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To learn in our knowledge-oriented society often involves a deep engagement with knowledge
artifacts—objects that combine material and semiotic aspects. This is particularly true in CSCL
contexts. Knowledge can be formed and shared in different ways and within different formats.

Through advances in computer-supported collaborative learning technologies and peda-
gogies, we can create, shape and present knowledge in new ways. Intersubjective meanings
can be developed and shared as virtual and/or physical artifacts. The nature of the collabora-
tively formed knowledge artifacts create specific opportunities for students or community
participants to engage in certain types of interaction, both with the artifacts themselves and
through them in collaborative efforts with peers, teachers and other actors. One way to express
how knowing can be materially mediated is to state how the relationship between a conceptual
structure and its material anchors creates special conditions for participant interaction and
learning (Hutchins 2005).

Focus on the interpenetration of semantics and materiality is at the heart of the CSCL
community’s mission. We need to understand and explain how participants can become deeply
engaged with mixes of conceptual and physical structures in their activities. In this issue of
ijCSCL, these matters are addressed from the perspectives of several different theoretical
frameworks. We introduce these articles by raising some overall themes about the formation
of new knowledge artifacts in collaborative contexts.

Artifacts have been conceptualized within the CSCL community from cognitive, socio-
cognitive and socio-cultural stances. The term artifacts is often substituted with tools or
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instruments (Lonchamp 2012; Ritella and Hakkarainen 2012), and many scholars use the term
structuring resources or just resources to get a grasp of how participants perform their tasks
(Arvaja 2012; Stahl 2012). This constellation of terms points to the fact that collaborative
effort is interdependent with the artifacts that we use—in a bidirectional relationship. This does
not necessarily mean that there is a causal relationship between collaboration and artifacts, but
that we need to understand how the interdependencies can be played out or enacted. If
particular artifacts can foster specific effects, we can conceptualize this as steps toward a
causal understanding of mechanisms, although not in a mechanical or predictive manner.

Most theories in CSCL are constructivist in that they posit that learners actively construct
their knowledge. However, this is often understood psychologically, as a mental process of
representing knowledge in thoughts, mental schema, tacit know-how or practices. Scardamalia
and Bereiter (2014) coined the term knowledge building that Btreats ideas as entities in their
own right that can have properties, connections and potentialities independent of the mental
states of the individuals who hold the ideas^ (p. 397). They thereby distinguish between
learning as a change in mental state (e.g., from pre- to post-test) from knowledge building as
the production of designs, theories, problem solutions, etc. Knowledge building centrally
involves the formation and refinement of artifacts, such as texts, diagrams or models, which
embody the knowledge as physical or virtual objects in the world.

The distinction between mental representations of knowledge and the building of knowl-
edge through the refinement of artifacts applies at the group unit of analysis as well as for
individuals. A group can acquire joint skills and shared understandings, but this can be
distinguished from group knowledge artifacts, which have their origin in group processes,
such as argumentation, perspective sharing or negotiation (ibid). The artifact nature of
knowledge objects allows meanings to be shared—in the intersubjective world. It also allows
the building of collaborative knowledge to be studied by CSCL researchers observing the
evolving artifacts.

Whereas theories of individual learning often attribute a priority to the mental, as a source
of meanings that are re-presented or ex-pressed in the communal world, the analysis of
collaborative learning needs to prioritize the intersubjective meaning of shared artifacts. It is,
for instance, in the formation of inscriptions in a joint problem space or postings in text chat—
which elicit and respond to each other—that meaning is originally formed. Resources con-
structed at the group unit of analysis are the prime mediators between individual understanding
and community institutions in CSCL contexts (Stahl 2013b).

The term artifact entails that human knowledge is inscribed in a material object and that the
object can be used as a meaning potential within a collaborative effort (Linell 2009). An
important question raised in the five articles below is how the artifacts become aligned in the
interactional activities. Productive learning events (Damsa 2014) can be activated in the
interactions that align artifacts. Alignment (Goffman 1974; van de Sande and Greeno 2012)
is an important term in CSCL since it provides analytic attention to how artifacts can support
students in understanding conceptual connections within a theoretical system. By this we mean
that students can connect several concepts into a partial understanding of a phenomenon
(diSessa 2006). Alignment in qualitative studies means that one analyzes how artifacts become
used and how they can scaffold student development. In quantitative studies, one tests
hypotheses in order to establish statistically significant results, which indicate that some
artifacts are more productive than others in collaborative efforts.

