Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Adapting Interaction Analysis to CSCL: a systematic review

Steier , Rolf ; Davidsen, Jacob Gorm

Published in:
14th International Conference on Computer-Supported Collaborative Learning (CSCL)

Publication date:
2021

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Steier , R., & Davidsen, J. G. (2021). Adapting Interaction Analysis to CSCL: a systematic review. In C. E.
Hmelo-Silver, B. De Wever, & J. Oshima (Eds.), 14th International Conference on Computer-Supported
Collaborative Learning (CSCL) (pp. 157-160). International Society of the Learning Sciences (ISLS).
https://drive.google.com/file/d/1cuUAcI3Nwxtqgcz7ufdvyOum8oWp8-wM/view

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: May 19, 2024


https://vbn.aau.dk/en/publications/24ff293a-f9b9-4d96-bd8a-aed2cb0114a7
https://drive.google.com/file/d/1cuUAcl3Nwxtqgcz7ufdvyOum8oWp8-wM/view

ANNUAL
MEETING

_ 12021

mssm BOCHUM

5 L | I

ISLS Annual Meeting 2021

Reflecting the Past and Embracing the Future
Bochum, Germany, June 8-11
Workshops: June 1-7

Ruhr University Bochum (Online Event)

14t International Conference
on

Computer-Supported Collaborative Learning (CSCL)

- Proceedings -

Edited by: Cindy E. Hmelo-Silver, Bram De Wever, & Jun Oshima

7
o]

r
® Deutsche
Wa].].a.ce DFG Forschungsgemeinschaft




\d

7 International Society of
ists | theLearning Sciences



ISLS Annual Meeting 2021
Reflecting the Past and Embracing the Future
Bochum, Germany, June 8-11
Workshops: June 1-7
Ruhr University Bochum (Online Event)

14th International Conference on
Computer-Supported Collaborative
Learning (CSCL) 2021

- CSCL Proceedings -

18t Annual Meeting
of the
International Society of the Learning Sciences (ISLS)

: Editors
Cindy E. Hmelo-Silver, Bram De Wever, & Jun Oshima



ISLS Annual Meeting 2021

Reflecting the Past and Embracing the Future
Bochum, Germany, June 8-11

Workshops: June 1-7

Ruhr University Bochum (Online Event)

14t International Conference on Computer-Supported Collaborative Learning
(CSCL) 2021

© 2021 International Society of the Learning Sciences, Inc. [ISLS]. Rights reserved.

www.isls.org

ISBN: 978-1-7373306-2-2 (CSCL Proceedings, PDF Version)
ISSN: 1573-4552

Cite as: Hmelo-Silver, C. E., De Wever, B., & Oshima, J. (Eds.). (2021). Proceedings of the 14th
International Conference on Computer-Supported Collaborative Learning - CSCL 2021. Bochum,
Germany: International Society of the Learning Sciences.

All rights reserved. Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are not made or
distributed for profit or commercial advantage and that copies bear the copyright notice and
the full citation on the first page. To copy otherwise, or republish, to post on servers or to
redistribute to lists, requires prior written permission of the International Society of the
Learning Sciences. The International Society of the Learning Sciences is not responsible for
the use which might be made of the information contained in this book.

Conference logo design by Cornelia Robrahn C74 Gestaltung & Design: https://c74.org/


http://www.isls.org/

Conference Organizers and Committees

Conference Organizers

Astrid Wichmann, Ruhr University Bochum, Germany
Ulrich Hoppe, University of Duisburg-Essen, Germany
Nikol Rummel, Ruhr University Bochum, Germany

Program Committee Co-Chairs:
Cindy Hmelo-Silver, Indiana University, USA
Jun Oshima, Shizuoka University, Japan
Bram de Wever, Ghent University, Belgium

Technology Support Committee:
Oskar Lindwall, University of Gothenburg, Sweden
Meagan O’Hara, University of Toronto, Canada
Preeti Raman, University of Toronto, Canada

Jim Slotta, University of Toronto, Canada

Joel Wiebe, University of Toronto, Canada

Social Media Communications Co-Chairs:
Charleen Brand, Ruhr University Bochum, Germany

Jenny Olsen, University of San Diego, USA

Sebastian Straul, Ruhr University Bochum, Germany

Online Conference Committee:

Irene-Angelica Chounta, University of Duisburg-Essen, Germany
Anouschka van Leeuwen, Utrecht University, Netherlands
Yotam Hod, University of Haifa, Israel

Joey Huang, University of California, Irvine, USA

Jun Oshima, Shizuoka University, Japan

Joseph Polman, University of Colorado Boulder, USA

Advisory Board:

Susan Goldman, University of Illinois at Chicago, USA
Melissa Gresalfi, Vanderbilt University, USA

Ilana Horn, Vanderbilt University, USA

Eleni Kyza, Cyprus University of Technology, Cyprus
Oskar Lindwall, University of Gothenburg, Sweden
Kris Lund, University of Lyon, France

Gerald Niccolai, University of Lyon, France

Jim Slotta, University of Toronto, Canada

Copy Editors

Liat Rahmian, University of Haifa, Israel
Shiri Kashi, University of Haifa, Israel

CSCL 2021 Proceedings iii

©ISLS



Brigid Barron
Daniel Bodemer
Douglas Clark
Hanni Muukkonen
Heisawn Jeong

Irene Chounta
Jennifer Olsen
Jeremy Roschelle
Laura Bofferding
Marcelo Worsley
Mireille Betrancourt
Murat Cakir

Omid Noroozi

Paivi Hakkinen
Philippe Dessus
Pierre Tchounikine
Richard Alterman
Roberto Martinez-Maldonado
Sandra Y. Okita
Sanna Jarvela
Sébastien George
Stefan Trausan-Matu
Sten Ludvigsen

Toni Rogat

Ulrike Cress

Wouter van Joolingen
Yannis Dimitriadis

CSCL 2021 Proceedings

Senior Reviewers

©ISLS



Alessia Ruf

Ali Raza

Alyssa Wise
Amanda Dickes
Anders Merch
Andrea Gomoll
Andy Nguyen
Anna Shvarts
Annelies Raes
Anouschka van Leeuwen
Anthony Petrosino
Anuli Ndubuisi
Ayano Ohsaki
Blair Winograd
Bohdana Allman
Bram De Wever
Britte Cheng

Chao Zhang
Chih-Pu Dai
Christophe Reffay
Claudia Ramly
Crina Damsa
Cynthia D'Angelo
Daniel Spikol
Danielle Espino
Deanna Kuhn
Deborah Silvis
Dhvani Toprani
Dimitra Tsovaltzi
Edwin Chng
Ehsan Toofaninejad
Elena Boldyreva
Elise Lavoué
Elizabeth Charles
Emma Reimers
Etan Cohen

Feng Lin
Frangois-Xavier Bernard
Gerry Stahl

Ha Nguyen
Hannah Smith
Hans Chr Arnseth
Heather Killen
Heather Leary
Hideki Kondo
Huiruo Chen

Iris Tabak

Ishari Amarasinghe
James Planey
Jamie Costley
Janet Shufor Bih Epse Fofang
Jennifer Kahn
Jesmine S. H. Tan
Ji-Eun Lee

CSCL 2021 Proceedings

Reviewers

Joel Wiebe

Joey Huang

Johanna Pdysé-Tarhonen
Jorge Garcia

Joshua Rosenberg
Kate Miller

Kshitij Sharma
Lauren Vogelstein
Lexie Zhao

Liat Rahmian

Louise Mifsud

Luis Perez Cortes
Man Su

Mario Niederhauser
Martin Greisel

Max Sherard

Michael Baker
Michelle Lui

Mik Fanguy

Mohsen Roshanian Ramin
Monaliza Chian
Nicole Hutchins
Nicole Wessman-Enzinger
Nikki Lobczowski
Pirkko Siklander
Pryce Davis

Ravi Sinha

Renato Carvalho
Robert Huang

Rolf Steier
Saadeddine Shehab
Saeed Latifi

Sai Raj Reddy

Sarah Bryans-Bongey
Sarah McGrew

Sari Widman

Shagun Singha

Shiri Kashi

Simona Pesaresi
Sreecharan Sankaranarayanan
Stephan Mende
Taehyun Kim
Therese Laferriere
Thomas Hillman
Thomas Lerche
Thomas Richman
Tugce Aldemir
Virginia J. Flood
Xiao Ge

Xiao Hu

Yana Landrieu
Yihong Cheng
Yingying Zhao
Yuchan (Blanche) Gao

Yugo Hayashi
Zarifa Zakaria

©ISLS



Preface

With its 14 edition, the International Conference on Computer-Supported Collaborative Learning (CSCL) has
now moved to an annual event. Together with the International Conference of the Learning Sciences (ICLS), it is
part of the 2021 Annual Meeting of the International Society of the Learning Sciences.

As the first of its kind, the ISLS Annual Meeting 2021 is a milestone in the evolution of the Learning Sciences
and CSCL community. This meeting was envisaged to take place in Bochum, a location with a history that
symbolizes the theme of the conference: "Reflecting the past and embracing the future." Bochum lies in the heart
of Europe in a region that has been historically shaped by the heavy industries but also by the solidarity and
conviviality of workers with a variety of cultural backgrounds. After the decay of the old industries, this spirit of
solidarity is an important asset for embracing the present and future challenges. We hope this will inspire our
growing international community, even though we do not have a chance to meet in place this time.

As part of the ISLS Annual Meeting 2021, CSCL 2021 invites academics, researchers, professionals, and
educators to share and embrace their diverse views. This includes empirical, theoretical, conceptual, design-based
work, and system development. The CSCL Proceedings feature long papers, short papers, posters and symposia,
all subject to a rigorous double-blind peer review.

We had 104 submissions from 20 countries over Europe, Asia-Pacific and America, which covered a broad range
of CSCL research and design. In total, 33% (17 out of 51) of long paper submissions, and 42% (14 out of 33) of
short paper submissions were accepted in the category where they were submitted. In addition, a number of
submissions were accepted in another category (short papers or posters). As a result, the CSCL Proceedings
features 17 long papers, 24 short papers (work-in-progress), 32 posters, and one symposium. This year we have
observed that the diversity of topics in CSCL research has been continuously expanding over the years. The
program includes research on innovative technologies, learning analytics, instructional designs, equity and
identity, and more. Given the challenges of this year of the COVID-19 pandemic, Computer-Supported
Collaborative Learning was often a critical part of the educational infrastructure, which was reflected in the
submissions to the CSCL program. The successful program would not be possible without authors, reviewers, and
the local organizing team.

We would like to take this opportunity to offer a special thank you to the 110 reviewers and 27 senior reviewers
who carried out over 300 reviews and meta-reviews and helped us in making the final decisions on each
submission, as well as the numerous people around the process who have spent countless hours ensuring that the
program is of high quality.

It is a great honor to edit this year’s proceedings for the CSCL community in ISLS. We hope all of you enjoy your
participation in the conference and social activities designed online.

Cindy Hmelo-Silver, Bram De Wever, and Jun Oshima
CSCL 2021 Conference Program Co-chairs
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Impact of Learners’ Video Interactions on Learning Success and
Cognitive Load

Alessia Ruf, University of Basel, alessia.ruf@fthnw.ch
David Leisner, Carmen Zahn
leisn_r@hotmail.com, carmen.zahn@thnw.ch
University of Applied Sciences and Arts Northwestern Switzerland (FHNW)
Klaus Opwis, University of Basel, klaus.opwis@unibas.ch

Abstract: Enhanced video-based learning environments provide new tools (e.g., hyperlinks) —
along with the well-known basic video control tools (e.g., play, pause, rewind) — that afford
learners® enhanced interaction with videos. With these tools, learners can actively transform
existing videos into their own hypervideo structures by adding hyperlinks and own materials.
Unlike research on basic control tools that has revealed positive impacts on learning, research
on enhanced tools is still rare and conflicting. It is thus open, whether the tools support
generative interested learning or put too much extrinsic cognitive load onto learners. In the
present study, we investigated the effects of video annotation and hyperlinking tools on learning
success and cognitive load by analyzing tool-related interaction behavior data of 141 university
students. Results indicated that the frequent use of enhanced video tools positively predicted
learning success and a decrease in cognitive load. Implications of these results are discussed.

