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Foot note
information Introduction

In schools and educational settings, students increasingly need to learn content
and perspectives that are not given as part of the curriculum. When working
with digital resources embedded in digital environments and infrastructures,
students’ and teachers’ tasks often become more complex and need more social
and cognitive framing. The sequential organization of textbooks has historically
provided teachers and students with well-established structures for student
actions. However, when other resources become more important, designers,
teachers, and students need to establish additional forms of supports and
scaffolds for learning. The first two papers in this issue address this theme,
focusing on how to support students in their work with digital resources.
The other two papers look at important methodological issues in computer-
supported collaborative learning to analyze and describe collaborative work.
The third paper problematizes the coding-and-counting approach in CSCL and
provides an alternative method for analyzing and understanding temporality in
learning. The authors of this paper argue that epistemic network analysis offers
a better account of how learning emerges over time than coding-and- counting.
The fourth paper argues for the importance of a well-formulated theoretical
framework in CSCL research, and demonstrates that different approaches to big
data methods can shed light on learning and knowledge development in CSCL
when framed using sociocognitive conflicts and productive friction as the main
concepts.

Organizing productive learning: Design and the importance of dynamic
teacher support

The first paper by Line Ingulfsen, Anniken Furberg, and Torunn A. Strømme,
“Students´ Engagement with Real-Time Graphs in CSCL settings”, emphasizes
the relationship between the design of learning settings, content-specific arte-
facts, and student-teacher interaction. Although concepts and principles such as
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design of environments, orchestration, and scripts have been at the core of
numerous CSCL studies, studies that analyze student-teacher interactions (e.g.
Arnseth and Krange 2016; Schwarz et al. 2018) are surprisingly few.
Design-based research has been one of the major positions within CSCL. It
usually involves the design of the microstructures of a classroom or other
educational setting, with a focus on design principles, the development and

use of computational artifacts, and roles and expectations for teachers and
students. An influential strand of contributions in CSCL demonstrated that in
knowledge-building classes, the expectations for students and teachers are
rather different than in traditional classrooms with teacher dominance (for a
recent contribution, see Fu et al. 2016). We know from many design-based
research studies that changing the culture of participation is both a short- and
long-term task. The design of the setting and the computational artifacts can
enhance cognitive and cultural processes in learning settings and schools
(Overdijk et al. 2012; Law et al. 2017).
The study by Ingulfsen et al. follows the tradition of design-based CSCL
research, looking at the design of CSCL with a specific focus on how students
use real-time labs in natural settings. Real-time labs consist of software and
devices for measurement, and they produce graphic visualizations of science
experiments. Ingulfsen et al. report on an experiment related to ocean acidifi-
cation. By performing a detailed interaction analysis, the authors show how
students and teachers worked together to develop their conceptual sensemaking.
The analysis delves into those encounters in which students struggled with
understanding the graphs. Some students needed support to focus on the
relevant features of the graphs and to understand the experimental results in
relation to underlying scientific principles; they also needed both procedural
and conceptual support. To provide this support, the teacher used both eliciting
and elaboration strategies and gave the students prompts to help them interpret
the graphs. In this setting, the teacher also provided students with contextual
guidance, providing a relevance structure in which they could work. Ingulfsen
et al. used the notion of the zone of proximal development (Vygotsky 1986) to
show how the students needed to utilize a medley of scaffolds to make sense of
the computational artifacts. Such coordination work is demanding, requiring
both the students and the teacher to activate advanced social and cognitive
functions. The teacher serves as an adaptive expert whose input closed cogni-
tive, social, and design gaps in order to support the students’ understanding of
real-time labs.

Visualization of socio-scientific problems: Identifying valid knowledge

In the paper by Anne Solli, Thomas Hilman and Åsa Mäkitalö, titled “Render-
ing Controversial SocioScientific Issues Legible Through Digital Mapping
Tools”, the authors investigate how students in upper secondary school develop
understanding of complex information in online environments. This study can
be seen as an exploratory investigation in a natural setting. In many countries,
schools increasingly use digital environments for student learning. When the
textbook is not the only resource used in the classroom, students need scaffolds
beyond those given in the sequential organization of the textbook. Connecting
multiple sources of information is a more complex process than following
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structured content laid out in a textbook. Studies of students’ information
processing and learning with multiple texts and of representations in sciences
and other knowledge areas have grown in prominence as a significant area of
study in educational psychology (e.g., Strømsø and Kammerer 2017) and in
digital literacy (e.g., Fitzgerald and Palincsar 2017).
In the study by Solli et al., the students worked with a software called Gephi,

