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The four papers in this issue cover most of the pedagogical concepts and computer tools 
that CSCL research so far has provided to education: Collaboration scripts, prompting, 
group and task awareness, orchestration, and knowledge building. The contributions make 
it very clear why we develop these concepts and tools: to foster productive talk and pro-
ductive interaction. These are the mechanisms that bring about learning and knowledge 
advancement in dyads and groups. However, this issue is not only representative of the 
state of the art of CSCL technologies, it is also a testimony to the methodological maturity 
of the field. The four papers can be seen as each demonstrating productive ways of over-
coming the epistemic divide between quantitative and qualitative approaches, which sepa-
rate much of educational research into two camps (Jacobson et al., 2016). Importantly, in 
these studies methods of the quantitative and qualitative kind do not just get “mixed” with 
the main concern being their sequencing (Creswell, 2014), but are combined in a genuinely 
synergistic manner. While “coding and counting” has for good reasons been criticised as 
too simplistic for capturing human collaboration (e.g., Csanadi et al., 2018), it has provided 
a baseline for advancing the field such that it now combines interpretation with quantifica-
tion in a more sophisticated manner. A prominent example in CSCL for this combination is 
Epistemic Network Analysis (Shaffer, 2017). Another example is Social Network Analysis 
in combination with qualitative analysis. We find examples for both in this issue.

As a research field, from its beginnings CSCL has been aware of the many challenges 
that collaborative learning constitutes, not only for the learners, but also for those who 
design and manage group learning activities. Collaboration scripts (Fischer et al., 2013), 
group awareness technologies (Schnaubert & Bodemer, 2019) and technologies for class-
room orchestration (Dillenbourg, 2013) have been intensively developed and studied as 
approaches for making group learning scalable and widely used. In their paper Decon-
structing Orchestration Load, Ishari Amarasinghe, Davinia Hernández-Leo, and Ulrich 
Hoppe provide a powerful example for how far we have come in supporting students, 
learning designers, and teachers in the planning and conduct of collaborative learning.

Amarasinghe and colleagues’ focus is on supporting teachers in the classroom where 
synchronous group work is conducted. The challenges for teachers have been discussed 
under the label of classroom orchestration (Dillenbourg, 2013), which focusses on the cog-
nitive resources required. Teachers face these challenges in the face-to-face classroom as 
well as while using web-conferencing tools. Building on Cognitive Load Theory (Sweller, 
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2010), Amarasinghe and colleagues suggest distinguishing content load (such as interpret-
ing a group’s contribution), orchestration load (such as making decisions about when to 
move to the next activity) and cognitive load (the effort needed to process all other relevant 
information, such as for using a learning analytics dashboard). A quasi-experimental com-
parison is performed between a teacher-facing dashboard that provides mirroring informa-
tion and one that provides guidance information. The expectation was that the guidance 
dashboard would free up comparatively more resources for teachers to adapt transitions 
between activities to student performance and to interact more with the students. This is 
tested with six teachers in real face-to-face university classes, varying in size from 12 to 51 
students. In the classes, a variant of the pyramid collaboration script is enacted on three lev-
els: individual, group and class. Students worked on programming exercises and voted on 
group and class level on the quality of solutions developed in the individual phase. Using 
a within-subjects design with a counter-balanced sequence, each teacher worked under the 
conditions No dashboard, Mirroring dashboard, and Guiding dashboard. Teacher actions 
were coded with respect to interaction with students and use of the dashboard. Then Epis-
temic Network Analysis (ENA, Shaffer & Ruis, 2017) was employed to identify sequential 
patterns and set them in relation to the experimental condition.

While the data support the general expectation that the mirroring and guiding dashboard 
lead to more awareness amongst the teachers, and to more and more targeted interventions, 
they also reveal an interesting tension between attending to the epistemic and social aspects 
of the learning situation. Because in this study the epistemic artefacts were not simple yes/
no answers, but rather solutions to programming problems, teachers had to invest consider-
able effort in appraising them. Particularly in the mirroring condition, this led to relatively 
more attention given by the teachers to the epistemic than the social aspects of learning. In 
the guiding dashboard condition, teachers’ interventions were more equally divided. Amar-
asinghe and colleagues interpret this as a benefit of the guidance condition, but this con-
clusion is tentative because of the small sample in this study and the absence of learning 
outcome measures.

In the second study, by Jessica Vandenberg, Zarifa Zakaria, Jennifer Tsan, Anna Iwan-
ski, Collin Lynch, Kristy Elizabeth Boyer, and Eric Wiebe, we encounter the fourth main 
contribution of CSCL research to supporting productive collaboration for learning: prompt-
ing (Harney et al., 2015).