Keywords: interactive learning environments, video-based learning, interaction behavior.

Introduction and related work
Video is a popular, effective, and timely medium for supporting learning — and has been for a long time (for a
review see Poquet, Lim, Mirriahi, & Dawson, 2018). Streaming media platforms such as YouTube contribute to
a continuous increase of students’ access to digital video-based material (Poquet et al., 2018). Previous approaches
emphasized that such dynamic audiovisual media support learning (both factual and procedural) when designed
according to concrete guidelines (Mayer, 2005). Besides, the possibility to interact with such media plays a further
decisive role in fostering learning processes: for example, Schwan and Riempp (2004) investigated the effects of
basic control tools — such as play, pause and rewind — on learning nautical knots of varying difficulties and could
show that learners successfully used these tools for strategic interactions. Further research suggested that the
active use of basic control tools correlated significantly with knowledge acquisition (Zahn et al., 2004) as they
allow learners to learn at their own pace which — in turn — minimizes the risk of cognitive overload (Cattaneo et
al., 2015) — or as Schwan and Riempp (2004) put it: to adapt information flow to internal cognitive needs.
Today, enhanced video-based environments provide tools that additionally allow to annotate (e.g., with
hyperlinks or annotations for self-written summaries), comment, discuss, and edit videos alone or in groups (e.g.,
Leisner, Zahn, Ruf, & Cattaneo, 2020; Sauli, Cattaneo, & van der Meij, 2018; Yousef, Chatti, Danoyan, Thiis, &
Schroeder, 2015; Zahn, 2017). With such enhanced interaction tools, learners are able to actively transform
existing video representations into their own enriched information structures (Schwartz & Hartman, 2007; Yousef
et al., 2015) and, therefore, actively generate meaning (Wittrock, 1992) by designing their own learning content
(e.g., Kafai & Resnick, 1996; Papert, 1994). Such an active participation of learners in constructing information
is crucial for conceptual understanding and fosters deep processing and re-organization of concepts (Kafai &
Resnick, 1996; Papert, 1994; Wittrock, 1992). Delen, Liew, and Willson (2014) provided evidence that using
enhanced tools for generative note-taking was superior to working with basic control tools regarding learning
success. Besides, Zahn, Pea, Hesse, and Rosen (2010) and Zahn, Krauskopf, Hesse, and Pea (2012) found that
designing a hypervideo structure is suitable for successfully learning complex history topics. However, research
on enhanced tools is conflicting (see Sauli, Cattaneo, & van der Meij, 2018): for instance, Merkt et al. (2011),
who investigated the impact of a table of contents in videos, found no effects on learning success. Two possible
explanations for these conflicting results are discussed as follows: first, learners may be overwhelmed by the
complexity of enhanced tools (Krauskopf et al., 2014; Zahn et al., 2012), which may be manifested in an increase
of extraneous cognitive load (Kirschner et al., 2018; Paas, 1992). Second, some previously investigated enhanced
tools were more intended to be optional supporters for facilitating video interaction (e.g., table of contents, see
Merkt et al., 2011), than tools that are necessary to complete the learning task (e.g., note-taking, see Delen et al.,
2014). Learners seem to have a lack of strategies underlying the use of optional tools and therefore hardly use
them (Merkt et al., 2011), which probably results in an increased extraneous cognitive load as learners need
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cognitive resources to process them as part of the learning environment but not necessarily need them to complete
the task (Kirschner et al., 2018; Paas, 1992; Zahn et al., 2012). These issues could be solved when learners are
provided with clear instructions about how to use enhanced tools efficiently and how to include them as part of a
concrete learning task (Shin & Jung, 2020; Zahn et al., 2012). According to Sweller's (1999) Cognitive Load
Theory, such task-relevant enhanced tools can reduce intrinsic cognitive load by helping learners to disaggregate
the difficulty of the learning material by actively creating their own hypervideo structures (Kafai & Resnick, 1996;
Papert, 1994; Wittrock, 1992; Yousef et al., 2015). This is also in line with constructivist approaches suggesting
that learning is not a consequence of offering tools, but, after all, depends on internal processes associated with
tool use — that is: concrete learning activities in a constructive learning process (Clark, 1994; Kozma, 1994).

It becomes clear from the research described above that investigating learners’ interaction with videos is
promising to understand how video tools can successfully be used for learning. This potential has been addressed
by the research field on learning analytics, which suggests to measure learning behavior using logged interaction
data (e.g., Mirriahi & Vigentini, 2017). Accordingly, the use of basic control tools or enhanced tools can be
measured using log files that provide logged users’ (inter-)actions — such as pressing buttons — in form of tabular
representations. Thereby, it is important to note that the use of basic control tools (e.g., pressing the pause button
to pause the video) is often reflected in a single logged action (e.g., logged action: pause), whereas the use of
enhanced tools is usually reflected in multiple logged actions related to it: for example, a hyperlink can be added
to the video timeline of the video, or moved within the timeline, or deleted from the timeline. Previous approaches
further suggested to distinguish between different levels of interactivity resulting from the use of basic control or
enhanced tools (Delen et al., 2014; Merkt et al., 2011). Accordingly, the use of basic control tools (e.g., play,
pause, rewind) can be subsumed under the term micro-level interactivity and the use of enhanced tools (e.g., table
of contents, hyperlinks, annotations) under the term macro-level interactivity (see Delen et al., 2014; Merkt et al.,
2011). In line with these approaches, in the present study we summarized single learners’ actions resulting from
the use of basic control tools under the term “micro-actions”. In addition, and as stated above, we further classified
enhanced tools as either optional supporters for facilitating learning with videos (e.g., table of contents, Merkt et
al., 2011) or as important and necessary parts of a concrete learning task (e.g., note-taking, Delen et al., 2014).
Consequently, we summarized learners’ actions resulting from the use of fask-relevant enhanced tools under the
term “task-actions”.

The present study aims to add new original findings to the corpus of existing research on the effects of
enhanced tools in video-based environments on learning by pursuing the two following research objectives: first,
in consideration of the previously described conflicting results concerning enhanced tools and learning success
(Delen et al., 2014; Merkt et al., 2011; Sauli et al., 2018; Zahn et al., 2012), we investigate the effects of learners’
performed micro- and task-actions (i.e., actions resulting from fask-relevant enhanced tools: annotations and
hyperlinks) on learning success using frequencies of learners’ actions (cf. Hung & Zhang, 2008) and, second, in
order to address possible overwhelming situations provoked by enhanced tools, we additionally consider cognitive
load by investigating both mental load and mental effort (Kirschner et al., 2018; Paas, 1992; Zahn et al., 2012).
The study is guided by the following hypotheses:

(1) Learning success: frequently performed (Hla) micro-actions and (H1b) task-actions are positively
related to learning success (i.c., objective learning success and self-assessed knowledge gain).

(2) Cognitive load: frequently performed (H2a) micro-actions and (H2b) task-actions reduce cognitive load
(i.e., mental load and mental effort).

In the next section, we give a description of the study context, the data set, and the measures used.

Method

Study context and description of the data set

To answer our hypotheses, we used a subsample (N = 141) from a data set consisting of 209 Swiss University
students (75% female, M = 24.30 years, SD = 6.70) who learned a complex learning topic from natural sciences
(i.e., synaptic plasticity) with an enhanced video-based environment (i.e., FrameTrail, see Figure 1). The ethical
standards of the controlled laboratory experiment were set through the institutional ethical committee of our
institution. Participants received course credits for participation and had no or marginal experience with the
learning topic prior to participation. They were randomly assigned to the experimental conditions of a 3 x 2 study
plan where the first factor concerned the video-related learning task (adding hyperlinks vs. adding annotations for
self-written summaries vs. considerate-watching) and the second factor related to the learning setting (individual
vs. dyadic collaborative learning). After instructions concerning the task and the usage of the tools, participants
learned the topic individually or in groups of two by adding either (1) hyperlinks containing further thematic
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information from prepared written texts (see Further information texts in Figure 1) or (2) self-written annotations
based on these texts directly into the video, or (3) they received further information texts but were not able to add
them into the video (i.e., considerate-watching condition). Participants learned at their own pace, so that they had
the chance (1) to fully understand the learning topic, (2) to complete the task, and (3) to compensate for possible
effects of extraneous cognitive load triggered by the (initially unfamiliar) learning environment and tools.
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Figure 1. Enhanced video-based learning environment FrameTrail (see https:/frametrail.org).

For the present study, only data from participants learning in the two “enhanced” learning task conditions
(i.e., hyperlink and annotation) were considered, because only they had the possibility to perform task-actions
with necessary tools according to their learning task. Thus, from the 209 datasets, 74 were excluded and the
remaining data sample consisted of 141 participants (75% female, 79% psychology students, M = 24.27 years,
SD = 6.70). Thereof, 53 participants learned in an individual learning setting and 88 learned collaboratively in 44
dyads. Furthermore, 71 used annotations and 70 used hyperlinks to complete the learning task. It is important to
note that although only one set of interaction data was collected for dyads, because groups worked together on a
shared desktop computer, dyad interaction data was used for the present study as individual data for the purpose
of comparison between groups. With this, we refer to literature on joint attention, which revealed that interactions
of collaborative dyads are closely coupled (Barron, 2003; Schneider & Pea, 2013). Moreover, two analysis of
variance (ANOVAs) with micro- or task- actions as dependent variables and learning setting (individual vs.
collaborative) as between-subject factor did not reach significant levels (p > .05). Thus, individuals and
collaborative learners were comparable on these variables. This approach further allowed us to examine effects
of video interaction on individual learning success and subjective perceptions of knowledge gain and cognitive
load.

Measures

Learners’ video interactions were collected with log files provided by the enhanced video-based environment
used in the study (see https://frametrail.org). Table 1 lists the collected actions. As mentioned above, we
summarized actions resulting from basic control tools into micro-actions and actions resulting from the use of
enhanced tools (annotations and hyperlinks) into task-actions. The circumstance that participants learned at their
own pace was reflected in a remarkable spread of variance for both absolute learning time (M = 42.17 min, SD =
15.22) and absolute frequencies of performed actions over all participants (micro-actions: M = 88.96, SD =47.10;
task-actions: M = 67.53, SD = 41.21). Therefore, we considered relative values of actions (division of absolute
interaction frequencies of micro- and task-actions by learning time in minutes) to address individual learning pace
(micro-actions per minute: M = 2.31, SD = 1.30; task-actions per minute: M = 1.58, SD = 0.65). Although we
conducted analyses for both absolute and relative values of performed micro- and task-actions, for the purpose of
this contribution as well as its substantive relevance (through the consideration of learning time), we only focused
on relative values here.
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Table 1: Collected micro-actions and task-actions

Micro-actions Task-actions

Play Adding hyperlink or annotation into video

Pause Change annotation text

Jump backwards Change displayed time of hyperlink or annotation on video timeline
Jump forward Delete hyperlink or annotation from timeline

To measure learning success, participants were, first, asked to answer an objective knowledge test with
20 questions (post-experimental) developed with an expert of biopsychology at our institution. The questionnaire
consisted of 15 multiple choice (four answer options with one correct answer) and five open short-answer
questions. Out of these, eight questions addressed understanding of concepts (e.g., “What are vesicles?” referred
to the understanding of the concept “vesicle™), eight related to understanding of concept interrelations (e.g., “What
role do calcium ions play in synaptic transmission?” referred to the understanding of the concepts “calcium ion”
and “synaptic transmission” and their interrelation), and four measured transfer knowledge (transferring learning
information to other situations or circumstances, see Rebetez, Bétrancourt, Sangin, & Dillenbourg, 2010). The
distinction between concept and concept interrelation was crucial with regard to our learning task conditions as
the use of annotations is assumed to foster relations between prior knowledge and new information, and thus
understanding of concepts (Zahn et al., 2010, 2012), and the use of hyperlinks is assumed to foster relations among
concepts (Stahl, Finke, & Zahn, 2006). Participants received one point for a correct and zero points for an incorrect
answer. Cronbach’s a for the final test was .76 (note: this analysis was conducted with the full data sample, N =
209). Second, we measured self-assessed knowledge gain (post-experimental) with a one-item scale (i.e., “How
much do you think your knowledge in synaptic plasticity has improved?”) from 1 (not at all) to 5 (very much).