which allowed them to represent content in a visual form. Gephi uses statistical
techniques and algorithms to construct graphs based on specified sets of nodes
and links. It is most commonly used for social network analysis. The software
has a number of features that students can use to advance their interpretation of
data and the phenomena that they investigate. Gephi allowed the students to
explore, manipulate, and visualize online data as sets of nodes and connected
through edges. They learn how representations of the chosen content could be
re-presented in order to create meaning for collaborative efforts.
The students in the study by Solli et al. were given a scientific controversy to
investigate. The authors describe the use of Gephi in six activities intended to
structure and scaffold student action and collaboration. Their analysis of the
data is based on interaction analysis (e.g. Furberg 2016) with focus on the
process through which language produces knowledge in the interaction. The
collaboration is seen as a progression of steps toward understanding how the
software works and what it represents. The network mapping tool supported the
students when they critically selected, analyzed, and reviewed the data that they
found online. The collaborative meaning-making processes made it possible for
the students to produce new knowledge that extended their previous under-
standing of the controversy. Another interesting finding of the study is that
students had to work out new categories for themselves. Working with emer-
gent categories can be seen as advanced conceptual work that involves framing
and reformulation of tasks.
The controversy that the students were investigating did not necessarily have a
correct answer. In the classroom, both an exploratory position (which was not
part of the curriculum) and a more curriculum-oriented interpretation were
given. The study’s authors emphasize that further investigation is needed to
determine how advanced tasks can be scaffolded when scientific controversies
are used to advance students’ digital literacy as a design principle that can lead
to in-depth learning.

New methods in CSCL: Temporality and learning

In the paper by Andras Csanadi, Brendan Egan, Ingo Kollar, David
Williamsson Shaffer and Frank Fischer, “When coding-and-counting is not
enough: Using Epistemic Network Analysis (ENA) to Analyze Verbal Data in
CSCL Research”, the authors address one of the most important issues in
learning research—how to understand temporality. In many different areas of
learning research, temporality has been seen as a basic problem that must be
addressed in a more advanced way (e.g., Furberg 2016; Ludvigsen et al. 2011;
Reimann 2009). Different positions here refer to cognitive, sociocognitive, and
sociocultural perspectives on temporality. In the now classical paper by Brown
(1992) in the Journal of the Learning Sciences, she argued that we can’t
understand learning if we do not analyze how it unfolds over time. Indeed, a
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classical psychological experiment (which might take around one hour) has
little to contribute to the understanding of learning new concepts in, for example
science, which takes weeks, months, or even years (e.g. Furberg et al. 2013;
White 2018). In CSCL and other fields, the arguments for and against
coding—and, even more importantly, what kind of coding should be considered
relevant—are very important. Understanding collaborative learning with com-

putational artifacts necessitates the study of a specific phenomenon. The cri-
tique of codes has often been that they lead to fragmentation of data and the
phenomenon, while the critique of interactional analysis and related approaches
has been that they only show examples and do not support statistical
generalization.
The paper by Csandi et al. advances the methodological repertoire in the
analysis of data in CSCL. The authors argue that the tradition of exclusively
using a coding and counting strategy in analysis neglects the temporal nature of
verbal data, and fails to account for the fact that actions and activities are played
out in sequences over time. The authors test coding and counting analysis and
compare it with epistemic network analysis. This analytic technique is based on
discourse analysis, which models temporal occurrences of codes in discourse.
The authors analyzed the same dataset using both epistemic network analysis,
and coding and counting analysis, and these analyses are then compared. The
authors’ research questions are as follows: (1) Which technique provide the best
explanation of group differences with respect to learners’ engagement in dif-
ferent learning actions? (2) To what extent are the results of the first research
question due to systematic temporal co-occurrences between learning actions?
The authors show that epistemic network analysis provides a better account of
the temporal patterns between the socio-cognitive events than coding and
counting. This paper demonstrates that new methods of data analysis in CSCL
can offer new and important insights in the field.

