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Introduction to the Proceedings of CSCL 2011

Gerry Stahl, Hans Spada, Naomi Miyake, Nancy Law

The Scientific Field of CSCL
Computer-Supported Collaborative Learning (CSCL) is a multidisciplinary research field inspired by the power
of collaborative learning and by the promise of computer technologies to support collaborative learning. It
draws on and explores constructivist and socio-cultural theories, which view learning as a social, interpersonal,
meaning-making process that takes place largely through interaction among people and within communities. It
also designs, adopts and refines technologies that mediate communication among learners and that help to guide
their inquiry or structure their work.

As a research field, CSCL builds on conceptual frameworks and analytic approaches of many academic
fields, including education, psychology, communication, computer science and social science. It applies a
variety of quantitative and qualitative research methods, often combining them to develop richer understandings
of complex phenomena. Likewise, it may involve both laboratory and classroom studies, formal and informal
learning settings, different temporal scales and the study of a wide range of influential factors.

Policies and Practices for CSCL

While the CSCL conference series has centered on research studies, the field has always been strongly oriented
toward practical concerns of educational practice and associated educational policy. CSCL research frequently
involves teachers in school classrooms and seeks to influence or implement governmental education policies.

The CSCL 2011 conference theme, “Connecting computer-supported collaborative learning to policy
and practice,” builds on previous CSCL conferences to examine whether and how CSCL practices can bring
deep changes to formal and informal educational practices at all levels, and contribute to educational
improvement at a system level by informing education policy. This theme is addressed by keynote talks,
symposia, trips to schools, and other events at the conference and the post-conference. It is hoped that this
conference theme will contribute to bringing greater recognition to the fields of CSCL and the Learning
Sciences by drawing the attention of a wider public, including policy makers and the professional educational
community to their research and development contributions.

One important feature of this year’s conference is the inclusion of three parallel tracks of interactive
events, demonstrations and CSCL-in-practice showcases, which serve as the foci for attracting practitioners to
the conference. Included in these practitioner-oriented events are presentations from several prominent school-
university partnership projects that are themselves good exemplars of the conference theme in action. The
conference has the support of policy makers in Hong Kong to sponsor teacher participation at the conference;
the Education Bureau of the HKSAR Bureau is a supporting organization for this conference. The practitioner
tracks are also made possible through the merger of other conferences into this year’s CSCL conference. This
year, the annual Knowledge Building Summer Institute, which has usually been held in Toronto, Canada, has
been integrated into the CSCL conference in Hong Kong and Guangzhou.

To take advantage of CSCL 2011 being held in Hong Kong, CITE collaborated with East China
Normal University, South China University and Beijing Normal University to co-organize a series of CSCL
2011 post-conference events in Shanghai, Guangzhou and Beijing respectively on July 11-15. It is the first time
that there are such major post-conference events for the CSCL conference and we hope this will provide more
opportunities for academic exchange and collaboration between CSCL and learning sciences researchers in
Greater China and their global counterparts.

The CSCL Community and Conference
Since 1995, the CSCL conference has provided a stimulating and friendly venue for people interested in the
multi-disciplinary issues of computer-supported collaborative learning to meet in a relaxed atmosphere with a
variety of formal and informal events. Structured activities and social occasions promote interpersonal relations
and knowledge building. The conference’s human size and structure facilitate getting to know international
colleagues and discussing cutting-edge ideas in educational practice, technology design, CSCL theory and
diverse research approaches.

The bi-annual conferences have been instrumental in developing the field of CSCL and in building the
research community around it. The conferences took place in Bloomington, USA (1995), Toronto, Canada

© ISLS ix
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(1997), Stanford, USA (1999), Maastricht, Netherlands (2001), Boulder, USA (2002), Bergen, Norway (2003),
Taipei, Taiwan (2005), New Brunswick, USA (2007) and Rhodes, Greece (2009).

Further efforts to build the CSCL field include the founding of the International Society of the
Learning Sciences (ISLS) by the CSCL community and the Learning Sciences research community. ISLS now
provides an institutional framework for running the CSCL and ICLS conferences in alternating years and for
publishing the International Journal of Computer-Supported Collaborative Learning (ifCSCL) and the Journal
of the Learning Sciences (JLS). In the early days of CSCL research, there was no publication venue specifically
oriented to the field and it was hard to locate publications in the field. Now, in addition to the CSCL journal,
there is also a CSCL book series sponsored by ISLS and published by Springer. Furthermore, papers from the
CSCL and ICLS conferences are available in the ACM Digital Library and both ifCSCL and JLS are abstracted
in the major indexing services, where they are highly ranked.

Toward a Global CSCL

The first CSCL conference was a relatively simple event, held in the middle of the United States. Over the
years, the conference expanded to include a variety of sessions to meet the needs of a growing research
community. It now features long papers presented lecture style, posters presented interactively and short papers
presented in a hybrid style, to accommodate research findings ranging from early work to more mature reports.
There are also tutorials for newcomers and workshops for special hot topics. For doctoral students and new
faculty, there is a doctoral consortium and an early career workshop. There are also opportunities for software
demos and other interactive events. And of course there are receptions and other social events to give extra
times for people to get to know each other.

Although the CSCL community always had a strong base in Western Europe—partially associated with
the Al and Education community—the first official CSCL conferences were held in North America. In 2001, a
Euro-CSCL conference was organized in the Netherlands, attracting mainly European researchers. In 2002, the
conference in the US achieved a good balance of European and American researchers; it initiated a policy of
rotating the conferences to Europe (in 2003 and 2009), Asia (in 2005 and 2011) and North America (in 2007
and 2013). The conference in Taipei (2005) succeeded in achieving a good balance of paper authors, program
committee members and conference participants from Western Europe, North America and the Asia-Pacific
region.

Internationalization has always been a goal of the CSCL community. An analysis of trends during the
first decade of the conferences documented strong progress in that direction (Kienle & Wessner, 2006). Analysis
of authors included in the CSCL 2011 main conference shows approximately equal participation from Western
Europe, North America and Asia-Pacific. Another important trend is an increase in the number of international
collaborations in research and in the co-authorship of papers reporting on that research. Such collaboration is
necessary for the spread of expertise and deep understanding of innovative ideas, methods and tools. This year’s
post-conference activities are an additional opportunity to promote exchange with researchers, practitioners and
policy makers in Mainland China, an important area in which CSCL approaches seem to be spreading rapidly.

Of course, there are still major regions of the world under-represented in the CSCL community, such as
the Middle East, Eastern Europe, Central Asia, South America and Africa. To some extent this may be due to
limited traditions of collaborative learning or relatively low levels of computerization in schools in those areas.
It may also be due to limitations in resources for traveling to international conferences or in awareness of the
field. We have seen that strong involvement in CSCL research generally requires policy initiatives backed up
with funding commitments. The European Union Network of Excellence funding programs like Kaleidoscope
and Stellar have made a significant difference. NSF support for educational research has helped in the USA as
well. Case studies elsewhere underline this factor (Chan, 2011; Looi et al., 2011).

A Delphi survey of researchers and stakeholders in technology-enhanced learning recently ranked
CSCL as the second most important core research area for the next decade—just behind “connection between
informal and formal learning” and ahead of nine other areas, like “personalized learning” (Kaendler et al., these
Proceedings, Vol. IT). We hope this recognition will spread around the world. In order to address the challenges
facing CSCL in the coming years—not least of which are those related to practice and policy—we need the
combined efforts of a global collaborative effort. Such an effort would bring together the unique perspectives of
many labs and diverse educational cultures, acknowledging and strengthening their individual perspectives
while incorporating them into a global synthesis.

Volume I: CSCL 2011 Long Papers

Volume I of the Proceedings includes the papers that were accepted through peer review for presentation as long
papers. These papers were submitted in November 2010 and were reviewed by three anonymous reviewers. A
member of the Program Committee then summarized the three reviews and wrote a recommendation. The three
Program Committee Co-Chairs considered the reviews and recommendations—and in many cases read the
papers. Based on this, they agreed on a list of 72 submissions to accept as long papers, grouping them into 18
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sets of 4 thematically related papers that could be presented in the scheduled long-paper sessions. Out of 188
submissions of long papers, 72 (38%) were accepted as long papers, 45 (24%) as short papers, 48 (26%) as
posters and 23 (12%) were rejected.

Volume II: CSCL 2011 Short Papers and Posters

Volume II of the Proceedings includes the papers that were accepted through peer review for presentation as
short papers or posters. Submissions for short papers or posters went through exactly the same review process as
long papers. Out of 52 submissions of short papers, 17 (33%) were accepted as short papers, 26 (50%) as posters
and 9 (17%) were rejected. Out of 38 submissions of posters, 26 (68%) were accepted as posters and 12 (32%)
were rejected. Short papers were grouped into sets of 6 thematically related papers. Authors of short papers give
very brief presentations and then conduct round-table discussions of their papers with interested audience
members. Posters were assigned to two poster sessions; authors of posters hang large-scale posters on walls and
then discuss them with interested audience members.

Volume lll: CSCL 2011 Pre-Conference, Keynotes, Symposia and Post-

Conference
Volume III of the Proceedings includes summaries of other events at CSCL 2011.

The pre-conference events include workshops, tutorials, a Doctoral Consortium and an Early Career
Workshop. There are three tutorials on tool support for analysis, social network analysis and the WISE
environment. There are four workshops on orchestrating CSCL in the classroom, connecting levels of learning
and synthesizing three approaches to CSCL design.

The highlights of this year’s conference include keynote talks by prominent speakers: Dr. Gwang-Jo
Kim, Director of UNESCO Regional Bureau for Education in Asia-Pacific; Dr. Ed H. Chi, Research Scientist,
Google Research; Prof. Erik Duval, Professor of Computer Science, Katholieke Universiteit Leuven, Belgium;
and Prof. Roy Pea, Stanford University Professor of the Learning Sciences and Director of the Stanford Center
for Innovations in Learning. The keynotes cover the full range of issues from researcher, policy-maker and
practice perspectives.

Out of 17 proposals for symposia, 14 (82%) were accepted and 3 (18%) were rejected. This high
acceptance rate of symposia is a result of the fact that most of them had been carefully filtered by large groups
of organizers. The submissions were generally of exceptional quality and represented important and timely
themes that are of current high relevance to the field. They often reflect important centers of CSCL research in
different regions of the world or international collaborations. In order to avoid having these symposia draw
audiences away from long and short paper sessions, the symposia were mostly scheduled against each other.

The practitioner-oriented sessions take place in parallel with the paper and symposium sessions of the
main conference. They include a wide variety of presentations and events that are designed for classroom
teachers and others particularly interested in the applications of CSCL research and their use in the classroom.
This strand of activities showcases design research in CSCL involving field-based educators and/or strong
university-school partnerships. These events are of interest and benefit to teachers and other practitioners, as
well as researchers and educators interested in models and exemplars of research and practice interaction and
partnership. They are listed in the conference Program.

The post-conference consists of a series of conference activities to be held in Shanghai, Guangzhou and
Beijing in China. It builds on the conference theme of connecting CSCL research to education policy and
practice. It draws on national and global exemplars of synergistic advances in CSCL and learning sciences
research and educational policy and practice to explore the current state and the way forward for education
developments in China. This series of post-conference activities brings together researchers, practitioners and
policy-makers within China and internationally to identify ways to better leverage the potentials that research on
learning and learning technologies bring to educational change and improvement.

Hong Kong University Centenary

The CSCL 2011 conference coincides with a major local milestone as well as an advance of the CSCL
community. A century ago, in 1911, the University of Hong Kong was incorporated by Ordinance. A group of
visionaries founded the first university in Hong Kong, from which generations of leaders across the region
would come forth. The University of Hong Kong was to be important for China and for the world. In celebrating
the first centenary, HKU upholds its commitment to Knowledge, Heritage and Service. The Centre for
Information Technology in Education (CITE) of the Faculty of Education is proud to be hosting the CSCL 2011
main conference and co-organizing the CSCL 2011 post-conferences in three Mainland Chinese cities as part of
the HKU Centenary celebration events.
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Divergent and Convergent Knowledge Processes on Wikipedia

Iassen Halatchliyski, Joachim Kimmerle, Ulrike Cress, Knowledge Media Research Center & University of
Tuebingen, Konrad-Adenauer-Str. 40, 72072 Tiibingen, Germany
Email: i.halatchliyski@iwm-kmre.de, j.kimmerle@iwm-kmrc.de, u.cress@iwm-kmrc.de

Abstract: The paper presents a new theoretical consideration of knowledge processes
bridging the individual and the collective level. Building on a differentiation between
accommodation and assimilation of knowledge in wikis, we derive divergence and
convergence from intelligence and creativity research and reconstruct their impact on the
open-ended development of knowledge. The distinction from related CSCL constructs is
elaborated. Using examples from Wikipedia, the definition of divergence and convergence is
illustrated in the dynamic context of article development.

Introduction

Research on CSCL is marked by different emphasis of individual and collective knowledge presenting a
challenge of integrating the theoretical concepts. Sfard (1998) has proposed a well-known differentiation
between two basic approaches, the knowledge acquisition metaphor and the participation metaphor. The former
metaphor refers to models that may acknowledge social factors in the learning process, but focus on how
individuals develop certain cognitive structures and acquire understanding. The latter metaphor concerns models
of knowledge as a collective phenomenon that emerges from people’s activities, situated in a socio-cultural
context, and cannot be reduced to single contributions (Stahl, 2006).

Paavola, Lipponen and Hakkarainen (2004) have introduced a third metaphor that goes beyond Sfard’s
dichotomy in order to describe models of long-term knowledge creation. The theory of knowledge building
(Scardamalia & Bereiter, 2006) belongs to this perspective and illustrates how communities can create
knowledge collaboratively by an ongoing incremental advancement of shared dynamic artifacts. Artifacts such
as explicit ideas at the same time mediate and coordinate the interaction between collaborators. The exact
knowledge processes between individuals and mediating collaborative artifacts are addressed by the co-
evolution model (Cress & Kimmerle, 2008) transferring some of Piaget’s (1983) ideas to the context of social
software and wikis in particular. Knowledge incongruities between the mediating artifact system of a wiki and
the cognitive systems of its users are suggested to create a cognitive conflict that is resolved through the
processes of assimilation and accommodation. Assimilation means that new information is received and
customized to fit the prior knowledge. Accommodation, accordingly, means that new information leads to
structural changes of the prior knowledge. The predicted outcome of the model is individual learning —
internalization — or a change of the information in the wiki — externalization.

“Knowledge creation” models deal, compared to the other two metaphors, in the most explicit way
with the interaction between individual and collective knowledge. They are best suited to give a more accurate
account of how collective knowledge emerges from the collaboration of a large number of individuals. This
form of collaboration has become more common as a result of the emergence of Web 2.0 technologies, with
Wikipedia being the most remarkable example (Halatchliyski, Moskaliuk, Kimmerle, & Cress, 2010). We
consider the postulated equivalence of assimilation and accommodation processes at individual and collective
level as a very interesting research question for CSCL. In this paper, we will elaborate on the equivalence,
introducing the processes of divergence and convergence as complementary to the assimilation-accommodation
perspective. We will explain the origins of the concepts and differentiate our understanding against other usages
of these terms in the field of learning sciences. For the sake of concreteness, we will provide some illustrative
examples from Wikipedia, the Online Encyclopedia.

Knowledge Processes of Convergence and Divergence

Regarding the perspective of an individual, the convergence and divergence opposites were first described by
Guilford (1950). He later included them as dimensions of thinking into his model of intelligence (Guilford,
1967) contrasting the identification of a single correct solution to a problem with the generation of many
different possible alternatives. At about the same time, Hudson (1966) described the opposites as different
cognitive styles, correlating with the different abilities of students in science and arts. This started a controversy
about the connection of both styles with intelligence and creativity. Convergers were described as people who
tend to analyze systematically, evaluate critically and deduce logically one feasible solution. Divergers were
supposed to be intuitive explorers of ideas in multiple frames. Later it was concluded that these styles were not a
stable personal characteristic and better seen as modes of thinking (Robertson, 1985). Creativity researchers also
acknowledged the need to achieve a balance between both complementary modes in order to obtain relevant
and, at the same time, original solutions or products (Levine & Moreland, 2004).
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Convergence and divergence have also been discussed in the context of group creativity and decision
making. Brainstorming and other creativity techniques are widely applied and aim at facilitating divergent
thinking and development of innovative ideas. Otherwise, the full solution to a problem often demands the
choice and implementation of a single best idea. Janis (1982) has shown that this process of convergence in
groups may be very erroneous, coining the term groupthink.

Creative processes in groups have a long tradition of being divided into divergent and convergent
phases (Finke, 1992). In the context of CSCL, Onrubia and Engel (2009) noted that many researchers have also
defined various numbers of stages of the joint creation of knowledge. Convergence is supposed to occur at a
later moment after people have shared knowledge, identified differences and negotiated common understanding.
Fischer and Mandl (2005) found that convergence is beneficial to learning. Other researchers have proposed the
implementation of scripts that guide the process by dictating a sequence of joint activities (Dillenbourg, 2002).
The reason why more attention is paid to convergence than divergence is the view that constructing shared
understanding is the main goal of collaborative learning (cf. Roschelle, 1992). A knowledge building discourse
is not an argumentative debate, where people try to defend different opinions, but it aims at collaboratively
advancing ideas and reaching commonly accepted solutions to problems (Scardamalia & Bereiter, 2006).

The above results apply best in those settings in which small groups of people collaborate on solving a
restricted problem with constraints on time, goals, or solution approaches. Observations in different settings (cf.
Liu & Wang, 2010) show that convergence and divergence can repeatedly occur and complement each other
during different stages of group interaction. Jorczak (in press) also challenged the idea that convergence alone is
beneficial for learning. He emphasized the need for cognitive conflict within and among group members based
on divergence, so that improved learning and knowledge can be achieved upon conflict resolution. Another
recent analysis of knowledge building in school classes (Zhang & Messina, 2010) confirms the equivalent
importance of both the accumulation of variable ideas as well as their critical examination.

In the present work, we deal with a mass collaboration setting, as in the case of the open-ended project
Wikipedia. We apply these concepts to a dynamic knowledge artifact, a wiki, where diverging understanding
can also be expected at later stages of collaborative knowledge creation. The co-evolution model (Cress &
Kimmerle, 2008) offers a good theoretical starting point, as it is geared to the learning context of wikis. It
describes assimilation and accommodation as two processes of adaptation of an individual or a wiki, following
the experience of a cognitive conflict. Referring to wikis, assimilation is defined as the addition of information
at a suitable place, without establishing new connections that would change the structure of the wiki.
Accommodation means a distinct change of the knowledge organization through rearrangement of paragraphs
and pages, which results in a new focus. Both processes are compatible, often appear together and concern the
question of structural changes in the wiki (Moskaliuk, Kimmerle, & Cress, 2009).

Divergence and convergence, the processes in the focus of the current discussion, are not derived from
Piaget’s theory, and represent a different categorization of knowledge creation. So the essence of divergence
and convergence shows itself not in the way how new information is integrated — as in the case of assimilation
and accommodation —, but in the qualities of this new information, compared to the available knowledge. So we
see these two categorizations of processes as independent from each other.

We define the characteristics of the new processes in a wiki on the lines of the definition of divergent
and convergent thinking at an individual level. Divergence is present when a new idea is added that opens a new
direction for addressing the problem of a specific article page. This may be new information that cannot be
categorized under the available viewpoints, an alternative explanation, or it may be a new way of describing the
issue. Convergence refers to acts based on critical evaluation and logical reasoning. Here, the result is not so
much the addition of new aspects as the establishment of a coherent structure of the presentation. This may be
done by subsuming some of the new or already available major points under a common category, through
abstracting a model or principle, or through eliminating a conflicting issue. Some actions, like corrections of
simple mistakes, may not be categorized in this schema, and some other actions may contain elements of both
processes. The categorization may also be applied to analyses with different granularity, for example, at the
level of an article, at the level of a connected group of articles like a wiki category, or at the level of a whole
knowledge domain like a network of categories and articles. Complex actions may be both converging and
diverging at different levels at the same time. For example, the movement of a section from an existing article
into a new article would represent a convergence for the old article and a divergence for the set of articles that
both the old and the new article belong to.

This new categorization schema is not a substitute for the accommodation-assimilation perspective. A
single change may, for example, be a case of accommodative restructuring that resolves a conflict in a wiki, and
at the same time it may be classified as divergence or convergence or neither of these. Using dynamic social
network analysis, Kimmerle, Moskaliuk, Harrer und Cress (2010) have given an example of high level
processes concerning a set of articles about schizophrenia. The researchers identified accommodative
reorganization of clusters of article on different explanatory approaches to the mental disorder. Articles on two
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of the approaches merged into one tightly interconnected cluster — in our view another example of a higher-
order convergence process.

As with the assimilation-accommodation dichotomy, we describe here two complementary processes
regulating the development of both individual and collective knowledge. In the following section we will
provide an illustration of the differentiation between assimilation, accommodation, divergence and convergence,
using the edit history of the English Wikipedia article on Knowledge (1).

Wikipedia Examples
The following examples are reported chronologically and reflect the starting period of the article Knowledge.
Each case is chosen to show one of the eight possible occurrences of the independent categories, assimilation,
accommodation, divergence, convergence, and their combinations.

The article was started on 20th August 2001 as a lecture on philosophy of nearly 4000 words. Its main
point was that “Knowledge is justified, true belief.” In the first example a short general definition was added at
the head of the long lecture on the 30th of July 2002:

Knowledge is those descriptions, assertions, concepts, formulations and procedures
which to a reasonable degree of certainty are either true or useful.

This change could be interpreted as divergence, because usefulness was a new idea introduced in the
article. At the same time, it is not assimilation, as the change does not follow the previous pattern of exposition.
It could also not be seen as accommodation, because the definition appears detached from the long lecture and
does not meaningfully change the overall structure of the article and the overall concept of knowledge.

In our second example, the definition was extended on 5th and 15th September 2002 to differentiate a
factual and an inferential type of knowledge, as well as the knowledge sources authority, reasoning and
experience:

Knowledge may factual or inferential. Factual knowledge is based on direct
observation. It is still not free of uncertainty... Inferential knowledge is based on
reasoning from facts or from other inferential knowledge such as a theory. It may or
may not be possible to verify by observation or testing. (sic)

“... three ways in which men think that they acquire knowledge of things - authority,
reasoning, and experience ..."

The new changes resemble the previous example and could be interpreted as divergence. After the
addition of the new paragraphs, the lecture was not displaying the only perspective on knowledge any more.
Although the connection between both paragraphs is not quite obvious, and a common new direction for the
article is difficult to be determined, accommodation has seemingly started to take place. Compared to the
previous example, the topic of the article was receiving a different shape and meaning.

The third example displays a new paragraph from 19th September 2002 that provided a new
organization for the ideas from the last example:

Knowledge consists of beliefs about reality. One way of deriving and verifying
knowledge is from tradition or from generally recognized authorities of the past, such
as Aristotle. Knowledge may also be based upon the pronouncements of secular or
religious authority] such as the state or the church. A second way to derive knowledge
is by observation and experiment, the scientific method. Knowledge may also be
derived by reason from either traditional, authoritative, or scientific sources and may
or may not be verified by resort to observation and testing. (sic)

We chose this as an example of convergence, because it presents a new systematics that encompassed
already available ideas from different paragraphs, and consolidated them into a single picture. The concept of
belief was mentioned and connected the whole introductory part to the lecture part. The processes of deriving
and verifying knowledge were stated, and an overview of different ways was provided. Accommodation was
also present at this moment, because the article obviously had a new structure — a beginning with definitions and
classifications, and a longer easy-to-read discussion.

Our fourth example refers to relativizing statements that were added on 18th April 2003:

What constitutes knowledge, as well as truth and utility, is often contentious and
debated by phisilophers, social scientists, and historians. (sic)

We tend to interpret this as a pure accommodation, because, here, the concept of knowledge is placed
into a new and broader context. The change is based not on new alternative ideas (no divergence) and not on
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new conclusions from available knowledge (no convergence). The same is true of the revision on 20th April
2003, when the sentence “Knowledge is...” was changed into “Knowledge includes, but is not limited to...”.

The fifth example shows how some essential ideas from the lecture were paraphrased on 9th May
2003. The main points were abstracted from many examples brought up to facilitate the lecture. The lecture part
itself could then be safely deleted on 18th May 2003.

Conventionally, knowledge is defined as a justified, true belief. “Justified” means that
one has some evidence supporting the belief. “True” conventionally means something
like this: one could make plans based on a true belief, and they would not fail.

Every part of this definition can be, and has been attacked. There are problems with
the objectiivty, adequacy and limits to justification. There are problems with various
definitions of truth... (sic)

Although the structure of the whole article changed, this transformation is not a case of assimilation or
accommodation as no new information was added to the article. This is a simple form of convergence.
The sixth example deals with changes stressing the scientific method on 25th May 2003:

The only way to gain reliable knowledge about the physical world that we live in is
though the scientific method. ... A scientist picks one question of interest, and basdd
on all previous information and experience, develops a hypothesis... (sic)

Here, as we see it, joint convergence and assimilation took place. The contributor singled out scientific
method as the main way of deriving and verifying reliable knowledge, compared to following authorities or
logic (convergence of alternatives). At the same time, a description of details of the scientific process was
added, which did not change the notion of knowledge (assimilation of new information). So, without changing
the structure of the whole exposition, the new revision placed one available aspect more into focus.

The seventh revision example concerns a short reference added on Sth June 2003:

What constitutes knowledge, certainty, truth and utility, are deeply contentious and
debated by philosophers... As just one example, Ludwig Wittgenstein wrote “On
Certainty” ... exploring relationships between knowledge and certainty.

The change represents a case of assimilation alone, because it only added information that fitted the
available exposition. It did not introduce new alternative concepts (no divergence), did not establish new
connections (no convergence), and did not change the structure of the knowledge article (no accommodation).

The last example here shows a sentence from the same revision on 5th June 2003 that added a new
perspective on beliefs and their potential for action (the part outside of the brackets):

[Most people can produce descriptions of beliefs, at least when they're asked a
relevant question,] but perhaps not state their limits so clearly as to know reliably
when that belief is actionable and when not.

The change tends to express simultaneous divergence and assimilation. While the sentence was meant
to describe an alternative idea, this divergent idea was assimilated and did not have an impact on the overall
concept of knowledge.

These eight cases consider knowledge processes at the scale of a single article. As previously
mentioned, the processes of interest can be identified also from the broader perspective of sets of articles. For
instance, the same article Knowledge was split into two articles, Knowledge (philosophy) and Propositional
knowledge, on 10th June 2003. On 14th April 2004 Knowledge (philosophy) was re-incorporated into the new
Knowledge article. Such movements of paragraphs or whole articles can be studied as processes of divergence
and convergence, in order to identify evolution patterns of a broader topic and also the co-evolution with
different groups of contributing authors.