To measure cognitive load, we focused on Paas (1992) and De Jong (2010) and analyzed both concepts
mental load (imposed by instructional parameters such as task structure) and mental effort (capacity assigned to
instructional demands) separately to consider the large variety of definitions of the construct: first, mental load
was measured according to Kalyuga, Chandler, and Sweller (1999). Participants rated the item “Please estimate
how easy or how difficult you found the learning material.” from 1 (very easy) to 7 (very difficult). Second, in
order to measure mental effort, we took a closer look into the subscale effort/importance of the short version of
the Intrinsic Motivation Inventory (KIM, Wilde et al., 2009, see Table 2). Note that the items of this scale were
originally validated by Wilde et al. (2009) in German language and were translated from German to English for
the purpose of this contribution. The participants rated the subscale from 1 (totally disagree) to 5 (totally agree)
on three items. A reliability analysis (conducted with the subsample, N = 141 of the present study) for this subscale
revealed a =.457. However, when item 1 (i.e., “Editing the video in the learning environment was a considerable
effort for me.”, see Table 2) was excluded from the scale, Cronbach’s a changed to .755. We consequently
concluded that item 1 measured the actual “effort” while items 2 and 3 were more related to perceptions of
“importance”. Item 1 was proximately used to measure mental effort and was extracted from the original subscale.
Both scales were measured post-experimental.

Table 2: Subscale effort/importance of the short version of the Intrinsic Motivation Inventory (KIM)

Subscale Cronbach’s @« | Nr. | Item

Effort / Importance | .457 1 Editing the video in the learning environment was a
considerable effort for me.

2 I tried to do my best.

3 It was my personal concern to perform well at editing the
video in the learning environment

To answer the hypotheses described above, several multiple and multivariate multiple regression
analyses were conducted with micro- and task-actions as predictors and measures regarding learning success and
cognitive load as dependent variables.

Results
For data preparation, we first investigated the correlation of micro- and task-actions using Pearson correlations
and found no significant result (»p > .05). When conducting regression analyses, predictor variables are ideally
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independent to minimize the risk of suppressor effects (Bortz, 2005). Hence, we concluded that both predictor
variables (micro- and task-actions) could be examined independently. Second, we calculated a Pearson correlation
with the dependent variables mental effort and mental load and found no significant results (p > .05). Therefore,
we examined these variables independently in two multiple regression analyses. For the statistical tests, an a-level
of .05 was used.

Effects of interaction frequencies on learning success (H1)

To answer our hypotheses on learning success (H1), a multivariate multiple regression analysis with the three
scores of objective learning success (understanding of concept, understanding of concept interrelations and
transfer tasks) as dependent variables and micro- and task-actions as predictors was conducted (see Table 3). A
significant regression equation was found for understanding of concepts for task-actions (F(1,132) = 5.31, p =
.023). As expected, (Hb), this result indicates that the more task-actions were performed the higher were learning
success outcomes in understanding of concepts. However, no other result reached a significant level (p > .05).
Hence, we could not confirm a positive relation between micro-actions and objective learning success (H1a).

Table 3: Results on the impact of micro- and task-actions on objective learning success

Concept Concept interrelations Transfer
Predictors B SEf| R* | AR?*| B SEfB | R? AR? B | SEp | R? AR?
Micro- .023 | .107 | .039 | .024 | -.088 | .136 | .003 | -.012 | .022 | .062 | .004 | -.011

actions
Task-actions | .493* | .214 | .039 | .024 | -.044 | 273 | .003 | -.012 | .081 | .125 | .004 | -.011

Moreover, a multiple regression analysis with self-assessed knowledge gain as dependent variable (see
Table 4) yielded significance (F(2,132) = 6.38, p = .002). However, in contrast to our assumption (H1a), this
result indicates that the more micro-actions were performed the lower was self-assessed knowledge gain (f = -
.148, p = .004). Besides, a marginal significant effect was found for task-actions (8 = .193, p = .056), indicating,
according to expectations (H1b), that frequently performed task-action increased self-assessed knowledge gain.

Table 4: Results on the impact of micro- and task-actions on self-assessed knowledge gain

Self-assessed knowledge gain
Predictors B SEf | R? AR?
Micro-actions -.148* .050 .088 | .074
Task-actions .193 .100 .088 | .074

Effects of interaction frequencies on cognitive load (H2)
To answer the hypotheses on cognitive load (H2), two multiple regression analyses were conducted that addressed
mental load and mental effort separately (see Table 5). First, we conducted an analysis with mental load as
dependent variable and micro- and task-actions as predictors. The analysis showed a significant result (F(2,131)
=3.94, p =.022). A closer look at the predictors revealed that task-actions significantly predicted mental load (S
=-.435, p=.021). As expected, (H2b), this result indicates that frequently performed task-actions reduce mental
load. However, contrary to our expectations (H2a), no effects were found for micro-actions (p > .05).

Second, a similar analysis with mental effort as dependent variable did not reach significance (p > .05).
Thus, we could not confirm our assumptions for mental effort (H2a, H2b).

Table 5: Results on the impact of micro- and task-actions on mental effort and mental load

Mental load Mental effort
Predictors B SES | R? AR*> | B SES | R? AR?
Micro-actions .134 .092 .057 | .042 -.092 .068 .018 .003
Task-actions -.435% .186 .057 | .042 -.113 137 .018 .003
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Discussion

The main goal of this study was to understand how learners’ video interactions are related to learning success and
cognitive load in natural science learning. To address this goal, we differentiated between micro- and task-actions
and analyzed log file data of students’ interactions with an enhanced video-based environment.

Our data indicates that frequently performed task-actions predict objective learning success. Following
earlier considerations (Zahn et al., 2012), we therefore conclude that meaningful enhanced tools that are an
integral and explicit part of the learning task can substantially foster learning processes. This conclusion is in line
with related research suggesting that note-taking in enhanced videos is able to increase learning success (Delen et
al., 2014) and that designing a hypervideo structure can foster learning of complex topics (Zahn et al., 2010, 2012;
Zahn, 2017). The frequent use of enhanced video tools seems to help learners to design their own information
structures (e.g., Clark, 1994; Kafai & Resnick, 1996; Yousef et al., 2015) and to actively generate meaning
(Wittrock, 1992), which in turn is reflected in actual learning success. However, this could only be confirmed for
understanding of concepts, whereas results on other measures (understanding of concept interrelations and transfer
knowledge) did not yield significance. Thus, it is arguable that task-actions that are connected to annotations are
more involved in fostering understanding of concepts than task-actions that are related to hyperlinks (see Stahl et
al., 2006; Zahn et al., 2012, 2010). Future research should consider this by explicitly investigating differences
between annotations and hyperlinks and their related actions.

Moreover, in contrast to earlier research (Zahn et al., 2004), we could not confirm a positive relation of
frequently performed micro-actions with objective learning success and even found a negative relation with
subjective knowledge gain. One possible explanation for these results may be that not the frequent but rather the
target-oriented use of basic control tools (manifesting in performed micro-actions) is crucial when learning a
complex learning topic (synaptic plasticity) with an enhanced video-based environment. For example, learners
who first completely watch the video before starting with the task (interacting with enhanced tools) may need less
micro-actions to complete the task than learners who directly start with the task and occasionally need to adapt
initial decisions (e.g., skipping through the video to find appropriate places to add an annotation). Hence,
frequently performed micro-actions in enhanced video-based environments might not necessarily be related to a
deep engagement with the content of the learning material which, in turn, may be reflected in objective learning
success and subjective perception of knowledge gain. This example further shows that micro- and task-actions
are closely related — not in the sense of a correlation (see results above) — but rather in such a way that basic
control tools are often used by learners to meaningfully use enhanced tools (e.g., rewind (= micro-action) the video
to find an appropriate place to add a hyperlink (= task-action)). Thus, a learner’s intention to use an enhanced tool
not only includes task- but also micro-actions. Behavior sequence analyses could provide deeper insights into
such intentions: learners’ micro- and task-actions can be combined into meaningful sequences that can be
associated with learning strategies. Such analyses have — although rarely — been considered in previous research
on interactive videos (see Sinha, Jermann, Li, & Dillenbourg, 2014). Future research should increasingly exploit
the potential of behavior sequence analyses for learning with interactive (video) environments.

Furthermore, we investigated cognitive load (by analyzing both mental load and mental effort) and found
a negative relation of task-actions with mental load, indicating that students who frequently performed task-
actions perceived the learning material as less difficult than students who made little use of them. In consideration
of'the above described research (Wittrock, 1992; Zahn et al., 2010, 2012; Zahn, 2017), we conclude that frequently
performed task-actions can lead to a deeper understanding of concepts, which in turn can lead to a lower mental
load. This could also explain our result suggesting that more performed task-actions increased self-assessed
knowledge gain (marginal). However, it is important to note that these findings might also be interpreted in the
other direction (e.g., learners who understand the topic more easily have more capacity available to use the
enhanced tools meaningfully, which is reflected in a higher number of task-actions). The direction of causality
should therefore be specifically considered in future work. Moreover, our results showed that enhanced video
tools that are an important and necessary part of the learning task seem not to negatively impact mental effort (no
relations found for micro- and task-actions with mental effort). However, these results should be interpreted with
caution, as we used a not validated single-item scale. Subsequent studies should use standardized and validated
scales specifically created to measure mental effort. Also, to get further insights into the effects of video
interaction on cognitive load, future research should consider measurements for intrinsic, extraneous and germane
load (with validated instruments, see for example Klepsch et al., 2017).

In sum, we conclude from our results that designs for enhanced video-based learning environments
should include tools that are task-relevant and explicitly important to the learning task, instead of being optional.
The frequent use of such tools seems not only to support learning, but also to reduce cognitive load.
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Conclusion

The present study examined the impact of video interactions (micro- and task-actions) of learners who interacted
with an enhanced video-based learning environment on learning success and cognitive load. Our results suggest
that frequently performed task-actions — that are related to the use of task-relevant enhanced tools — not only
positively impact learning success but also cognitive load. In summary, our study sheds light on the scientific
knowledge about the effects of video tools on learning and leads to important practical implications for designing
enhanced video-based learning environments concerning questions of how task instructions and video tools should
be integrated. Future research should consider behavior sequence analyses of interaction behavior data for
additional in-depth analyses of learning strategies by an equal investigation of micro- and task-actions and their
impact on learning success and cognitive load. We hope this contribution will inspire future research in this
important area.
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Abstract: While writing-to-learn (WTL) pedagogies are a promising way for students to
construct knowledge, one limiting factor to implementation is time the instructor spends
grading. We conducted two WTL assignments in two undergraduate general chemistry courses
combined with collaborative peer review. We used a previously developed scheme to classify
peer review comments generated by 1,732 students enrolled in two undergraduate chemistry
courses as praise, problem/solution, and verification/summary. Problem/solution comments
were further separated into greater-level, mid-level, and word-sentence descriptors. Using the
SciBERT language model we then developed a classifier which accurately identifies
comments where human coding was considered the ground truth. In the future, this model can
provide an efficient way for instructors to monitor peer review collaborations and help
instructors use peer-generated insights to guide their instruction.

Introduction

Writing-to-learn (WTL) activities are typically short, low-stakes writing tasks that help students think through
key concepts or ideas presented in a course. WTL interventions have been shown to help elicit deep levels of
reasoning necessary to make meaningful connections about concepts. WTL interventions, however, create a
logistically challenging situation for instructors to provide timely and effective feedback on student writing. A
collaborative approach to WTL introduces a social aspect that can help students connect concepts and guide each
other’s revisions (Reynolds et al., 2012). Peer review is one solution to solve the logistical challenge for instructors
to provide feedback; its contents may also be a rich resource of information for instructors. Student peer review
may provide a filtered perspective through which an instructor can gain insight about the learning experiences of
their students and alternative conceptions their students are expressing through written work. Through peer
review, students can be provided with feedback on their writing and have the opportunity to learn through reading
and providing feedback on other students’ writing (Finkenstaedt-Quinn et al., 2019). An efficient way to monitor
the quality of student interactions could be useful for instructors; instructors could also use the content of these
peer interactions to influence their instruction. Using natural language processing (NLP), peer review comments
can be automatically classified to provide instructors with a timely, new viewpoint of their students’
understanding. We use machine learning methods to develop a generalized model which can classify peer review
comments in an undergraduate organic chemistry course and a general chemistry course without needing to be
rebuilt and retrained for specific assignments or courses. The model has potential for expansion to include peer
review assignments in other disciplines.