The foundational role of artifacts in CSCL has been extensively discussed recently in
ijCSCL (Furberg et al. 2013; Halatchliyski et al. 2014; Öner 2013; Overdijk et al. 2014; Stahl
2013a; Stahl et al. 2014a, b; Timmis 2014; Zemel and Koschmann 2013). The following
articles address these issues in different and suggestive ways.
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Alignment of augmented-reality artifacts

In their article proposing a theory of liminal blends, Noel Enyedy, Joshua A. Danish and
David DeLiema argue for a new theoretical framework that can explain the relationship
between conceptual and material resources. The idea of liminal blends comes from
conceptual-blend theory, which emphasizes that in order to perform specific actions we
need to combine and blend resources from different source domains into an emerging
hybrid conceptual space, and that these resources cannot be found in each of the source
domains taken by themselves. While conceptual-blend theory was developed to describe
how individuals create emerging conceptual blends, the authors of this article extend and
reformulate the theory. Through their socio-cultural and distributed view of cognition and
learning, they create a new unit of analysis for explaining how conceptual blends can be
enacted.

In this study, the new artifact formed is an augmented-reality environment, which young
students help to define, enact as usable and reflect upon as they interact in their physical
classroom. The empirical basis for the article comes from the project Learning Physics through
Play. Here, a new design with augmented reality is tested with first and second graders. In a
previous study (Enyedy et al. 2012), the authors showed that students improved their under-
standing of concepts like force and motion, through a pre-/post-test design.

In the article, a careful interaction analysis is performed to test the liminal-blend framework.
It documents how the students concretely form intersubjective meanings associated with the
augmented-reality artifacts through their bodily behavior in the augmented physical world.
Alignment of resources becomes the most important process. To align resources from aug-
mented reality and the physical interaction over time, the classroom technology evolves
emerging properties that have the potential to transform the students’ understanding of the
concepts they work with. As the students work in their complex social space, they bring
together the conceptual resources, their bodily movements and the emerging resources that
become mobilized through the social interaction. Shared meaning is constructed through the
enactment of the artifacts in the classroom, and is subsequently available for individual and
collaborative reflection.

This study has implications for how we reason about human learning, how we study
collaborative interaction in an augmented-reality environment and how we design such a
CSCL environment. This is a novel contribution to the development of liminal-blend theory,
which avoids the split between conceptual and material structures in the world, associated with
previous versions of the theory.

Assessment of informational artifacts

The article by Andrea Forte introduces a new area to CSCL research, bringing in the analysis
of information-seeking behaviors from information science to understand new technologically
enabled genres of literacy. She investigates high school students’ information assessment
practices as part of an activity in which the students took part in building a collaborative
online textual artifact. Here, the artifacts formed are texts generated by the students. The study
stretches over a 2-year period and makes use of multiple methods, including classroom
observations, interviews and stimulated recall about how students become involved in the
consumption and production of texts relevant to a topic. As technology innovations from
CSCL research, evolution of social media and design of collaborative environments make
possible new forms of information artifacts, we need to study how people understand these
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media, contribute to them and engage in intersubjective meaning making mediated by these
new kinds of artifacts.

One important finding is that although the design of the activities is aimed at supporting
open collaboration, specific established school norms still become activated. Students have a
long history of doing schoolwork, which means that they frame tasks in institutionally
sanctioned ways. However, students not only perform their action in accordance with historical
norms, they also expand their activities and take certain responsibilities for collective knowl-
edge building, because creating conditions for students to engage in collaborative production
efforts creates new learning opportunities. Students become exposed to basic questions about
what types of information can be trusted, what the limits of that information are, what their
responsibility is for the information produced, and what collective responsibility they share.

This study contributes a more nuanced discussion about what we mean by information-
literacy skills and practices and more generally how we understand and explain 21st century
skills in CSCL settings. It explores how students might interact with, contribute to and make
sense of the increasingly complex informational artifacts, which combine traditional heritages
and virtual opportunities.