Vandenberg and colleagues use ENA to study the effects of prompting on students’ con-
versations as they worked on a pair-programming task using Scratch. Building on Mercer’s 
distinction of Cumulative, Disputational and Exploratory talk (Mercer, 2000), the authors 
created pre-written prompts aiming at increasing Exploratory talk: suggesting alternative 
ideas, challenging a partner with questions, disagreeing and justifying ideas. In a quasi-
experimental study with 62 upper primary students (9–10 years old), half of them received 
the prompts, the other half acted as the control group. Verbal reinforcement was provided 
along with the prompts in the experimental group. Students’ talk was coded with a modi-
fied version of Mercer’s framework. Statistical analysis progressed from a comparison of 
code frequencies to identifying temporal patterns using ENA. The dyads in the experi-
mental group produced statistically significantly more Justifications and Alternative ideas. 
In both groups, the Simple questions were significantly more frequent than Higher order 
questions. Applying ENA revealed that the control group used Simple questions mainly for 
domain learning whereas in the experimental condition they were mainly used for coordi-
nation purposes.

It is interesting to reflect on the use of Epistemic Network Analysis in these two studies. 
As described in detail in Shaffer (2017), ENA is an extension of those text-mining methods 
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that build on the co-occurrence of words (“bag of words”). It goes beyond these by adding 
a sliding time “window” so that co-occurrences can be counted over meaningful parts of 
speech or text—what Shaffer calls “stanzas”. Thus, ENA allows the researcher to reveal 
temporally ordered patterns in sequentially produced data. The data that form the input to 
ENA are typically coded in some high-level coding framework, such as teacher actions in 
Amarasinghe and colleagues’ paper (7 codes) and student dyad interactions in Vandenberg 
and colleagues’ paper (9 categories). Formally, the codes form the nodes of a transition 
graph, and the co-occurrences form the edges between these nodes. Using mathematical 
graph theory, numerous features for such graphs can be calculated (such as graph density), 
and computational methods for network visualisation help to make them visually inspect-
able. In Amarasignghe and colleagues’ paper, ENA allowed the researchers to find nuanced 
differences between the mirroring and guidance condition, and in the Vandemberg and col-
leagues’ paper it enabled a better understanding of the different roles that Simple questions 
played in students’ conversations.

As with the Vandenberg paper, the main concern of the third paper, this time by Jesse 
Ha, Luis Péres Cortés, Man Su, Brian Nelson, Catherine Bowman, and Judd Bowman, is 
making collaborative talk productive. Ha and colleagues take the work into the museum. 
With apps on mobile devices now being almost a standard for the museum experience, 
it would be good if they add value. This is not a given because interacting with a mobile 
device may interfere with experiencing the museum artefacts and reduce social interaction 
(e.g., Kushley & Dunn, 2018). Individual technology may also interfere with the sharing 
the experience with others, in case where the museum is visited by a group (e.g., a fam-
ily or a group of students). This study extends the work on CSCL in museum settings by 
focussing on collaborative question-crafting and group inquiry.

As part of a larger project, a database of more than 13,500 questions and 5000 answers 
was developed and made available to visitors in two forms: as a mobile app with a no-frills 
interface that allowed entering questions by speaking and typing, and as a mobile app with 
the same Q&A logic augmented by a touch of gamification (level awards based on num-
ber of questions asked). The basic and gamified versions were systematically compared 
on a huge sample of more than 5600 visitors to two museums, with 614 natural groups 
(e.g., families) randomly assigned to the basic and 925 groups to the gamified version. A 
post-visit questionnaire asked for the ways in which the groups generated the questions 
they entered in the app. The reason for comparing these two modes of question generation 
comes from the theoretical framework employed (ICAP taxonomy, Chi & Wylie, 2014); it 
suggests that interactive (that is, collaborative) question generation would lead to the high-
est learning gains, more so than the constructive mode of individual question generation 
and both better than active (i.e., attentive) and passive (i.e., not engaged) modes. Since 
these hypotheses are strongly supported by former research, this study primarily seeks to 
establish that gamification enhances collaborative question generation. It also distinguishes 
three types of questions (nonsense/incomplete, fact-oriented, and wonderment questions).

Significant differences in types of questions were found, with game mode eliciting more 
basic information questions and fewer off-topic, incomplete or nonsense questions than the 
basic version. With the game version, children and teens or the whole group were more 
often mentioned as the question generators than was the case for the basic version, but this 
difference did not reach statistical significance.