Background

WTL pedagogies have shown evidence of effectiveness as a learning tool across disciplines for personal
construction of knowledge (Bangert-Drowns et al., 2004). The purpose of these assignments is to help students
build connections between facts, promoting a deep conceptual understanding of topics (Reynolds et al., 2012).
WTL has been used widely in STEM fields; examples of widely-implemented WTL programs include the Science
Writing Heuristic (Hand et al., 1999; Keys et al.,, 1999) and Calibrated Peer Review (Russell et al., 2017;
Walvoord et al., 2008). Recently, the effectiveness of WTL in chemistry courses has been studied with
assignments about acid-base concepts, light-matter interactions, and polymer properties (Finkenstaedt-Quinn et
al., 2017; Moon et al., 2018; Schmidt-McCormack et al., 2019). The results of these studies indicated that the
WTL assignments helped students better understand and explain the concepts covered in the assignments. It has
been found that the most effective WTL assignments include four main aspects: the assignment is a meaning-
making activity, the writing process is interactive, the assignment has clear expectations, and involvement of
aspects of metacognition (Anderson et al., 2015; Bangert-Drowns et al., 2004; Gere et al., 2018). While meaning-
making, assignment expectations, and metacognition aspects are dependent upon the assignment design,
interactivity depends on how the assignment is implemented. One way to make the assignment interactive is
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through peer review (Finkenstaedt-Quinn et al., 2019; Halim et al., 2018; Pelaez, 2002). Peer review can help
students in courses with large enrollment receive feedback on their writing even though it is not feasible for the
instructor to provide feedback to all students (Kulkarni et al., 2013). Additionally, studies have shown that
students benefit even more from providing feedback to other students than they do from receiving feedback
(Lundstrom et al., 2009). Though peer review ideally eliminates the need for individualized instructor feedback,
it is still helpful for instructors to see what students are writing about in their peer review, both as a way to ensure
their students are providing high quality feedback to each other and to identify common inaccuracies in student
writing. Instructors can be provided with timely feedback about their students’ peer review comments at the
classroom level through automated formative feedback.

In most automated feedback schemes for writing, the goal is to use NLP to analyze text written in
response to a specific prompt. Symbolic NLP has been widely researched in STEM disciplines to provide both
formative and summative feedback on constructed response items for which models are specifically trained (Dood
et al., 2018, 2020; Haudek et al., 2012; Knight et al., 2020; Moharreri et al., 2014; Noyes et al., 2020). Compared
to constructed response items, WTL pedagogies ask students to provide lengthier and less focused responses to a
prompt which produces highly unstructured textual responses. Developments in the field of NLP have led to
improvements in the ability to analyze unstructured texts; yet, even the most sophisticated NLP methods are
unlikely to provide effective feedback on this type of writing. One way to circumvent this could be to focus the
NLP tasks on the slightly more structured peer review comments students give to each other.

Modern developments in the field of NLP include language models, called transformers, that pre-train
the representation of language based on large amounts of text. On top of these pre-trained descriptors of
transformers, bidirectional training can be employed, such as is used for Bidirectional Encoder of Representations
and Transformers (BERT) (Devlin et al., 2018). This approach can combat one of the more prevalent issues with
NLP: lack of sufficient training data to solve the problem at hand. The BERT language model is unique because
it was trained on a very large dataset of approximately 3,200M words and takes into account the context of words
within sentences rather than just looking at single words. The general BERT model was developed on a breadth
of literature including novels, newspapers, and Wikipedia. Other models that are more specific to science writing
have been developed using text from scientific journals, such as sciBERT (Beltagy et al., 2019). The sciBERT
model was built from a corpus size of 1.14M papers and 3.1B tokens from full scientific texts found at Semantic
Scholar (www.semanticscholar.org). Even with more advanced language models, providing feedback on
standalone essays is far-fetched; however, the structured nature of peer review comments for WTL assignments
provides an avenue to be explored.

A study by Dixon and Moxley (2013) looked at a large sample of instructor feedback on student writing
and found that instructors were primarily focused on higher-order concerns with student writing (e.g., use of
reasoning, accuracy of content) rather than lower-order concerns (e.g., grammatical errors). Yet, when instructors
are dealing with a multitude of long writing assignments to score, they often find themselves only marking for
low-order problems. Studies have also shown that computer support may help instructors focus on higher-order
concerns. Online tools have been developed to facilitate peer review, such as Calibrated Peer Review (Russell et
al., 2017; Walvoord et al., 2008) and MyReviewers (Branham et al., 2015), but these tools do not provide
instructors with an understanding of conceptual problems prevalent in a class.

The goal of this project is to be able to automate detection of the higher-order concerns provided by
student peer reviewers and provide instructors with insight into the type of feedback their students are providing
to other students. We adopted a scheme by Finkenstaedt-Quinn et al. (2019) which hierarchically characterizes
peer review comments in an undergraduate general chemistry course as verification, summary, praise, and
problem/solution as well as delineates between higher and lower-order feedback. We applied a similar coding
scheme to peer review comments on WTL assignments in an undergraduate general chemistry course and an
undergraduate organic chemistry course. Using SciBERT, we explore automating the characterizations of peer
review comments within the coding scheme.

Research questions
This work is guided by one question: To what extent can characterization of peer review comments (e.g., as
verification, summary, praise, problem/solution and higher and lower-order) in different courses be automated?

Methods

Data acquisition
This study included analysis of peer review comments and student writing from large undergraduate courses in
general and organic chemistry at a large, public research university. While in the same discipline, these two
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courses were chosen due to differences in the nature of their content. Specifically, the content in general chemistry
courses is very quantitative, while organic chemistry courses focus on qualitative aspects of the domain.

In both courses, students were given a three-part WTL assignment which included an initial draft, a peer
review portion, and a revised, final draft. Each student reviewed the assignments of three other students via an in-
house peer review tool and received feedback from one to four other students. Students were then asked to revise
their writing based on feedback and submit a revised draft. Students in the general chemistry course received
completion credit for the writing assignment and peer review. Assignments in the organic chemistry course were
graded with a low-stakes grading scheme; assignments in the general chemistry course were graded for
completion. In the general chemistry course, students were given a WTL assignment that involved reading and
summarizing a 1916 paper written by Gilbert Lewis proposing what was at the time a new method for modeling
molecular structures (Lewis, 1916). In this activity, students were provided with a detailed assignment description
requiring them to write about specific molecular concepts. Peer reviewers were guided by a rubric that prompted
students via six questions, five of which directed students to provide feedback on specific content areas and one
of which focused more on writing style and mechanics. A similar WTL structure was implemented in the organic
chemistry course as the first of three WTL assignments. Students were provided with a base-free Wittig reaction
from the research literature and asked to compare the reaction with the traditional Wittig reaction (Schirmer et al.,
2015). Detailed requirements for the assignment asked students to describe the reaction mechanisms at a
molecular level and explain why the base-free reaction works under one set of conditions but not another. Peer
reviewers in the organic course were prompted by a rubric requiring them to respond to four questions about
different areas of content. IRB approval was obtained to collect and use student data and every student enrolled
in the course provided consent for our use of their responses.

Characterization of peer review

Peer review comments were first characterized in the general chemistry course. The process of characterization
was completed as described by Finkenstaedt-Quinn et al. (2019). First, we considered the codes present at the top
of the hierarchy of the scheme: praise, verification, summary and problem/solution. Due to the imbalanced and
uncommon occurrence of student revision based on type of feedback, we chose to combine verification and
summary into a single label. These two types of feedback could be considered “neutral” as they do not promote
revision or provide the instructor with feedback about the written work. We also chose to study the distinction
between peer reviews that suggest lower level versus higher level problems in the student writing. This distinction
is described by the scope of problem and scope of solution codes given in the characterization scheme by
Finkenstaedt-Quinn et al. Of these types of comments, whether the peer reviewer described only the problem,
only the solution, or both, little distinction of the occurrence of revision was present; therefore, in this work we
chose to combine code types scope of problem greater-level with scope of solution greater-level, scope of problem
mid-level with scope of solution mid-level, and so on. A summary of the scheme applied in this work is given in
Figure 1.

Tier 1

= Commenting that * Identification of a = Simple yes/no
author’s written need for edits or = Rephrasing author's
response is beyond revision work without further
satisfactory input from the peer
reviewer.
Tier 2

= References a criticism = Criticism about a = Criticism about a
that affects the whole paragraph or a part of sentence or word
paper the paper = Criticism about writing
technique

Figure 1. Hierarchical structure and short definition of coding scheme used. All peer review comments are
filtered into three labels: praise, problem/solution, and verification or summary. All problem solution comments
are further filtered into three more labels: higher-level, mid-level, and word-sentence.

Overall, 1,132 comments from the general chemistry course were characterized based on the Figure 1 scheme.
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To explore how well the existing coding scheme can apply to other coursework as well as how well the
algorithm transfers to a unique set of data, we also coded a new set of 600 peer review comments from the organic
chemistry course. These 600 comments were chosen at random out of 9,145 total peer review comments in the
WTL intervention; however, the comments in this set always contained the full collection of reviews one peer
reviewer gave to an author. Comments were also coded for the labels listed above. Two raters coded all 600 peer
reviews and Krippendorft’s alpha was calculated to be 0.90 (Krippendorff, 2011).

International Society of
the Learning Sciences

Computational Approach

Because the characterization scheme is hierarchical, allowing for only single labels, this provides a clear
environment to use a multi-classification labelling method. Due to the lack of structure and variety in comments,
we chose to use fine-tuning with the SciIBERT model which encodes language bi-directionally on top of the pre-
trained SciBERT transformer model with a linear layer for text sequence classification on top. The input peer
review comments, for which one response to one criterion was considered one input, were first tokenized with
the BERT basic tokenizer to perform punctuation splitting, lowercasing and invalid character removal. The
longest comment in the training set contained 168 tokens. The maximum sequence length was defined as 175
tokens to ensure that no textual data would be lost. Shorter sequences were padded with zeros and longer
sequences were truncated to the maximum sequence length.

Results

First, the 1,132 peer review comments from the general chemistry course were partitioned into a training
set and testing set. We chose an approximate split of 80% training set (900 comments) and 20% testing set (232
comments). The training set was further split into a 90% training and 10% validation set which is a common
practice when training neural networks which work in epochs. The training set was fed into the network. Three
epochs were chosen as this was the smallest gap achieved where validation loss overcame the training loss. Then,
the test data were fed into the network in batches of 32 in the spirit of k-fold resampling to allow us to observe
any unexpected results within the data. An overall Matthew’s Correlation Coefficient (MCC) score of 0.906 was
achieved with the individual MCC scores of each batch provided in Figure 2 (the MCC score can be read
comparably to Cohen’s Kappa but is more trustworthy to describe imbalanced data sets). The confusion matrix of
the results is provided in Table 1. The overall accuracy for each type of comment is as follows:
summary/verification = 0.96 praise = 0.95, and problem/solution = 0.97.

MCC Score per Batch

0 1 2 5 6 7

3 4
Batch #

o o o -
IS =Y o o

MCC Score (-1 to +1)
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~

Figure 2. Batched view of MCC scores for the types of comments in the general chemistry course.

Table 1. Confusion matrix for classification of types of comments in the general chemistry course (testing set).