Conclusion
The Wikipedia examples were chosen to characterize the nature of both processes of convergence and
divergence in collective knowledge, and to differentiate them from the processes of accommodation and
assimilation, as postulated by the co-evolution model. It is obvious that this identification is susceptible to
interpretations. Compared to the relatively simple examples here, there may be complicated cases where
divergence and convergence may occur simultaneously. Nevertheless, we believe that the new categorization
bears a potential for grasping analyzing detailed mechanisms of mass collaboration, as in the case of Wikipedia.
The examples showed that convergence and divergence processes alternate with each other in the
course of article development. It is possible to classify very detailed changes at the level of a single article and
also at the level of groups of articles, so a coarse-grained study is also feasible. As a future direction for
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research, we would like to show how detailed studies of these processes can help answering particular questions
concerning the development of single articles or whole knowledge domains of connected articles.

Endnotes

(1) The article history until the 10th of June 2003 is accessible at: [http://en.wikipedia.org/w/index.php?title=Descriptive
knowledge&action=history&year=2003&month=6]. It has remained with an older version of the article that was later
renamed to Descriptive knowledge.
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Abstract: Knowledge creation requires identifying and pursuing promising ideas—ideas that
in their nascent form may not seem like much but that with development could grow into
something big. The goal of our research is to develop a tool to explore the concept of
promisingness and “big ideas,” especially elementary school students’ ability to make
“promisingness judgments” regarding ideas in peer discourse. Toward this end we developed
a “Big Ideas” tool to facilitate students’ selection of the ideas they thought were promising in
their online discourse. A study conducted in two Grade 5/6 classes examined the nature of
“big ideas” selected from the online discourse of younger Grade 4 students. A preliminary
analysis indicated that students tended to identify as promising important facts and questions
in the Grade 4 discourse. This study will inform future work in designing tools, language, and
techniques to facilitate the concept of promisingness.

Introduction

This paper describes a preliminary study aimed at investigating elementary students’ ability to evaluate the
“promisingness” of ideas in student-generated “knowledge-building discourse.” The study is part of a broader
research effort aimed at pursuing designs and techniques to support idea-centered, knowledge-creating dialogue
including an empirically grounded taxonomy of students’ ways of contributing to knowledge-building
discourse.

The dynamics of knowledge creation and pursuit of “new ideas” serve as a focal point for three
influential “models of innovative knowledge communities” identified by Paavola et al. (2004). They include
Nonaka and Takeuchi’s (1995) model of knowledge-creation, Engestrom’s (1999) model of expansive learning,
and Scardamalia and Bereiter’s (2003) theory of Knowledge Building. Among these three models, Knowledge
Building theory is the one most applicable to educational contexts. Foundational to Knowledge Building theory
is the notion that ideas ought to be at the centre of educational endeavors and continually improved through a
social process, with a shared goal of advancing the frontiers of knowledge, as members of the community
perceive those frontiers (Scardamalia & Bereiter, 2003). Knowledge creation is a risky business, requiring
community members evaluate the promisingness of ideas to determine if those ideas are worth laboring to
improve (Bereiter & Scardamalia, 1993; Bereiter, 2002).

The view of ideas as real things that can be treated as objects of inquiry and improved has informed the
design of Knowledge Forum software that supports knowledge building pedagogy and the process of knowledge
creation (Scardamalia, 2004). Current features in Knowledge Forum, such as theory-building scaffolds and rise-
above notes and views, have produced strong educational results and allowed us to identify levels of
competence that young students are capable of but are obscured by traditional learning environments and not
revealed by current assessments (Scardamalia & Bereiter, 1991; Scardamalia, 2003; Sun, Zhang & Scardamalia,
2008). The current design does not explicitly support students’ evaluation of the promisingness of ideas. As a
result, students may become lost in unpromising ideas, with promising ideas lost due to information glut. Is
there a way to facilitate the process of identification and evaluation of promising ideas within complex
knowledge spaces? How can we help students move from the first-level processes of reading and posting ideas
in Knowledge Forum to higher-level ones such as creating rise-above contributions? What design improvements
can help students develop better and bigger ideas in their community space? Answering these questions calls for
a deeper understanding about what students perceive as promising in knowledge-building discourse.

This paper describes a preliminary study aimed at uncovering elementary students’ ability to evaluate
the promisingness of ideas in their community. In this study, we are going to examine the nature of the ideas
that have been identified by students as being “promising.” Previous research lists a number of taxonomies
through which these aspects can be analyzed. For instance, Leng, Lai, and Law (2008) studied levels of
cognitive complexity in knowledge-building discourse, by categorizing notes into four categories: argument (a
claim with one or more reasons), statement (a claim without reason), information, and question. Based on the
procedures of Grounded Theory, Chuy and colleagues (2010) came up with a finer grained list of ways of
contributing to knowledge-building discourse, including formulating thought-provoking questions, theorizing,
designing an experiment, working with evidence, creating syntheses and analogies, and supporting discussion as
the main categories. Since structural complexity is treated as an important criterion in evaluating students’ ideas,
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we apply Biggs and Collis’ (1979, 1982) structure of the observed learning outcome (SOLO) taxonomy as a
measure of structural complexity and as a correlative of the “bigness” of students’ ideas.

Methods

Participants

Participants in this study were students and teachers from two Grade 5/6 classes at an elementary school located
in downtown Toronto. Each class included one teacher and around 20 students (with almost equal numbers of
boys and girls). In this elementary school, knowledge-building discourse is integral to regular classroom
activities, and both classes we studied had been committed to knowledge building pedagogy and had been using
Knowledge Forum for several years.

Big Ideas Tool

By integrating various functions such as highlighting, tagging, and visualization, the Big Ideas tool enables
students to collaboratively evaluate the community's ideas. As they read these ideas they can tag ones they find
promising, using a categorization scheme of their choice (promising idea, big idea, misconception, etc.). They
can then view the subset of selected ideas in their public space, and if they wish, export that subset to a new
view for further inquiry. The user interface for identifying ideas in the study reported in shown in Figure 1.
When reading a note, a student may highlight a portion of the text by clicking on the “Ideas” button. In the
activated pop-up menu, the student can choose a color, corresponding to the categorization scheme defined by
community members. For example, Green might be defined as “big idea,” Blue as “promising theory.” After the
idea is identified with the “color wand,” its text is highlighted with that color in the note content editor pane.
The highlighted text will also show in the idea text pane below. The default option is that students do not see
each other’s highlighted ideas, so as not to interfere with reading. However, the “Show All Ideas” checkbox will
allow a student to display all ideas color-coded. The “Hide Colors” option enables students to hide or show
colors in the note editing area.

| ® MO Note: chicken and dinosouars -

[ Mote | Authors = Connections  Infe  History !

P
+| Problem

i

[MyTheur\; I do not think that chickens evolved from dinosocuars because
if you get te seperet books one with a chicken cone with a dinosouar

they look nothing alike. j

| ) Keywords | nghllgh[
- 1d Idea 1: hY
| 7 eas ||fdea | Delete | YE"DW
I do not think that chickens evolved from dinosouars Blue
Big idea
Pink
— ye re [ ] Show All Ideas
nsert Drawing | Build-on | [ Annotate | [ Close —
|| Hide Colors

A
Figure 1. Note Editing Window with an Idea Highlighted; the Pop-up Menu Shows Color Coding Options.

When students collaboratively identify promising ideas in their Knowledge Forum database, the ideas
they highlight might have partial overlap. Eventually, their collective efforts will lead to the list of promising
ideas spanning overlapping sets. A menu button allows them to display ideas of any color categorization in
descending order according to the times the idea was identified (the number is displayed to the left of each list
entry, see Figure 2). Students can easily toggle back to the full note and context for an idea through a link
backwards to the note in which an idea “lives.” Since the goal of promisingness judgements is to move
knowledge-building discourse forward, students and teachers can choose ideas from the list and export them to a
new view for further dialogue.
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Figure 2. Big Ideas Window That Lists All Selected Ideas from a View.

Procedure
A pilot study was conducted using this tool in two Grade 5/6 classrooms. Three sessions were conducted, lasting
a total of 45 minutes and comprising (a) introduction of the Big Ideas tool to students and teachers; (b) students
reading notes about “Rocks and Minerals” generated by Grade 4 and identifying promising ideas by means of
the “Big Ideas Tool”; and (c) students and teachers providing researchers with feedback regarding the
experience and tool.

In the two classes combined, students identified 83 “promising ideas” from 207 notes. Among those
ideas, 21 ideas were highlighted at least twice, so there were 45 distinctive ideas. The “hits” of the final idea list
ranged from 1 to 6 (M =191, SD = 1.33).

Data Analysis
To determine if selected ideas fell within specific “idea types,” student selections were divided into three
categories (see Chuy et al., 2010 for details): (1) Theory—a thought proposed by a student usually with an
explanation, (2) Fact/Evidence—a well-accepted fact or a piece of information from authoritative sources
provided by a student, and (3) Question—an expression in an interrogative form.

Because the structural complexity of ideas is often evaluated in school learning, students might think
that “big ideas” are more structurally complex ideas. To check this possibility we used Biggs and Collis’ (1979,
1982) structure of the observed learning outcome (SOLO) taxonomy to evaluate student selections. The SOLO
taxonomy contains five levels of complexity:

1. Pre-structural: bits of disconnected information.

2. Uni-structural: simple and obvious, but unelaborated connections

3. Multi-structural: connections between ideas, but no meta-connections or elaborated

significance.

4. Relational: information meaningfully related to the whole.

5. Extended abstract: connections not only within the given subject area, but also beyond it;

generalize and transfer principles.

© ISLS 573



CSCL 2011 Proceedings Volume II: Short Papers & Posters

Two independent raters used the two coding systems to code the identified “big ideas.” They agreed in
71% of the coding, and arrived at a final agreement on the remaining 29% through further negotiation.

Results and Discussion

What Do Students Perceive as Promising Ideas?

Using the Big Idea Tool, students identified 83 promising ideas in total: 63.9% of them were “theories” (n =
53), 22.9% of them were “fact or evidence” (n = 19), and the rest 13.2% were questions (n = 11). Thus, while
most of the promising ideas identified by students were of a “theoretical nature”, they also included a number of
facts, evidence, and questions. This finding is in line with results reported by Chuy, et al. (2010), showing that
working with evidence and formulating questions are two frequent contribution types in students’ discourse.
Facts and questions play an important role in moving discourse forward, with questions serving to define or
analyze the frontiers of the community knowledge. It seems students are selecting questions of curricular
importance: “What is a rock?”, “What is universe?”, “Why rocks are colored?”, and “Is that the diamonds are
very small bits of lava when gets cold?” Detailed analysis of discourse contexts and related discussion threads in
Knowledge Forum showed that these questions spurred a variety of discourse moves or other ways of
contributing to the discourse. Some of them included: proposing an explanation (e.g. “a rock is something that
got hardened over time. It could be a sand stone, a lava rock and many different kinds of rocks.”), creating
analogies (e.g. “it [the universe] is a place that planets live, a place like home”), looking for evidence (e.g.
“good question. I am not sure but the answer may be in a book in the classroom...”), and contradicting a theory
(e.g. “I do not think that chickens evolved from dinosaurs because... they look nothing alike”). Student choices
seem to reflect what they believe is important to their school work.

As for facts and evidences, the following examples represent the ones that helped moving the dialogue
forward. “How old is the universe” and “how many layers does a rock could have” were two questions many
students kept making guesses about. Students put forward their theories and argued against each other’s theories
for many times until two students provided the following authoritative evidence to settle these two problems:
“The universe is 13,000,000,000 years old! and the earth is 4,000,000,000 years old!” and “There could
probably be tons of layers in rocks like the grand canyon could have 912,456 layers of rock.”

Besides these examples, however, there were also facts and questions that were highlighted not because
they were important, but because they had some distinctive “attractiveness.” For instance, there was a note
containing nine facts about the earth that included page numbers as references, however the points listed lacked
specific context. Thus, such a note could appear to be attractive because of its detailed information, but it may
not necessarily be promising for a knowledge-building dialogue.

An interesting phenomenon we noted but could not quantify was that there was little relationship
between the promisingness judgments made by the Grade 5/6 students and the amount of emphasis or attention
given to these in the original Grade 4 database. Although competing explanations could be proposed to explain
these mismatches (e.g., personal or grade-level difference in perceiving promisingness), they seem to highlight
the importance of making promising evaluations so as to bring such results forward to the community.

Are Student Judgments of Promisingness Based on Structural Complexity of Ideas?
To answer this question, the SOLO taxonomy was applied to evaluate the structural complexity of “promising”
ideas. Results showed all 19 facts and 11 questions resided on the pre-structural and uni-structural levels, i.e.
they were mostly facts or question with no or only simple and obvious connection. One possible explanation
would be that the Grade 4 students’ ideas, which were examined by Grade 5/6 students, did not involve much
evidence or explanatory content or design ideas. That is, the students were inclined to ask factual questions or
introduce evidence with little obvious connection to the problem. As for 53 theories identified as promising, the
following distribution of complexity levels was observed: pre-structural (n = 8), uni-structural (n = 16), multi-
structural (n = 16), and relational (n = 13) levels. There was no theory that reached the level of extended
abstract. In order to examine whether students tend to highlight theories with higher structural complexity, a
one-sample chi-square test was conducted. The results of the test were nonsignificant, y*(3, N = 53) = 3.226, p >
.05, which implies the distribution of SOLO levels was not significantly different from a chance distribution.

Overall, structural complexity did not seem to be the basis for selecting “big” or promising ideas, but
this might simply reflect low complexity of ideas developed in Grade 4 classrooms.

Conclusion and Future Directions

Understanding the promisingness of ideas is a significant challenge in knowledge creation, and is also an
important component in moving a knowledge-building discourse forward (Bereiter & Scardamalia, 1993). The
goal of this study was to investigate elementary students’ ability to make promisingness evaluations in
knowledge-building discourse, to test a new tool to explore promisingness judgments, and ultimately to improve
students’ competencies in making promisingness judgments. Towards this end we developed a Big Ideas tool to
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enable students to collectively identify promising ideas in Knowledge Forum. A pilot study was conducted with
two Grade 5/6 classes. Overall, we were not able to detect promisingness judgments that reflected student
selections of interesting ideas that had potential for growth. Instead, students selected as important facts and
questions of the sort they address in their school work. Analysis of structural complexity additionally showed
that promisingness judgments did not relate to complexity of ideas.

This study represents a first step in exploring students’ ability to do promisingness evaluations. Results
indicated that students were not working with a concept of promisingness in the intended sense—as an idea with
a promising growth trajectory. Substantial additional research is needed to understand the language and tools
needed to facilitate judgments of promisingness. To further improve the Big Ideas tool and to find ways to
engage students in promisingness judgments, we plan to conduct targeted interventions with this tool in various
student populations and use experienced adult raters to more directly assess the promising ideas and seed
databases with such ideas. We also plan to extend current functions of the tool by incorporating more
sophisticated techniques, including data visualization, social network analysis, and semantic analysis, to better
support students’ collective work with ideas.
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Abstract: Knowledge building (KB) discourse is one of the 12 principles of Knowledge
Building (Scardamalia, 2002). However, it is not clear what it is like and how it mediates
knowledge building. In this paper, our goal is to characterize KB discourse by analyzing
students' online and face-to-face talk as they worked together to advance the science
knowledge in a nature learning activity. Arguing that collaborative argumentation is an
important form of discourse in science knowledge building, we draw upon argumentation
framework (Walton, 2000) to identify and demonstrate how different forms of argumentation
discourse observed in this nature learning activity support knowledge building. Implications to
forms of scaffolding knowledge building discourse, including technology-based environment,
are drawn from the study.

Introduction

Studies on knowledge-based communities such as science seem to indicate that argumentation plays a central
role in their advancement of knowledge (Bell, 2004; Knorr-Cetina, 1999; Latour & Woolgar, 1986). While this
term may conjure images of aggression and opposition that might not augment well with the common values
and goals that characterize knowledge-creating communities, there are other forms of argumentation that could
potentially mediate the process of knowledge building. In science community, members engage in
argumentation by proposing, justifying, and evaluating knowledge claims in order to legitimize claims put
forward by members of the community (Latour, 1987). Andriessen (2006) refers to such forms of
argumentation as collaborative argumentation.

However, there is little known about how such discourse type mediates advancement of knowledge.
Especially in knowledge building classrooms that place knowledge creation at its center, the lack of
characterization of how collaborative argumentation supports knowledge building can be problematic. Teachers
may have difficulty in orchestrating argumentation or scaffolding students in this dialogic process of knowledge
building. Thus it is the goal of this paper to seek a deeper understanding of what types of collaborative
argumentative discourse mediate knowledge building. The research question we seek to answer in this study is
“what were the collaborative argumentative discourse types that mediated knowledge building during an
elementary science nature learning activity?” We draw upon argumentation framework by Walton (2000) to
study face-to-face and online discourse of a group of elementary students participating in a nature learning
activity as an after-school program. We identified four types of argumentation dialogue types, namely,
information-seeking, deliberation, persuasive and inquiry, in the students’ talk. While each individual form of
argumentation may seem superficial in supporting knowledge building by itself, it is the integration of the
different forms that made the advancement of knowledge possible.

Theoretical Framework

The argumentation framework by Walton (2000) is based on dialog theory by Grice (1975) to study formal and
cooperative dialog. Taking argumentation as a form of formal dialog involving two people attempting to reason
with each other by challenging, rebutting, questioning, building on and exploring ideas, with the goal of settling
some disputed issues between two parties, it consists of three key dialogic process - opening, argumentation
and closing. The opening stage frames the initial situation — the participants, the goals of dialogue and
participants’, the type of dialogue. In the argumentation stage, the participants make their moves either by
attacking an argument, supporting an argument and raising critical questions about it. Closing stage marks the
achievement of their goal. In other words, an argument can be analyzed according to the following components:
participants, type of moves, sequence of moves and the goal achieved. Six types of argumentative dialog —
persuasion, inquiry, negotiation, information-seeking, deliberation, and eristic, were identified. A summary of
the description of the argumentation types is given in Table 1.

Table 1: Types of argumentation dialogue.

Type of dialogue Initial Situation Participant’s goal Goal of dialogue
Persuasion Conflict of opinions Persuade other party Resolve or clarify
Inquiry Need to have proof Find and verify evidence Prove (disprove)

hypothesis
Negotiation Conflict of interests Get what you most want Reasonable settlement
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Both can live with
Information-seeking | Need information Acquire or give Exchange information
information
Deliberation Dilemma or practical Co-ordinate goals and Decide best available
choice actions course of action
Eristic Personal conflict Verbally hit out at Reveal deeper basis of
opponent conflict

Using the above framework for evaluating argumentation, we analyzed the discourse of a group of
elementary students participating in a knowledge building activity about the decomposition of meat. We want to
find out what types of argumentation dialogues supported knowledge building in a group of elementary school
students.

Research Method

In this study, we looked at a group of six primary five (equivalent of Grade 5) boys from a local primary school
in Singapore, taking part in an after-school enrichment program based on the pedagogical approach, Knowledge
Building (Scardamalia, 2002). In one of their activities, they wanted to find out what happened when meat
rotted.

Taking a case study approach in this study, this group of students was chosen for demonstrating
productive knowledge advancement during their NLC activity. Video data of the students’ discourse and the
database of Knowledge Forum form the key sources of our data. We made use of the four factors — exchange,
types and sequence of moves, and goal — that characterize formal dialogue/argumentation to analyze the dialogic
exchanges taking place.

Findings

Students’ ideas were found to advance from a simple idea about meat decomposition to a detailed and
generalizable description about its products (e.g., smell, liquid). The process included activities such as
observation of decomposition, discussion of observation, raising puzzling questions, investigations and
resolution. Face-to-face show-and-tell and online forum (Knowledge Forum) mediated their social interaction.
Four types of argumentative dialogues were found to have mediated the advancement of knowledge about
decomposition of meat — information-seeking, deliberation, inquiry, and persuasion dialogue. We will describe
how these four types of argumentative dialogues mediated this knowledge advancement in one example about
the liquid found in the container of rotting meat.

Information-Seeking Dialogue

The KB activity was triggered by the presentation of the observation of decomposition of a piece of chicken
meat. The presentation was mediated by the teacher’s and peers’ questioning about their investigation during an
information-seeking dialogue. An information-seeking dialogue describes the situation when one participant
wants to get information that another participant possesses. Excerpt 1 shows teacher T trying to find out what
the students did when they investigated the rotting meat.

Excerpt 1: Information-seeking dialogue.

Turn  Speaker Content
1 T Is the container closed or is it open?
2 D&A  Closed.
3 T So you left it closed throughout the six days?
9 HR I opened it like during the third day.
10 T You opened it sometimes.
11 HR I wanted to see what was under (...)
12 T Shhh... sorry, I didn’t get you.
13 HR I wanted to see what was under the cover as it was wet.

Here, the teacher’s skepticism about the reliability of the information given by the students (see turns 1
and 3) as she questioned them about what they had done. These turns of talk by the teacher made it necessary
for the students to provide clarity (turn 3) and justification (turn 13) for the actions they had taken in the
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investigation. The criticality of ideas led participants to be engaged in deciding whether the information asked
for was valid or relevant or not. From the perspective of Knowledge Building, such critical disposition is an
embodiment of one’s epistemic agency as one articulates questions and decides on criteria to evaluate the
information given in the achievement of the community’s goal of how the meat rotted in this case study. This
critical dialogue around the observation led to puzzling questions to be identified, in this case, the presence of
liquid.

Persuasion Dialogue

With the observation of “wet” meat highlighted during the presentation, one of the areas of contention is the
origin of “water” (See excerpt 2) found with the rotting meat. What ensued was a persuasion dialogue as
student SZ tried to convince the other students that the “water” comes from water vapor trapped in the box. A
persuasion dialogue is adversarial in that its goal is to win over the participant(s) with the other side of the
argument. Thus we see student SZ trying to justify for his claim that the liquid was from water vapour that had
condensed by firstly countering student A’s disagreement that it is “not water vapour” (turn 65) with a repair
move that “I mean water that condensed” (turn 66) and that “water vapour can condense” (turn 66). He further
defended this premise by highlighting that “it (the container) has been shut” (turn 67), thus justifying that “water
vapour was kept inside” (turn 68). The result of a persuasive dialogue was an expansion of a simple claim to
include premises as claims/premises made were challenged.

Excerpt 2: Persuasion dialogue.

Turn Speaker Content

55 S1 And what was the water?

61 T I think we don’t call it water because we don’t know whether it is water. What is the
liquid actually?

62 D I don’t know whether is it discharge from the maggots or something like that.

63 A I thought it is

64 SZ I think it’s water vapour.

65 A No. not water vapour.

66 SZ I mean water that condensed. Water vapour that condensed. Water vapour can
condense.

67 D But it has been shut.

68 SZ Water vapour was kept inside.

Inquiry Dialogue

While persuasion dialogue is adversarial, inquiry dialogue is cooperative. The goal is to prove that a statement
designated at the opening stage true or false or if there is insufficient evidence to prove a claim, which makes it
different from a deliberation dialogue which does not carry the burden of proof.

In the case example, the inquiry dialogue arose as the discussion about the origin of “water” continued,
as shown in excerpt 3. With continued uncertainty expressed over the source of “water” found with the rotting
meat (see turns 78 — 86), the teacher highlighted the need for an investigation when the students casted doubt
into their own hypothesis (turn 86). What follows after this exchange was an investigation planned and
conducted to find out if the liquid was water, among other hypotheses they wanted to verify. In the second
investigation, they used two pieces of dry meat, one placed in an open box and another in a closed box, and
found that both boxes had liquid in them after two weeks. In a note they posted on Knowledge Forum, they
reported that the meat in the closed box “turned gooey” while meat in the opened box “remains intact except
smaller”. They thus concluded that “the liquid is not formed by the maggots compared to the last experiment”
and that “this experiment shows that decomposition produces liquid ...”

Excerpt 3: Orchestrating inquiry.

Turn Speaker Content

74 T Ok. I think Y has a very good question. What is that water? How is it Initially it was
dry right I suppose ... And there is liquid there?
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86 SZ Maybe it’s the water vapour that condenses?
87 T Ok yah. Like you said ‘maybe’. That is a hypothesis, so you actually have to go and
find out ...

Deliberation Dialogue

Another dialogue type observed in the students’ talk as they advanced their knowledge is deliberation. Here, the
students collectively steered group actions towards a common goal by agreeing on a proposal that can solve a
problem affecting all parties concerned while taking their interests into account. Excerpt 4 shows the online
discourse as students were deciding on the number of meats to use as they investigated the process of the
decomposition at the start of knowledge building. With different ideas proposed on the number of meat to use
(see turns 7, 23, 27), it was finally decided that “2-3 meats” would be used after deliberating on the different
options.

Excerpt 4: Deliberation dialogue.

Note  Author  Date/ Time Title Scaffold Content

7 HR 28 Aug 09/ Another Good idea, maybe we should get

3:20 pm reply several pieces of meat to observe
on.....

23 D 28 Aug 09/ Several I need to Why is there a need for several pieces

3:48 pm pieces of understand  of meat when you need only a piece
meat? of meat?

27 SZ 28 Aug 09/ D’s question what if 1 of the meat fails to rot ok

3:50 pm thats stupid but to get more better

conclusion we should get 2-3 meats

In such as instance, the goal is to merely decide on the best course of action, thus the discourse in not
adversarial. A justification deemed logical to the other students was sufficient. Thus criticality of ideas put forth
engages students to build their argument more convincingly with justifications without the need for aggression.
What is also interesting in this excerpt is that the questions asked by student D in turn 23 was answered by
student SZ instead of student HR whom the question was directed at. Such turn taking could demonstrate that
the students were working on ideas rather than against each other in this argumentative discourse.

Discussion and Conclusion

This case study identifies four forms of argumentation dialogues — information-seeking, persuasion, inquiry and
deliberation that mediated the advancement of knowledge about the decomposition of meat. These
argumentation dialogues provide the platforms for students to put forth their ideas even if they are different or
opposing (e.g., in persuasion talk whereby different hypotheses about origin of “water” was put forth), exercise
their epistemic agency by deciding on criteria to judge information given (e.g., in inquiry dialogue as the
criterion for evaluating hypotheses was set up), take up collective responsibility as they work collaboratively to
consolidate diversity of ideas (e.g., deliberation talk over the number of meat to use) rather than hit out at their
opponents, and work on improving ideas as they work through diverse and uncertain ideas (e.g., inquiry talk as
they sought to find evidences to support their hypothesis). The findings did not, however, identify negotiation
and eristic argumentation dialogues in the knowledge building interaction. Such dialogue types, according to
Andriessen (2006), do not carry the goal of working with one another toward a common goal, and thus do not
contribute much to education or knowledge building. The absence of these dialogue types could perhaps explain
the productive advancement of knowledge observed in this group of students as they worked collaboratively to
construct their understanding of decomposition.