Big data in mass collaboration online environments

In the final paper “Using Big Data Techniques for measuring productive
frication in Mass collaboration online environments”, Peter Holtz, Joachim
Kimmerle and Ulrike Cress describe and discuss three prototypical big data

methods that can be used to analyze CSCL on the individual and social group/
collective level. Cress and colleagues have worked on the conceptualization of
collaboration in large groups for more than 10 years. They put forward the
cognitive-systemic stance, which builds on cognitive psychology, to investigate
conceptual change from a general system theory view. Their argument is that
we need to connect both individual cognitive systems and the individual’s
interactions with the larger environment—the social systems. They further
argue that social systems in themselves develop features, capacities, and com-
plexities (Cress and Kimmerle 2008; Cress et al. 2018; Jeong et al. 2017).
The authors hypothesize that knowledge development at the levels of both
individual and social system is triggered by productive friction, which implies
that the resolution of sociocognitive conflicts are part of actions and activities.
The questions about methodologies that the authors raise concern different
ways of using big data to analyze and explain how individuals and systems
learn. Holtz et al. present three approaches to big data, using Wikipedia
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environments as their empirical example: automatic text classification, knowl-
edge dynamics in Wikipedia articles cluster analysis, and social network anal-
ysis. Their analysis shows that all three approaches can provide insights into the
ways that learning and knowledge development take place. The authors em-
phasize a very important stance in CSCL: analysis of big data must be framed
by a clear and well-developed theoretical framework. Holtz et al. use

sociocognitive conflicts and productive friction as the main concepts within
their broader framework.

The squib: Do CSCL settings and environments change teaching and learning?

We follow up with a squib that addresses a provocation from the paper by Wise
and Schwarz (2017). Hod et al. give a very substantial response to the provo-
cation about the impact of CSCL on educational change. Such changes can be
conceptualized in microstructures in classrooms (1) and schools (2) and on a
large scale in school systems (3)– at three levels. Hod et al. argue that the
provocation is based on too limited a view of the kind of impacts that have
already been achieved in the CSCL community and can be achieved in the
future. They emphasize that some major CSCL initiatives have actually pro-
duced sustainable change at the three mentioned levels, and the design-centric
research practice partnership model will continue to do so in the coming years.
They argue that the community needs focus especially on the relationship
between microstructures and the connection between the classrooms in schools.
From an editorial perspective, the debate and argument that follow Wise and
Schwarz’s paper contribute to a very productive discussion within the CSCL
community. We welcome new and provocative squibs to further enhance the
field.
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24for analyzing and understanding temporality in learning. The authors of this paper argue that
25epistemic network analysis offers a better account of how learning emerges over time than
26coding-and- counting. The fourth paper argues for the importance of a well-formulated
27theoretical framework in CSCL research, and demonstrates that different approaches to big
28data methods can shed light on learning and knowledge development in CSCL when framed
29using sociocognitive conflicts and productive friction as the main concepts.

30Organizing productive learning: Design and the importance of dynamic
31teacher support

32The first paper by Line Ingulfsen, Anniken Furberg, and Torunn A. Strømme, “Stu-
33dents´ Engagement with Real-Time Graphs in CSCL settings”, emphasizes the relation-
34ship between the design of learning settings, content-specific artefacts, and student-
35teacher interaction. Although concepts and principles such as design of environments,
36orchestration, and scripts have been at the core of numerous CSCL studies, studies that
37analyze student-teacher interactions (e.g. Arnseth and Krange 2016; Schwarz et al.
382018) are surprisingly few.
39Design-based research has been one of the major positions within CSCL. It usually
40involves the design of the microstructures of a classroom or other educational setting, with a
41focus on design principles, the development and use of computational artifacts, and roles and
42expectations for teachers and students. An influential strand of contributions in CSCL dem-
43onstrated that in knowledge-building classes, the expectations for students and teachers are
44rather different than in traditional classrooms with teacher dominance (for a recent
45contribution, see Fu et al. 2016). We know from many design-based research studies that
46changing the culture of participation is both a short- and long-term task. The design of the
47setting and the computational artifacts can enhance cognitive and cultural processes in learning
48settings and schools (Overdijk et al. 2012; Law et al. 2017).
49The study by Ingulfsen et al. follows the tradition of design-based CSCL research,
50looking at the design of CSCL with a specific focus on how students use real-time labs in
51natural settings. Real-time labs consist of software and devices for measurement, and
52they produce graphic visualizations of science experiments. Ingulfsen et al. report on an
53experiment related to ocean acidification. By performing a detailed interaction analysis,
54the authors show how students and teachers worked together to develop their conceptual
55sensemaking. The analysis delves into those encounters in which students struggled with
56understanding the graphs. Some students needed support to focus on the relevant features
57of the graphs and to understand the experimental results in relation to underlying
58scientific principles; they also needed both procedural and conceptual support. To
59provide this support, the teacher used both eliciting and elaboration strategies and gave
60the students prompts to help them interpret the graphs. In this setting, the teacher also
61provided students with contextual guidance, providing a relevance structure in which
62they could work. Ingulfsen et al. used the notion of the zone of proximal development
63(Vygotsky 1986) to show how the students needed to utilize a medley of scaffolds to
64make sense of the computational artifacts. Such coordination work is demanding,
65requiring both the students and the teacher to activate advanced social and cognitive
66functions. The teacher serves as an adaptive expert whose input closed cognitive, social,
67and design gaps in order to support the students’ understanding of real-time labs.