Summary/verification Praise Problem or solution
Summary/verification 33 3 0
Praise 4 64 1
Problem/solution 2 3 122
CSCL 2021 Proceedings 14 ©ISLS
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Based on the accuracy of these results, we then considered further filtering the problem/solution
comments based on the scope label. Of the 1,132 peer review comments, 545 of the comments were
problem/solution type. Each of these were coded by hand and identified either greater-level, mid-level, or
word/sentence level scope. In this work, the data shows great imbalance in the types of codes where there were
many instances of praise and problem/solution, but fewer summary and verification. For the purpose of training,
imbalance is best avoided. Given previous work that suggests instructors struggle to give formative feedback far
beyond the word sentence level (Dixon & Moxley, 2013), we can assume that just separating word/sentence
feedback compared to mid- and greater-level feedback would be beneficial. We combine the mid-level and
greater-level feedback into one code for this work.

Similar to what was done with the full set, this subset of 545 comments were broken down into an
approximate 80% training and 20% testing split. Again, the training set was further split into a 90% training and
10% validation set. The training set was fed into the algorithm. Three epochs were chosen as this was the smallest
gap achieved where validation loss overcame the training loss. Then the test data were fed into the network in
batches of 32 in the spirit of k-fold resampling to allow us to observe any unexpected results within the data. An
overall MCC score of 0.814 was achieved with the individual MCC scores of each batch given in Figure 3. The
confusion matrix of the results is given in Table 2.

MCC Score per Batch
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Figure 3. A batched view of the MCC scores for the sample of problem/solution type comments from the
general chemistry course.

Table 2. Confusion matrix for the problem/solution type comments from the general chemistry course.

Greater and mid- level Word-sentence
Greater and mid- level 45 0
Word-sentence 5 14

Finally, to view how well the algorithm transfers to a completely new set of data, we considered the 600
comments coded from the organic chemistry course. In this case, the algorithm was not trained on data from the
same peer review rubric. Instead, the weights determined from training to identify problem/solution,
verification/summary and praise comments in the general chemistry course were applied to the comments from
the organic chemistry course. In the organic chemistry course, the rubric guiding students’ peer review was more
scaffolded, resulting in many instances of peer review beyond 175 tokens. When creating the embeddings for
these sentences, we chose a max length of 300 tokens, even though a small number of peer review comments
exceeded this. As the number of tokens increases, the time for training also increases. Cutting off at 300 tokens
provided a balance between an efficient testing period and inclusion of data in longer peer review comments.

The test data were fed into the network in batches of 32 via k-fold resampling to allow us to observe any
unexpected results within the data. An overall MCC score of 0.602 was achieved with the individual MCC scores
of each batch, given in Figure 4. The confusion matrix of the results is in Table 3.

CSCL 2021 Proceedings 15 ©ISLS


https://www.zotero.org/google-docs/?cyGaei

v

7 - International Society of
715LS the Learning Sciences

MCC Score per Batch

0.0 IIII||I
0 1 2 3 4 5 6 7 8 9

0 M 12 13 14 15 16 17 18
Batch #

Figure 4. Batched view of MCC scores for the types of peer review comments in the organic chemistry course.

MCC Score (-1 to +1)
2 5 &

o
o

Table 3. Confusion matrix for characterization of types of comments in the organic chemistry course.

Summary/Verification Praise Problem or Solution
Summary/Verification 28 1 11
Praise 26 50 40
Problem/Solution 4 12 428

Conclusions

Overall, the results of this work support a positive outcome of the research question: To what extent can this
characterization scheme for peer review comments in different courses be automated? In the general chemistry
course, identification by the computer of the first-tier type of comments was achieved to a very high, almost
perfect level (MCC = 0.906). The work supports previous work (Finkenstaedt-Quinn et al., 2019) in that it
confirms that the coding scheme suggested can depict peer review in two unique chemistry writing contexts even
when the scientific content present in the essays is substantially different. Without training a new set, we
transferred the weights from the general chemistry course training set (with characterizations described by tier 1
of Figure 1) and achieved a substantial level of accuracy (MCC = 0.602) to identify peer review types in the
organic chemistry course. This introduces promising support that the coding scheme and model may also be
applicable to peer review in other natural science, engineering and math courses. We could further identify peer
review comments described by the second-tier of Figure 1 in the general chemistry course to an almost perfect
level of accuracy (MCC = 0.814).

Considering our effort is not to grade high-stakes assignments on the individual level but rather to provide
formative feedback to instructors about student learning in the class, the accuracy of this model is more than
satisfactory. This is also promising considering we were able to use a relatively small amount of training data
(i.e., 900 comments). Using most standard machine learning models with non-bidirectional encodings of
language, typical algorithms require tens of thousands of data points in a training set in order to produce a suitable
model. This work supports other findings showing that BERT is able to make meaningful predictions even with
smaller data sets. While BERT may seem like a computationally difficult and expensive approach for identifying
problems, it is useful here due to the relatively small sets of data being used. Additionally, when we begin to
consider more features prevalent in useful peer review, the BERT approach will likely prove useful for the
subtleties that will present themselves.

Currently, our model has only been tested in two different contexts. Though the scope is currently
limited, the success of the model when evaluating peer review in a second context without additional training on
the new set is promising for the broader applicability of this model. Further work should be done to expand the
training set to contain instances of human-labeled peer review from several different courses.

Automatic characterization of peer review can be beneficial in many ways. This benefit can be honed on
two sides of the classroom: for students and for instructors. For students, automated characterization of the content
within a single peer review comment can provide support to peer reviewers about whether they are providing high
quality and supportive peer review to the author. Immediate feedback can serve as a coach to support students as
they learn to provide quality reviews, a skill that is typically not formally taught in undergraduate or graduate
curricula. Additionally, students with problems in their writing may need to be reminded to revisit and revise their
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work. If we can automate detection of occurrences of problematic peer review, an automatic reminder system
could be developed to encourage students to edit their work.

Instructors may be limited by class size and unable to read the content of all peer reviews. This could
inhibit their ability to make inferences about what their students know and do not know. Based on our work, we
envision a type of automated dashboard or roadmap of the peer review process. Instructors could be given all the
peer review feedback in a type of filtration system where they can choose to view specific filters of the types of
peer review. A tool like this could help an instructor focus on greater-level problems pointed out in student writing,
allowing them to intervene during lectures to redeliver or revisit material that is consistently incorrect in the class.
Furthermore, the instructor may be given flags on students who are doing exceptionally well, students who are
struggling with alternative conceptions, students who are struggling with writing, or even students who are going
above and beyond in the peer review process. As course sizes continue to increase, instructors will need more
tools to identify and address problems in a class. Furthermore, many classes within the United States in 2020 have
gone virtual; in this case, instructors may have even less feedback from their students. In person, instructors have
the ability to catch a glimpse of confusion or distress when teaching concepts. Virtually, more tools are required
to catch these instances. Being able to efficiently view and understand what is happening in students’ writing and
collaborations is an important and efficient way to provide instructors with opportunities to deliver quality
instruction.
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Abstract: Implementing collaborative learning into online courses can help mitigate central
challenges for this learning setting which often stem from a lack of interaction in the course.
During online-collaboration, however, learners can experience a number of interaction patterns
that not only reduce the effectiveness of the collaboration but also lead to frustration. If learners
are frustrated with the collaboration they are prone to reducing their participation or even exiting
the learning setting. As collaborative learning can only be effective if all group members interact
with each other, frustrating interaction patterns pose a challenge to the effectiveness of collab-
orative learning. We compiled a library consisting of 14 potentially frustrating interaction pat-
terns through a literature-review and an analysis of collaboration data (n = 10 groups). Conduct-
ing an online survey among university students (n = 100) revealed that social loafing, deadline
rush, ineffective communication, and unequal participation are the most severe interaction pat-
terns.

Introduction

Distant online education has received increasing attention over the recent years. Not only the development of
Massive Open Online Courses (MOOCs, Baturay, 2015; Pappano, 2012) in the 2010s but especially the recent
COVID-19 pandemic has reinvigorated the discussion about effective instruction in online settings (e.g., Reynolds
& Chu, 2020). Notably, online courses face a number of challenges such as feelings of isolation that result from
a lack of social interaction (Khalil & Ebner, 2014). Implementing collaborative learning activities is one way to
mitigate these challenges (Rosé, Goldman, Zoltners Sherer, & Resnick, 2015). In collaborative learning, interac-
tion between learners is a conditio sine qua non (cf. “interaction paradigm”, Dillenbourg, Baker, Blaye, &
O'Malley, 1996) as the majority of processes during collaboration and especially those processes that are condu-
cive to learning are based on interaction between the group members. Besides interaction that is required to de-
velop as a group (Tuckman & Jensen, 1977), coordinate (e.g., Wittenbaum, Vaughan, & Strasser, 2002) or dis-
tribute roles (Strijbos & Weinberger, 2010), group members also need to achieve a shared understanding regarding
concepts or the task (Clark & Brennan, 1991; Hadwin, Bakhtiar, & Miller, 2018), develop a transactive memory
system (Wegner, 1995), and group awareness (Bodemer & Dehler, 2011), or resolve conflicts (Darnon, Doll, &
Butera, 2007). Further, students have to pool information to make informed decisions (Stasser & Titus, 1985), co-
construct new knowledge (Weinberger & Fischer, 2006), and engage in interactions that benefit learning (e.g.,
explaining or cognitive modelling, cf. King, 2007). During collaboration, a group also monitors and regulates the
interaction processes, and the motivation and emotions of the group members (Jéarveld et al., 2016). All these
processes are challenging, especially for unexperienced learners. Unsurprisingly, productive interactions in
groups do not automatically occur simply because students are assigned to a team (Kreijns, Kirschner, & Jochems,
2003). Further challenges result from interactions that are not only unproductive but can also cause frustration.
Frustration can be defined as a negative affective state that results if a person is unable to achieve their goal or if
expectations are not met (Capdeferro & Romero, 2012; Ortony, Clore, & Foss, 1987). The impact of interaction
patterns that cause frustration should not be overlooked because dissatisfied learners may reduce their participa-
tion or even drop out of the learning setting (Khalil & Ebner, 2014; Levy, 2007). Consequently, there would be
less opportunities for those interactions that are necessary for successful collaboration.

Despite their pivotal role during collaboration, affective variables such as frustration have received less
attention in CSCL research in comparison to cognitive variables (Jeong, Hmelo-Silver, & Jo, 2019). Only few
studies consider satisfaction and frustration during collaborative learning and often neglect to elaborate on the
role of these variables during collaboration. Against this background, we aim at shedding light on interaction
patterns that are unproductive and frustrating for students because this knowledge empowers researchers, practi-
tioners, and educators to consider these unfavorable interaction patterns and design online learning activities to
mitigate the challenges that arise from these patterns or develop collaboration support to promote students’ col-
laboration competence (i.e., internal collaboration scripts, cf. Fischer, Kollar, Stegmann, & Wecker, 2013) so they
can engage in fruitful collaboration. The present study has two goals. First, we provide an overview of potentially
frustrating interaction patterns that can occur during online collaboration in small groups. In this regard, we extend
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the preliminary findings of a prior study that used a similar procedure (Straufl, Rummel, Stoyanova, & Krémer,
2018). Secondly, we report on the results of a survey that sought to determine which of these interaction patterns
are the most severe and thus may be considered as primary targets for instructional design and support.

A library of problematic interaction patterns in online-collaboration

To compile a list of potentially frustrating interaction patterns, we conducted a literature review on Google Scholar
and Web of Science using the search string ‘(collaborative learning OR Collaboration OR group) AND (satisf™
OR frustr*) AND interaction AND (online OR e-learning)’. We scanned the titles and abstracts if the publication
included student-student interactions and students’ affects (e.g., frustration, satisfaction, positive group climate)
during collaboration (work or learning). During this process we were intentionally over-inclusive when selecting
article because affective variables are rarely assessed in conjunction with interaction patterns. We did not consider
publications that only reported on the relationships between interaction and variables such as learning gains, and
publications that dealt with the relationship between affects and other forms of interaction (e.g., teacher-learner
or learner-content interaction).

After selecting publications, we read them closely and discarded articles that did not provide enough
information to derive specific interaction patterns. While reading the articles, we identified additional references
and scanned them using the procedure described above. If a publication described one or more interaction patterns
that are associated with frustration, we added them to our list. If a publication described interactions related to
satisfaction, the opposite or absence of this particular interaction was added to the library since the absence of
beneficial interactions also constitutes a challenge.