The findings show that the four argumentative dialogue types observed in this case study mediated
knowledge building in different ways (e.g., persuasion was to convince their peers of that the liquid was water
while taking into account other’s ideas and inquiry was to produce evidences to address uncertainty). By itself,
it did not seem to advance the knowledge of the community much, but collectively, their whole was larger than
the sum of the individual process. For example, in working on what the liquid observed in the rotting meat box
was (refer to excerpts 2 and 3), teacher T’s information-seeking question engaged students in putting forth
different ideas (i.e., “discharge from the maggots” in turn 62 and “water vapour” in turn 64 of excerpt 2). This
discourse quickly turned into one of persuasion as a result of doubts casted by a few of the students and the
teacher on the claims made (refer to turns 65, 67 of excerpt 2). As the proponents defended their claims when
they were continually challenged, uncertainty about their own claims was expressed, which in turn shifted the
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discourse to one of inquiry as they found the need to verify their hypothesis. According to Walton (2000), such
dialectical shift in which an argument that starts out framed as one kind of dialogue shifts to another as the
argumentation proceeds need not be a bad thing. The subsequent dialogue that follows the former could help it
move along its larger goal. In this case, we see that the outcome of this series of argumentative dialogue in the
case study helped the students advance the knowledge of the community as they eventually found out that the
liquid did not come from water vapour or discharge of maggots but from the meat itself when it decomposed.

An implication from this study is thus the need to orchestrate such dialogue types and its shift in
Knowledge Building classrooms. The knowledge advancement we see in this case example might not have been
possible if the students were left on their own accord to argue. In this case example, the teacher had played an
instrumental role in orchestrating the argumentative talk and the shift from one form of argumentative dialogue
to another. Here the teacher would repeat the question a student asked (e.g., excerpt 1) to elicit diversity of
ideas, model criticality by evaluating information given by students (e.g., excerpt 1) or challenge students’
claims or premises (e.g., excerpt 3), and ask questions to encourage students to elaborate and clarify their
ideas/premises (e.g., excerpts 1 and 3). She also orchestrated the shift in dialogue types as she highlighted the
students’ uncertainty with their claims which moved the dialogue into one of inquiry (e.g. excerpt 3). In other
words, the teacher in a Knowledge Building classroom need to model the attributes of Knowledge Building
discourse by engaging in a collaborative argumentation discourse with the students, yet at the same time, they
need to facilitate the argumentation discourse by encouraging students to put forward their claims, elaborate on
their arguments, think critically about the ideas put forth, gather evidences to support their claims and to
facilitate the shift in the discourse type as the situation is appropriate. With few online argumentation dialogue
ending with a clear resolution or dialectical shifts taking place, this study also suggests that the current scaffolds
in the form of sentence openers (i.e., I need to understand, My theory, This theory cannot explain, New
information, A better theory) may not be sufficient to support the fluid and dynamic nature of the argumentative
talk. For example, it is important to capture the premise of the other party and to build on it in a persuasive talk
or to shift to another form of dialogue when the need arises (e.g., from persuasive to inquiry when different
participants are uncertain of their ideas). One future direction to this study is to study ways to support
collaborative argumentative dialogue in online platform more effectively.

In conclusion, this study examines the discursive practices of a group of students in a Knowledge
Building community and explores the characteristics of Knowledge Building discourse through the perspective
of argumentation dialogue. It argues that an integration of certain types of argumentation dialogues, such as
information-seeking, deliberation, inquiry and persuasion dialogue, can mediate knowledge building activity
and these dialogue patterns represent the collaborative and progressive Knowledge Building discourse as
knowledge work is carried out to seek continual advancement. We acknowledge that this work on unpacking
Knowledge Building discourse is merely scratching the tip of the iceberg, which we hope that there could be
future build-on to this work on characterizing Knowledge Building discourse and how it can be better supported
through online and physical means.
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Abstract: This paper aims to examine the discourse mechanisms that may lead to students’
knowledge advancement in the context of CSCL. The online discussions of one primary
(sixth-) and one secondary (tenth-) grade of students were analyzed. First of all, threads with
the articulation of elaborated explanations were identified, as their appearance is considered as
more indicative of the advancement of knowledge. Then by studying how students worked
with the major concepts within each of the threads, three general mechanisms for knowledge
advancement were found: 1) setting the conditions and limits of an idea; 2) comparing
different concepts; and 3) differentiating concepts. The first mechanism could be observed
quite frequently in the discourse of both grades of students while the latter two were more
likely to be found in the discourse of the tenth-graders compared to the sixth-graders.

Introduction

One important research agenda in computer-supported collaborative learning (CSCL) is to analyze how learning
is accomplished in interactions (Stahl, Koschmann, & Suthers, 2006). Based on the pedagogical approach of
knowledge building (Bereiter, 2002; Scardamalia, 2002), this paper aims to examine the discourse mechanisms
that may lead to students’ knowledge advancement as expressed in their online discussion.

Knowledge Building as a Pedagogical Approach

According to Scardamalia & Bereiter (2006), knowledge building is the process through which knowledge
advances in human societies, and that learning can take place in the process. It envisions a new way for
organizing school education to prepare students for the knowledge society (Bereiter, 2002). In a school setting,
knowledge building focuses on students' collective responsibility for the advancement of the community’s
knowledge and the improvement of ideas (Scardamalia, 2002). In traditional classrooms in which the interaction
is mainly face-to-face, knowledge building is difficult to implement as ideas generated by students are not easily
recorded for the purpose of further improvement. Thus the implementation of knowledge building in schools is
usually integrated with an asynchronous online platform, the Knowledge Forum® (KF), purpose-built to create
a knowledge building environment for students to make their ideas explicit in the form of notes so that they can
be built onto for their continual improvement (Scardamalia, 2002).

A Concern for Knowledge Advancement

Knowledge building concerns with the knowledge advancement made by students in their inquiry. However,
what constitutes a knowledge advancement is not clearly defined in the literature. According to the major works
in the field (e.g., Hakkarainen, 2003; Lee, Chan & van Aalst, 2006; Zhang, Scardamalia, Lamon, Messina, &
Reeve, 2007), explanation-oriented discourse is regarded as an indication of the engagement in knowledge
building, as it reflects a deepening in understanding of the students compared to fact-oriented discourse. In
previous studies, it has been examined the pedagogical designs which were more likely to bring about the
engagement in knowledge building (e.g., Lee et al., 2006; Zhang et al., 2007; 2009). In analyzing how students
might advance their knowledge, the most widely researched area is the importance of questioning. For example,
in Hakkarainen’s (2003) study, it was reported that explanation-oriented questions rather than fact-oriented ones
were more likely to lead to deepening in students’ explanations. In another study, Zhang et al. (2009)
differentiated teachers’ questions into “questions for ideas” and “questions on ideas”, and found that the latter
was more useful in helping students to deepen their understanding. van Aalst (2009) differentiated three types of
discourse: knowledge-sharing, knowledge-construction and knowledge-creation, with the last one the most
compatible to the theory of knowledge building. van Aalst (2009) found that the student-group with the best
summary note written illustrated a discourse profile closest to knowledge-creation, which was characterized by
a strong sense of community-belonging and a high proportion of explanation-oriented questions asked.
However, van Aalst (2009) did not examine the process through which knowledge was advanced in his study.
The discourse mechanism that may trigger students’ knowledge advancement is still a research area that needs
to be explored.
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Method

Research Setting

The data analyzed in this study were part of the “Learning Community Project” (LCP), which was launched to
promote knowledge building and support its implementation in secondary and primary schools in Hong Kong.
A total of two databases, one primary and one secondary, were analyzed to see if different patterns were found.
As an extended period of inquiry is needed for productive knowledge building discourse to emerge
(Hakkarainen, 2003; Zhang et al., 2009), these two databases were chosen because they had the longest period
of inquiry among all databases at the time the analysis was conducted. The first database composed of 41 tenth-
grade students in a secondary school; they formed six groups inquiring on topics of Water Quality, Plastics, and
Ideal Vehicle. The students and their teacher were both new to knowledge building. The second database
composed of 44 sixth-grade students in a primary school. They formed seven groups to inquire on topics of
Global Warming, Energy Crisis, and Species Extinction. Two teachers were involved in the facilitation of
knowledge building in the second database. One of them and about one fourth of the students had the experience
of participating in knowledge building activities in the previous year. The other teacher and the remaining
students were new to this pedagogical approach. In both cases students had a period of about six weeks to
conduct their inquiry. Throughout the process they had to engage in the discussion on KF.

Knowledge Forum®

The asynchronous online platform employed in this study is the Knowledge Forum® (KF), which is specifically
designed to facilitate the engagement of knowledge building (Scardamalia & Bereiter, 2006). Students can
contribute their questions and ideas in the form of notes, and other students could respond and further improve
the ideas by writing build-on notes. In writing a note, students may use the function of “scaffolds”, which are
meta-cognitive prompts in the form of word cues such as “New information”, “New idea”, “I need to
understand”, and “My theory”, so that they can better identify the nature of their note content (e.g., “New
information” or “New idea”), identify a knowledge gap (e.g. “I need to understand”), and build or modify their
theories (e.g., “My theory”, “This theory cannot explain”, “A better theory”). Notes and their build-on notes
were linked physically in the form of build-on threads. Thus within a thread, there were a series of related notes.
The analyses in this study were conducted based on the contents of notes situated in build-on threads.

Data Analysis

The first step in the analysis was to identify the notes which indicated a good quality from the perspective of
knowledge building. Following the widely employed analytic procedures in the literature (e.g., Hakkarainen,
2003; Lee et al., 2006; Zhang et al., 2007), the level of explanation of a note was employed as the indicator of
knowledge building. The coding scheme adopted was the one developed in Zhang et al.’s (2007) study, in which
a total of four levels of explanation were classified: 1) Unelaborated fact; 2) Elaborated fact; 3) Unelaborated
explanation; and 4) Elaborated explanation. Notes with the descriptions of terms, phenomena, or experiences
were classified as facts, while those with the provisions of reasons, relationships, or mechanisms were classified
as explanations (Zhang et al., 2007). In addition to the differentiation of facts and explanations, the coding
scheme also takes into consideration whether the contents are unelaborated or elaborated. On the other hand,
students’ questions asked in their notes were classified as fact-oriented or explanation-oriented (Hakkarainen,
2003; Zhang et al., 2007).

As the focus of this study is on the possible mechanisms for knowledge advancement, not all of the
threads were studied as they might not indicate advancement. Only threads with notes classified as “elaborated
explanations”, that is, the highest level based on the coding scheme of levels of explanation, were further
analyzed. The major concepts being explored in each of the threads were then identified. After identifying the
major concepts, the next step was to look at how students worked with these concepts, to see whether some
general mechanisms for knowledge advancement could be observed.

Results

Discussion Notes and Build-on Threads

A total of 620 and 630 discussion notes were generated by the tenth-grade and sixth-grade students respectively,
which resulted in a total of 76 and 69 build-on threads respectively. Each of the threads was labelled according
to the topic being explored in the thread. Examples of build-on threads found in the discourse of the sixth-
graders were “Solar energy” and “Wind energy” when they were inquiring on topics of Global Warming and
Energy Crisis. Examples of threads found in the discourse of the tenth-graders were “Use Ultra Violet to clean
water” and “LPG (Liquefied Petroleum Gas)” when they were inquiring on topics of Water Quality and Ideal
Vehicle respectively.
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Levels of Explanation of Discussion Notes

Presented in table 1 was the classification of notes with different levels of explanation. First of all, it should be
noted that only notes with some knowledge contents articulated were classified. Notes simply with the words, “I
agree”, “We can have a further discussion on this topic”, or those with only copy and paste contents were not
subjected to the classification of levels of explanation. Moreover, notes with only questions asked were
classified according to the orientation towards fact or explanation rather than levels of explanation. Hence, the
numbers summed across columns in table 1were smaller than the total numbers of notes reported earlier.

It can be seen from table 1 that for both grades of students, about half of the notes classified according
to their levels of explanation were unelaborated facts, and less than 10% were classified as elaborated
explanations. The results suggested that the construction of explanations did not occur frequently. Hence it is
especially important to examine the discourse mechanisms that might trigger the deepening in explanations.

Table 1: Distribution of notes with different levels of explanation.

Grade Unelaborated Elaborated Unelaborated Elaborated
Fact Fact Explanation Explanation
Sixth-grade Number 237 73 86 34
% 55.1 17 20 7.9
Tenth-grade Number 231 72 81 41
% 54.4 16.9 19.1 9.6

Threads to Further Investigate

To further analyze the discourse mechanisms for knowledge advancement, threads with notes classified as
elaborated explanations were analyzed. A total of 22 (28.9%) and 17 (24.6%) threads of the tenth-grade and
sixth-grade students respectively were with notes with elaborated explanations classified. The findings
suggested that not all of the threads involved the construction and deepening of explanations.

Identify the Major Concepts Explored in a Thread
The next step in the analysis was to identify the major concepts being explored in each of the threads identified
in the last section. For example, in the thread of “Acid rain”, the major concepts being explored were,
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“neutralization”, “acidic”, “alkaline”, “pH value”, “release of heat”, and “habitat”; in the thread of “Solar
energy”, the major concepts being explored were, “sunlight”, “renewable”, “cost”, “power”, “weather”, “solar
energy board”, and “the saving of energy”. It was then examined how students worked with these major
concepts within the thread, for identifying the mechanisms that might lead to knowledge advancement, as

presented in the next section.

Discourse Mechanisms for Knowledge Advancement

In analyzing how students worked with the major concepts within a thread to make knowledge advancement,
there were some general patterns observed. The three most frequently observed mechanisms for knowledge
advancement were ‘“setting the conditions and limits of an idea”, “comparing different concepts”, and
“differentiating concepts”. Summarized in table 2 was the number of threads with the appearance of each of the
mechanisms observed. The findings suggested that the first mechanism, that is, “setting the conditions and
limits of an idea”, appeared quite frequently in the discourse of both grades of students, while the other two
mechanisms seemed to appear more frequently in the discourse of the tenth-graders but not the sixth-graders.
The details of each of the mechanisms will be as presented in the following sections.

Table 2: Number of threads with the three common mechanisms for knowledge advancement observed.

Students Set conditions and Compare different concepts Differentiate concepts
limits of an idea

Sixth-grade 9 2 2

Tenth-grade 6 9 7

Mechanism 1) Set Conditions and Limits of an Idea

For both grades of students, one frequently observed mechanism leading to knowledge advancement was the
“setting of conditions and limits of an idea”. The sixth-grade students tended to discuss whether something was
applicable in the place they are most familiar with, that is, Hong Kong. They usually started with the discussion
of a certain form of energy; then they used the characteristics of Hong Kong, such as its weather, size, and
geographical features to identify the conditions and limits of the idea related to the adoption of this form of
energy. Presented in table 3 are the contents of notes taken from the build-on thread of “Wind energy” of the
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sixth-grade students. The first column presents the student who wrote the note. The second column presents the
scaffold used in the note; if no scaffold was used, the cell was presented as empty. The third column presents
the note contents.

In the example presented in table 3, with a characteristic of Hong Kong (full of buildings) articulated,
students tried to set limits of the idea of wind energy, then they continued the discussion by utilizing a
geographical knowledge that it is windier in higher places to suggest that windmills might be built on the top of
buildings.

Table 3: Note contents taken from the thread of “Wind energy” of the sixth-grade students.

Student Scaffold Note Content

G611 “Hong Kong is a place full of buildings, I think there is not enough space for
wind to blow.”

G6_12 “[ think that if we build a wind farm beside the mountain, maybe the wind is
stronger and we don’t need to build it by the side of buildings.”

G6_13 New idea “Ha, interesting idea, but it is a better idea if we build it on TOP of the
mountain, it will get more wind there.”

G6_14 New idea “How about we make a windmill on the top of the building? When you stand
up on the Alps, you feel the gale, so we can get more energy!”

Mechanism 2) Compare Different Concepts

In addition to the “setting of conditions and limits of an idea”, another general mechanism for knowledge
advancement observed was that students often “compare different concepts”, which was especially found in the
discourse of the tenth-grade students. As presented in the contents of notes taken from the thread of “LPG” in
table 4, students compared LPG (Liquefied Petroleum Gas) to Hydrogen as the suitable energy source for an
ideal vehicle. Through the comparison, they explored the environmental effects of different fuels in terms of the
products they produced.

Table 4: Note contents taken from the thread of “LPG” of the tenth-grade students.

Student Scaffold Note Content
G10 21 I need to “Our ideal car must use LPG?”
understand
G10 22 New idea “Yes, because it is not a new technology. It is not difficult to be used.”
G10 23 New idea “There is not a must in using LPG as there are many substitutions like

hydrogen, solar power and electricity. If you are concerning about the
environmental effects of different fuels, then hydrogen could be better that
LPG because the only product would be H20, or at most, oxides. However
LPG will still produce carbon dioxide and nitrogen oxide.”

Mechanism 3) Differentiate Concepts

Another general mechanism for knowledge advancement observed was the “differentiation of concepts”, which
was more frequently found in the discourse of the tenth-grade students (see table 2). In threads with this
mechanism identified, students often clarify the difference between different concepts, which might lead to the
advancement of knowledge. Unlike the mechanism of “comparing different concepts” presented in the last
section, in the discourse illustrating the “differentiation of concepts”, students often got confused with some of
the concepts, hence in the subsequent notes these concepts were clarified and differentiated from one another.
As presented in the contents of notes taken from the thread of “Acid rain” in table 5, one of the tenth-grade
students said that “red tide” is toxic, then another student tried to differentiate the difference between the
concept of “toxic” and that of “the consumption of oxygen”.

Table 5: Note contents taken from the thread of “Acid rain” of the tenth-grade students.

Student Scaffold Note Content

G10 41 New “Some of the algae are toxic, they will make the fish die. Water may be
information | polluted by the toxic algae and the dead fish. Some algae may produce bio-
toxins. Filter-feeding shellfish, particularly the bivalves, such as scallops,
oysters and mussels, can accumulate these algal bio-toxins such that they
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become toxic to humans.”

G10 42 My opinion | “In my mind, I remember that red tide is non-toxic, but it will affect the water
life. It’s because red tide is a kind of algae, it needs to breathe in oxygen in
order to maintain their life, so the oxygen amount in the water will be
decreased. When the algae died, oxygen is used to decompose the dead body
and there is a lot of oxygen consumed. The water life will be killed because of
lacking of oxygen.”

Discussion

Knowledge building emphasizes the advancement of knowledge made by students. However, less research has
been conducted for identifying possible mechanisms for knowledge advancement. Three general mechanisms
were identified in this study. They are “setting the conditions and limits of an idea”, “comparing different
concepts”, and “differentiating concepts”. On Knowledge Forum®, there is a scaffold with the wording, “This
theory cannot explain...”, which is closely related to the first mechanism of “setting the conditions and limits of
an idea”. However, from the discourse examples taken from this study, students did not seem to reason in a way
of identifying what a theory cannot explain. Rather, the sixth-grade students often started with a certain form of
energy, then they tended to argue that this form of energy cannot be applied in Hong Kong because of its
characteristics. In addition to the setting of conditions and limits of an idea, students can also advance their
knowledge by comparing and differentiating concepts. The findings may provide pedagogical insights for the
implementation of knowledge building. Getting students to compare different concepts and to differentiate
concepts that they are easily confused with may be helpful for making knowledge advancement.

One limitation of this study is that the period of inquiry, which is about six weeks, may not be long
enough compared to previous studies (e.g., Hakkarainen, 2003; Zhang et al., 2007), which might take several
months for students to engage in productive knowledge building. It is possible that some other mechanisms for
knowledge advancement could not be captured because they may take a longer period of inquiry to emerge. For
example, one important principle of knowledge building is “rise above” (Scardamalia, 2002), which articulates
that students should go beyond current practices, targeting at more inclusive principles and higher-level
formulations of problems. However, mechanisms similar to “rise above” were not observed in this study.
Although there were examples of notes that students tried to bring together different viewpoints expressed
earlier, they could not take them to a higher-level. As the period of inquiry in this study may be too short for all
possible mechanisms for knowledge advancement to be observed, further studies may be conducted with
databases in which a longer period of inquiry is involved. Moreover, as there may be cultural differences in the
engagement in knowledge building (Lai & Law, 2006), studies may be conducted in different cultural contexts
to see whether different mechanisms can be observed.
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Abstract: A case study was carried out to understand the social interaction patterns of the
graduate students in an online learning community in an instructional design (ID) course and
the influence of their interaction behaviors on their knowledge construction and building in
ID. Sixteen graduate students participated in this study over a semester’s ID course. The
analysis of online discussion logs and interviews provided us with rich data to help us
examine the research questions. The findings pointed to four important factors influencing the
quantity of students’ online participation and contribution, as well as their engagement in the
online learning community: (1) prior knowledge and experience; (2) group composition; (3)
peripheral participation; and (4) guiding questions. The article is concluded with the
implications for developing instructional strategies to facilitate the growth of an online
learning community.

A Learning Community for an llI-Structured Knowledge Domain

With the rapid advancement of communication technologies, numerous online learning communities have
emerged in formal or informal educational settings. The goal of online learning communities is to advance
collective knowledge and support the growth of individual knowledge through the advancement of collective
knowledge (Scardamalia & Bereiter, 1994). According to Vygotsky’s (1978) socio-cultural theory, individuals’
cognitive development happens at two levels: first on the social level, and later at the individual level; first
among people and later inside individuals. The proponents of learning communities argue that people learn best
through social interactions and knowledge construction processes. From the multicultural perspective, our
society is becoming increasingly diverse, which requires people to interact and work with people from diverse
background (Bielaczyc & Collins, 1999). Therefore, the notion of learning communities is not only aligned with
socio-cultural learning theory but also congruent with the changing needs of a digital age.

A learning community enables learners to engage in peer interactions, such as providing feedback,
asking questions, receiving explanations, negotiate meanings, resolving conflicts, and co-constructing
knowledge (Webb & Palincsar, 1996), which lead to collective knowledge construction and building. Such an
environment should be motivating to engage members in working with the complexity of the ill-structured
problems (Barab & Duffy, 2000) because in a learning community, members learn from an instructor and other
members through considering important aspects pointed out by the instructor, reflecting on the questions and
problems introduced by other members, and pondering multiple perspectives. A learning community provides
affordances for learners to share their expertise through social interactions and allow them to see multiple
perspectives (Brown & Campione, 1994), which is an important aspect for problem representation in solving
complex, ill-structured problems (Feltovich, Spiro, & Carlson, 1996). Therefore, a learning community can be
an effective instructional approach for complex and ill-structured knowledge domains such as instructional
design (ID) (Rowland, 1992), in which the problems have unclear goals, unstated constraints, uncertain
relationships among the problem elements, multiple solution paths, and multiple criteria for evaluating the
solutions (Ertmer et al., 2008).

Given the numerous advantages of online learning for knowledge and skill development, we built a
structured online learning community to enhance students’ understanding and skill development of ID.
Presumably, learners would participate actively in virtual learning communities to share information, construct
knowledge, and develop expertise, provided with a structured and instructor-guided online learning community.
However, we do not have sufficient empirical evidence to support this assumption. Most of the past research on
learners’ online interactions either focused on the quantity of members’ contribution (Dennen, 2005) or the
factors motivating members to contribute (e.g., Xie & Ke, 2009) instead of examining how learners interacted in
or contributed to online discussions. Based on a literature review on possible reasons why students contribute or
not contribute in online discussions, Cheung, Hew, and Ng (2008) summarized eight factors that influenced
students’ online participation in various conditions: non-facilitated learning environments, classes where online
discussion is mandatory, or classes where discussion is non-mandatory. The eight factors are discussion topic,
students’ knowledge about the topic, instructor posting, participants’ posting, availability of time, the ease of use
of technology, and the community spirit. As such, previous studies had limited focus on investigating factors
that motivate members to participate in online discussions. Little is known about how, if any, these factors may
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influence knowledge construction and building in online learning communities, especially in the context of
complex and ill-structured knowledge domains.

Therefore, the purpose of this study was to build on the previous studies and explore any other
potential factors, particularly in the context of a course on instructional design, which is an archetypal example
of a complex and ill-structured knowledge domain. In addition, we intended to understand how members
participated in an online discussion that was structured and guided, how they interacted with each other, and
how their interaction behaviors influenced their knowledge construction and building in ID. Specifically, we
investigated the following two research questions: (1) What are the factors influencing the quantity and quality
of online discussions in an online learning community? (2) How does each of these factors contribute to
members’ understanding of ID domain and ID skill development?

Method

Participants and Context

The participants of this study were 16 graduate students, with different education background, ethnicity, and
experiences and prior knowledge about instructional design. The ID class was conducted in a blended learning
environment, in which students met once a week on Monday evening for three hours. The online discussion
forum served as a collaborative platform for building an online community. It was an extension of the weekly
face-to-face class. The students were required to participate in the online discussion, and the instructor
facilitated the weekly discussion by posting guiding questions corresponding to weekly reading assignment. At
the beginning of the semester, students were assigned into three groups and they were required to participate in
their own group’s discussion. Although individual members had the flexibility to join in the other groups’
discussion, such as viewing and posting messages, they must participate in the discussion of their home group.
The students had to follow the discussion protocols, which specified that they must complete the following
steps: posting an initial message, posting questions to peers and responding to peers, and in the end writing and
posting a reflective summary of the week’s discussion.

Data Analysis

A case study method was utilized to analyze the data from four sets of online discussion logs, five semi-
structured interviews and observation notes. We employed open coding techniques to code interviews and
students’ online discussion logs (Shank, 2002). Interviews were transcribed and read so that patterns could be
identified and coded. Then, we searched for variables by counting and clustering the codes we found. We
displayed our data, such as comparing and contrasting different cases, and examining outliers to identify themes,
which showed possible factors that affected the quantity and quality of online discussions. Finally, we
triangulated our findings with descriptive statistics of the online discussions, interview and observation data.

Results
In response to the first research question, preliminary data analysis pointed out four important factors
influencing the quality and quantity of online discussions in an online learning community. These four factors
included: (1) prior knowledge and experience; (2) group composition; (3) peripheral participation; and (4)
guiding questions.

The second research question asked how each of these factors contributed to students’ learning in the
complex and ill-structured domain of instructional design. The following subsections briefly elaborate on our
findings related to the second research question.