Ludvigsen S. et al.
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68Visualization of socio-scientific problems: Identifying valid knowledge

69In the paper by Anne Solli, Thomas Hilman and Åsa Mäkitalö, titled “Rendering Controversial
70SocioScientific Issues Legible Through Digital Mapping Tools”, the authors investigate how
71students in upper secondary school develop understanding of complex information in online
72environments. This study can be seen as an exploratory investigation in a natural setting. In
73many countries, schools increasingly use digital environments for student learning. When the
74textbook is not the only resource used in the classroom, students need scaffolds beyond those
75given in the sequential organization of the textbook. Connecting multiple sources of informa-
76tion is a more complex process than following structured content laid out in a textbook. Studies
77of students’ information processing and learning with multiple texts and of representations in
78sciences and other knowledge areas have grown in prominence as a significant area of study in
79educational psychology (e.g., Strømsø and Kammerer 2017 Q3) and in digital literacy (e.g.,
80Fitzgerald and Palincsar 2017).
81In the study by Solli et al., the students worked with a software called Gephi, which allowed
82them to represent content in a visual form. Gephi uses statistical techniques and algorithms to
83construct graphs based on specified sets of nodes and links. It is most commonly used for
84social network analysis. The software has a number of features that students can use to
85advance their interpretation of data and the phenomena that they investigate. Gephi allowed
86the students to explore, manipulate, and visualize online data as sets of nodes and connected
87through edges. They learn how representations of the chosen content could be re-presented in
88order to create meaning for collaborative efforts.
89The students in the study by Solli et al. were given a scientific controversy to investigate.
90The authors describe the use of Gephi in six activities intended to structure and scaffold student
91action and collaboration. Their analysis of the data is based on interaction analysis (e.g.
92Furberg 2016) with focus on the process through which language produces knowledge in
93the interaction. The collaboration is seen as a progression of steps toward understanding how
94the software works and what it represents. The network mapping tool supported the students
95when they critically selected, analyzed, and reviewed the data that they found online. The
96collaborative meaning-making processes made it possible for the students to produce new
97knowledge that extended their previous understanding of the controversy. Another interesting
98finding of the study is that students had to work out new categories for themselves. Working
99with emergent categories can be seen as advanced conceptual work that involves framing and
100reformulation of tasks.
101The controversy that the students were investigating did not necessarily have a correct
102answer. In the classroom, both an exploratory position (which was not part of the curriculum)
103and a more curriculum-oriented interpretation were given. The study’s authors emphasize that
104further investigation is needed to determine how advanced tasks can be scaffolded when
105scientific controversies are used to advance students’ digital literacy as a design principle that
106can lead to in-depth learning.

107New methods in CSCL: Temporality and learning

108In the paper by Andras Csanadi, Brendan Egan, Ingo Kollar, David Williamsson Shaffer and
109Frank Fischer, “When coding-and-counting is not enough: Using Epistemic Network Analysis
110(ENA) to Analyze Verbal Data in CSCL Research”, the authors address one of the most