In addition to the literature review, we analyzed collaboration data to potentially identify additional
challenges that were not yet covered by the literature review. Therefore we analyzed a small sample of log files
from an online course (reported as Course 2 in Erdmann et al., 2017). During this online course, students worked
on collaborative assignments using a group forum for communication and a shared text-editor to construct a joint
answer text on Moodle. We randomly selected ten out of 55 groups and analyzed their log files (written text, time
stamps and number of words). Two raters independently analyzed the logs for all ten groups and listed situations
where students expressed frustration or contentment with the collaboration process. For example, one student
wrote in the group forum that they found it difficult to know if a group member had already completed their
current task. Afterwards, the raters compared their lists. We only added interactions to the library that both raters
had identified. To finalize this step, we performed a literature search to theoretically ground the situations identi-
fied in the collaboration data.

Problematic interaction patterns
This procedure resulted in a list of fourteen situations that we assumed to affect students’ satisfaction with the
collaboration (cf. Table 1). In the following we present these interaction patterns.

Communication
Six interaction patterns concern communication during collaboration. The first potential source of frustration is
impolite communication (Park, 2008). In her study, Park (2008) reports a positive correlation between polite com-
munication and satisfaction. Consequently, we listed the opposite, that is, impolite communication. Following
Kellermann and Park (2001), a person acts politely if they behave “mannerly, courteous, and respectful” (Keller-
mann & Park, 2001, p. 4). From this perspective, impolite communication refers to neglecting socially constructed
expectations of what constitutes manners, being cold, unfriendly, ignorant, and disrespectful during collaboration.
Similarly repeated ‘nagging’ or ‘nudging’ fellow group members to make them contribute their fair share to the
task can also be expected to have a negative effect on the group climate and satisfaction (Walther, 1996).
Another potentially frustrating interaction pattern is inefficient communication. We derived this interac-
tion pattern from a cluster analysis reported by Kwon and colleagues (2014) who identified three types of groups,
namely ‘Late Collaborator’, ‘Passive Task-oriented Collaborator’ and ‘Early Active Collaborator’. In comparison,
groups classified as Early Active Collaborator exhibited a high number of activities that targeted group-regulation
and social-emotional behavior. Besides a higher sense of community, groups in this cluster also perceived a more
positive group climate than the groups in the other clusters. One communication-related aspect of the groups in
the ‘Early Active Collaborator’ cluster was efficient communication. Thus, we added the opposite, inefficient
communication, to our library. Inefficient communication can be defined as communication that does not focus
on the current task (Park, 2008). Following Park’s (2008) argumentation, inefficient communication violates
Grice’s (1975) four conversational maxims, quantity, quality, relation and manner. From this perspective, the
communication in a group would be considered inefficient if (1) group members sent messages that contained too
little or too much information for the current purpose of the conversation (quantity), (2) group members sent
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messages that were mere assumptions that lack evidence, false messages or messages that did not reflect the
sender’s beliefs (quality), (3) group members sent messages that were irrelevant for the current topic (relation) or
(4) if group members sent obscure, ambiguous, wordy and disorganized messages (manner).

Another communication-related interaction pattern concerns the flow of communication. While timely
responses help build a sense of community (Sung & Mayer, 2012), our analysis of interaction as well as existing
studies revealed that long waiting times for replies were perceived as frustrating by the students (Draskovic,
Holdrinet, Bulte, Bolhus, & van Leeuwe, 2004; Goold, Craig, & Coldwell, 2008).

Another interaction pattern that we identified in the collaboration data was that students neglect to com-
municate when they will be able to work on the task. This creates obscurity which violates Grice’s maxim of
manner (Grice, 1975). This interaction often occurred at the beginning of the group task. If students are not aware
of when group members plan to start working on the task and how much time they will be able to invest, the other
group members may mistake a group member’s intended absence (e.g., due to a competing deadline) as lack of
engagement (social loafing, Aggarwal & O'Brien, 2008). Also, coordinating the collaboration becomes more dif-
ficult if not all members make their individual time constraints transparent.

The last potentially frustrating interaction pattern in this category are phases of no interaction or com-
munication. We derived this interaction pattern from the cluster analysis reported by Kwon and colleagues (2014)
who found that group members in the ‘Early Active Collaborator’ cluster continuously interacted with the other
members of their group, thus, we added the inverse to our list of potentially frustrating interaction patterns.

Information processing and decision making

The following four interaction patterns relate to information processing and decision making. Probably the most
widely reported challenge and source of frustration for groups is social loafing, that is, the tendency for individuals
to exert less effort in a group as compared to when working alone (Aggarwal & O'Brien, 2008; Capdeferro
& Romero, 2012; Karau & Williams, 1993). Although these group members contribute less to the joint work, they
often still receive the same rewards as the other group members (‘free-riding”) (Aggarwal & O'Brien, 2008). The
bottom-up analysis of our sample of collaboration data revealed that social loafing in the form of a large difference
in participation (measured as the number of words) was not as frequent as a somewhat uneven distribution of
participation. Thus, in the present study we distinguished between unequal participation, that is, group members
contribute varying amounts to the joint task, and social loafing that is, individual group members exert only very
little or no effort at all.

Undemocratic decisions are another potential source for frustration. In their meta-analysis, Foels and
colleagues (2000) showed that group members are more satisfied with a democratic leadership compared to auto-
cratic leadership. Also, satisfaction was higher when group members could participate in decisions of the group.

The final interaction pattern in this category was derived from a study by Draskovitc and colleagues
(2004). One aspect of their investigation concerned the relationship between dysfunctional behavior and satisfac-
tion. They found that interactions that are dominated by a single group member are also associated with low
levels of satisfaction (Draskovic et al., 2004). According to their conceptualization, “dominant personality” (p.
453) refers to a group member repeatedly providing (un)solicited explanations, which hinders collaborative ex-
change of ideas.

Coordination

The final set of interaction patterns concerns coordination during collaboration. All four interaction patterns in
this category were derived from Kwon and colleagues’ (2014) cluster analysis (see above) by reversing the inter-
action patterns found in successful groups (i.e., ‘Early Active Collaborator’). Based on the characteristics of these
groups, we assume that low intensity interactions during early phases of the collaboration and neglecting to dis-
tribute tasks clearly may be associated with a bad group climate or dissatisfaction.

Group members in this cluster further regularly reported their progress on the task to their group. Com-
municating one’s process on the task helps group members develop group awareness which is necessary for co-
ordination (Bodemer & Dehler, 2011). Our analysis of collaboration data revealed the opposite interaction pattern,
that is, students felt confused if it was not clear to them if and to what degree their group members had already
worked on the joint task. Therefore, we assume that not displaying individual progress towards the joint task may
be a source of frustration.

We term the final potentially frustrating interaction pattern deadline rush. Again, we derived this inter-
action pattern from the cluster analysis by Kwon and colleagues (2014). Some students in their study complained
that they had to rush a large amount of work shortly before the deadline. Arguably, this phenomenon could be the
result of a number of the interaction patterns described above.
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Survey to identify the most severe interaction patterns

So far, we revealed over a dozen interaction patterns that can occur during online-collaboration and could poten-
tially lead to frustration. However, our analyses do not indicate how frequently these interaction patterns occur or
which are perceived as particularly frustrating by the learners. To answer these questions, we conducted an online
survey at the end of the summer term 2020 which was the first term where European Universities had to resort to
remote online education due to the COVID-19 pandemic. Thus, we expected that many students would have
enrolled in online courses that employed collaborative activities.

The online questionnaire presented the participants with the fourteen interaction patterns that we pre-
sented above. Each interaction pattern was presented on an individual questionnaire page. The top of the page
presented participants with a brief description of the interaction pattern, followed by the items. For example, the
description for social loafing read ‘Individual group members contribute little or nothing to the joint work’. Since
we expected that not all respondents would complete the questionnaire, we randomized the sequence of the inter-
action patterns for each respondent so we would achieve an even number of responses for each interaction pattern.

Sampling process and retained sample

We drew a convenience sample by contacting the teaching staff at our university and asking them to encourage
their students to participate in the survey. We pursued two strategies to contact teachers. First, we contacted the
teaching staff at our own department via email. Second, we contacted teachers from other departments by posting
a blog article with the survey link on the university’s teaching blog. Data collection took place from mid-July
until the end of August 2020 (six weeks). In total, 128 students answered the questionnaire. However, 28 students
did not continue the questionnaire beyond the socio-demographic data and were hence removed from the sample.
To retain as much data for the individual interaction patterns, we included data from all participants who filled in
the questions for at least one interaction pattern. The retained sample consisted of 100 participants (age: m =
23.15, SD = 3.63; 68% female students). The majority of the participants (65%) studied two social sciences in
parallel (predominantly educational research plus a language) while 22% were enrolled in a STEM subject (e.g.,
civil engineering or applied computer science). The remaining participants studied either one social science or
one social science plus a STEM subject. In summary, students reported that 52.3% of their courses included
collaborative learning activities. On average, students worked in 6.03 (SD = 4.69) different groups that consisted
of'4.23 (SD = 2.51) students and worked together for 23.13 (SD = 24.32) days.

Measures

After entering demographic information (age, gender) and information about their courses (fotal number of
courses taken, number of courses that included online collaborative learning, size of the online groups, duration
of the collaborative tasks), students replied to the items for the interaction patterns. For each interaction pattern
participants indicated if the interaction pattern had occurred in at least one of their online groups (‘yes’ or ‘no’).
This item served as a filter for the remaining items. If a participant indicated that they had experienced this inter-
action pattern, they received one item asking them to rate how frequently this interaction pattern occurred in their
groups and one item that asked them to rate the degree of dissatisfaction that was caused by the interaction pattern.
Both items used a five-point Likert scale that ranged from 1 (‘very rarely’ or ‘very little’, respectively) to 5 (‘very
frequently’ or ‘very much’, respectively). At the end of the questionnaire, participants could suggest new interac-
tion patterns that caused frustration through an open-ended item.

To determine which interaction patterns were both, frequent and frustrating, we determined the severity
of the interaction patterns by calculating a rank-sum that incorporated the frequency of the interaction pattern and
the degree of dissatisfaction associated with the interaction pattern. Specifically, we calculated this variable for
each interaction pattern as follows. First, we created two lists that contained all interaction patterns and ranked
the interaction patterns, in the first list by the frequency of occurrence in the second list by the degree of dissatis-
faction. Raking refers to ordering positions and assigning a rank number to each position in the list. In the resulting
lists a position at the top of the list (i.e., indicated by a small number such as ‘1°) indicated that the interaction
pattern was the most frequent, or caused the most dissatisfaction, respectively. Afterwards we summed the two
ranks for each interaction pattern. This resulted in a score that could range from ‘2’ (i.e., the interaction pattern
was on the top position in both lists) to 28 (i.e., the interaction pattern was on the bottom position in both lists).
The more frequent an interaction pattern occurred and the more students perceived it as frustrating, the lower the
resulting sum of ranks.

Results
Table 1 provides an overview about the interaction patterns, how frequently they occurred, how frustrating the
interaction pattern was perceived by the students, and the severity of the interaction patterns. The table is sorted
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by severity, that is, interaction patterns at the top of the list occurred more frequently and at the same time were
perceived as most frustrating. Note that the number of cases (n) reported in the table varies because not all partic-
ipants filled out all items. Further, participants only answered the items for an interaction pattern if they had
experienced it in at least one of their groups. Thus, only these participants were included in the analysis.