Prior Knowledge and Experience
Consistent with the previous research (Cheung, Hew & Ng 2008; Ge & Hardré, 2010), the findings of our study
showed that students’ prior knowledge had a positive impact on the volume of postings in online discussions. In
addition, our study also showed that students’ prior knowledge on the discussion topic positively impacted the
depth of discussion, quality of postings, and the amount of benefit the students were gaining from online
discussions. For instance, in Week 5, during which students discussed the topic on learning assessments, there
was a high level of interactions and number of message postings. We contributed this fact to students’
familiarity with the topic because many students in the ID class were taking a measurement class at the same
time. One of the students said, “I am taking Measurement and Assessment ... I do not refer the textbooks
because pretty much all of it came out of my head”. Although assessment was fairly new prior knowledge to
most of the students, because the topic was still fresh and current in their minds, the students were able to
engage in deeper discussion on some concepts, which later branched into multiple sub-topics, such as fairness of
the assessments, purpose of the assessments, and how assessments might link to creativity and competition.
Additionally, whenever students applied the textbook knowledge to their real life experience, the online
discussions became richer because these experiences served as anchor for reasoning and discussion. For
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instance, Luke shared how he allowed his students to rework on their assignments in a college-level class he was
teaching. Many online participants questioned the consequential validity of the assessment method, because
they believed that college GPA could be used normatively in application of graduate schools. When Luke
allowed his students to rework their assignments to gain better grades, those students might gain unfair
advantages on graduate school admission. A thread of discussions regarding this view was generated. Luke
later provided some contextual information to clarify the instructional situation. In the end, the group came into
consensus with Luke’s view that the assessment method he chose to use was valid, due to the particular
instructional situation he later explained in the discussion,

Our study also found that student’s prior experience also helped to enhance other students’ learning. In
an interview, Eva said that others’ real-life examples helped her better understand instructional design theories.
She said, “I cannot just envision things to theories... I am big in application, and this is how I learn to be able to
apply the things we’ve discussed. And, giving real life experience or examples helps me to fully understand it.”

Group Composition

The findings of our study indicated the importance of student composition with respect to their real-life work
experience and other background knowledge and skills. The real-life experience shared by individuals helped
their peers to develop an appreciation of the complexity of real-life ID problems and multiple perspectives of the
issues being discussed, which are highly valuable learning outcomes for complex and ill-structured instructional
design domains.

In addition, different members of the online community brought with them different expertise from
which others could learn. For instance, Janet said: “Lily has a very good grasp of APA. And, just how to put
something together. So, I can use hers as a model...Ella is a very good writer.” Finally, people can also learn
from others’ who come from different countries. For example, an international student showed how assessment
was performed in her home country, which was very different from how assessment was done in America.

Peripheral Participation

Interestingly, although international students brought with them the different cultural perspectives to a learning
community, some of them were not as active in participating in online discussions as their U.S. peers, probably
due to their language barriers and the new educational system and environment they had to adapt to. Their
participation was generally lower than the domestic students. This makes sense because when participants did
not have a feeling of connection to, or when they were not able to identify with a learning community, they were
less likely to post. However, we found some peripheral participation from the international students from the
online logs. Over the semester, more than 1,200 messages were posted, and two of the international students
read almost every single message posted although they had posted very few messages. This finding was
confirmed in the interviews. We expect that these students would gradually participate more in the learning
community as they became more comfortable with the U.S. educational system and the new learning
environment, as they became more connected to the learning community through social interactions, and as their
confidence and competence to participate in learning activities grew over time.

The Role of Guiding Questions

Another important factor that affected students’ engagement in online learning communities was the guiding
questions the instructor provided to the participants. Throughout the class, students were required to read three
to five chapters per week, which covered a lot of different topics. Janet said, “That’s just so much in those
chapters. If they were not guided, everybody just starting picking up odd things.” Eva said, “I think without
those, there are nothing to write. I think you really have to have some form of questions to address.” These data
suggested the importance of guiding questions in facilitating effective learning through online discussions. Good
guiding questions not only led to fruitful online discussions, but also helped students with other aspects of the
course. For instance, Zoe suggested that guiding questions helped her to focus on the readings, which, in turn,
helped her to develop her final project.

Furthermore, the results of our study suggested that some types of guiding questions were more
effective than others in terms of enhancing the quantity as well as the quality of discussions. For example,
guiding questions that required students to synthesize what they had learned generated a lot of good discussions.
When the instructor asked the students to describe the relationships among instructional theories, learning
theories, and instructional design models, the students posted very interesting messages conceptualizing their
thoughts through the use of metaphors and analogies. For instance, Ian used the metaphor of a pot of flower to
show the relationships among the theories and models, which raised a lot of interest and invited a lot of
questions from the group members. Some members asked him how he fit the three components in this metaphor,
while other members suggested different ways to interpret the pot of flowers and represent the relationships
among instructional theories, learning theories and instructional design models.
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Another type of guiding questions that resulted in effective learning from the discussions was the
questions that asked more experienced members to share their experience and understanding while asking less
experienced members to ask more experienced members questions on a given topic. For example, when the
instructor asked the experienced members to share their understanding of the roles and tasks of project managers
and instructional designers while encouraging less experienced students to ask the experienced members the
questions, the members in the learning community were given clear roles, either as experts to share their
experiences in their own field or as novices to learn about the field. In such scenarios like this, the volume of
postings went up dramatically, so did the depth of the online discussion.

Discussion and Implications

The findings of this study are consistent with recent studies that suggest students’ prior knowledge has a positive
impact on online engagement and learning (Cheung, Hew & Ng, 2008; Ge, Chen, & Davis, 2005; Ge & Hardré,
2010). The study results also confirmed de Wever and his colleagues’ (2008) findings that assigning roles may
enhance their engagement in the online community. In addition to the individual factors, this study provided
further evidence about the effect of guiding questions, which were found to be very important in facilitating peer
interactions and learning.

This study implied that peers could facilitate the development of individual understanding and skill
development of a complex and ill-structured domain through social interactions in an online community. Yet,
members must be scaffolded in order to lead to fruitful discussions. Although guiding questions are an effective
way to scaffold students’ knowledge construction and building process, it is insufficient. We also need to take
advantages of students’ prior knowledge and use it to scaffold their learning and be strategic in creating an
environment for members to share knowledge and learn from multiple perspectives. Meanwhile, we also need
to facilitate peripheral participants to move gradually to the center of learning. The findings of this study
provide us with some useful insights in designing online learning communities, including the consideration of
group composition and the design of guiding questions, in the context of skill development in an ill-structured
knowledge domain such as instructional design.
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Abstract: Groups change over time. CSCL groups, unlike face to face groups, leave evidence
of their interactions behind in the form of system logs. Most CSCL log analysis is
opportunistic, relying on electronic traces which do not provide information about use context,
user content reading behavior or insights about relations among users. To enable context rich
analysis of student interactions, we developed a context aware notification system (CANS).
In this paper we describe how such logs are processed and analyzed to support the
development of multi-mode social networks. In prior studies we reported on analysis of these
networks from CANS logs and context enriched logging systems focused on the small group
unit of analysis. The purpose of this paper is to increase understanding of the methods we use
within the CSCL community. We use CANS logs to create awareness of the social experience
of online learning and emergent group formation.

Introduction

In this concept paper we assert that theories of interaction in CSCL must incorporate a more explicit approach to
the design of logging systems. Suthers (2010) describes contingency graphs as analytical mechanisms for the
study of uptake in CSCL environments in a manner that does not place time at the center of analysis, but instead
focuses on conditions that precede and follow important learning acts. Reimann (2009) focuses on the central
importance of time, highlighting a gap in our understanding of how time is understood in long running,
asynchronous interaction. Stahl (2006; Stahl, 2009b; Stahl, 2009¢) focuses on the small group unit of analysis
as he calls for a study of the science of group interaction (Stahl, 2009a). Our contribution exists at the
intersection of these interests and efforts. We integrate Stahl’s focus on the small group unit of analysis,
Reimann’s attention to time, Suther’s analytic view of data and four years of experience using rich, context
aware logs to study asynchronous, completely online CSCL environments (cited throughout). With the rest of
this paper we review the literature in CSCL focused on advancing the analytical tools available in the field,
describe our socio-technical framework (CANS) for more closely connecting interactions to the lived
experience of users, and discuss the implications for CSCL theories.

Literature Review

Suthers (2006) called for recognition that ongoing work in CSCL requires integration of design based,
phenomenological, and experimental methods to build a complete picture of the intersubjectivity of computer
supported collaborative learning. Each methodological tradition is, by itself, too narrow to support the ongoing
examination of the socio-technical CSCL experience that we now recognize to be munificent in its variation,
even in the same population using the same set of tools over time. Specifically, Suthers (2006) points out that
experimental approaches embody an artificiality that constrains our view of how learning events actually
happen in the world, design based approaches take the form of iterations and lead to an emergent
technomethodology (Dourish & Button, 1996) that practically celebrates munificent variation in uptake and use
of CSCL ICT’s, and more purely phenomenological studies of CSCL provide descriptions of what occurred.
These approaches often fall short in their attempts to provide useful guidance for the development of
interventions in the future.

Reimann (2009) takes another perspective on the range of methods utilized in CSCL by presenting a
contrast between coding and counting CSCL events, which he calls variable focused analysis, and sequential
analysis of events in CSCL settings. This work raises questions about the applicability of analysis of variables
in the complex, real world settings that constitute most CSCL environments and the intersubjective learning
processes they support. The observed munificent variations of CSCL experience are, to Reimann, an
irreconcilable set of multivariate confounds.

As a solution this to core challenge in CSCL research, Reimann (2009) posits that analysis of events
and event streams will provide a more authentic view of the intersubjective nature of learning in CSCL
environments. While the conceptual insight about the importance of event logs is one we agree with, the
conclusion that these events are likely to be digested into semantically meaningful process models and process
model instances presumes a linearity and consistency of interaction in CSCL environments for which there is no
empirical evidence. Reimann, Frerejean & Thompson (2009) test the idea of applying a process model to event
data, concluding that the decision processes in fact take a different path each time. Goggins, Laffey & Tsai
(2007), Goggins, Laffey & Galyen (2010a) & Goggins et al (2010b) go further in demonstrating the munificent
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variations of interaction revealed by event logs. These studies show that even in the most controlled CSCL
environments, no two groups follow the same processes. Specifically, those CSCL participants who experience
the same CSCL curriculum in the same CSCL, socio-technical environment with the same instructor produce
interaction logs with highly variable activity levels, activity sequences and following group-specific processes.
This holds for groups who are able to see the activity of other groups and would therefore be at least partially
susceptible to social comparison influences (Festinger, 1954) and those where groups are not able to see each
others activity (Goggins et al., 2011, International Journal of Computer Supported Cooperative Work, Under
Reveiew). Put simply, the notion of nascent, identifiable process models emerging across instances of a CSCL
environment is not supported by any data we are aware of.

An alternative to process modeling is Suthers et al’s (2007) concept of an eclectic model for examining
the interactivity of participants in a CSCL environment. Unlike process models, the eclectic model works to
incorporate multiple perspectives from different data. The events themselves are not any more richly
constructed than Reimann’s (2009), but they are integrated with other data to tell the story of CSCL experience
from multiple methodological perspectives. Suthers et al (Suthers et al., 2007) explicate the construct of a
dependency graph, which they use as an analytical boundary object for integrating event log data with data from
other data types and research methods commonly used in CSCL research. Like Reimann, Suthers et al arrive at
a method of examining behavior in logs that relies on establishing a more defined, non-dynamic picture of
interaction than what is born out by much experience in the socio-technical systems that constitute CSCL in the
wild. The important contribution of the dependency graph in CSCL research is that it facilitates consistent
integration of data from the diverse set of research traditions used to examine CSCL.

Eclectic modeling and dependency graphs used as boundary objects raise the question of whether or
not existing systems for logging CSCL activity provide sufficient contextual data to support an automated
approximation of a dependency graph. Is it possible more context data could be captured in logs than is
commonly the case in CSCL today? If we did this, could the automated generation of dependency graphs that
are more easily integrated with other forms of CSCL data be realized? The interactive logs we analyze provide
the bidirectional view of interaction through technology in a learning environment that is not available for the
analysis methods proposed by Reimann (Reimann et al., 2009) and Suthers (Suthers et al., 2007). The logs
produced by the CANS system (our unique logging system, described under study context and methods), in fact,
provide a wider swath of interaction data for analysis, and as a consequence greater potential for automated
analysis of interactivity in computer mediated learning settings. For example, our preliminary analysis of
interaction logs over three years of CANS data shows that these sorts of passive, invisible interactions between
members are more common than post behaviors by a ratio of 15:1 (6.6% of activity in ~670,000 events is active,
posting or creating activity). To understand the uptake of ideas in these environments, CANS logs provide a
wide foundation of interactivity records that we will use for the development of insight from events, event
vocabularies and event grammars (event vocabularies and grammars are discussed in more depth later in this
section).

Our work seeks to elaborate on Suthers et al’s (2007) notion of the dependency graph by incorporating
a more complete logging infrastructure, and analysis that recognizes the evolving social structures and patterns
that can be made visible through these logs. Most significantly, the logs we use capture both passive (reading)
and active (posting) behavior of participants. Both Reimann & Suthers et al’s approaches rely on the analysis of
interactions and interaction logs that only contain a record of the proactive posting behavior of participants.
This proactive posting behavior, in response to others and sometimes starting from scratch (as in a new forum)
describes the observable, creative acts of participants. Prior research in online awareness (Carroll, Neale,
Isenhour, Rosson, & McCrickard, 2003; Carroll, Rosson, Convertino, & Ganoe, 2006; Amelung, 2007;
Laffey, Amelung, & Goggins, 2009) across multiple contexts suggests that knowledge of the social presence
(Erickson & Kellogg, 2000) of others influences interaction. In CSCL environments, knowledge of who is
reading the contributions of which other participants permits the researcher to observe the full intersubjective
nature of interactions, and tease out the vocabularies and grammars of interaction which correspond with
different levels of performance.

Our work views this less active behavior as a significant but typically invisible indicator of uptake in
CSCL environments. As an example, imagine an individual in an online graduate student course who is
contributing to a discussion in her small group. The participation in this course occurs in course wide
discussion boards and through discussion boards restricted to each small group. Our subject is participating in a
design activity with her small group while at the same time contributing to a question posed by the instructor of
the course, asking students to list a design researcher whose work is exemplary of the type of work she would
like to do. If we know that the student is reading the posts of other students in the larger context consistently
before she makes contributions to her small group, we have evidence that the meaning making (uptake) is
influenced not only by her direct response to her group, but also by her sequential review of other material in the
course. If we extend our view of the uptake of information to include other interactions of the member with
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information resources or colleagues outside the course, it quickly becomes apparent that our view of uptake is
materially influenced by the width of data we capture.

Our work adapting Suthers et al’s (2007) notion of uptake emerges as a two-step interpretive dance.
The first step is analyzing sets of log data that permit a researcher to witness emergent social structures,
combined with the full indexicality of socio-technical interactions — active and passive. This will potentially
change both our view of the nature of mixed methods research in CSCL, but also expose the potential richness
of member event grammars that may be constructed from these logs. As we noted earlier, passive actions
outnumber active actions in the systems we have studied by a ratio of 15:1. Our logs provide 15x more data for
constructing event grammars. As a second step outside the scope of this paper, but important to our long term
research agenda, capturing log data from multiple socio-technical contexts to reflect the actions of a group of
CSCL users will widen our view of indexicality and possibly introduce a new set of CSCL patterns.

For electronic trace data, the small group unit of analysis truly becomes, as Stahl (2006) states, “Where
the action is” in CSCL. Traces measure interactions between a user and a system; CANS captures more
context data than any other system and from that data we can reconstruct the multi-modal social network
experienced by students and instructors.

Which Log Structures are Analytically Useful?

Conversation analysis from the ethnomethodological tradition and social network analysis from structural
sociology contribute theoretical and methodological perspectives to our work defining log analysis and log
design in CSCL. The context data and completeness of the interaction record that is revealed by CANS log data
is also foundational to our ability to proceed with a study that explores the utility of log and sequence structures
for CSCL research. Our goal here is to discover new ways of analyzing electronic traces by identifying
semantically meaningful grammars from event trace data in CSCL environments. CANS is the first system we
are aware of which has collected at least five years of rich trace data from completely online learning groups.

Research methods like conversation analysis have examined the microstructure and indexicality of
conversation to explicate meaning. The events we record and grammars we identify are derived from socio-
technical interactions recorded in CANS event logs from an online course management system. While
conversation analysis has a long tradition of examining micro-sequences of conversation to explicate meaning
and understand the perspective of conversational participants, our method is new. In conversation analysis, the
sequential order of utterances and non-verbal communication are viewed together with a particular expression,
word or phrase to discern meaning. In CSCL, the Virtual Math Teams research led by Gerry Stahl (Stahl, 2006;
Cakir, 2007; Stahl, 2009c; Stahl, Ou, Cakir, Weimar, & Goggins, 2010) demonstrate the applicability of
methods derived from conversation analysis and ethnomethodology to the analysis of socio-technical
conversations around objects in a synchronous CSCL space.

We show that insights about structural change and interesting events emerge from our log analysis, and
suggest that CSCL researchers who use conversation analysis will benefit from first applying our methods as a
filter for selection of specific events for coding. Readers should note that we think that obtaining the richness of
understanding that emerges from ethnomethodolically informed methods, like those used on the VMT project
through automated means, is an unrealistic goal. Without the benefit of close, interpretive examination of
discourse there is certain to be loss in meaning, which is a natural outcome of choosing a vocabulary of events
and event grammars, which are required steps in the production and analysis of electronic trace data.

To begin to accomplish an approximation of the understanding derived through conversation analysis
from automated analysis of logs, we need to identify meaningful structures and sequences (grammars) from the
available logged events (vocabularies). The construction of semantically meaningful events begins with a
vocabulary of logged event types, and a search for social structural patterns (who relates to who), the trajectory
of evolution in social structure and a complementary analysis of interaction sequences across the socio-technical
context, which includes the layers of the system context. Events, however they are defined, are initially
captured at some imperfect, but consistent granularity that works to mute subtle gestures, references and turn-
taking activities that constitute the actual, qualitative experience of conversation in the electronically mediated
or real world.

Event grammars built up from event vocabularies do not hold enough information to permit us to
approximate the results of conversation analysis research methods through automated log analysis. We must
also connect performance within groups to the structural patterns and sequences of interaction made visible
through our bidirectional usage logs in order to connect events to our understanding of uptake in CSCL.

The analyzed events then become inputs to a multi-modal social network, which can be analyzed using
context enhanced forms of social network analysis, which we describe in Goggins, Laffey & Gallagher (2011)

Trace Data Resolution Levels

Our insight, derived from years of analysis and active participation in the field of CSCL suggests that how logs
are structured at runtime, and for analysis, can represent the lived interactions of users through technology to
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greater and lesser degrees. In table one, we propose four data resolution levels for CSCL researchers to
consider. The lowest level simply includes a user id, environment code, context id, session id, url, event type
(read, post, etc), event object and a timestamp. Events are captured serially from the CANS system, and
modified to support this analysis in each subsequent level. The expanding structure of capture and analysis
described in table one is somewhat abstract, but reflects a clear description of how each progressive step
provides the CSCL researcher with a more fine grained view of the experienced interactions of users. Access to
the corresponding, generalized toolset will be made available as part of a conference presentation.

Table 1: Data resolution levels for CANS data analysis.

Data Resolution Level Data Resolution Level Description

(1) Raw CANS Data One event per row.
(2) Bi-Directional CANS | For example, if I read a discussion board topic that you created, then a connection
Data is drawn between you and I. In addition to the data in “Raw CANS Data”, this

data set contains:
1. The distance in minutes between an event and the object (usually a
discussion board) that the event is in response to.
2. An identifier for the object creator; this creates the social link.

(3) Exploded Bi- Exploded Bi-Directional CANS data, as explained in Goggins, Laffey, Amelung &
Directional CANS Data | Gallager (2010b) and referenced in Goggins, Galyen and Laffey (2010a)
recognizes the social form of online discussion. This includes recognition that
when an individual participates in a discussion board or other interaction in a
CSCL or other collaboration system, they frequently view more than one, specific
post. This varies by environment. Effectively, one row is created for each artifact
that is visible on a page when the page is viewed. In the systems we study, this is
discerned from the timestamp, url and event object (artifact or discussion).

(4) Weighted Extraction | The calculated time distance at level three can be transformed into a meaningful
of Exploded Bi- weighting factor for the analyst, depending on how other data gathered suggests
Directional CANS Data | weights should be calculated. This provides a concrete, automated method to
support dependency graph construction with more refined weighting. For
example, in many of our studies, interviews and field notes suggest a 3 to 4 day
“cliffing” of the interaction weights is appropriate. These weighting “cliffs”
depend on the environment studied.

Implications for Theory and Conclusion

The log capture and design techniques that we conceptualized in this paper provide a representative view socio-
technical context in CSCL, and advance a broad range of CSCL research agendas. Data captured by most
systems is designed for the convenience of system analysts and web based metrics, not for the analysis of social,
collaborative behavior. CSCL log data should analytically useful, and it should represent social interactions that
are both implicit and explicit. Time matters because more recent interactions are more salient for measuring the
social nature of asynchronous interaction. Activity and context matter for connecting analytical dots, as
Suthers, Reimann and Stahl all do. The analysis and capture we propose here takes a more full account of
activity.  For knowledge construction, performance and other questions in CSCL research, the full social
context is critical. For our work, and the work of those in CSCL who have turned toward the social, the log
analysis we propose here is a necessary and fundamental shift required when log analysis is a central method.
We think our approach complements the recent methodological and analytical innovations of others in CSCL.
The techniques and tools we have develop and describe here enable CSCL researchers to more fully incorporate
social theories of learning (Bandura, 1977) into their work, because our approach makes the social visible.
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Abstract: This paper describes our methodological experiences capturing and analyzing
student learning processes and patterns in three cases. Agent-based models and a virtual world
were used for learning. Several specific features tie these cases together and distinguish our
analysis from other studies in the CSCL domain. First, students interacted in real-time for
relatively short periods. Second, they interacted with each other and with interactive software
tools that dynamically ‘shaped,” and were shaped by, their learning process. Our work builds
upon and integrates process analytic approaches of dynamically captured video and computer
screen activity and automatic e-learning process analysis techniques. The first two cases
identify areas in which analysis ‘by hand’ of small amounts of data has produced findings of
initial interest. The third case discusses the use of an automatic pattern discovery technique
based on Hidden Markov Models to begin to apply these methods to larger data sets in CSCL
environments.

Introduction

Research on computer-supported collaborative learning (CSCL) has made significant progress in capturing and
analysing student communication and decision-making processes in collaborative learning environments. In
particular, this can be said about the number of studies that have explored how students navigate, communicate
and collaborate in asynchronous learning management systems (Dringus & Ellis, 2005; Macfadyen & Dawson,
2010). Similarly, significant progress has been made in capturing and exploring human-computer interaction
with learning software. These methods range from capturing and analysing software log files, to video
observations, screen recordings, and eye-tracking traces (Cox, 2007; Derry, et al., 2010). The main enabler of
this type of research is a variety of digital traces of students’ interaction within and with software, captured in
digital media. As the NSF’s Taskforce on Cyberlearning report indicates, these learning traces could “aid
researchers in developing a more complete and accurate scientific understanding of what makes learning most
productive and enjoyable” (Borgman, et al., 2008, p. 26).

The field of CSCL encompasses a variety of scales, methods of collaborating, and media (Dillenbourg,
1999). Thus, CSCL researchers inevitably have to deal with very diverse (often multimodal) data and, as
Strijbos and Fischer (2007) argue, such research often demands the integration of different analytical
techniques. The use of Hidden Markov Models (HMMs) (Rabiner, 1989) is one technique that can be used to
discover behavior patterns of student collaboration and interaction. Based on a sequence of activities, which can
be captured in students’ trace data or log files, the HMMs can extract the states that students go through as well
as the transitioning probabilities among these states. A student’s problem-solving behaviors and patterns can
then be derived by analyzing the activities associated with the states and the state transitions.

The advantages of studying the processes of interaction in CSCL research are regularly discussed and
the links with learning outcomes often made (for example, Cox, 2007). Less common is a simultaneous analysis
of the process of student discussion with each other and dynamic interaction with the sofiware tool used for
learning (Thompson & Reimann, 2010). The integration of these two areas provides the focus for this paper.

Our aim is to illustrate how student interaction analyses using automatically captured data could be
further extended. We will present two earlier studies that have used computer screen capture to analyze
collaborative decision making and strategies for interaction with a software tool. We conclude with a recent
pilot study in which student interaction patterns with software have been extracted automatically using HMM.

Case Study 1 - Collaborative Decision Making

This case study focuses on the use of screen recording software (Camtasia) in a virtual world (Virtual
Singapura), which allowed the recording of both a video of students’ use of the tools and the interaction
between students in a dyad. We recorded the in world actions of four post graduates and eight undergraduates.
Virtual Singapura is a virtual world that is based on disease epidemics in 19th Century Singapore. The
participants were provided with a paper-based activity that focused on reducing cholera in the city. The
participants completed their in-world activity in pairs. The activity took approximately 40 minutes to complete.
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The recordings provided three sources of information: audio, video and screen shots. The audio transcriptions
were coded according to a modified version of the Decision Function Coding System (DFCS) (Poole & Holmes,
1995). The DFCS has seven main categories: 1) problem definition; 2) orientation; 3) solution development; 4)
non-task; 5) simple agreement; 6) simple disagreement; and 7) implementation. Category Solution Development
(3) has five subcategories: 3a solution analysis, 3b solution suggestions, 3¢ solution elaboration, 3d solution
evaluation, 3¢ solution confirmation.

Camtasia captured pertinent information regarding the aspect of the environment that the learners were
focusing on (Mazur & Lio, 2004). Many processes were represented by an action rather than a verbal
interaction. Activity sequences were recorded and the process sequences mapped. Figures 1 and 2 demonstrate
the main processes that pairs engaged in, in order to arrive at problem solutions.

ERREN .

CIN T

Figure 1. Group 1 Decision Making Processes. Figure 2. Group 2 Decision Making Processes.

The results of the analysis indicated that groups that were successful at arriving at a conclusion were
more likely to use orientation processes (code 2) as a means of directing the group. The highest proportion of
events tended to be an orientation event followed by a subsequent orientation event. The groups that did not
arrive at a successful conclusion (e.g. Group 2 see Figure 2) were more likely to have non task events, such as
talking about another subject. More detail on these findings can be found in more detail in (Kennedy-Clark,
Thompson, & Richards, accepted). The opportunity to relate the synchronous collaboration data to the
information about the interaction with the virtual world provided insights into the design and scaffolding
required in this inquiry-learning task. However, coordinated analysis of data was time-consuming.

Case Study 2 - Collaborative Use of Agent-based Models

In this case, the main focus is the identification of strategies that students use to interrogate agent-based models.
As with Study 1, the recording of the data and the identification was performed manually. Video screen shots
were collected from two dyads of year 9 school students and coded with respect to times, activities and screens.
This study used an agent-based model built in NetLogo (2010) which focused on the impact of visitors in a
National Park (Thompson & Reimann, 2010). Information on the use of the model, such as the screen accessed
(information or experiment), the number of times each of the three variables was changed, the model was run
and the total activity (including these and other activities not discussed here) were also recorded, as was time
off-task. The patterns were classified according to Levy and Wilensky’s (2005) strategies (see Table 1).

Table 1: Strategies of exploration in agent-based environment found in Levy and Wilensky’s (2005) study.