International Journal of Computer-Supported Collaborative Learning
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111important issues in learning research—how to understand temporality. In many different areas
112of learning research, temporality has been seen as a basic problem that must be addressed in a
113more advanced way (e.g., Furberg 2016; Ludvigsen et al. 2011; Reimann 2009). Different
114positions here refer to cognitive, sociocognitive, and sociocultural perspectives on temporality.
115In the now classical paper by Brown (1992) in the Journal of the Learning Sciences, she
116argued that we can’t understand learning if we do not analyze how it unfolds over time.
117Indeed, a classical psychological experiment (which might take around one hour) has little to
118contribute to the understanding of learning new concepts in, for example science, which takes
119weeks, months, or even years (e.g. Furberg et al. 2013; White 2018). In CSCL and other fields,
120the arguments for and against coding—and, even more importantly, what kind of coding
121should be considered relevant—are very important. Understanding collaborative learning with
122computational artifacts necessitates the study of a specific phenomenon. The critique of codes
123has often been that they lead to fragmentation of data and the phenomenon, while the critique
124of interactional analysis and related approaches has been that they only show examples and do
125not support statistical generalization.
126The paper by Csandi et al. advances the methodological repertoire in the analysis of
127data in CSCL. The authors argue that the tradition of exclusively using a coding and
128counting strategy in analysis neglects the temporal nature of verbal data, and fails to
129account for the fact that actions and activities are played out in sequences over time. The
130authors test coding and counting analysis and compare it with epistemic network analysis.
131This analytic technique is based on discourse analysis, which models temporal occur-
132rences of codes in discourse. The authors analyzed the same dataset using both epistemic
133network analysis, and coding and counting analysis, and these analyses are then compared.
134The authors’ research questions are as follows: (1) Which technique provide the best
135explanation of group differences with respect to learners’ engagement in different learning
136actions? (2) To what extent are the results of the first research question due to systematic
137temporal co-occurrences between learning actions? The authors show that epistemic
138network analysis provides a better account of the temporal patterns between the socio-
139cognitive events than coding and counting. This paper demonstrates that new methods of
140data analysis in CSCL can offer new and important insights in the field.

141Big data in mass collaboration online environments

142In the final paper “Using Big Data Techniques for measuring productive frication in Mass
143collaboration online environments”, Peter Holtz, Joachim Kimmerle and Ulrike Cress describe
144and discuss three prototypical big data methods that can be used to analyze CSCL on the
145individual and social group/collective level. Cress and colleagues have worked on the con-
146ceptualization of collaboration in large groups for more than 10 years. They put forward the
147cognitive-systemic stance, which builds on cognitive psychology, to investigate conceptual
148change from a general system theory view. Their argument is that we need to connect both
149individual cognitive systems and the individual’s interactions with the larger environment—
150the social systems. They further argue that social systems in themselves develop features,
151capacities, and complexities (Cress and Kimmerle 2008; Cress et al. 2018; Jeong et al. 2017).
152The authors hypothesize that knowledge development at the levels of both individual and
153social system is triggered by productive friction, which implies that the resolution of
154sociocognitive conflicts are part of actions and activities. The questions about methodologies

Ludvigsen S. et al.
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155that the authors raise concern different ways of using big data to analyze and explain how
156individuals and systems learn. Holtz et al. present three approaches to big data, using
157Wikipedia environments as their empirical example: automatic text classification, knowl-
158edge dynamics in Wikipedia articles cluster analysis, and social network analysis. Their
159analysis shows that all three approaches can provide insights into the ways that learning
160and knowledge development take place. The authors emphasize a very important stance
161in CSCL: analysis of big data must be framed by a clear and well-developed theoretical
162framework. Holtz et al. use sociocognitive conflicts and productive friction as the main
163concepts within their broader framework.

164The squib: Do CSCL settings and environments change teaching
165and learning?

166We follow up with a squib that addresses a provocation from the paper by Wise and Schwarz
167(2017). Hod et al. give a very substantial response to the provocation about the impact of CSCL
168on educational change. Such changes can be conceptualized in microstructures in classrooms (1)
169and schools (2) and on a large scale in school systems (3)– at three levels. Hod et al. argue that the
170provocation is based on too limited a view of the kind of impacts that have already been achieved
171in the CSCL community and can be achieved in the future. They emphasize that some major
172CSCL initiatives have actually produced sustainable change at the three mentioned levels, and the
173design-centric research practice partnership model will continue to do so in the coming years.
174They argue that the community needs focus especially on the relationship between microstruc-
175tures and the connection between the classrooms in schools.
176From an editorial perspective, the debate and argument that follow Wise and Schwarz’s
177paper contribute to a very productive discussion within the CSCL community. We welcome
178new and provocative squibs to further enhance the field.
179
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