Table 1: Descriptive statistics and severity of each interaction pattern

Experienced  Frequency Frustration = Rank

# Interaction pattern by M (SD) M (SD) sum
1 Unequal participation 74 78.72% 3.72(0.93) 3.62(1.04) 9
2 Deadline rush 61 65.96% 3.79(0.82) 3.46(1.18) 10
3 Ineffective communication 60 65.93% 3.30(0.96) 4.07 (0.78) 10
4 Social loafing 69 75.82% 3.51(0.99) 3.97(0.97) 10
5 Lack of communication about working times 54 67.50% 3.19(0.97) 4.06(0.98) 13
6 Undemocratic decisions 28 31.11% 3.54(0.88) 3.39(1.34) 14
7 Low intensity work during early phases 71 75.53% 3.85(0.82) 2.80(1.10) 14
8 Impolite communication 16 17.39% 3.06 (1.00) 4.13 (0.96) 15
9 Dominant group member 39 41.49% 3.49(0.97) 3.21(1.10) 17
10 Long waiting times for replies 49 51.58% 3.08 (1.08) 4.00 (0.82) 17
11 No clear distribution of tasks 33 35.48% 3.18 (0.95) 3.61(1.20) 18
12 Nudging 42 46.67% 3.48 (1.04) 3.17(1.51) 19
13 Not displaying individual working progress 31 32.29% 3.10 (1.04) 3.42(1.18) 21

14 Phases of no interaction and communication 76 82.61% 3.29(0.91) 2.78(1.29) 23

Note. Interaction patterns are sorted by severity (rank-sum). Positions at the top of the table (lowest rank sum) indicate higher severity.

Our results showed that all of the interaction patterns occurred during online-collaboration. Mean values of above
the scale’s midpoint suggest that as soon as a group experienced an interaction pattern, it occurred somewhat
frequently in the group. Students reported that a slow start of the collaboration (M = 3.85; SD = 0.82), deadline
rush MM =3.79; SD = 0.82), unequal participation (M = 3.72; SD = 0.93), undemocratic decisions (M = 3.54; SD
= 3.39), and social loafing (M = 3.51; SD = 0.99) occurred most frequently in their groups. In terms of the degree
of frustration, students perceived all interaction patterns as rather frustrating as indicated by mean values above
the scale’s midpoint. Altogether, students perceived five situations as especially frustrating, that is, the mean
values are close to 4.0. These situations are impolite communication (M = 4.13; SD = 0.96), ineffective communi-
cation (M = 4.07; SD = 0.78), lack of communication about working times (M = 4.06.; SD = 0.98), long waiting
times for replies (M = 4.00; SD = 0.82), and social loafing (M = 3.97; SD = 0.97). Interestingly, interaction
patterns that occurred frequently were not necessarily perceived as frustrating and vice versa (e.g., impolite com-
munication or low intensity work during early phases). Thus, in a next step, we combined the frequency and the
degree of frustration to investigate which interaction patterns are the most severe. Based on the rank sums we
conclude that unequal participation, deadline rush, ineffective communication and social loafing were both fre-
quent and perceived as frustrating (cf. Table 1). Eventually, participants were also able to add interaction patterns
that were not covered in the questionnaire. However, students did not mention specific interaction patterns, but
instead reported frustrating situations that resulted from technical difficulties, a lack of competence in using com-
munication technologies, unclear course requirements, and that the collaborative tasks were not suited for collab-
oration.

Discussion

The key to collaborative learning lies in productive interactions between the learners of a group. Thus, imple-
menting collaborative activities in online courses can help mitigate negative effects that result from a lack of
social interaction. At the same time, interaction between learners also represents a key challenge for effective
collaboration. In this paper, we focused on interactions that are associated with frustration because frustration can
be expected to lead to motivation loss and can thus reduce the participation of students. This is especially im-
portant because active participation and interaction among students are crucial for learning during and about col-
laboration. We developed a library with potentially frustrating interaction patterns that can occur during online-
collaboration and used a survey to specify which interaction patterns might require special attention. In particular,
our analyses revealed four interaction patterns that rank closely in terms of severity. 1) Unequal participation, 2)
deadline rush, 3) ineffective communication and 4) social loafing occur frequently and are also perceived as frus-
trating by learners. Notably, the interaction patterns that we identified revolve around communication and partic-
ipation. Our results suggest that learners tolerate phases with no interaction, however, if interaction happens to
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unequal parts or in an ineffective manner, they tend to become frustrated. We hypothesize that perceptions of
fairness (e.g., collaboration norms, Karau & Williams, 1993) or the prospect to miss the joint goal may play a role
for the development of dissatisfaction. The interaction patterns include two phenomena that result from a lack of
interaction with certain team members and a perception of unfairness. Unequal participation appears to be a central
challenge as it not only reduces motivation to participate but also decreases the performance of the group (Harding,
2018). However, there are many operationalizations of participation (cf. Hrastinski, 2008) and so far is has not
been investigated which indicators students use to form their perception of unequal participation. However, stud-
ies on social loafing usually use self-reports to assess unequal participation (e.g., Pefiarroja, Orengo, & Zornoza,
2017). While the results of this survey suggest that unequal participation and social loafing are indeed sources of
frustration, Straufl and Rummel (2021) discuss after their experiment that there may be additional factors that
affect the relationship between unequal participation and satisfaction with the collaboration.

The present study is not without limitations. First, the sample size of the survey was relatively small and
predominantly contained students from the social sciences. As all survey, our study was prone to self-selection as
the teachers were free to forward the questionnaire and the students participated voluntarily. Consequently, the
generalizability of our results may be limited and future studies should aim for a larger, more diverse and ran-
domized sample. Further, using a questionnaire at the end of the teaching semester reduced the reliability of the
measurement because participants had to rely on their long-term memory to answer the questions instead of rely-
ing on memories about recent collaborative activities. This increases the potential influence of participants’ im-
plicit theories about collaborative learning in online-groups on our results. Against this background, we welcome
studies that collect data shortly after a collaborative activity, or which employ behavioral data to capture interac-
tion patterns. Finally, we acknowledge that focusing on frustration as an outcome is a selective approach. There-
fore, we would like to encourage researchers and practitioners to add interaction patterns that affect other im-
portant variables such as learning outcomes or motivation.

In conclusion, instead of presenting the usual model of good collaboration, we accumulated suboptimal
interaction patterns and identified interaction patterns that call for particular attention by researchers, practitioners
and educators. To corroborate and expand our findings, future studies should employ research designs that allow
to infer causality and analyze collaboration processes in greater detail. For example, experimental studies with
confederate group members can create the interaction patterns in controlled settings and thus can help investigate
the relationship between interaction patterns and variables such as satisfaction or motivation. Our paper highlights
the role of dissatisfaction and frustration during collaboration and would like to encourage researchers to further
investigate the role of these and similar affective variables. We are confident that the present study can also inform
educational practice, especially for settings that rely on remote online learning. We propose that educational de-
sign should not only aim for increasing the opportunities for productive interactions but also should consider
interactions that may cause frustration. Focusing on challenges for collaboration in online-collaboration offers a
valuable alternative perspective because instruction or collaboration support can be directly targeted towards un-
favorable processes. In this regard, educators can take precautions to mitigate interaction patterns and prepare
students for web-based collaboration. This concerns not only the design of collaborative assignments or the con-
figuration of the learning setting but also instruction, training or collaboration support for the learners. To address
the four most severe interaction patterns, forming small groups and developing tasks that create social interde-
pendence among learners can help reduce the danger of unequal participation or even social loafing (Johnson &
Johnson, 2009). Further, students may benefit from support or training that helps them communicate effectively,
especially in computer-mediated settings (e.g., in terms of grounding and media constraints, Clark & Brennan,
1991). Additionally, the learning environment, dedicated instructions or collaboration support could afford or
facilitate monitoring the collaboration and early coordination and thus mitigate a deadline rush towards the end
of the collaboration (cf. Jeong & Hmelo-Silver, 2016).

Acknowledgements

This study research was funded in parts by the German Federal Ministry of Education and Research (grant num-
ber: 16DHL1012) and in parts by the Stifterverband Digitales Lehrfellowship NRW. We want to acknowledge
Nicole Krdmer and Filipa Stoyanova for their help with the prior version of this study (cf. Strau8} et al., 2018).

References
Aggarwal, P., & O‘Brien, C. L. (2008). Social loafing on group projects: Structural antecedents and effects on
student satisfaction. Journal of Marketing Education, 30(3), 255-264.

Baturay, M. H. (2015). An overview of the world of MOOCs. Procedia - Social and Behavioral Sciences, 174,
427-433.

CSCL 2021 Proceedings 24 ©ISLS



Bodemer, D., & Dehler, J. (2011). Group awareness in CSCL environments. Computers in Human Behavior,
27(3), 1043-1045.

Capdeferro, N., & Romero, M. (2012). Are online learners frustrated with collaborative learning experiences? The
International Review of Research in Open and Distributed Learning, 13(2), 26.

Clark, H. H., & Brennan, S. E. (1991). Grounding in communication. Perspectives on socially shared cognition.
(13), 127-149.

Darnon, C., Doll, S., & Butera, F. (2007). Dealing with a disagreeing partner: Relational and epistemic conflict
elaboration. European Journal of Psychology of Education, 22(3), 227-242.

Dillenbourg, P., Baker, M. J., Blaye, A., & O‘Malley, C. (1996). The evolution of research on collaborative learn-
ing. In E. Spada & P. Reiman (Eds.), Learning in Humans and Machine: Towards an interdisciplinary
learning science (pp. 189-211). Oxford: Elsevier.

Draskovic, 1., Holdrinet, R., Bulte, J., Bolhus, S., & van Leeuwe, J. (2004). Modeling Small Group Learning. In-
structional Science, 32(6), 447-473.

Erdmann, J., Rummel, N., Christmann, N., Elson, M., Hecking, T., Herrmann, T., ... Wichmann, A. (2017).
Challenges in implementing small group collaboration in large online courses. In B. K. Smith, M. Borge,
E. Mercier, & K. Y. Lim (Chairs), /2th International Conference on Computer Supported Collaborative
Learning (CSCL). Symposium conducted at the meeting of International Society of the Learning Sci-
ences.

Fischer, F., Kollar, I., Stegmann, K., & Wecker, C. (2013). Toward a script theory of guidance in computer-sup-
ported collaborative learning. Educational Psychologist, 48(1), 56—66.

Foels, R., Driskell, J. E., Mullen, B., & Salas, E. (2000). The Effects of Democratic Leadership on Group Member
Satisfaction. Small Group Research, 31(6), 676—701.

Goold, A., Craig, A., & Coldwell, J. (2008). The student experience of working in teams online. In Hello! Where
are you in the landscape of educational technology? Proceedings ascilite, Melbourne.

Grice, H. P. (1975). Logic and conversation. In P. Cole (Ed.), Speech acts (pp. 41-58). New York: Academic
Press.

Hadwin, A. F., Bakhtiar, A., & Miller, M. (2018). Challenges in online collaboration: Effects of scripting shared
task perceptions. International Journal of Computer-Supported Collaborative Learning, 13(3), 301-329.

Harding, L. M. (2018). Students of a feather “flocked” together: A group assignment method for reducing free-
riding and improving group and individual learning outcomes. Journal of Marketing Education, 40(2),
117-127.

Hrastinski, S. (2008). What is online learner participation?: A literature review. Computers & Education, 51(4),
1755-1765.

Jarveld, S., Kirschner, P. A., Hadwin, A. F., Jarvenoja, H., Malmberg, J., Miller, M., & Laru, J. (2016). Socially
shared regulation of learning in CSCL: Understanding and prompting individual- and group-level shared
regulatory activities. International Journal of Computer-Supported Collaborative Learning, 11(3), 263—
280.

Jeong, H., & Hmelo-Silver, C. E. (2016). Seven affordances of computer-supported collaborative learning: How
to Support collaborative learning? How can technologies help? Educational Psychologist, 51(2), 247—
265.

Jeong, H., Hmelo-Silver, C. E., & Jo, K. (2019). Ten years of computer-supported collaborative learning: A meta-
analysis of CSCL in STEM education during 2005-2014. Educational Research Review, 28, 100284.

Johnson, D. W., & Johnson, R. T. (2009). An educational psychology success story: Social interdependence the-
ory and cooperative learning. Educational Researcher, 38(5), 365-379.

Karau, S. J., & Williams, K. D. (1993). Social loafing: A meta-analytic review and theoretical integration. Journal
of Personality and Social Psychology, 65(4), 681-706.

Kellermann, K., & Park, H. S. (2001). Situational Urgency and Conversational Retreat: When Politeness and Ef-
ficiency Matter. Communication Research, 28(1), 3-47.