Strategy
Name Straight to the point Homing in Oscillating
Overall observation time Lower Lower Higher
Observation time per run Higher Lower Lower
Time between actions Higher Lower Lower
Runs Lower Higher Medium

The time observing the model was taken as the time spent on the experiment screen. The time spent
observing the model in each setting was calculated by dividing the total time spent observing the model by
number of times ‘go’ was selected. The time spent off-task and spent reading the text/instructions were added as
a result of a pilot study. The number of runs was equal to the number of times ‘go’ was selected. Time per

© ISLS 597



CSCL 2011 Proceedings Volume II: Short Papers & Posters

action was calculated by dividing the time observing the model by the number of changes made, and the number
of changes made was equal to the total activity.

Table 2: Patterns of use of the two dyads.

Strategy Group 1 Group 2
Observation

Time observing the model 16:20 (Higher) 14:01 (Medium)
Time observing the model in each setting 2:43 (Higher) 2:20 (Medium)
Time spent off task 0:00 2:32

Time spent reading text / instructions 3:40 3:23
Explorativeness

Number of runs 6 (Medium) 6 (Medium)
Action

Time per action 0:43 (Medium) 0:32 (Medium)
Number of changes made 23 (Medium) 26 (Medium)
Pattern Oscillating Oscillating

Table 2 presents results of two dyads. In these two groups only the oscillating (the model oscillates
between two regimes, back and forth between high and low values) strategy was identified (other strategies are
reported in (Thompson & Reimann, 2010)). The strategies used by students to change the three variables were
also determined using graphs of the changes in addition to the parameters outlined above. As part of this study,
preliminary work was carried out that found qualitative relationships between the types of observations recorded
by students in the answers to post-test questions and the oscillating strategy that was used to interrogate the
model. An advantage of using agent-based models is that students are able to identify links between levels of a
system (Stieff & Wilensky, 2003) - the ability to examine how students use these models helps to discover
learning gains. This is another instance where the coordinated analysis and collection of this data was time-
consuming. In order to find useful patterns and relationships, a larger sample size is required. The automated
collection of log-files that record key-strokes can aid this, but the discovery of patterns of use is still nascent.
The following case reports an initial investigation of students’ problem-solving strategies using HMM.

Case Study 3 - Exploring Students’ Problem-solving Strategies from Log Files
In this section, we demonstrate automated process analysis techniques of students’ problem-solving behaviours.
A pilot study was conducted to analyse sequences of students’ activities in solving scientific problems. Six
students were asked to use an agent-based model built in NetLogo, similar to the models described above,
however the emphasis was on learning physics (Coulomb’s law) (Sengupta & Wilensky, 2005).

Each student had two screens adjacent to each other: an information screen and an experiment screen.
On the information screen, students entered the results of their experiments and the answers to the activities. On
the experiment screen, students explored the strength of the attractive force and the distance (movement)
between two charges (q1 and g2). Students were able to change several parameters: the value of the charge, the
fade-rate value, the permittivity value, and the speed of the simulation. After setting up the two charges, students
could run the simulation by pressing the GO button and then moving q2 around in the model using the mouse.

The video screen shots, recorded with Camtasia, were manually coded into log files of students’
activities. Each record consisted of the student action, the timestamp, and the screen on which the corresponding
action happened. In the next step students’ interactions with the models were re-coded as one of 14 activities:
SE (set-up); GO (go); CC (change charge); CP (change permittivity); CR (change fade-rate); CS (change speed);
CL (click on screen); MQ (move g2); SQ (stop move q2); TA (type answer); TT (type in table); DT (delete
table); TE (inactivity on information (text) screen); and MO (inactivity on experiment (model) screen). We
intentionally included inactive events (pauses) on the information and experiment screens as they represented
events when students observed the models without changing any configuration or setup (experiment screen) and
read the text without typing anything (information screen).

The generated sequences were used to derive student activity patterns. The HMM generating algorithm
described in Jeong et al. (2010) was applied. Two derived problem-solving process patterns - a model-oriented
(M) and text-oriented (T) - are depicted in Figures 3 and 4. Each HMM is made up of a set of states: the student
activity patterns (the output probability) associated with each state and the transition probabilities between
states. For example, the M student in the B state focused on the Netlogo model screen 32% of the time, and
explored the model by moving the q2 charge around and stopping the charge after moving it 68% of the time
(34% each for moving and stopping activities). The probability associated with a link between the two states
indicates the likelihood of students transitioning from one state to another. For instance, the M model predicts
that in the B state: after the student explored the model by focusing on the model screen, moving the charge and
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stopping the exploration, the student then entered the results and answers with a likelihood of 28%, restarted the
model execution with a likelihood of 2%, changed the parameters with a likelihood of 2% or remained in the
same state with a likelihood of 67% (i.e. the student continued exploring the model with the same setting).

A 10% B\ 65%
Vo CL 25%
MQ 25%
105 5Q 25%

TE 25%

2%
24%)|

D
4 cc48% | 17%
P moan© g; ?g:ﬁ TA 26%
S0 esté cs 4% W
74%
Figure 3. HMM of the Model-oriented Student (M). Figure 4. HMM of the Text-oriented Student (T).

We investigated the two HMMs, M and T, to gain insight into how both students solved problems.
Although both models have four states, they have different structures: activities associated with each state and
the state transition behaviours. We labelled the states of both models according to the activities associated with
each state. The M model consisted of the following states: text (A), exploration (B), experiment setup/execution
(C), and parameter configuration (D). The T model had one state (A) consisting of only one activity, MO, which
represented an inactive event (pause) on the experiment screen. It also combined parameter configuration and
experiment setup/execution states into one state because it had only one configuration activity, CP, which was in
the same state (D) as GO and SE. Overall, the T model had the following states: inactivity/observation (A),
exploration (B), text (C), and experiment setup/configuration/execution (D).

Figure 3 shows the two major paths that the M student was likely to go through in solving the
problems: D-C-A-D and C-B-A-C. In the D-C-A-D path, the student started the activities with parameter
configuration (state D) and then ran an experiment (C). The student then entered the results in the table (A)
before returning to parameter configuration (D) to set up and run another experiment. This D-C-A-D path shows
the activity pattern of parameter configuration and experiment execution. The C-B-A-C path represents the
pattern of exploratory activities. When running the experiment (state C), instead of entering data into the table
provided, this student explored the distance and the forces between the charges (B) before noting down the
results and answers (A). The student was then likely to set up and restart the experiment in order to explore
more. It was interesting to note the high transition probabilities of the loops in states B (67%), C (58%) and A
(56%), compared to D (17%). When the student arrived at state B, they spent some time engaging in exploratory
activities before moving to the next state. The student also spent a considerable amount of time setting up the
charges before the experiment (C) and entering information and answers (A).

In contrast, there was no obvious path that the T student followed while attempting to solve the
problems. Figure 4 indicates that the transition probabilities of the loops of states D and B were quite high at
79% and 65%, respectively. Although the T student spent a lot of time setting up and running the experiments
(D) and exploring the forces and distances between charges (B), they often used the same parameter
configurations. In addition, states B and D were coupled closely to each other: when the student was at D they
would either remain in that state or transfer to B and after some time the student was more likely to transfer back
to D. Although the student did read the questions in the information screen (i.e. TE activity in state B), this
student did not note down the results in the table. After conducting an experiment (B and D), this student was
likely to move to the table and answer the questions (C) by either passing through state A or transferring directly
from D to C. However, when entering information into the table, the student was likely to stare at the
experiment screen without changing the model, and then return to the table. This was indicated by the high
transition probabilities from A to C (90%) and from C to A (65%).

The M and T models are two of the common behavior patterns found in this initial analysis. Further
identification of the strategies described in Study 2, and determination of the relationship between these and
learning outcomes are needed. In future work, we plan to collect more detailed log file data automatically which
will allow us to build more elaborated patterns of student model use and collaboration.

Discussion and Conclusions

We discussed three case studies that demonstrate several approaches for the analysis of student interactions with
software and between collaborating students. We showed the possibilities of integrating screen capture data with
the automatic discovery of processes patterns. In study 1, screen recordings allowed the simultaneous analysis of
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interactions both within the dyad and with the MUVE. We were able to code recordings using the DFCS and
analyze student collaboration and decision making in the MUVE. The integration of verbal and screen capture
data in this case resulted in a better understanding of the decision-making of the dyads than if only the
discussions were analysed. In study 2, the analysis of screen capture data allowed important relationships
between student strategies of interacting with agent-based models and particular learning outcomes to be
established. Study 3 demonstrated the way in which we can use the automatic discovery of processes patterns,
and what such patterns could indicate about student learning strategies. To this end, we demonstrated several of
the possibilities of the use of HMM to extract students’ problem-solving behaviors. All three cases together
illustrated that such process analyses may allow us to understand how students /earn in CSCL environments and
what kind of learning processes various combinations of particular collaborative pedagogies and computer
supported learning environments can afford.
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Abstract: The study looks for empirical answers to the following question: To what degree
are self-rated individual social skills and the distribution of social skills within learning groups
predictive for group member’s satisfaction with performance and quality of collaboration?
Data collection took place in a project-based learning curriculum of pre-service teachers. Two
questionnaires were used, one at the beginning and one at the end of the learning cycle which
lasted one semester. The investigation of 60 learning groups (N = 155) revealed the following
results: Self-rated social skills are for the most part non-significant predictors for the
satisfaction with group performance and the quality of collaboration. A different picture
emerged on the group level: Members from groups which show a high and/or amongst
themselves homogeneous distribution of specific social skills (e.g. exchange orientation,
leadership) are more satisfied and collaborated better than groups with a high and
heterogeneous distribution of skills.

Introduction

Common sense dictates that social skills are relevant ingredients for successful collaborative learning. However,
hardly any studies can be found that tried to identify empirically and systematically the social skills most
predictive of group performance (van Gennip, Segers, Tillema 2009) and collaboration. Furthermore, those few
studies have relied almost exclusively on individuals, neglecting that group success and collaboration is as much
dependent on individual skills as on the skill configuration within the whole group. In our own study, we have
chosen a project-based (PBL) learning curriculum as a context to analyze collaborative learning processes. It is
expected that students practice and refine these skills during the collaboration process (Peterson, 1997). In the
project, lasting for three months, students collaborated in self-organized face to face meetings but also used
computer-mediated communication channels like email, chat or voice over IP.

Social Skills in PBL

We use the term ‘skill’ to refer to the ability to perform a certain class of behavior (e.g. the behavior ‘being able
to organize things’ as an expression of leadership skill). Following Rubin et al. (1995) and Rose-Krasnor (1997)
a person has a high level of social skills when she acts effectively in social interactions. That means one is able
to satisfy one’s own goals and personal needs while maintaining positive relationships with others in specific
contexts. As such, this definition does not tell us which social skills lead to an effective coordination of needs in
a particular social setting, for example in collaborative project-based learning.

Peterson (1997) for example names five interpersonal skills particularly relevant for collaborative
learning: consensus capacity, discussion skills, skills concerning evaluation and feedback formulation, conflict
resolution skills and leadership ability. Heuermann and Kriitzkamp (2003) mention the importance of empathy,
team building and sustaining skills, the capacity to formulate feedback, to mediate conflicts and to argue about
common group goals and norms. At the moment, the suggestions of Petersons (1997) and Heurermann et al.
(2003) remain prescriptive and empirically untested.

Empirical Approach / Method

The present study was conducted with 155 pre-service teachers in two cohorts (2009 and 2010) at the
Péadagogische Hochschule Bern (University of Teacher Education). The students participated in a mandatory
media education course and as a course requirement had to work on a media project during three months. They
were free to select their group mates. Group size was two to three students.

Research Design
Research questions:
1. Which individual social skills are associated with group process variables (i.e. satisfaction with
performance and quality of collaboration) in a collaborative project-based learning setting?
2. What configurations of social skills within learning groups (i.e. heterogeneous vs. homogeneous
distribution and low vs. high expression of a skill) are associated with differences in group process
variables?
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At the start of the PBL curriculum teacher students (92 female, 63 male, average age: 24.27; SD =
3.48) completed a questionnaire (t1) self-assessing various social skills. The skills were alike to the
interpersonal skills proposed by Peterson (1997) and Heuermann and Kriitzkamp (2003). At the end of the
project, students were given a second questionnaire (t2) tapping their satisfaction with the progress of the project
and their judgement about the quality of collaboration (process variables). No differences concerning the
response behavior of the two cohorts (2009 and 2010) could be detected: t-test, -1.3< ¢ < 1.0; 133 < df < 144;
0.19 <p (two sided) < .991

Self-assessment of Individual Social Skills (t1)

The questionnaire based on several standardized instruments by Gresham & Elliott, (1990, Social Skill Rating
System), Walker & McConnell, (1988, Walker-McConnell Scale of Social Competence), Ladd & Profilet,
(1996, Child Behavior Scale) and Vitaro, Glagnon, Piche et al., (1992) contained 16 self-referential statements
which students rated on a four-point scale (totally agree — do not agree at all). The 16 statements were reduced
to five factors using principal component analysis.

Group Process Variables (t2)

Students rated six process variables (i.e. satisfaction with performance, efficiency of collaboration, clear
division of responsibilities, centrality of leadership, mutual support, group harmony and ability to bring in one’s
ideas) on a four-point scale (totally agree — do not agree at all). The items were formulated specifically for this
research.

Analyses

In our research design individuals are nested within learning groups. As we were interested in the predictive
power of individual (level 1) and group (level 2) level variables on satisfaction and quality of collaboration, a
multilevel analysis approach was pursued using the hierarchical linear modelling software HLM 6.02
(Raudenbush, Bryk & Congdon, 2004). This was done for all outcome variables for which the intraclass
correlation coefficient (ICC) demonstrated significant variance on level 2. Two outcome variables with non-
significant ICCs (i.e. group harmony and ability to bring in one’s ideas) were analysed with linear regression
models. The basic regression equations were as follows:

level 1: outcome = 0 + B1 (individual social skill) + r
level 2: B0 =vy00 + y01 (mean social skill) + y02 (SD social skill) +y03 (interaction mean x SD) +u0
B1=v10+ul

The distribution of a specific social skill within learning groups was modelled on level 2 using group
members average skill level (mean), variability of skill level within groups (SD) and the interaction between
mean and variability.

Results
In order to reduce complexity the 16 items of the questionnaire (t1) were reduced to five factors using principal
component analysis (equamax rotation). The five extracted factors explained 66.9% of the variance. Items were
assigned to factors when their factor loadings were above .40.. All factor scales had satisfactory internal
consistency (Cronbach’s Alpha).

e Exchange orientation: e.g. getting along with other people, being able to collaborate, being able to

compromise, being able to mediate in conflict situations (Cronbach’s Alpha = .685).

® Prosocial behavior/empathy: e.g. openness to other people’s opinions, being able to take someone
else’s perspective, being ready to help someone (Cronbach’s Alpha = .600).

® Social initiative: e.g. initiating conversations, being able to make contact with other people easily
(Cronbach’s Alpha =.705).

® Leadership: e.g. being able to organize things, being good at taking on the leadership role (Cronbach’s
Alpha = .627).

® Assertiveness: e.g. setting clear limits to inappropriate demands, standing up for one’s rights, feeling

self-confident (Cronbach’s Alpha = .652).

Of the five social skills (level 1) only two were predictive of the outcome of specific group process
variables , i.e. students high in leadership skills regarded their group interactions as less mutually supportive
(Beta = -.18, p =.065) and students high in assertiveness thought they had been less capable of bringing their
ideas into the project (B =-.31, p =.009).
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Configuration of Social Skills within a Group as Predictors of Satisfaction and Quality
of Collaboration (Level 2)

Effects for Exchange Orientation

Members from groups in which the individual exchange orientation was high on average (mean) and at the same
time homogeneously distributed (SD) reported more efficient collaboration (interaction mean x SD, B =-2.77, p
= .048; see Figure 1) and a clearer division of responsibility (interaction mean x SD, B =-2.32, p = .061) than
other groups. No effects could be found with respect to satisfaction with group work, centralized leadership,
group harmony, mutual support and bringing in one’s ideas.

Groups with different repartition of
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Figure 1. Interaction effect between average exchange orientation (mean) and variability of exchange orientation
within groups on the perceived efficiency of collaboration.
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Figure 2. Interaction effect between average exchange orientation (mean) and variability of exchange orientation
within groups on the division of responsibilities

Effects for Prosocial Behavior / Empathy

Group members satisfaction with performance (interaction mean x SD, B = -2.04, p = .098) and with the
efficiency of collaboration (interaction mean x SD, B =-2.02, p =.033) is lower when prosocial behavior within
the group is high but heterogeneously distributed. The same groups show a clearer division of responsibility
(interaction mean x SD, B = -2.86, p = .030). In addition, in groups with a homogeneous distribution of
prosocial behavior members more often stated to have had a centralized leadership, i.e. someone who was in
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charge (main effect SD, B = -1.03, p = .068). No effects could be found with respect to mutual support, group
harmony and bringing in one’s ideas.

Effects for Leadership

Members from groups that were on average high in leadership skills reported more efficient collaboration (main
effect mean, B = .55, p = .008) and a clearer division of responsibility (main effect mean, B = .35, p = .090).
Furthermore, groups with a heterogeneous distribution of leadership skills more often had a centralized
leadership (main effect SD, B = .85, p = .007). No effects could be found with respect to mutual support, group
harmony and bringing in one’s ideas.

Effects for Assertiveness

Bringing in one’s ideas into the project is perceived to be easier when the average assertiveness in the group is
high (Beta = .23, p = .066) or when heterogeneity of assertiveness within the group is low (Beta = -.20, p =
.026). No effects could be found with respect to satisfaction with group work, efficiency of collaboration,
division of responsibility, mutual support and group harmony.

Conclusion

Individual Social Skills as Predictors for Satisfaction and Quality of Collaboration
On the individual level, only two social skill variables served as predictors for group process variables.

Students high in leadership skills tended to be unhappy with the mutual support given within the group.
Arguably, as leaders, they are responsible for many important decisions and maybe also in charge of the most
difficult tasks. This may contribute to a feeling of isolation and lack of support.

Students high in assertiveness found it hard to bring their ideas into the project. However, when all
group members are assertive (i.e. the skill level in the group is high and homogeneous) contributing ideas
becomes easier. Assertiveness (operationalized here as self-confidence and standing up for one’s rights) might
be misunderstood as egoistical tendencies by less assertive people which in turn could lead them to selectively
ignore contributions made by assertive group members.

In sum, the finding of only two significant individual level predictors demonstrates that the social skill
distribution within a project group is more important for satisfaction with performance and quality of
collaboration than a person’s individual skills. This is further evidence for the context-dependency of social
skills (Rose-Krasnor, 1997), i.e. whether a specific social skill is positive for collaboration in project-based
learning depends on the group one is placed in and on the social skills levels of one’s group members. Future
studies should take this into consideration.

Configuration of Social Skills within a Group

Groups with a high and homogeneous exchange orientation (i.e. groups where members are cooperative, able to
solve conflict, compromising and sociable etc.) collaborated more efficiently and divided responsibilities more
clearly among group members. Following Dillenbourg and Jermann (2007) splitting tasks is detrimental to
group learning as building a shared understanding is considered essential. On the face of it, therefore, it could be
concluded that our groups with a high and even distribution of exchange orientation learn less than other groups.
We think that such a conclusion would be premature. Division of responsibilities is conducive to the emergence
of specific roles (not only leadership) which according to Strijbos (2007) lead to a higher degree of self-reported
group efficiency. Following Tolmie et.al. (2010) the social benefits of collaborative learning are a separate
outcome of group work, rather than being either a pre-condition for or a direct consequence of successful
activity.

Groups which displayed a high and heterogeneous level of prosocial behaviour/empathy were
reportedly collaborating less efficiently, divided responsibilities more clearly and were less satisfied with their
performance. We assume heterogeneity to be the main factor responsible for these problems. For prosocial
behavior reciprocity (or expressed in our group level terminology, homogeneity) is very important. Against the
background of a lack of reciprocity, prosocial group members may decide to split tasks more often.Finally,
groups with a high level of leadership collaborated more efficiently and divided responsibilities more clearly
among its members. As could be expected, groups in which leadership skills are heterogeneously distributed,
more often had a central leadership figure.

To sum up, high average levels of leadership skills and of exchange orientation within the group seem
to be most beneficial to collaboration quality and satisfaction with performance.
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Seven Challenges in CSCL
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Abstract: This paper identifies and discusses seven challenges in the current state-of-the-art
in Computer Supported Collaborative Learning (CSCL): (1) tensions between the dominant
theoretical approaches and the lack of “native” theories, (2) development of CSCL systems
that are pedagogically innovative as well as aesthetically pleasant, (3) designing collaborative
learning interventions, (4) diffusion, adoption, and acceptance of CSCL technologies, (5) lack
of comparative studies, (6) the gulf of relevance between CSCL research and practice, and (7)
the gulf of rigor between CSCL insights and policy prescriptions.

Introduction

The purpose of this paper is to identify and discuss critical contemporary challenges in CSCL. The paper has
two objectives. First, to collect and crystalize several diverse and disparate strands of on-going discussions
within CSCL on theories, methods, technologies and so on. Second and last, to facilitate an artifact-centered
debate and discussion of the key challenges identified to further both the intellectual rigor and societal relevance
of CSCL studies and findings. The seven challenges are: (1) tensions between the dominant theoretical
approaches and the lack of “native” theories, (2) development of CSCL systems that are pedagogically
innovative as well as aesthetically pleasant, (3) designing collaborative learning interventions, (4) diffusion,
adoption, and acceptance of CSCL technologies, (5) lack of comparative studies, (6) the gulf of relevance
between CSCL research and practice, and (7) the gulf of rigor between CSCL insights and policy prescriptions.
The remainder of the paper is organized as follows. In the next seven sections, each of these seven challenges
are first presented and then discussed. Limitations of the paper are discussed towards the end.

Challenge #1: Resolving Theoretical Tensions: “Native Theories”

According to Suthers (2006), CSCL predominantly employs an intersubjective epistemology. As argued by
Koschmann (2002), CSCL is centrally concerned with designing artifacts for and understanding practices of
joint meaning-making in learning contexts. Theoretical approaches in CSCL are from a variety of disciplines
and span socio-cognitive, socio-cultural, micro-sociological and structuralist paradigms. The nature of
explanations range from demonstrating the pedagogical effectiveness of a technological design artifact, to
improving collaborative learning outcomes by dialogue systems, and to uncovering interactional
accomplishments in CSCL settings.

Currently, there is heavy theoretical borrowing in CSCL from reference disciplines such as
developmental psychology (e.g., Piaget, Vygotsky) and sociology (Marxist dialectical materialism, Garfinkel’s
ethnomethodology). That is, theories from reference disciplines are transported, translated and transplanted into
CSCL. This creates a sense of theoretical diversity for the CSCL field as a whole and a sensibility of theoretical
coherence for an individual research project. However, key theoretical concepts undergo “conceptual
stretching” (Collier & Mahon Jr, 1993; Sartori, 1970) when decontextualized from the analytical contexts of
reference disciplines. A prime example of this is the adoption of the notion of “affordance” from ecological
psychology. The term was coined by J.J.Gibson (1979) and introduced to human-computer interaction by
Norman(1990). Subsequent uptake in CSCL (Bonderup Dohn, 2009; Kreijns & Kirschner, 2001; Suthers, 2006)
has paid little attention to the theoretical developments beyond Gibson’s seminal contribution and Norman’s
original adaptation (cf. Vatrapu, 2010). As such, affordances by and large are understood to be features, widgets
and tools instead of relational properties. Additionally, there exist unresolved tensions even in a seemingly
coherent approach such as the socio-cultural tradition between process realism and inseparability of the
individual and the social formation (Sawyer, 2002).

Issues in and aspects of CSCL crisscross the psychological (cognitive, cultural, ecological, cultural),
sociological (micro, macro), technological (design, development, deployment, adoption, evaluation),
interactional (appropriation, enactment), and pedagogical (knowledge, skills, aptitudes, outcomes). As such,
CSCL needs a “theoretical object” that can help researchers develop a descriptive vocabulary and an interpretive
framework for CSCL phenomena. To address this challenge, “native” theories are needed. Native theories are
first-order theories that conceptualize, describe, analyze, interpret, explain (and possibly predict) phenomena in
CSCL with regard to intertwining of collaborative actors, technological artifacts, joint meaning-making
practices, pedagogical processes and products. Notable attempts include but are not limited to group cognition
(Stahl, 2006), theory of socio-technical interactions (Vatrapu, 2009), and learning as participation in
autocatakinetic systems (Barab et al., 1999). We need more empirically informed first-order native theories and
“native” theory-informed empirical studies to advance the field of CSCL.

© ISLS 606



CSCL 2011 Proceedings Volume II: Short Papers & Posters

Challenge #2: Systems Development: “Broccoli vs. Ice-cream”

The second challenge refers broadly to the role of computational support in CSCL systems. From a HCI
standpoint, usability, sociability and learnability are three interdependent design dimensions for CSCL systems
(Vatrapu, Suthers, & Medina, 2008). Given the central role that motivation plays in learning (Cordova &
Lepper, 1996; Eales, Hall, & Bannon, 2002), it is critical that CSCL systems go beyond being functional
research prototypes and become professional-grade applications that provide rich and engaging user experiences
from an aesthetic, social phenomenological and critical design perspectives. In addition to traditional CSCL
technology design concerns of enhancing learning, improving group awareness and such, the design challenge is
to incorporate hedonic usability (Hassenzahl, 2004). One consequence of not adopting a holistic design
approach might be the prevalence of “performance vs. preference paradox” (Vatrapu, et al., 2008). The
“preference vs. performance paradox” points to the fact that high levels of user performance with and/or
technical performance of a system can in some instances be accompanied by low user satisfaction scores. If
CSCL systems design only incorporate instrumental aspects and but not the hedonic aspects of design, there
might be high performance gains on short-term studies (in lab settings or in-situ DBR settings) but negative
preference attitudes and low long-term adoption of CSCL systems. To put it differently, there is the danger of
the “broccoli vs. ice-cream effect” with instrumentally rich but experientially poor CSCL systems. Just because
the new generations of learners are increasingly growing up with pervasive and ubiquitous information and
communication technologies (ICTs), it doesn’t mean that they will automatically and universally prefer CSCL
systems. One of the prime arguments for technology enhanced learning has been that in a world of constant
connectivity and near ubiquity of ICTs, technologies must be leveraged pedagogically. But the HCI design
challenge here is that the ICTs that students are immersed in and engaged with in their daily lives outside the
formal learning settings are aesthetically rich, multi-textured and for a lack of better words, cool and sweet (like
ice-cream). This is in contrast to the current situation, where many and not all, CSCL systems are functionalistic
but not aesthetically rich from a user experience perspective and as such might be perceived as dull, boring, and
uncool (like broccoli). That is, just because students are growing up with digital technologies; it doesn’t
necessarily follow that they will like learning technologies (just like their love for eating ice-cream doesn’t
guarantee a concomitant love for eating broccoli).