Knowledge representation in exploratory artifacts

In their article on an interactive genetics-visualization exhibit, Pryce Davis, Michael Horn,
Florian Block, Brenda Phillips, E. Margaret Evans, Judy Diamond and Chia Shen analyze
museum visitors’ interactions around a multi-touch tabletop exhibit called DeepTree. This
article continues the ijCSCL theme of tabletop interfaces (Dillenbourg and Evans 2011;
Martinez-Maldonado et al. 2013). The genetics environment was designed with a concep-
tual focus on evolution and common ancestral descent. Museums as social and historical
institutions can create experiences for young people and students that involve access to
specific forms of knowledge. In this study, the authors describe how dyads of visitors
interact with a multi-touch table in order to coordinate their action and to co-create
meaning.

A core feature in the design of the environment is its advanced visualization techniques.
The paper’s qualitative analysis shows how the dyads work and interact with this techno-
logical artifact. The results from the analysis show four patterns of interaction. The article
uses the metaphor of paddlers to explain the results. When inexperienced paddlers try to
work together, certain coordination problems can be expected. The coordination problem
related to the mechanical goal is of a different sort than that of the conceptual goal. The
mechanical goal in this environment is related to the direction of exploration activities,
while the conceptual goals move the coordination problem to the surrounding scientific
terrain. One important finding is that the design itself provides limited support for students
to move toward working with the conceptual goals involving understanding evolutionary
science. To work with conceptual goals is part of moving beyond sequences of directed
tasks.

At the level of experience, the design makes it possible for students to act with
representations of knowledge that are unique. This can give them insight about the core
concepts of human evolution. For citizens in our society to gain such experience has a
value in itself, and they can become motivated to ask questions about different forms of
knowledge. Using advanced artifacts—like this sophisticated tabletop exhibit—to interact
can make specific aspects of the knowledge involved more transparent for students in their
learning processes.

4 S. Ludvigsen, et al.



Networked artifacts for second-language learning

Yun Wen, Chee-Kit Looi and Wenli Chen investigate how networked second-language learning
can take place across multimedia settings. They focus on the intellectual interaction in groups
through what they call diachronic development of understanding across members of a group.
A representational tool, Group Scribbles (Song and Looi 2012), which includes private and
public/group spaces, mediates the learning activities across multiple media settings, supporting
the building and refinement of knowledge artifacts that both use and reflect on English. The
students who form part of this study are eighth graders who speak English as a second
language, but come from diverse language backgrounds (Chinese, Malay and Tamil).

The statistics used show variations in group interaction in different media spaces and within
the face-to-face setting. The results show that the groups use the tool differently, depending
upon their task and their linguistic competence. When the tool serves the function of
referencing, the learning activities became less cognitively demanding; however, when the
tool serves the function of promoting synergy, realizing parallels, or prompting noticing, the
cognitive activities became more productive for language learning. The pedagogical design
that stimulates the students to externalize, building upon and pursuing consensus, creates
productive interactions between the students.

The study demonstrates again that in order to create productive CSCL environments, we
need to take into account the interdependencies between students and artifacts. The analysis
draws on recent theoretical insights about the relationship of artifact affordances to their usage
and about representational acts to their mediation by specialized technologies (Damsa 2014;
Overdijk et al. 2014; Ritella and Hakkarainen 2012; Suthers et al. 2010). It applies these
perspectives to analyze how the students enact Group Scribbles—both individually and
collaboratively—to articulate arguments and to improve their use of English as they refine
their inscriptions in the technological medium.

New research artifacts

All the articles in this issue raise important points about how different forms of artifacts, tools
and resources with specific features can stimulate productive collaborative learning. The
artifacts are new formations of knowledge and formats for collaboration. Artifacts play many
roles in CSCL settings: as mediating technologies, as instructional resources, as student work
products and as interaction texts. The studies emphasize that, in order to advance the field of
CSCL, the detailed analysis of artifacts in interaction is of central concern.

Some of these issues will undoubtedly be discussed at the up-coming CSCL 2015 confer-
ence (isls.org/cscl2015). We look forward to seeing you there in Gothenburg.
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