For us, two points stand out in this paper: The first one is that it is CSCL research “at 
scale”; rarely have we seen studies of this size conducted in authentic settings. The sec-
ond point is conceptual: ICAP (Chi & Wylie, 2014; Chi et  al., 2018) has so far hardly 
been used in CSCL research even though it provides conceptual and evidential support for 
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the benefits of collaborative learning over and above all other modes of learning. While 
not specific to computer-supported collaboration, it might well serve as a conceptual pillar 
for our field and advance still further through closer attention to the role of technology in 
learning and collaboration.

Fostering productive, generative discourse is also at the heart of the fourth contribution 
to this issue, by Dan Tao and Jianwei Zhang. At the same time, it is an example for research 
on the fifth genuine contribution of CSCL to education: Knowledge building pedagogy and 
its technical support through Knowledge Forum (Scardamalia & Bereiter, 2006). What sets 
this paper apart is the duration of the study: A whole school year that about 20 students 
in a Grade 5 class spent on a project on the human body. The Knowledge Forum software 
was used throughout the year, extended by a tool called the Idea Thread Mapper, which 
visualises temporal information about the interaction. In addition to the information that 
Knowledge Forum log files provide, data gathering includes classroom observations of 
all lessons and video recordings of the reflective meetings (“metacognitive meetings”). A 
main analytical focus is on the way the students work on “big questions” as they evolve and 
how the work of the population is distributed and coordinated over student groups. Forma-
tion of groups was dynamic and left to the students; group membership changed dependent 
on which of the “big questions” was in focus. A combination of qualitative content analysis 
and quantitative analyses, including social network analysis, allows the authors to provide a 
rich picture of how ideas and collaborations evolve over time.

It is hard to overstate how important analysis of long-term group learning is. Too often 
learning (technology) innovations are only studied during early take-up, when practice is 
immature. It is remarkable that students so young can maintain productive collaboration 
over such an extended period, with the teacher remaining in a facilitative rather than guid-
ing role. Interesting questions arise from comparison with scripting- and prompting-based 
studies, such as Amarasinghe and colleague or Vandenberg and colleagues in this issue. 
Obviously, such structuring of collaboration is needed when collaboration is of short dura-
tion and groups are formed in an ad-hoc fashion, just for the duration of a collaboration 
activity. Structure also helps in the early stages of teamwork, but then the question arises 
how students themselves can move into a position of agency. Long-term studies such as 
this one will be needed to study processes of social change that take forms such as struc-
turation (Archer, 2003) and appropriation of (collaboration) technology (Lonchamp, 2012).

In summary, the four contributions of this edition cover the sample size range from 
“small N” to (very) “large N” research, and the time range from short-term collabora-
tive activities to long-term collaborative learning projects. They reflect very well the 
state of the art of CSCL research as regards concepts, technology, and methodology. 
What do they tell us about potential directions future research might take? We certainly 
would like to see more instances of CSCL studies “at scale”: studies involving many 
participants in authentic settings and studies that follow collaborative learning over 
longer periods of time. As regards methodology, the emerging trend in CSCL research 
to employ methods for analysing social, temporal, and spatial configurations—in their 
role as cause and effect—is worth reinforcing. Examples of these methods are SNA and 
ENA, both employed in the studies that contribute to this issue. Both are based on the 
graph-theoretical concepts, and both are more than formal techniques when applied to 
explain learning, development and collaboration. When used for explaining and theory 
building, they are part of a bigger conceptual framework, namely structuralism: “[The] 
belief that phenomena of human life are not intelligible except through the interrela-
tions” (Blackburn, 2008). Sociologists have argued that SNA can be more than a math-
ematical and statistical technique; it can be part of a meta-theory of social causation, 
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“a comprehensive paradigmatic way of taking social structure seriously by studying 
directly how patterns of ties allocate resources in a social system” (Wellman, 1988, p. 
20). David Shaffer argues similarly when grounding ENA in linguistic structures (Shaf-
fer, 2017). There are important lessons here for the use of structural-configurational 
methods such as SNA and ENA in CSCL research: They can be used not only for the 
purpose of describing data (statistical modelling) but also for explanatory purposes. 
This ontological shift from patterns in data structures to real mechanisms necessitates 
a corresponding epistemic move: From data description to theory/model testing. There-
fore, we encourage CSCL researchers to advance the use of methods such as SNA and 
ENA so that they lead to empirically testable models.
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