Challenge #3: Orchestrating Collaborative Learning: Re-centering Teachers
Given CSCL’s foundational emphasis on shared conception of the problem and joint meaning-making,
orchestrating collaborative learning is a core issue. As an instructional technology paradigm, CSCL displaces
the teacher from the core of the learning activity and instead locates the center with the collaborative group with
near-symmetrical socio-cognitive configurations, equitable division of labor, shared conception of the problem,
and distributed task goals. Scripting has been an influential, productive and effective strategy to orchestrate
collaborative learning (Weinberger, Ertl, Fischer, & Mandl, 2005). Scripting has been supported from both
Vygotsky’s (1930/1980, 1962) concept of the “Zone of Proximal Development” as well as Bruner’s
(1978)concept of “Scaffolding”. However, as pointed by many researchers, the notion of “Zone of Proximal
Development” is an asymmetrical social configuration between a more capable adult-teacher and the child-
student (Fernandez, Wegerif, Mercer, & Rojas-Drummond, 2002; Garrison, Anderson, & Archer, 2000). Near-
symmetrical socio-cognitive configurations of collaborative groups are therefore a conceptual challenge within
CSCL. Orchestrating CSCL by re-centering teachers within the classroom practice could be a step towards
addressing this challenge.

Challenge #4: Diffusion, Adoption and Acceptance of CSCL Technologies

With respect to existing work in CSCL, we can make there characterizations. First, most, if not all, of CSCL
research is focused on the primary and secondary school settings with relatively fewer higher education
applications (e.g., Strijbos, Kirschner, & Martens, 2004). Second, a majority of CSCL research is in the STEM
disciplines (Science, Technology, Engineering, and Math). Third and last, there is little cross-fertilizations of
ideas between related fields of in human-computer interaction (HCI), computer supported cooperative work
(CSCW), designing interactive systems (DIS) and CSCL. While there has been considerable systems
development research in CSCL (for example, see the argumentation systems reviewed by Scheuer, Loll,
Pinkwart, & McLaren, 2010), there is little attention paid to the diffusion (Rogers, 1995), adoption (Katz &
Shapiro, 1986) and acceptance (Venkatesh, Morris, & Davis, 2003) of CSCL technologies. In my opinion,
CSCL faces diffusion, adoption and acceptance challenges both horizontally (across the STEM disciplines and
with other academic fields such as HCI and CSCW) and vertically (from secondary to tertiary education). At
present, CSCL is relatively poor at diffusing ideas and tools to related fields such as organizational learning.
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Challenge #5: Comparative Studies

Given that culture, language, cognition, and action are intricately intertwined (Vatrapu, 2010), in a technology
driven multi-cultural and multi-lingual world, we need to empirically examine the design assumptions in CSCL.
Learning sciences researchers have begun to critically engage with these issues by employing a rich mix of
theories and methods across a diverse range of informal and formal learning settings (Rose et al., 2010). For
instance, emerging results in CSCL empirically document cross-cultural variation in tool appropriation and
social relationships in CSCL systems (Vatrapu, 2008; Weinberger & Nistor, 2010). One productive avenue for
CSCL could be to employ the comparative method to study phenomena across a wide variety of cultures,
languages, contexts, countries and settings. “Multiple conjectural causation” is at the heart of the comparative
method and posits a combinatorial relationship between causes and effects-multiple causes interact in different
combinations to produce effects (Ragin, 1987).

Challenge #6: Practice Implications: Gulf of Relevance

The practice challenge in CSCL relates to bridging the gulf of relevance between CSCL research and teachers’
professional practice in schools. Generating implications for the professional practice of teachers has long been
a topic of interest within CSCL (e.g., Lockhorst, Admiraal, Pilot, & Veen, 2002; Lund & Baker, 1999; Resta,
Christal, Ferneding, & Puthoff, 1999). As mentioned earlier, in CSCL, one side effect of the near-symmetrical
socio-technical configurations of students, equitable division of labor, shared conception of the problem, and
shared task goals is the displacement of the teacher from the analytical center and a delimitation of the teacher’s
role to that of a facilitator of discourse and a designer/architect of content. In order to bridge the gulf of
relevance between research and practice, CSCL insights needs to be relevant across the broad spectrum of
context-dependent, situation-specific, and institutionally-relative teaching practices. Both student-teacher and
student-teacher interaction as well as “outeraction” (Nardi, Whittaker, & Bradner, 2000) need to be addressed.
Further, CSCL research needs to address the challenges that teachers face in the context of the high-
performance/high-density/date-rich 21% century classrooms with 1:1 computing, ubiquitous, pervasive, and
mobile computing, diversified info information ecologies, and diverse learning trajectories of individual
students (Crawford, Schlager, Penuel, & Toyama, 2008). As such, I think that CSCL research needs to focus on
providing both computational and methodological support for teachers in real-time and in-situ classroom
settings to bridge the gulf of relevance (see NEXT-TELL project website (www.next-tell.eu) for a description
for the demands of teaching in the classrooms of the 21* century).

Challenge #7: Policy Prescriptions: Gulf of Rigor

Engagement with policy-makers is gaining increasing attention with CSCL (Vosniadou & Dirckinck-Holmfeld,
2009) and the wider learning science community in general (the recent ISLS members listserv discussion on
policy). However, we need to recognize that (1) policy-making/policy-formulating and policy-informing are two
different endeavors requiring different competencies and that (2) educational-policy, pedagogical-policy, and
learning-policy are at different levels. Policy-informing requires translating and advocating the CSCL insights
gained from systematic research into meaningful and actionable empirical facts for the perusal of decision-
makers in the different communities of policy practice (from the classroom and the school to the school board
and the national government). As such, informing-policy is a translation and advocacy task that requires policy-
informers to have CSCL domain competencies, community credibility, and advocacy skills. In contrast, policy-
making/policy-formulating requires and demands expertise beyond the CSCL disciplinary domain (such as
public administration, educational policy, educational philosophy). With regard to the distinction between the
different levels of educational-policy, pedagogical-policy, and learning-policy, a key policy challenge for CSCL
is its conception of students and teachers. As mentioned earlier, CSCL as an instructional paradigm can decenter
the teacher. Moreover, the collaborative learning setting itself needs to be critically examined for policy-
informing implications. How should we reconcile the small-group oriented design and analysis of CSCL with
the legally mandated assessment and certification of individual students rather than collaborative learning
groups? Educational effectiveness and educational efficiency have long been the buzzwords in educational
reform. However, as Ericson and Ellett (2002) argued, "students are as causally central as educators in bringing
about higher educational achievement" (p.1). In order to consider educational-policy implications of CSCL, we
need to situate students within the macro-sociological process (see Figure 1).

1 2 3 4
Educationally Educational Surrogate Non-educational
Relevant » Benefits + Educational Social and Economic
Attributes Benefits Benefits

Figure 1. Macro-Sociological Process View of the Educational System (taken from Ericson & Ellett, 2002).
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The “Surrogate Educational Benefits” [Figure 1, index 3] of certifications, diplomas, transcripts, grades
and standardized testing scores function to position students in the market place of jobs and their associated
benefits, perks along with the social status and wealth. Only “Educational Benefits” [Figure 1, index 2] and
“Surrogate Educational Benefits” [Figure 1, index 3] of the schematic above are within the control of CSCL
researchers and educators. The partial control over the macro-sociological process of education should be taken
into account when thinking about educational-policy from a CSCL perspective. In order to inform educational-
policy we need to recognize the centrality of student agency and in the noble enterprise of education. As Ericson
and Ellett (2002) say:

Yet, as we shall argue, it is students—their goals, motivations, and conceptions of the good
life—that may well prove to be the undoing of the educational reform movement. In other
words, we might well improve the quality of teachers, legislate higher content and
performance standards and academic requirements, and reform teacher education to the
educational reform movement's content, and still totally fail in achieving anything close to
educational excellence in our schools. (Ericson & Ellett, 2002)

Conclusion

The list of seven challenges is not exhaustive. Other CSCL researchers and practitioners may identify other
challenges. The purpose of the paper is to jumpstart a discussion on the grand challenges in CSCL. No concrete
solutions are offered and it might very be the case that some, if not all, of these challenges remain intractable
and insurmountable. But an empirically informed discussion of CSCL challenges could provide opportunities to
take stock of the accumulated body of knowledge and look into the future.
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Abstract: We explore the use of learner narratives and narrative methods in the design of
CSCL. Our data are accounts of self-initiated foreign language learning. These stories
describe the learning of new vocabulary from the learner's perspective, revealing key
interactions with language, people and various other resources in linked episodes that take
place across various settings. Such narratives provide valuable insights into processes that are
difficult to observe. We introduce a new technique to document interactions described in these
learner narratives within ecologies of resources (Luckin, 2010) and provide detailed analysis
of a single story in order to illustrate the use of this technique and show how it informs design.

Introduction: Taking Learners’ Stories Seriously

Kukulska-Hulme (2007) notes, “ethical and practical issues get in the way of analysing” the “fragmented
conversations” (p. 30) learners have across distributed media, settings and times using different tools. This is
partly because of the difficulties associated with observing such practices. Yet, learners themselves are often
able to construct informative, compelling narratives describing this learning. In education research, while
concerns about validity and generalisability remain, the value of learner narratives and narrative methods is
accepted (Clandinin & Connelly, 2000). However, learners’ narratives are not often used to inform CSCL
design. Yukawa (2006) used narrative analysis to reveal and describe co-reflection in the learning experiences
of two students in an online action research course. Kupperman and Weisserman (2000) also used narratives in
analysis; they asked participants to construct narratives describing their experiences of playing online
simulations and aimed to merge these accounts with their own observations and log data in a single polyvocal,
descriptive and reflective narrative. Mor and Noss (2008) use narrative methods both in their analysis of learner
activity and to guide CSCL design, emphasising the need to understand and design support for learners’ own
narrative construction. Even in the field of Narrative Interactive Learning Environments, systems that explicitly
use narrative to support learning, Brna (2008) notes a lack of methods that incorporate narrative approaches.
Brna goes on to suggest there is room for new methods that “take the stories of participants very seriously”
(p-36). In this paper we aim to demonstrate one way we can take learners’ stories seriously and make systematic
use of them in the design of CSCL systems that aim to prompt and guide learners’ narrative constructions.

Narrative Construction, Narrative Guidance & Learner Context

Previously, we have described narrative construction as the active process of meaning making through which
learners discern and impose a structure on their learning experiences, making links and connections in a
personally meaningful way (Underwood et al, 2006). In contrast, narrative guidance is provided by the “design
elements that teachers and/or software need to provide in order to help learners interpret the resources and
experiences they are offered” (Underwood et al, 2006, p.3). More recently, Luckin (2010) links learner context,
narrative construction and narrative guidance; “Context is dynamic and associated with connections between
people, things, locations and events in a narrative that is driven by people’s intentionality and motivations.
Technology can help to make these connections in an operational sense. People can help to make these
connections have meaning for a learner” (p.18). Our aim is to design guidance for adult language learners in
constructing narratives that lead to learning new vocabulary. We are interested in understanding how successful
language learners acquire new vocabulary in order to design prompts for others to adopt similar practices. It is
difficult to observe such learning, not least because it takes place at unpredictable times across various settings.
Hence, one way we are informing our design is through analysis of the stories told by successful learners.

Method & Analysis: Setting Language Learners’ Stories in Resource Ecologies
We interviewed fifteen long-term learners of various European languages. All participants had advanced
competency in at least one foreign language, equivalent to level C1/C2 of the CEFR (1). Most had spent some
months living in a culture speaking the foreign language. Participants’ ages ranged between 25 and 60 with
mean and median ages being late 30s. In semi-structured interviews participants talked about things they use to
support their language learning and the constraints they encounter. Conversation then often turned naturally to
descriptions of specific experiences. If this was not the case we prompted participants to recall and describe in
some detail a recent vocabulary learning experience. Due to space restrictions, we present here a single story
extracted from these interviews. Ines’ (2) mother tongue is Spanish. We selected her story because it is
representative and illustrates in a single account features we found across several other stories. Also, we
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ourselves learnt something about the expression that is the object of Ines’ inquiry (3). As with other stories, we
first drafted our own summary of the story from interview transcripts and then asked Ines to comment on our
telling of her story, to suggest any changes and to fill in some missing details.

Ines is in the pub with friends. The football is on the TV. She hears the commentator say something like
".. he's at sixes and sevens". She’s been living in Ireland for years now and her English is very good but she’s
never heard that expression before. Her interest is piqued. She more or less gets the meaning in this context but
she wants to check and improve her understanding, so she makes a mental note to do so. A little later she asks a
friend about the expression. He says it's not an expression he would use. Ines is not very confident with the
explanation he gives. She moves her ring from her right hand to her left hand, a habit she has developed to help
remind her to look things up. Later at home, she notices her ring and looks up the expression. At first she can't
remember exactly what is was, something to do with six and seven. Eventually, she finds it in her dictionary: “at
sixes and sevens - in a state of total confusion or disarray”. She is now more confident she understands.
However, Ines’s story doesn't end there. She isn’t sure whether she has used 'at sixes and sevens' in
conversation. She feels doing so might require conscious effort or perhaps she just hasn't had the opportunity.

This story is derived from Ines’s account, as told by her in interview (see Table 1) and later elaborated
in email exchanges. Ines confirmed that this account is, for her, a good retelling of her story. However, the story
told here includes information that was only inferred in the original telling and combines information that was
distributed across interview and emails. Also we have transposed the story to the third person (she) and the
present tense, positioning the reader as observer, reflecting the traditional research perspective. The story was
told in the first person (I) and resonated with our own experiences of learning vocabulary, prompting us to think
about how we have acted in similar situations, our own strategies for remembering and investigating such
language, and the many times we have heard interesting ‘new’ words or expressions only to lose them in the
hustle of other activity and passing time. Such resonance is one criteria for validity in narrative approaches and
the way stories act to prompt us to reflect on our own experience is an illustration of the value of stories. We
offer this story here in the hope that for some readers the story will have similar validity and value.
Notwithstanding our belief in the value of individual readers’ unmediated interpretations of such narratives, we
now offer our own approach to interpreting these learner narratives and show how this can inform design.

Connelly and Clandinin (2000) suggest three dimensions of narrative should be explored
simultaneously: temporality, sociality and space. Temporality guides us to look at a story as a process and
consider it in the context of past, present and future. Sociality requires us to consider the impact of personal
feelings, hopes desires and other aspects both of participants’ and our own (researcher’s) agency. Sociality also
means to draw our attention to “the environment, surrounding factors and forces, people and otherwise, that
form each individual’s context” (Clandinin, Pushor & Murray Or, 2007, p.23). Space guides us to think through
the impact of each physical setting on experience. To facilitate this kind of analysis we plot events and
interactions with people, the environment and other resources from Ines’s narrative in a chronologically ordered
chart (see Figure 1). This builds on representations (e.g. CORDFU) successfully employed previously to
represent dialogue and feature use within CSCL environments (Luckin, 2003). For mapping experiences in
ubiquitous technology-rich environments, we need to look beyond interactions with traditional computing
resources. Consequently, we expand the elements included on the y-axis to include all resources that may
contribute to learner context. We organise these using the general categories suggested by Luckin (2010):

Context is a learner’s dynamic lived experience of the world that is constructed through their
interactions with multiple concepts, people, artefacts and environments. These interactions are
spatially and historically contingent and are driven by the goals and feelings of those who
participate. (Luckin, 2010, p.34 — italics added)

The learner’s actions and the goals, feelings and other resources the learner brings to an interaction are
critically important; we group references to these in a layer labelled learner agency & resources (see Figure 1).
We organise other resources in layers labelled knowledge & skills, environment, people and tools. Between the
learner and these resources we introduce a layer labelled filfers; filters influence access to resources (Luckin,
2010). Vertical lines break the narrative into discrete episodes. Key events or actions within episodes are
numbered sequentially; we describe the significance of connecting arrows later. Representing interactions with
resources in this way helps us focus on the connections between episodes and on changes over time, e.g. where
is this happening now, how has access to resources changed, what filters constrain interactions and how do these
change, how has the learner changed? Our next step is to identify and label transitions in the story. Benford,
Giannachi, Koleva and Rodden (2009) identify six kinds of transition in mixed reality experiences (Beginnings,
Endings, Role transitions, Interface transitions, Traversals between physical and virtual worlds, Temporal
transitions) and note that these require careful design and management; it is in transitions that there is greatest
risk to coherence and continuity. By providing stronger narrative guidance at such points, we may hope to
remediate this risk and support learners’ narrative construction. Hence in analysing Ines’s successful learning
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narrative we aim to identify the events and resources that support her as she moves through such transitions. By
doing so we hope to identify opportunities to prompt and support other learners’ in creating similarly connected
learning narratives. Further analysis aims to identify key features on which Ines’ successful outcome depends.

Table 1: Extracts from interview transcripts and email exchanges indexed to events identified in Figure 1.

Interview

1) Interviewer: ““...how do you learn English...” 2) Ines: talking about using dictionaries “...so, I’ll give you

an example, so I heard...” This leads into the sto

as told below.

Episode 1

1) “...the other day somebody saying
something like, oh I was at sixes and sevens...’
2) “...it was during a soccer match actually and
we were in the pub and it came out of the
commentators...” 3) “...I never heard this
before...” 4) “So obviously because your in a
conversation you have an idea of what is going
on... ... from the context you can actually make
out what the person is talking about...” 5) “I
just said, oh my I haven’t, I thought, wow...
...you know I wander what it means” 6) “You
know you kind of make a mental note, you say

bl

Episode 2

1) “So the first thing I did,
because it was bothering me
so much, was I asked
somebody, 2) and he said ‘oh
yeah, yeah I heard something
like that but it is not an
expression that [ would
use’...” 3) “I didn't understand
exactly what he meant” 4)
“what I do is... | wear my ring
on my right hand so change it
to my left hand, then I know

Episode 3

1) “I didn't remember
exactly what it was, but
I knew it had to do with
the number six and the
number seven” 2) “...at
home I would actually
physically get up and
go into, you know my
office where I have all
the dictionaries and
actually take the
dictionary out and 3)

2

I must actually check this up as soon as I can” there is something to check” checkitup ...

Episode 1 : TV Episode 2 : conversation Episode 3 : home alone
H Interview
Resources
Knowledge 2: An example use of ‘at A ‘personal’ explanation of Explanation of target
& Skills sixes and seven’ in use and meaning of ‘at language culture’s use
context of football sixes and sevens’ and common meaning of
A commentary N ‘at sixes and sevens’
7777777777777777777777777777777777777777777777777777777777777777777777777777777777 A
Environment At home 1: Prompt
b
People Commentator An [English speaking friend Dictionary authors
777777777777777777777 2: Story
TV: Sound & Image 2: Conversation:
Tools : P Ring, as Dictionary: print on paper
T‘ Voice & Gesture, etc rermindar T T
- Demands of socializing & watching TV for pleasure / \ E . . S
S cus on ‘lea language
Al Background noise & activity Memory QCLS SR EaTNgHaRgEade
an | l
pl:| Attending to TV 3: Reads definition
Learner ‘3: Notices ‘new’ language 1: Asks friend /
Agency '4: More or less . i
& Ps = . ’ " 3: Doesn’t ,2: Looks up
Reasiircas / understands in this setting Bl i ¥
/5: Is motivated to investigate underst};nd ~=- 4: Changes ring to . .
'6: Makes a mental note to_do_so other hand 1: Ring reminds
Narrative i } 1 1 >
Role change Tra\t/erfsal &ltem;zoral & Role change I hterase & I ( l(nlot the]} !tnd
not the) |Beginning (tension HESHace NanoHons temporal transitions PRMSUIESON 'On,
( ) Beg 9 ( ) Mime | P =

- Eme
Figure 1. Chronologically Ordered Interactions with Resource Ecologies in Narratives (COIREN) Chart.

To help us identify and make explicit our interpretation of key features we adapt contingency graphs
(Suthers, Dwyer, Medina, & Vatrapu, 2010); contingencies are ideally “manifest relationships between events”
and events are “observed changes in the environment” (p.12). Contingency graphs express relationships
between events. Given the nature of our data, we identify events described or implied by the narrative. Evidence
for contingencies between these is implied by the narrative or self-evident. For example, Ines noticing the
expression ‘sixes and sevens’ is dependent on the commentator using it; we represent this relationship with an
arrow. So, how does Ines learn ‘at sixes and sevens’? Our interpretation of events contributing to this learning is
overlaid in Figure 1. Solid arrows connect contingencies between resources, including other people, and Ines;
dotted arrows indicate contingencies between her own acts. We read the graph as follows, Ines’s understanding
of ‘at sixes and sevens’ is informed by her reading of the dictionary definition, her friend’s explanation, and her
recall and interpretation of the setting in which she heard it. These events are contingent on each other and other
events, the filters and resources that create her context. Looking up the expression is contingent on availability
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of a dictionary, her ability to use a dictionary and to relate the spoken form to its written from, and is filtered by
the lack of other distracting activity. Remembering to look the word up is facilitated by her reminder strategy
and the presence of her ring. The ring travels with her and helps bridge the temporal transition between
episodes. Switching her ring is motivated by the realisation she doesn’t really understand ‘at sixes and sevens’.
In part, this is caused by her conversation, which in turn is contingent on the presence of an English speaking
friend, her decision to ask about ‘sixes and sevens’, her ability to communicate the expression, and her having
noticed it in the first place. Of course any account of this type is incomplete; there will be critical events outside
the story, e.g. developing the competence to notice the expression. Nevertheless, we find the identification of
contingencies and transitions in this story useful in moving towards designing support for this kind of learning.

Discussion: Deriving Design Challenges, Limitations & Future Work

Our analysis describes a sequence of events and actions that we assert contribute significantly to the learning
described by Ines’ story. In designing from Ines’ story, it is important to note that we do not seek to enhance the
interactions in her story but rather to guide other learners’ narrative construction of similar learning. In similar
stories, similar events may or may not happen. If they don’t happen they will affect the outcome of the story.
For example, if learners do not notice new language they cannot decide to investigate it, if learners cannot
remember the language they decide to investigate and/or don’t have access to appropriate resources they can’t
look it up later. These represent opportunities for computer support for personal and collaborative learning and
challenges for design: What can we do to prompt learners to notice new language? How can we support
memory across episodes? How can we provide access to and make learners aware of appropriate resources at
the right time and in the right place? We can look at each contingency identified in figure 1 and interpret it as a
design challenge, asking ourselves how can we increase the chances of this happening. There is no space to
work through each of these design challenges here but readers may wish to think these through for themselves.

Clearly, there are issues in deriving designs from a single learner’s story. Ines’ story is representative in
that it exemplifies many features of a pattern common across other stories we were told. We call this personal
and collaborative language inquiry. A learner notices new language and is personally motivated to investigate it.
The learner forms a provisional hypothesis about meaning, which is iteratively refined and tested through
inquiry employing various resources including people. Often, the stimulus for inquiry is encountered in one
setting but, because of availability of resources and/or other filters affecting interaction, active inquiry is
delayed to later episodes. Critical factors for success are learner motivation and memory, the ability to link and
sustain inquiry across episodes and relate spoken and written forms, and availability of appropriate resources.
Our initial design solution is a mobile multimedia vocabulary notebook providing ‘one-click’ access to a
customisable collection of resources, including social media, for personal and collaborative inquiry
(Underwood, Luckin, Winters, 2011). The interface provides static narrative guidance by: supporting quick
capture and revisiting of stimuli for inquiry, prompting users to reflect on understanding, keeping an inspectable
history of changes, providing easy access to resources that support inquiry and options for sharing inquiries.

In future work we aim to scaffold learner activity by providing adaptive narrative guidance.
Scaffolding ‘involves the evaluation of learner need, the provision of assistance and the withdrawal of that
assistance in order to engender learner development’ (Luckin, 2010). Van Lier (2007) suggests scaffolding often
focuses attention on support giving strategies and the agency of collaborators. He points out the need not to lose
sight of the learner’s agency. Ultimately, it is how the learner interprets situations and acts that is critical.
Learner narratives are useful because they reveal such agency. In Ines’s story it is her who takes the initiative,
deciding what she wants to learn, it is Ines who identifies resources and collaborators that can help her and it is
Ines who decides whether she needs more help and when and where to access this. To scaffold learners towards
adopting similar successful self-directed vocabulary learning practices we need to design adaptive narrative
guidance, prompting learner action only when this is not forthcoming and fading prompts in response to learners
adopting appropriate practices. We might prompt learners to add new vocabulary items if they do not do so for
some time and not prompt them if they do, or prompt them to revisit and revise unchanging vocabulary records
but not records that they do change, or similarly prompt (or not) sharing and collaboration around inquiries.
However, it is not the prompts we design but how learners interpret them and react that is critical. This is one
motivation for a participatory approach. Learner narratives inform our initial design and we are now moving
towards involving learners in refining this design. We have described and demonstrated versions of our design
to some interview participants and several were enthusiastic about participating in formative evaluations.
Through these evaluations of functional prototypes we aim to acquire new stories. Analysis of these stories,
employing the approach described here, will reveal new practices and challenges leading to revised designs.

In this paper, we hope to have demonstrated value in using learners’ narratives to inform design. For
reasons of space, we told only one story. We believe that even a single story has value but the value of Ines’
story for any individual reader will depend on what that reader brings to the story and how they interpret it.
Similarly, its plausibility will likely depend on whether it resonates with readers’ own experiences more than
any claims that some number of others have validated our interpretation. However, our intended contribution
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here is not the story itself but rather our approach to analysis of learners’ narratives. We have demonstrated a
way of charting Chronologically Ordered Interactions with Resource Ecologies in Narratives (COIREN). This
approach highlights the knowledge to be learnt, the tools and people that can assist and the influence of physical
and temporal environment on a learner’s interactions with these resources. Our analysis of these interactions
adapting contingency graphs (Suthers, Dwyer, Medina, Vatrapu, 2010) helps us identify design challenges.

In summary, we have demonstrated an approach that takes learner stories seriously and provided an
example of how this informs the design of mobile software for language learning. The methods we employ,
particularly the COIREN chart, may be of use to researchers using other kinds of temporal data, e.g. log files,
observation records, video recordings. In future uses we intend to combine narrative and log data. We also see a
role in fleshing out imaginary narratives envisaging future systems; here charts could help focus attention on
resources, filters, transitions and contingencies across settings and episodes. One flaw in our approach is that
while following some guidelines from narrative inquiry, we have failed to position ourselves in the narrative
surrounding the story told here. Also, the focus on a single learner in our COIREN chart is a limitation. Ideally,
charts would incorporate perspectives from all parties involved. Such charts would promote more careful
consideration of each collaborators’ individual context and how this affects personal and collaborative learning.

Endnotes

(1) See http://en.wikipedia.org/wiki/Common_European Framework of Reference for Languages

(2) Ines is a pseudonym for the participant who told this story.

(3) For stories about the possible origin of at sixes and sevens see http://en.wikipedia.org/wiki/At_sixes_and sevens
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Abstract: This article deals with the analysis of the collaborative problem solving activities
and the learning outcomes of five groups that had to solve two different complex cases. To
measure the effects of the problem solving activities the learners’ contributions were analysed
in respect to four different problem solving activities. Results show that the learning process is
dominated by two central activities. Furthermore the results prove that the groups show more
overall problem solving activities within the more complex case than within the less complex
case. The learning outcomes of the more complex case differ more between the groups than
with the less complex case. At last it could also be shown that the overall problem-solving
activities in most of the successful groups are higher than in the less successful groups.
Additionally the more successful groups show more coordination-specific activities in the
problem solving process than content-specific activities.

Objectives

Several studies have analyzed the problem solving activities in face-to-face groups. But this is not sufficiently
investigated in virtual groups, yet. Therefore this article focuses on the analysis of the collaborative problem
solving activities and the learning outcomes of five groups who participated in a virtual professional training
while working on two different complex case tasks.

Theoretical Framework

Case-based learning as a problem-oriented learning method is more and more realized in professional trainings,
particularly within virtual learning environments (Reinmann & Mandl, 2006). Case-based learning offers the
possibility to work on authentic and complex problems (Heimerl & Loisel, 2005) and it has the intention to
support the application and transfer of knowledge into real professional situations (Badke-Schaub &
Frankenberger, 1999) which is especially emphasized by moderate constructivist approaches (Reinmann &
Mandl, 2006). In our study, the problem-oriented learning method is characterized by two central aspects.
Firstly, solving complex problems is crucial for acquiring knowledge in the collaborative learning situation as
they have a large number of different cross-linked variables, and include novel situations as well as incomplete
information. When solving such problems, learners are confronted with their daily professional practices which
is motivating for their learning effort and thus for knowledge acquisition. Secondly, problem scenarios are
presented as authentically and realistically as possible in order to depict the complexity of reality, to stimulate
learners’ prior knowledge, to acquire new knowledge with help of additional information needed to solve the
problem, and to transfer this knowledge to new situations. The problem-oriented learning method was used to
stimulate problem solving activities in collaboration.

Collaborative learning is a situation in which two or more persons learn or attempt to learn together
(Dillenbourg, 1999). A virtual learning group is characterized by a computer supported communication which
can take place synchronously or asynchronously. As an asynchronous medium the discussion forum allows
small groups to work together more intensively on a certain task than within a synchronous medium (Grésel,
Bruhn, Mandl & Fischer, 1997). Additionally the asynchronous communication allows a time- and location-
independent learning which is especially important for professional trainings. The term collaborative learning
describes a variety of interactions between learners with the intention to achieve a common goal (Johnson &
Johnson, 1996) defined by a task or problem that has to be solved together (Cohen, 1994).

As solving complex problems and working together in teams are part of our daily and professional life
the way how to solve a problem collaboratively is of great interest. Different authors have proposed models for
individual problem solving (e.g., Hayes, 1989; Putz-Osterloh, 1983). All these models contain a sequence of
problem solving steps which should lead to successful problem solving. But how does problem solving turn out
to be under collaborative conditions? Referring to the models of individual problem solving Wetzel (1995) has
developed a model for problem solving in groups which considers apart from the problem solving activities for
individuals certain collaborative activities for problem-solving in groups. According to Wetzel (1995) the
following activities are of relevance for the collaborative problem solving process: The content-specific problem
solving activities are important as an indication for content-relevant aspects. These are “gathering information”
which means the collection and preparation of all information needed to solve a problem solving task (Mabry &
Attridge, 1990) and “developing a solution” which includes the development of a problem solution on the basis
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of the collected and prepared information (Resnick, Salomon, Zeitz, Wathen & Holowchak, 1993). Secondly the
coordination-specific problem solving activities which are particular for problem solving in groups are of great
importance to avoid process loss in coordination. These are “planning the common proceeding” (contributions
concerning the distribution of tasks and the time planning) and “steering the interaction process” (contributions
relevant for the whole proceeding during the problem solving task) (Wetzel, 1995).

Different studies in face-to-face groups could prove core-activities in a problem solving process
(Stempfle & Badke-Schaub, 2002). The results show that content-specific as well as coordination-specific
activities appear as definable steps in the problem solving process of groups. Accordingly, this study wants to
answer the question how problem solving in groups turns out to be in a virtual learning environment while the
groups were working on different complex case tasks.

Regarding the didactical design of case tasks different types of cases and different levels of complexity
should be taken into consideration. There are two types of cases that are relevant for this study. One is the case-
problem-method and the other is the real- or live-case-method (Heimerl & Loisel, 2005). Within the case-
problem-method the problem and all relevant information are given. The focus lies on finding a problem
solution. Within the live-case-method the learners have to bring in the problem as well as all information needed
to solve the case themselves, e.g. out of their professional background. Another didactical aspect for designing
cases is the degree of complexity (Grohmann, 1997). On the one hand there are “closed cases” which are
characterized by detailed task instructions and concrete questions to structure the case tasks. On the other hand
there are “open cases” where the learners have more freedom of action in solving the cases and the learning
instructions are characterized by more open questions and less structured task descriptions.

To measure the success of the problem solving process, the results of the learning outcomes are of
interest. For this study the following two qualities of knowledge are of relevance (De Jong, & Ferguson-Hessler,
1996): At first there is the “conceptual knowledge” which includes the knowledge and concepts referring to a
certain domain, e.g. knowledge management. Secondly the “situative knowledge” refers to a specific problem
situation. This kind of knowledge shows that the learner is able to identify the aspects which are necessary to
solve a problem and which should finally help to apply the acquired knowledge in a similar problem situation.

The Virtual Professional Training

Object of the investigation was a virtual professional training on the topic of knowledge management for
professionals in an automotive company. The intention of the virtual training was to impart theoretical concepts
and models on the topic of knowledge management as well as practice-oriented knowledge by working on
practical cases. The training was divided in four parts: two theoretical parts each composed of certain learning
modules regarding the subject knowledge management and two collaborative parts in which the learners worked
on their cases in their predefined virtual groups. The virtual training on the topic of knowledge management was
didactically designed according to the principles of problem-oriented learning with the focus on the
collaborative case tasks, namely authenticity and learning in a social context, multiple contexts and multiple
perspectives, as well as instructional support.

The Cases in the Virtual Training

The first case “Metallina” was complied with the case-problem-method. This was a predetermined case taking
place in the maintenance planning of a metal working company. Problem and information were given as well as
detailed instructions for handling this case. The groups had the task to develop a solution to improve the
knowledge management problem in the maintenance department of that company.

The second case was a real- or live-case-method. Real implies that the groups chose a case which
presented a real knowledge management problem in their department or company, e.g. a knowledge sharing
problem in a certain project. Information and problem of the cases were proposed by the group members
themselves. Here the groups didn’t get such a detailed instruction as for the first case. In comparison with the
first case the task was less pre-structured and the learners got more open questions.

Technical Realization of the Virtual Training

The virtual training was realized on a web-based learning environment. On the learning platform the learners
had access to the tutorials of the different learning modules and to protected working sections which were only
accessible for the participants of a defined group. In this working section the groups got their case instructions
and could work on their cases in their own discussion forums.

Research Questions
1. To what extent do problem solving activities exist in the two cases?
2. How do the problem solving activities differ in the two cases?
3. How successful were the two cases solved?
4. How do the groups’ learning outcomes differ regarding the problem solving activities?
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Method

Sample and Design

The investigation of this study refers to the 18 professionals of the virtual training on the topic of knowledge
management. 14 participants were male and four were female. The average age was 38 years. The subjects
formed three groups with three members, one with four and one with five members. One group dropped out
after the first case “Metallina”. So the data of that group couldn’t be included for the analysis of the Real-Case.

Data Collection

For analysing the learning process the problem solving activities were divided in two categories “content-
specific” and “coordination-specific” activities. The categories were analysed with a special coding scheme
which included the two content-specific activities “gathering information” (e.g. ,, What do you exactly mean by
that?) and “developing a solution” (e.g. “l agree with your suggestion to focus on the groups which are
involved”) as well as the two coordination-specific activities “planning the common proceeding” (e.g. ,,Who
works on which part?”’) and “steering the interaction process” (e.g. ,Please, look in the concept of our
documentation). The unit of analysis was one statement. The coding scheme was validated by a second
evaluator who double-rated 20 per cent of all contributions. The interrater correlation was .84.

The learning outcomes were analysed according to the conceptual and situative knowledge with a
specific analysis scheme and rating instrument. For the conceptual knowledge the experts evaluated the
theoretical contributions in the case solutions. For every correct theoretical aspect the groups got one point. At
the end all correct aspects were added. For the evaluation of the situative knowledge the degree of problem
solving was rated by means of a six-scale between “not solved” and “exactly solved”. Here the evaluator rated
to what extent the offered solution was adequate to really solve the present case problem or not. The interrater
correlations were .96 for measuring the conceptual knowledge and .98 for rating the situative knowledge.

Results

Research Question 1: Extent of Problem Solving Activities in the Two Cases

Regarding the problem solving activities during both cases, “developing a solution” and “steering the interaction
process” were most important while “gathering information” and “planning the common proceeding™ played a
minor role in most of the groups.

Table 1. Problem solving activities of the case “Metallina” and the Real-Case in per cent.

Gathering information | Developing a solution | Planning the common | Steering the interaction
proceeding process

Cases Metallina Real Metallina Real Metallina Real Metallina Real
Group 1 8.33 15.39 25.00 28.85 33.33 17.31 33.33 38.46
Group 2 23.53 28.85 29.41 40.00 23.53 20.00 23.53 25.00
Group 3 5.00 17.31 35.00 38.10 20.00 14.29 40.00 33.33
Group 4 11.77 38.46 47.06 36.36 11.77 18.18 29.41 40.91
Group 5 6.25 31.25 -- 12.50 -- 50.00 --

Research Question 2: Differences of Problem Solving Activities in the Two Cases
Looking at the absolute numbers of the problem solving activities the results in all groups apart from group 1
are almost similar in both cases (see table 2). Comparing the results of the two cases groups show more overall
problem solving activities within the real-case than within the first case. This result confirms the assumption
that a greater amount of problem solving activities is found within the second and more complex real-case due
to the fact that a real problem situation has different and a larger amount of dependent variables.

Table 2. Content- and coordination-specific problem solving activities of the two cases in absolute numbers.

Case “Metallina” Real-Case
Content-specific Coordination-specific Content-specific Coordination-specific
Group 1 12 24 23 29
Group 2 9 8 11 9
Group 3 8 12 11 10
Group 4 10 7 9 13
Group 5 6 10 -- --
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Research Question 3: Outcomes of the Cases

Looking at the learning outcomes of the case “Metallina” (see table 3) all groups show similar results in respect
to the conceptual and situative knowledge. Regarding the learning outcomes of the real-case the groups show a
more heterogeneous picture concerning the conceptual and situative knowledge, which was assumed, because of
e.g., a higher degree of complexity, and a less detailed instruction.

Table 3. Learning outcomes of the two cases in per cent.

Case “Metallina” Real-Case
Conceptual Situative knowledge Conceptual Situative knowledge
Group 1 62.50 80.00 76.00 80.00
Group 2 52.50 60.00 24.00 40.00
Group 3 57.50 80.00 20.00 40.00
Group 4 47.50 60.00 52.00 60.00
Group 5 60.00 80.00 - -

Research Question 4: Differences in Success and Problem Solving Activities
“Successful groups” are those groups which learning outcomes were over the groups’ average in respect of the
conceptual and the situative learning outcomes. For the first case these are groups 1, 3 and 5, for the Real-Cases
these are the groups 1 and 4 (see table 4 and 5). The groups whose learning outcomes were below the groups’
average are described as “less successful groups” (groups 2 and 4 for case “Metallina”, groups 2 and 3 for Real-
Cases). The successful groups show more problem-solving activities than the less successful groups in spite of
group 5 for the case “Metallina”. Furthermore, all successful groups in both cases show more coordination-
specific activities than content-specific activities in comparison with the less successful groups.

Table 4. Problem solving activities for successful and less successful groups in absolute numbers (“Metallina’).

Successful groups Less successful groups
Group 1 Group 3 Group 5 Group 2 Group 4
Content-specific 12 8 10 9 10
Coordination-specific 24 12 6 8 7

Table 5. Problem solving activities for successful and less successful groups in absolute numbers (Real-Case).

Successful groups Less successful groups
Group 1 Group 4 Group 2 Group 3
Content-specific 23 9 11 11
Coordination-specific 29 13 9 10

Summary of Results and Discussion
Overall this descriptive study could give an insight into the collaborative problem solving activities and learning
outcomes of two different complex case tasks in a virtual learning environment. The main activities in both
cases were “‘developing a solution” and “steering the interaction process”. The results show that also in virtual
groups the core of certain problem solving activities can be found as it is already shown in face-to-face groups
(Stempfle & Badke-Schaub, 2002). The importance of the activity “developing a solution” proves the relevance
of the development of a common solution space within a collaborative task (Gruenfeld & Hollingshead, 1993).
The importance of “steering the interaction process” could be due to the fact that the professional training took
part in a virtual room that requires more coordination than face-to-face situations (Fischer & Waibel, 2002).
This could be explained with the missing non-verbal and paraverbal signals in virtual learning environments
(Kiesler, Siegel & McGuire, 1984). Furthermore according to the expectations the groups show a greater
amount of problem solving activities within the real-case than within the first case which supports the thesis that
a more complex real-case with many interdependent variables requires more activities to solve the problem.

Regarding the learning outcomes, the results were more heterogeneous within the real-case than within
the case “Metallina” as assumed. That shows that a more complex case from the professional context of the
participants is related with higher requirements for the learners (Gruenfeld & Hollingshead, 1993). Furthermore
it has to be taken into consideration that the self-chosen real-cases differed in their level of complexity. This
could be a reason why the learners within a less complex case did not refer to as much theoretical concepts.

The assumption that the successful groups show more problem solving activities than the less
successful groups could be proven for most of the groups in both cases. Additionally a pattern was found that

© ISLS 619




CSCL 2011 Proceedings Volume II: Short Papers & Posters

the successful groups show more coordination-specific activities than content-specific activities. This result
shows the relevance of coordination-specific activities for successful problem solving in virtual groups.

In terms of limitations of this investigation further studies with bigger samples could show if there can
be found certain similarities regarding the problem solving activities in virtual groups as well as in other virtual
settings. Additionally bigger samples would allow finding correlations between single problem solving activities
and the learning outcomes. Limitations of this study can also be seen in the comparability of the real-cases the
groups had to choose by themselves. Therefore in further studies there should be more focus on the level of
complexity of the different real-cases giving more instructions regarding content, structure or size.

Furthermore on a didactical level the learners could be supported with scripts that could help them with
strategies to solve the cases. Additionally with social scripts the coordination activities which were very high in
both cases could be reduced in support of more content-related activities. Finally it could be recommended for
virtual trainings of this kind to integrate classroom courses in terms of a blended learning concept. This would
on the one hand allow the group members to get to know each other as well as to clarify certain questions, e.g.
regarding content and responsibilities of the case tasks face-to-face. On the other hand the learners could get
more instructional support during the classroom courses to help them solving the cases.

Importance of Study and Outlook

Case-based learning in virtual learning environments especially within professional trainings allows working on
authentic and complex problems in a social context. Regarding the collaborative learning in virtual
environments there is further research needed. This study is a contribution to the analysis of certain problem
solving activities in virtual groups while they were working on different complex cases as well as to their
learning outcomes. Furthermore the study could make a methodical contribution to the analysis of problem
solving activities in virtual groups as it is already investigated in face-to-face groups. Additional studies should
show if the results of this study can be transferred to other virtual settings and into other domains.
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Abstract: Asynchronous online discussion forums play an important role in adult online
courses, and have many possible functions. Our experience in using the discussion forums in
online courses for task-based collaborative discussion has led us to many questions about the
optimal ways of using online discussion to support collaborative learning, such as how should
instructors structure online discussions in a way that it promotes collaborative learning? What
should instructors do to enhance learners’ reflective thinking, critical thinking, or problem
solving in online collaborative discussions? The challenges of using forum in learning also
have been highlighted by many researchers. In this paper we present “smart” discussion forum
to support, monitor and facilitate task-based collaboration for the learning process of the adult
learners to advance their development of critical thinking.

Introduction

Online learning in open and distance learning which caters adult learners is different from traditional face-to-
face learning in many ways. One obvious difference is that there are lack of direct face-to-face interactions
among students or between students and instructor (Gao, 2009) The quality and quantity of student-student
interaction and student-instructor interaction influence the quality for any course, online or face-to-face. In this
regard, one of the challenges to teach online is to cultivate meaningful online interactions among the adult
students who have diversified background (Gao, 2009). To achieve this goal, the asynchronous online
discussion forum is one of the most effective tools, as it promotes reflection, frees learners from time and space
constraints (Anderson, 1996) and provides abundant possibilities for communication. In online courses for
adult learners, discussion forums have been used for a variety of purposes such as to discuss general issues of
the subject matter; share and obtain resources and information from each other and more importantly act as
centers for groups of students who work collaboratively on task assigned to them (Gao, 2009).

Problem Statement

Asynchronous online discussion forums play an important role in adult online courses, and have many possible
functions (Dennen, 2008). At the same time, our experience in using discussion forums in online courses for
task-based collaborative learning has led us to many questions about the best possible ways of using online
discussion to support collaborative learning, such as how should instructors structure online discussions in a
way to promote collaborative learning? What should instructors do to enhance reflective thinking, critical
thinking, or problem solving in online collaborative discussions? The reality in online discussion forums,
however, does not always live up to these expectations (Gao, 2009). This is more so for online task-based
collaborative learning implemented through discussion forum. When asynchronous discussion forum is used to
support the understanding of the subject matter among the learners, there have seen both successful and
unsuccessful situations (Gao, 2009). There are times when passionate discussions started with one student
sharing a piece of reminiscent experience, when discussions came alive with a thought-provoking question, and
when a group of students argued keenly about their ideas. There are also times, however, when discussions
failed to achieve the preferred goal (Gao, 2009). In this paper we discuss how we have designed and developed
a “smart” discussion forum to support, monitor and facilitate task-based collaboration for the learning process
of the adult learners to advance their development of critical thinking.

Literature Review
Various collaborative tools have been developed to support learning and discussion among the learners. The

comparison of some of the tools commonly cited in the literatures and tool that we have developed is given in
Table 1.
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Table 1: Comparison of various CSCL tools widely cited in the literature.
(Adapted from Soller et al., 2005).

Tool Platform | Task Performance | Roles Pedagogical Constructs
Indicator applied in the Tool

COLER Real Time | Concept Participation, Coach Collaborative Learning
(Constantino | non- Learning Agreement

-Gonzales & | Forum with group

Suthers, procedure

2000)

iDCLE Real Time | Concept Advice Coach Collaborative Learning
(Inaba & non- Learning

Okamoto, Forum

1996)

Gracile Real Time | Concept Appropriate Coach Collaborative Learning,
(Ayala & non- Learning student Zone of Proximal

Yano, Forum helpers , Development (ZPD)
1998) Learning tasks

HabiPro Real Time | Concept Ideal Coach Collaborative Learning
(Vizcaino et | non- Learning participation,

al., 2000) Forum Motivation

LeCS Real Time | Concept Participation, Coach Collaborative Learning
(Rosatelli et | non- learning Group

al., 2000) Forum Coordination

Group Real Time | Concept Trust, Coach Collaborative Learning,
Leader non- Learning Leadership, Sentence Opener
(McManus Forum Communicatio

& Aiken, n

1995)

Epsilon Real Time | Concept Knowledge Coach Collaborative Learning,
(Soller & non- Learning Construction Knowledge Construction,
Lesgold, Forum and Problem Problem Solving Actions,
2000) Solving Sentence Openers

Our Asynchro | Problem Critical Coach Scaffolding using
proposed nous - solving Thinking sentence opener,

“smart Forum Community of Inquiry,
Sforum” Problem-based Learning,

Critical Thinking Model,
Collaborative Learning

Design & Implementation

In this section, the design framework and implementation of the proposed smart forum environment are
discussed. The proposed architecture of the system will use agent approach which is based on the rule-based
expert system framework. Agent approach is adopted as it is goal oriented, take action when necessary to fulfill
the goal, capable to perform tasks given by the user autonomously, monitor the environment and adjust an event
without direct intervention from the user. Figure 1 shows the components that make up the proposed system. It
has seven agents performing different tasks. The facts and rules for the agents will be stored in the knowledge
base and Java class programs respectively. In smart forum, the students are given a task or problem to be solved
through collaborative discussion in a small group. In order to engage in the discussion, the students will post
their messages in the asynchronous forum using sentence openers provided in the forum. Only one sentence
opener can be used per posting to start the discourse. Subsequent sentence(s) in the same posting should not use
any sentence opener. There is no restriction on the number of words per posting but each posting (which may
consists of more than one sentence) must highlight a single issue. This will enable the agents to do their tasks
efficiently. Sentence openers are pre-defined approach to start a conversation using menu or buttons.
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Figure 1. Architecture of the Smart Forum.

We are motivated to use sentence openers based on the result obtained by Baker & Lund (1996). In
this study, the sentence opener that have been adopted is based on the Collaborative Skills Network (CSN)
proposed by Israel (2003). Israel (2003) model is adopted as it has included more “working on task” sentence
opener which are appropriate for task-based discussions. In our proposed expert system, each message typed by
the students using the sentence openers will first be parsed by the Message Classifier agent that will do the
following tasks:

i. Identify which sentence opener that has been used by the students and the tutors. Tutors and students are
given separate set of sentence openers (Figure 2).

ii.  Identify the main keywords used by the students in completing the sentence (sentence closer) using the
sentence opener. The analysis is done using Knuth-Morris-Pratt string matching algorithm.

iii.  Based on the sentence opener and sentence closer used by the students, the agent will classify the message
as either discussion messages, not relevant message (such as “how are you?”) or specific question from
the students on the domain or problem that need to be solved. The agent will ignore any other message
that could not be classified.

iv.  If the message is classified as discussion message, the agent will assign appropriate tag(s) available in
Newman’s content analysis model (Newman et al., 1995). Here a message can have more than one
indicator depending on the keyword used in the sentence closer.
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Figure 2. Sentence Openers are Provided as Pull-down Menu (Student View).

Calculator Agent will Calculate the critical thinking (CT) ratio of the individual learner and the groups
for each of the category in the Newman’s content analysis model. (Newman et al., 1995). In calculating the CT
ratio, messages that relevant to the groups’ current phase in the Garrison’s “practical inquiry model” (Garrison
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et al., 2001a; Garrison et al., 2001b) will be taken into consideration. Other messages which are considered to be
not relevant for the current phases will be ignored. Calculator agent will also calculate the cumulative CT ratio
of the learners and groups independent of the phases. The Monitor Agent will monitor students’ participation
level in the discussion forum. This agent will send postings/message or reminders in the forum to the students
who are not active by asking them to participate actively in the discussions in a week. This is to ensure that
there are plenty of postings so that other agents can perform their tasks. The formula used to determine student
activeness is based on the learners’ out-degree centrality of their discussion (Suh & Lee, 2006). Learners with
high out-degree centrality are more active in providing information to others in discussion or providing
comments on the opinions of others. Newman et al. (1995) also have mapped the relevant indicators of content
analysis to each of the phase in the Garrison’s “practical inquiry” model. If a message is tagged by the Classifier
agent, the Relevancy Agent will use this mapping information to update the relevant parameters in the student
model regarding the status of the current message posted by the learners (i.e. whether the message is appropriate
for the current phase or not). This is to ensure that the students are in the same level of discussion and there are
no students ahead or left out in the discussion. The Phase Agent will keep track in the transition of the phases
in the Garrison’s “practical inquiry” model. Only the tutor is allowed to change the phase of the group and the
Phase agent will notify the relevant agents if there is any change of phase for the groups. The Phase agent will
also identify in which phase a message has been posted by the student. This information is vital for the
Relevancy agent. Phase agent has influence on the Calculator and Relevancy agents as information from Phase
agent is used by these two agents in executing their tasks. The Help Agent will provide possible answers for the
students queries on the subject matter in the form of FaQs in a new pop-up window. If the agent could not give
the possible answers or if the student is not happy with the answers given by the agent, the student has the
option to alert the tutor by just clicking an alert button provided by the agent on the same screen. When this is
done, the agent will send the user’s searched keyword together with their email to the tutor. The tutor can then
reply to the student with the appropriate answer.

Information in students’ and groups’ model will be updated accordingly by the relevant agents as they
perform their tasks. The student model for each of the student stored in the database table consists of the
following information: CT ratio of the phase, overall CT ratio, magnitude of the learners activeness (out-
degree centrality ratio), indicator of relevant message tags posted in a message for a phase, the learners CT ratio
of the prior phase and information on the relevant tags for the latest posting. The group model will consist of the
following information: overall CT ratio of the groups, CT ratio for the each phase, CT ratio of the group’s prior
phase. Finally, the Advisor Agent will swing into action to do the following tasks using all the messages
classified as discussion messages and has been tagged by the Message Classifier agent earlier:

i. Monitor learners’ and groups’ CT ratio in moving from one phase to the another
ii. Based on (i) above and the status of the students and groups model, the Advisor agent will give its
feedback, advice or consultation to the students or/and their group (Figure 3).
The message or feedback from this agent to the student or the group will consist of three sections in a
single message:
e  The current status of the learners or the group
e How they can overcome their problem if there is a deadlock in the group or the individual
student
e The current rank of their performance and their past performance (in the form of percentage
from 0 to 100)
In addition, the Advisor agent will alert the groups if they are spending too much time in a particular
phase

Conclusions and Future Work

This paper has present an architecture for smart forum prototype which support, monitor and facilitate adult
learners task-based collaborative discussion. The system was built using agent approach utilizing the very
natural set-up of forums to enhance adult learners critical thinking in solving a task/problem online
collaboratively. The initial feedback from the students show that the system has contributed to the enhancement
of their capability and critical thinking on the subject matter. We are currently investigating the ways to
incorporate fuzzy logic and neural network in the system in order to increase the processing power of the agents.
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Figure 3. Agent Drafted Responses Sent to the Individual Student and Group.
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Abstract: Teamwork and collaboration are vital 21% century skills that students need to
master. Specially designed epistemic games modeled after professional practica can help
students build and practice these skills. This paper presents preliminary results from a virtual
engineering internship, an epistemic game for introductory engineering undergraduates. The
game was designed to help build students’ skills in teamwork and collaboration while
providing experiences relevant to engineering and design. After the internship students
reported a better understanding of what engineers do and about the practice of engineering.
Students also made content learning gains. Students overwhelmingly enjoyed the experience
and felt encouraged to stay on an engineering career path.

Introduction

STEM expertise in the 21 century requires complex problem solving that goes well beyond the basic facts and
skills that traditional tests were designed to assess (National Academy of Sciences, 2005; Shaffer, 2004b).
These 21* century skills include collaboration, innovation, and creativity. Real-world STEM problem solving
involves generating links between STEM skills and knowledge on the one hand, and the values and ways of
making decisions that characterize STEM professions on the other.

Epistemic games are computer simulations of STEM practices that develop the epistemic frames of
STEM professionals (Beckett & Shaffer, 2005; Hatfield & Shaffer, 2006; Svarovsky & Shaffer, 2007). These
games thus represent a promising approach to STEM learning because: (1) epistemic games are based explicitly
on authentic STEM practices, and thus provide information about STEM problem solving, (2) epistemic games
are computer simulations, and they record rich data about STEM problem-solving processes that take place
during game play, and (3) epistemic games are designed based on the epistemic frame hypothesis, a theory of
learning that analyzes thinking in terms of connections among frame elements: skills, knowledge, values, and
justification or decision-making (otherwise known as epistemology) of a STEM profession.

We have developed Nephrotex as a virtual simulation of authentic engineering practice to give
undergraduates an opportunity to work as engineers and see the relationship between basic engineering skills
and knowledge and the values that underlie the profession. A key part of this professional experience is
collaborating and working on teams to design a product. The biomedical engineering aspect of Nephrotex, in
which the task is to design a next-generation hemodialysis ultrafiltration membrane, was selected to make real
the ability of engineers to improve health care.

The research question explored by these preliminary analyses looks at whether or not the game is
successful in fostering teamwork and collaboration in engineering students. This paper describes current
progress on implementing Nephrotex, analysis of preliminary results from the first implementation, and
discussion of future analyses that will be performed to better understand how the game builds the skills of
teamwork and collaboration.

Nephrotex: A Virtual Internship

Nephrotex was created to increase the persistence of engineering undergraduates in pursuit of degree attainment.
It is modeled on authentic engineering practices, has been pilot-tested, and has now been incorporated into a
first-year engineering undergraduate course at the University of Wisconsin—Madison.

Nephrotex is not designed specifically for biomedical engineers but instead for any student who might
someday work in a team, design a product, answer to multiple clients, and be forced to find the solution that
“satisfices.” This game is potentially transformative because it addresses a key aspect of engineering education
(professional practice), as well as critical limiting factors in providing students with opportunities for
experiencing professional practice (faculty time and institutional resources).

Learning Theory

Nephrotex is grounded in the epistemic frame hypothesis, which suggests that any professional community has a
culture (Rohde & Shaffer, 2004; Shaffer, 2004a, 2005, 2006) and that culture has a grammar: a structure
composed of skills (the things that members of the community do), knowledge (the understandings that
members of the community share), values (the beliefs that members of the community hold), identity (the way
that members of the community see themselves), and epistemology (the warrants that justify actions or claims as
legitimate within the community). This collection of skills, knowledge, values, identity, and epistemology forms
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the epistemic frame of the community. The epistemic frame hypothesis suggests that (a) an epistemic frame
binds together the skills, knowledge, values, identity, and epistemology that an individual takes on as a member
of a community of practice; (b) such a frame is internalized through the training and induction processes by
which an individual becomes a member of the community; and (c) once internalized, the epistemic frame of a
community is used when an individual approaches a situation from the point of view (or in the role) of a
member of the community (Shaffer, 2004a, 2005).

Put in more concrete terms, engineers act like engineers, identify themselves as engineers, are
interested in engineering, and know about physics, electricity, mechanics, chemistry, and other technical fields.
These skills, affiliations, habits, and understandings are made possible by looking at the world in a particular
way: by thinking like an engineer. The same is true for biologists but for different ways of thinking—and for
mathematicians, computer scientists, science journalists, and so on, each with a different epistemic frame.

The key step in developing the epistemic frame of most professional communities is some form of
professional practicum (Schon, 1983, 1987). Professional practica are environments in which a learner takes
professional action in a supervised setting and then reflects on the results with peers and mentors. Skills and
knowledge become more and more closely tied as the student learns to see the world using the epistemic frame
of the community. Examples include capstone design courses in undergraduate engineering programs, medical
internships and residencies, and almost any STEM graduate program.

Thus, one way to give students a realistic understanding of a profession early in their undergraduate
careers is to create a virtual simulation of a professional practicum, which is what Nephrotex is designed to do.

Internship Activities

In Nephrotex, students become interns in the fictitious company Nephrotex, whose core technology is the
ultrafiltration unit, or dialyzer, of a hemodialysis machine. The students’ assigned task is to design a next-
generation dialyzer membrane. This task is assigned to them by the head of research and development, a virtual
nonplayer character, and explained to them in depth by their engineering manager, a nonvirtual nonplayer
character (i.e., a real person playing a role in the game). To redesign the dialyzer unit, four aspects of the hollow
fiber material can be altered: the base polymer, percent carbon nanotubes, material processing method, and
surfactant. If students choose to test a combination of these parameters, their choices serve as the input to a
“black box” that yields the following outputs or performance characteristics: biocompatibility, marketability,
reliability, ultrafiltration rate, and cost (Figure 1).

Reliability

Marketability

= prototype 1
= prototype 2
prototype 3

= prototype 4

. o prototype 5
Biocompatibility* Flux

Figure 1. A Graph Based on the Outputs the Students Have to Consider When Designing Their Prototype.

Students first familiarize themselves with the virtual environment by completing an intake interview,
writing a staff page biography, and reading others’ staff pages. They then explore a portion of the design space
by performing a preliminary data analysis of variations in output parameters for one material based on changes
in percent carbon nanotubes, processing method and surfactant, i.e., the other input parameters. Students work
in small groups and are guided by a design advisor, a nonvirtual nonplayer character with whom they interact
through an email and Internet chat system built into the simulation. Teams proceed through design-build-test
cycles, first with just one material and subsequently with all materials, including all possible values of all input
parameters (see Figure 2). They receive feedback on designs from virtual nonplayer characters with an interest
in the project—a clinical engineer, a manufacturing engineer, a focus group liaison, and representatives from
marketing and product support—all of whom are programmed to evaluate students’ design choices. At the end
of each design phase, students make a recommendation and justify their choice based on how it satisfies the
competing demands of these stakeholders. One key element of the game is that there is no optimal solution—
that is, no solution that both minimizes cost and maximizes the other performance criteria. The students must
find and justify the solution that “satisfices.”
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Figure 2. Nephrotex work flow diagram. Light borders around boxes indicate individual work; heavy borders
indicate teamwork. DBT = design-build-test cycle.

Furthermore, to make it simple to implement in a first-year introduction to engineering course, the
game includes elements common to many first year engineering courses, such as literature searching and
citation, different engineering disciplines, poster and podium presentations, engineering ethics, and teamwork.
But it does so in the context of a simulation of real engineering processes and practices. As such, it covers
important supplementary topics that often are not covered in introductory courses such as keeping a design
notebook, time management, and interacting professionally with clients and employers.

Preliminary Results and Discussion

In fall 2010, 45 students became virtual interns at Nephrotex as part of their first-year introductory engineering
course. Nephrotex was offered as one of the project-based modules that students signed up for in the course.
Other parts of the course introduced students to the different engineering disciplines, how to do research, use the
library, etc. Students participated in the internship during a one hour class period either once or twice a week for
a total of 10 hours. The class met in a computer lab where each student worked on their own computer. Some
students met virtually or in person outside of class to finish assignments or plan for upcoming tasks. Most of the
students self-identified as prospective biomedical engineering majors.

Preliminary results include the pre and post interviews that students completed on the first and last days
of their virtual internship. The interviews were done through the internship on the computer. We also collected
pre and post survey data from all of the students that were enrolled in the introductory course that Nephrotex
was embedded in (N = 122). The surveys were completed online during the first and last weeks of the course.
The following aspects of the results will be discussed: the value of teamwork and collaboration as an integral
part of the internship experience, the learning gains that students had from pre to post interview, and how the
internship helped students understand engineering as a discipline better.

Teamwork and Collaboration
Nephrotex assigns students to one of five teams at the beginning of the game. Each team has five members and
is responsible for learning about one of the five materials that the fictitious company is interested in using as a
hemodialysis ultrafiltration membrane. Each team has an online design advisor that helps coordinate some
group discussions and provides feedback and assistance when they have questions. Some activities in Nephrotex
are done as individuals and then discussed with a team, while others need to be completed as a team. After
going through the first DBT cycle as a team, students are reassigned to new teams using a jigsaw scheme so that
each of the five final teams includes one person knowledgeable in each of the five materials. This structure
allows each student to be responsible for some amount of content knowledge and forces students to work with
different people. This new team completes a second DBT cycle.

On the post interview, when asked about what part of the internship they found most enjoyable, about
half of the students (21 out of 45) responded that they enjoyed working in teams and valued the teamwork and
group collaboration activities the most.

I enjoyed working with a team; it is fun talk with others who are working on the same
thing, and also to bounce ideas off of each other.

I enjoyed the group work most because it allowed all of us to share our ideas and work
with each other. It was interesting to hear all the different perspectives and I learned so
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much from my teammates. Group work allowed us to make the best decisions and come
up with the best device possible to complete our presentation on.

Another set of questions on the pre and post interviews asked about how much they think a career
in engineering is associated with different things (such as prestige, healthy work-life balance,
innovation/creativity, and working on teams). Working on teams was one of the highest rated items on the
list. On a scale of 1 to 4, with 1 being not at all and 4 being a great deal, the average student rating for
working on teams was 3.5. Other highly rated items include: opportunities to help other people,
opportunities to make the world a better place, and intellectual stimulation (all above 3.5).

Engineering Learning Gains

Although content learning gains were not a major focus of Nephrotex, we included pre and post interview
questions about some content areas related to the activities of the internship. It was clear in the pre interview
that many students did not know very much about the content in the game.

Topics on the pre and post-interview included experimental setup, general design decisions, strategies
to prevent membrane fouling, kidney functions, reliability of membranes, diffusion, and hemo-compatibility
issues. Students answered two multiple choice and seven short answer content questions on the pre- and post-
interviews. These matched-pair questions were analytically coded for each question. Overall, students showed
significant gains from pre (M = 38) to post (M = 68) on these questions (p < .01). Two of the questions
represent central concepts in the game, (a) setting up an experiment and (b) strategies to prevent membrane
fouling, and had the largest significant gains from pre- to post-interview for students. About 30% of students got
each question correct on the pre-interview and 70% (question a) and 85% (question b) got the questions correct
on the post-interview. Both of these gains were significant (p < .05).

While it is encouraging to see students choose the correct answer in a multiple choice scenario, we also
asked students to explain their answer in order to see how well they really understood the content (see Table 2).
Student 2 in particular learned a lot about this content area, as before the internship he/she was unsure how to
answer the question and after he/she gives a detailed and thoughtful response.

Table 2: Explanation of answers to the question about strategies to prevent membrane fouling.

Pre Interview Post Interview
Student 1 | By giving a patient blood thinners, the | By adding a charge, such as a negative charge
blood will be able to filter more easily | surfactant, this can aid in the reliability and flux rate

through smaller openings when of the membrane which will reduce fouling and
clogging becomes a problem. increase flow.

Student 2 | I am not sure, but it [carbon nanotube] | Adding a charge to the surfactant will allow particles
may allow blood to flow through to flow through the membrane easier. The charge on
easier. the membrane will attract or repel the unwanted

materials, and this prevents clogging of the pores.

Understanding Engineering

One of the most positive outcomes of the internship is related to how much and in what ways students improved
their understanding of the practice of engineering. Not only did most students also report that they would persist
in engineering as a career choice, many identified the reason for their persistence as the clearer image of the
practice of engineering that was presented in the internship.

I believe it has encouraged my decision to push forward with a career in biomedical
engineering. Starting the class I wasn't sure if engineering was right for me anymore, but
finishing this internship I believe I could do well in a career in engineering and enjoy it.

This internship with Nephrotex has strengthened my enjoyment of biomedical
engineering and I feel that I will continue to follow this career path.

On the post survey that the Nephrotex students as well as the control students took, there were clear
differences in how their views about engineering were changed during the course. The typical response from a
Nephrotex student was more detailed and discussed more of the different aspects of engineering practice than a
typical response from a non-Nephrotex (control) student (see Table 3).

Table 3. Course post-survey short answer responses: how has your perception of engineering changed this
semester?
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Typical Control students Typical Nephrotex students
Engineering is a lot of math and science buta | The first module really helped me to see how an
good engineers can do the math and science engineer will maximize and minimize things in a design

but they can also can write and speak cohertly | a prototype and how engineers work together as a team.
too.
I see know how many different solutions there are to a
There are a lot more engineering disciplines problem and I see how each solution has its benefits and
than I was aware of. weaknesses. I realize they must decide what is most
important when solving a problem.

A lot of engineers work together on projects.

Although many students came into the course thinking they knew what engineering was, the Nephrotex
virtual internship gave them a more accurate and grounded view of what engineering is in practice. It is our
hypothesis that this more accurate view of engineering, including valuing teamwork, innovation, and creativity,
encourages a larger and more diverse pool of candidates to persist in engineering as a career.

Future Work
While analysis is ongoing, our preliminary results point to progress in understanding how students can use a
virtual internship such as Nephrotex to build and practice the important skills of teamwork and collaboration,
gain engineering content knowledge, and envision themselves in the role of an engineer in a realistic practice.
Future work in this area includes coding the discourse generated during Nephrotex and analyzing it for
the important skills, knowledge, identities, values, and epistemologies that define the field of engineering. Since
the game is able to facilitate teamwork and collaboration, we can continue to explore how this process happens.
This further analysis will help give us a better picture of how the simulation added to students’ views of
engineering, how it facilitated teamwork and collaboration within teams, and how the online design advisors
were able to help in this process.
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Abstract: Along with the development of new technologies orchestrating CSCL has become a
topical issue because new learning spaces challenge the teacher to support collaborative
learning in new ways. The aims of the study are twofold. Firstly aim is to design scripted 3D
learning space to practice inter-professional knowledge construction in vocational context.
Secondly, empirical study aims to refer to the challenge of supporting collaboration in
naturalistic, complex 3D learning settings. More specifically, aim is to find out how do groups
studying in scripted 3D learning space with (condition 1) and without (condition 2) real-time
teacher support differ? The findings of this study indicated that groups studying with real-time
teacher orchestration used more effort for providing knowledge (especially explaining one’s
own situation) and less effort for other inputs (especially off-task talk). This suggests the
potential of real-time teacher orchestration for future CSCL.

Introduction

The changing needs of working life create new challenges for both learning and teaching in an educational
setting. Work tasks have become increasingly complicated and, typically, work is based on inter-professional
expertise and the shared construction of new knowledge (Billett, 2008). In traditional vocational school settings,
however, students of different fields do not work together to solve problems. As vocational jobs are likely to
call for collaboration in the future, it is necessary to find new ways of supporting collaboration in vocational
learning. One way to respond to these needs is to create new technology-enhanced learning (TEL) spaces that
offer added incentive to practice inter-professional collaboration. During the last years, TEL environments have
rapidly improved through the social media, 3D spaces (e.g. Second Life) and games for learning. Thus,
technology can be utilized to enhance collaboration in learning and working practices, for example, by offering
more illustrative spaces to practice inter-professional work, thus eliminating the danger in work safety compared
to traditional methods (Hdméildinen, Oksanen & Hékkinen, 2008). Despite these optimistic notions of new TEL
spaces meeting the needs of inter-professional working life, systematic empirical CSCL research in vocational
contexts has so far been dealt with less than, for example, learning in the higher education context.

Many researchers have reported the beneficial effects of computer-supported collaborative learning
(CSCL) (e.g. De Wever et al., 2010). The potential of CSCL is widely agreed, because through joint
construction of shared understanding, meaning, knowledge and expertise, a group can create something that
exceeds what any one individual could achieve (Stahl, 2004). However, in practice, the “ideal” high level and
productive collaboration is relatively rare and is challenging to “create” in technology-enhanced school settings
(Kollar, 2010; Hamal&dinen, 2011), thus the problems with collaborative group work (Jarvela et al., 2010). Thus,
in authentic learning contexts, totally free collaboration does not necessarily promote productive collaboration
or high-level learning. Previous research has focused on collaboration scripts as a particular kind of instructional
approach to support CSCL, typically without real-time support of the teacher (Kobbe, Weinberger, Dillenbourg,
Harrer, Himéldinen, Hiakkinen & Fischer, 2007). Recent critical studies have suggested that focusing only on
specific scripts reduces—or even negates—the role of teachers in supporting collaboration (Dillenbourg &
Jermann, 2010; Haméldinen & Hékkinen, 2010). Along with the development of scripts, it is necessary to pay
attention to the effective and flexible use of the potential offered by future learning spaces with regard to more
active role of the teacher.

Recently, flexible orchestration (based on research findings) has widely been suggested as a solution
for arranging collaboration in naturalistic learning situations (e.g. Dillenbourg, et al., 2009; Kollar, 2010). As
such, the concept of orchestrated learning is not new (Brown, 1992); along with the development of new
technologies (e.g. 3D spaces), orchestrating has again become a topical issue because new learning spaces
challenge the teacher to support collaborative learning in new ways. Orchestrating CSCL highlights the balance
between the instructions and “free collaboration processes” as well as contextual nature of collaboration.
However, this does not mean “totally free” intuitive teaching (without educational goals). A common feature of
orchestrating CSCL is that it draws systematically on research-based productive collaborative learning
situations in the design and real-time implementation of teaching. The main idea is to combine the design and
the improvisation. The curriculum sets the starting points for activities, the environment supports collaboration,
the teacher designs and orchestrates the structure for learning processes (based on research findings of
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productive collaboration; e.g. solving cognitive conflicts) and the learners are then given a certain freedom for
shared knowledge construction. During the collaborative learning situation, the teacher simultaneously designs,
monitors and supports learning processes during group work based on contextual needs. This study supplements
research on collaboration scripts by teachers, timely orchestration in future TEL space (e.g. Dillenbourg, Jarvela
& Fisher, 2009). The aims of the study are twofold. Firstly aim is to design scripted 3D learning space to
practice inter-professional knowledge construction in vocational context. Secondly, aim of empirical study is to
refer to the challenge of supporting collaboration in naturalistic, complex 3D learning settings. More
specifically, aim is to find out what kind of effects do real-time teacher orchestrations have on processes of
collaborative knowledge construction? To find out this we seek whether groups studying in scripted 3D learning
space with (condition 1) or without (condition 2) real-time teacher support differ in knowledge construction.

Research question: How do groups studying in scripted 3D learning space with (condition 1) and
without (condition 2) real-time teacher support differ?

Scripted 3D Learning Space

In this study 3D online learning space (see Figures 1 & 2) for groups of five participants at the time with
scripted tasks (see Kobbe et al., 2007) was developed. The aim is to enhance the inter-professional knowledge
construction in the area of human sustainability. The learning space is based on RealXtend Technology (Open
Source Platform for interconnected virtual worlds http://www.realxtend.org/). In a 3D space participants work
as volunteer staff at a charity concert and are supposed to make sure that customers are satisfied and that
everything is ready for the gig. To achieve this, participants solve inter-professional puzzles. The environment
provides each participant a first-person-view into the 3D space. Participants are connected to each other via a
server, which runs the virtual world in which all the action occurs. The space can be used with PC which has a
network connection and human-to-human communication is supported by a chat and VoIP speech system. 3D
space includes three scripted collaborative tasks (with supplementing inter-professional roles) that require effort
and commitment from several students for successful completion. Next in Table 1 the main ideas of scripted
tasks with theoretical groundings of collaboration are described.

Figures 1 & 2. 3D Learning Space.

Table 1: Brief description of scripted tasks.

Description Key points (Pedagogical idea)

Gate Groups need to open a gate to the festival area by | Coordination: dependency between group
entering a password to the electronic lock in the correct | members and control of an aggregate of
order. Every student has gotten their own part. individuals (Barron 2000).

Restau | Groups are supposed to keep customers satisfied by | Distributed expertise, mutual de-

rant serving them in the restaurant area. Students have | pendency and integration of solo — group
supplementing inter-professional roles. The roles are: | activities: dependency between participants
cook, waitress, receptionist and serviceman. Every role | is created by the different knowledge and
has his/her own responsibility area and students are | resources distributed to each of the learners
supposed to integrate and synchronize those tasks | (Price et al. 2003) leading to personal
together. At the end of the task band members comes | responsibility, shared knowledge
to the restaurant to have lunch. One band member has | construction and need to combine different
a nut allergy, but he still wants to have a portion which | professions.
usually includes nuts. Group need to find out the
allergy and serve the right portion without.

Stage | The groups’ task is to identify each band member by | Cognitive conflict: A situation is created
combining received tips. Each student receives own | by having different learners receive
tips, and players need to recognize who is who of the | different information at the same time, but
band members. In this way, players are able to | without proper co-ordination, causing an
organize the band’s stuff in the right place on the stage. | unsolvable problem (Moscovici and Doise,

1994).
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Method

The main interest of this study is in the effect on the processes of designing (with and without real-time teacher
orchestration) collaboration in vocational learning settings. The empirical study was conducted in an authentic
classroom setting (cameras and recording systems were used). In spring 2010, 18 vocational students and two
teachers (four groups of five persons) participated in the study. The experiment included a two-to-three hour
working period in a scripted 3D learning space at the College of Jyviskyld, Finland. Data were gathered by
using observational notes on the sessions as well as by videotaping and recording the groups’ discussions (6016
transcribed utterances). The aim of the study is to deepen the understanding of the relationship between
scripting with (condition 1) or without (condition 2) real-time teacher orchestration and productive knowledge-
construction. More specifically, the study compared shared knowledge construction within different scripted
3D-learning conditions (with and without real-time teacher orchestration).

This approach is derived from the methodological development of our earlier studies (e.g. Himaldinen,
2010; Haméléinen et al., 2008). After the experiment, all video data were transcribed (four groups with a total of
6016 utterances), and discussion entries were read through several times. Then, all the data were verified: videos
were watched, observations were rechecked and transcribed utterances were re-examined (at this stage, 5386 of
6016 utterances were categorised to include activities of shared knowledge-construction). As our earlier studies
(Hé&maéléinen et al., 2008) have indicated that faster groups do better in their final test results than the slower
playing ones, we compared the time used in the game with and without teacher orchestrating collaboration
activities. To evaluate whether groups engaged in high-level knowledge construction and how different
collaboration settings differed, two types of content analysis were conducted (unit of analysis=utterance). The
analysis used quantitative and qualitative content analyses to focus on the group knowledge-construction
processes (Berelson, 1952). Five thousand three hundred and eighty-six utterances were categorized into six

LRI < LEINNT3

main categories (“providing knowledge”, “contextual questions”, “shared problem solving”, “management of
interaction”, “summing up/discovering solution” and “other inputs”). Then, to find qualitative differences within
the knowledge-construction processes, the utterances were sorted further into 25 different data-driven
subcategories (see table 2 in the result section for more details). Regarding the quantitative content analysis, the
aim was to describe whether shared knowledge construction in two different research settings would be
dissimilar, while the aim of the qualitative content analysis was to develop understanding how real-time

teachers’ activities enhance high-level knowledge construction.

Results

In orchestrated learning setting the learning session lasted an average of approximately 1 hour 58 minutes, while
with the groups without orchestration the session lasted an average of 2 hours 31 minutes. Between the groups
studying with (2405 utterances) and those studying without (2981 utterances) a real-time teacher’s
orchestration, the findings indicated two main differences in knowledge-construction activities in the categories
“providing knowledge” and “other inputs” (see Table 2). More specifically, in providing knowledge, both
groups brought in new information, gave technical and contextual advices to group members and stated their
(non-justified) opinions. Thus, neither of groups did not use justified opinions. However, groups with teacher
orchestration used 18 percent of their utterances for explaining their own situation, while groups without teacher
orchestration only used 5.9 percent of their utterances for this (see, Table 2). The other main difference
concerned the amount of other inputs; especially off-task talks. Groups without teacher orchestration used 36.1
percent (1077 utterances, of which 452 off task) of their utterances for other inputs, while groups with teacher
orchestration used 13 percent (315 utterances, of which 35 off task) of their utterances for this (see Table 2).

Table 2: Main differences between the groups with and without real-time teacher orchestration.

Groups with orchestration Groups without orchestration without
Providing knowledge 1003 41,7 % 726 24 % %
Piece of advice — contextual 162 6,7 % 161 5,4 %
Piece of advice — technical 5 0,2 % 11 0,4 %
New information 380 15,8 % 332 11,1 %
Explaining own situation 428 18 % 177 5,9 %
Justified opinion 0 0 % 0 0 %
Non- justified opinion 29 1,2 % 45 1,5 %
Contextual questions 309 12,8 % 349 11,7 %
New openings 37 1,5% 31 1,0 %
Technical 13 0,5 % 14 0,5 %
Specifying 158 6,6 % 229 7,7 %
Reasoning 6 0,2 % 8 0,3%
Opinion 95 4% 67 2.2 %
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Shared problem solving 520 21,6 % 616 20,7 %

Carry on with one's work 152 6,3 % 240 8,1 %

Answers 286 11,9 % 315 10,6 %

Disagrees / argues 64 2,7 % 47 1,6 %

Reasoning 18 0,7 % 14 0,5%

Management of Interaction 184 7,7 % 157 5.3 %

Group organization 54 22% 59 2,0 %

Planning upcoming activity 19 0,8 % 11 0,4 %

Organizational questions 109 4,5 % 81 2,7 %

Support 2 6

Summing-up 71 3,0 % 56 1,9 %

/ discover solution

Based on group activities 59 2,5 % 48 1,6 %

Based on own actions 2 0,1 % 1 0%

Based on unknown reason 10 0,4 % 7 0,2 %

Other Inputs 315 13,1 % 1077 36,1 %

Other Inputs — related to game 273 11,4% | 477 16 %

Describing technical problems | 7 0,3 % 148 5%

Off task - Not related to game 35 1,5 % 452 15,2 %
2405 100 % 100 % 2981 100 % 100 %
utterances utterances

Discussion

Recent critical studies has indicated several reasons for failure in collaborative learning, such as a lack of
teachers to orchestrate learning processes (Arvaja, Himildinen & Rasku-Puttonen, 2009), uneven work division
(e.g. free riding) (Strijbos & De Laat, 2010), individual working methods of group members (Hdméldinen &
Hikkinen, 2010) and inappropriate use of external (e.g. texts, learning tools; Jeong, & Hmelo-Silver, 2010) and
internal learning resources (e.g. prior knowledge, Arvaja, 2007). Thus, there is an evident need to highlight the
role of the teacher in enhancing productive collaboration. At their best, technological environments can offer
new learning spaces for knowledge construction and help teacher to orchestrate and to monitor learning
activities and to support collaborative knowledge construction within different groups. However, there are many
unrealistic expectations connected to role of technology. Firstly, very rarely, the tools or environments that are
available to support learning are designed with pedagogical or instructional theories of learning and teaching in
mind (Laurillard, 2009) and therefore the technologies itself do not typically guarantee collaboration within
groups (Bluemink, Héméldinen Manninen & Jérveld 2010). Secondly, even the technological environments
itself are designed to support collaboration there are several ch