Khalil, H., & Ebner, M. (2014). MOOCs completion rates and possible methods to improve retention - A literature

review. Proceedings of World Conference on Educational Multimedia, Hypermedia and Telecommuni-
cations, 1236—-1244.

CSCL 2021 Proceedings 25 ©ISLS



King, A. (2007). Scripting collaborative learning processes: A cognitive perspective. In F. Fischer, 1. Kollar, H.
Mandl, & J. M. Haake (Eds.), Scripting Computer-Supported Collaborative Learning: Cognitive, Com-
putational and Educational Perspectives (pp. 13—37). Boston, MA: Springer US.

Kreijns, K., Kirschner, P. A., & Jochems, W. (2003). Identifying the pitfalls for social interaction in computer-
supported collaborative learning environments: A review of the research. Computers in Human Behav-
ior, 19(3), 335-353.

Kwon, K., Liu, Y.-H., & Johnson, L. P. (2014). Group regulation and social-emotional interactions observed in
computer supported collaborative learning: Comparison between good vs. poor collaborators. Computers
& Education, 78, 185-200.

Levy, Y. (2007). Comparing dropouts and persistence in e-learning courses. Computers & Education, 48(2), 185—
204,

Ortony, A., Clore, G. L., & Foss, M. A. (1987). The referential structure of the affective lexicon. Cognitive Sci-
ence, 11(3), 341-364.

Pappano, L. (2012, November 2). The Year of the MOOC. The New York Times. Retrieved from https://www.ny-
times.com/2012/11/04/education/edlife/massive-open-online-courses-are-multiplying-at-a-rapid-
pace.html

Park, H. S. (2008). The Effects of Shared Cognition on Group Satisfaction and Performance. Communication
Research, 35(1), 88—108.

Penarroja, V., Orengo, V., & Zornoza, A. (2017). Reducing perceived social loafing in virtual teams: The effect
of team feedback with guided reflexivity. Journal of Applied Social Psychology, 47(8), 424-435.

Reynolds, R., & Chu, S. K. (2020). Guest editorial: Introduction to the Special Issue on Emergency Remote
Teaching (ERT) under COVID-19. Information and Learning Sciences, 121(5/6), 233-2309.

Rosé, C. P., Goldman, P., Zoltners Sherer, J., & Resnick, L. B. (2015). Supportive technologies for group discus-
sion in MOOCs. Current Issues in Emerging eLearning, 2(Issue 1, Article 5). Retrieved from
http://scholarworks.umb.edu/ciee/vol2/iss1/5

Stasser, G., & Titus, W. (1985). Pooling of unshared information in group decision making: Biased information
sampling during discussion. Journal of Personality and Social Psychology, 48(6), 1467—1478.

Strau}, S., & Rummel, N. (2021). Promoting regulation of equal participation in online collaboration by combin-
ing a group awareness tool and adaptive prompts. But does it even matter? International Journal of
Computer-Supported Collaborative Learning. https://doi.org/10.1007/s11412-021-09340-y

StrauB3, S., Rummel, N., Stoyanova, F., & Kramer, N. (2018). Developing a library of typical problems for col-
laborative learning in online courses. In J. Kay & R. Luckin (Eds.), Rethinking Learning in the Digital
Age: Making the Learning Sciences Count, 13th International Conference of the Learning Sciences
(ICLS) 2018 (pp. 1045-1048). London, UK: International Society of the Learning Sciences.

Strijbos, J.-W., & Weinberger, A. (2010). Emerging and scripted roles in computer-supported collaborative learn-
ing. Computers in Human Behavior, 26(4), 491-494.

Sung, E., & Mayer, R. E. (2012). Five facets of social presence in online distance education. Computers in Human
Behavior, 28(5), 1738-1747.

Tuckman, B. W., & Jensen, M. A. C. (1977). Stages of Small-Group Development Revisited. Group & Organi-
zation Studies, 2(4), 419-427.

Walther, J. B. (1996). Computer-Mediated Communication: Impersonal, interpersonal, and hyperpersonal inter-
action. Communication Research, 55(4), 828-846.

Wegner, D. M. (1995). A computer network model of human transactive memory. Social Cognition, 13(3), 319—
339.

Weinberger, A., & Fischer, F. (2006). A framework to analyze argumentative knowledge construction in com-
puter-supported collaborative learning. Computers & Education, 46(1), 71-95.

Wittenbaum, G. M., Vaughan, S. 1., & Strasser, G. (2002). Coordination in task-performing groups. In R. S. Tin-

dale, L. Heath, J. Edwards, E. J. Posavac, F. B. Bryant, Y. Suarez-Balcazar, . . . J. Myers (Eds.), Theory
and research on small groups (Vol. 4, pp. 177-204). Boston, MA: Springer US.

CSCL 2021 Proceedings 26 ©ISLS



((’ > nternation

Using Minecraft to Reconstruct and Roleplay Local History:
Intersubjectivity, Temporality, and Tension

Anders I. March, Carl Sebastian Eielsen,
anders.morch@jiped.uio.no, carlse@student.uv.uio.no
Dept. of Education, University of Oslo, Norway

Louise Mifsud, Dept. of Primary and Secondary Teacher Education, Oslo Metropolitan University
louise.mifsud@oslomet.no

Abstract: This paper presents a design-based study of pupils’ use of Minecraft in a whole-day
school project in social studies involving three seventh-grade classes, student teachers and
amateur historians. We used qualitative methods for data collection and analysis. We followed
three groups through the following activities: 1) searching for historical information
(introduction), 2) building in Minecraft and creating roleplay scripts (reconstruction), and 3)
acting out the scripts and making videos for a class presentation (transformation). The activities
combined generic and domain-specific skills practices in different ways. We analyze how these
two modes intertwine and argue that the teaching model we used can bridge the gap between
learning in and out school. Key concepts used in the analysis are intersubjectivity, tension, and
temporality. Our findings indicate that through Minecraft pupils, teachers, and amateur
historians contribute to intersubjectivity toward shared knowledge by setting and releasing
tensions between generic and domain specific knowledge.

Introduction

An overall aim of our research is to bridge learning in and out of school, i.e. theoretical and practical knowledge.
Resnick (1987) uses examples from mathematics to show this educational gap and argues that schools need to
focus more on cross-cutting themes such as thinking and learning abilities to motivate children for school learning.
Today these general thinking and learning abilities are referred to as generic, soft, or 21%-century skills, and
include among others collaboration, problem solving, and creativity (Resnick, 2017; Trilling & Fadel, 2009). The
study presented here addresses the educational gap by employing a popular three-dimensional (3D) virtual world
in the teaching of history and a teaching model where generic skills are intertwined with subject matter knowledge.
Three seventh-grade classes in social studies recreated part of a 19th-century industrial community in Minecraft
(Saw Valley River) with its industrial buildings, which were workplaces for those who lived in the municipality
of the school during the Industrial Revolution in the time period 1840-90.

Computer-supported collaborative learning (CSCL) shares several characteristics with generic skills.
Key features of CSCL are information sharing, interaction between learners, joint meaning-making based on
negotiation in the group, and developing common artifacts (Engen et al., 2018; Stahl et al., 2006). Furthermore,
Stahl et al. (2006) suggest that the problem of intersubjectivity is of particular relevance for understanding how
learning is produced through interaction, advocating for more in-depth interdisciplinary research and arguing that
this issue has implications for research methods and for CSCL system design. In the study presented here,
collaborative learning is a dynamic process of combining generic and domain-specific skills aimed at developing
common artifacts from the perspective of intersubjectivity. Minecraft Education Edition (MEE) is used as a CSCL
system in two respects: 1) a design environment for reconstructing historical buildings and 2) roleplaying
historical events in the buildings to learn social-studies concepts pertaining to a particular period in time.

The block-building and sandbox game Minecraft serves as a domain-oriented design environment. The
users interact by placing and breaking 3D building blocks. Actions in Minecraft (building and destroying) have a
persistent effect, keeping areas in the state that the user leaves them and enabling the continuous development of
digital artifacts. The notion of block building or a “sandbox game” is analogous to a child playing in a sandbox;
the sand’s affordances for design are virtually unlimited and have no instructions or objectives, but constraints
can be imposed by tools, artifacts, and knowledge-based activities (Merch & Thomassen, 2016). Furthermore,
making and destroying are legitimate actions toward artifacts. The challenges and opportunities of integrating this
type of learning environment in three middle-school classrooms are the focus of the paper.

Several studies of Minecraft in education have highlighted the potential of Minecraft to support creativity
(Karsenti & Bugmann, 2018; Lorence, 2015). However, studies have indicated several challenges in using MEE
in learning environments such as teachers’ reluctance to using Minecraft due to the gap between students’ and
teachers’ game knowledge (Kuhn & Stevens, 2017) and lack of focused learning objectives, inflexible curriculum,
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and no previous gaming skills (Baek et al., 2020). Callaghan (2016) argues that the pedagogical use of Minecraft
promotes conditions that are favorable for learning, not only in relation to creativity but also for collaboration.
Cipollone et al. (2015), for example, show that Minecraft gives players an opportunity to be creative in virtual
environments that would otherwise be difficult to recreate in the real world. In studying how Minecraft might be
integrated into the curricula, Baek et al. (2020) argue that by using Minecraft, students are interested and
enthusiastic while acquiring curricular knowledge and skills in subjects such as science, math, social-science, and
language-arts and composition classes. Detailed depictions of history in a game that models real-life historical
and present conditions are an appealing alternative to static pictures and descriptions used in traditional materials.
Students can navigate through the virtual game space and observe the scenes that simulate real-life situations,
promoting student interest and engagement (Baek et al., 2020). Spikol and Milrad’s (2008) study using mobile
technologies for learning local history indicated that giving pupils the possibility to involve themselves in
authentic historical settings in which to collaborate with peers gives rise to meaningful learning.
Therefore, we address the following research question:

e How are generic and domain-specific skills intertwined in pupils’ use of Minecraft in a seventh-grade
social-study (local-history) project?

Integrating intersubjectivity and domain-oriented design environments

We adopt a theory of experience based on temporality and emergence referred to as social consciousness (Mead,
1910). Mead argues “there is a continuity of experience, which is a continuity of presents” (Mead, 1910, p. 1).
Mead’s interest was in understanding the past in the present as an emergent phenomenon of social reality, during
which reconstruction is a central component (Mead, 1929). The past arises in memories and is represented in
visual images (Mead, 1929, p. 235). The past is not stable or fixed, according to him, because “[t]he past consists
of the relations of the earlier world to an emergent affair — relations which have therefore emerged with the affair.
... The past thus belongs to a generalized form of experience” (Mead, 1929, p. 5).

This theory inspired the model we use for teaching history with Minecraft, both in terms of levels of
temporality and the use of a design environment for reconstruction. Furthermore, we conjecture that when
reconstructing the past in the present, tensions (not only relations) in temporality emerge, which we use as analytic
concept in the analysis of intersubjectivity. By tension we mean a conflict between two elements that must be
resolved to advance development. In our case it is used to align elements of domain specific and generic skills
practices and past, present, and future events. We draw on Ludvigsen et al.’s (2010) characterization of horizontal
temporality (levels of change according to time scale) and vertical temporality (in-depth discursive analysis on a
specific level). In our study, we include dynamic visual artifacts as a context for analyzing discursive practices.

Intersubjectivity is a type of social consciousness, which in the work of Rommetveit (1976) is depicted
as an expansive process of communication in a spatial-temporal-interpersonal space. According to Rommetveit,
intersubjectivity is a temporarily sustained and partially shared social world that depends on access to historical
information (common pre-understanding), which is projected forward by anticipatory cues (shared prolepsis).
Participants in conversation collaboratively construct knowledge by expanding intersubjectivity toward the future,
the past, social relationships, and specific localities (Rommetveit, 1976). Researchers in computer-supported
cooperative work (CSCW) and CSCL have adapted the framework for analyzing technology-mediated
communication in distributed work (Fugelli et al., 2013; Stahl, 2016) and collaborative construction of knowledge
(Stahl et al., 2006). Technology can support or hinder intersubjectivity, and Suthers (2006) suggests that CSCL
systems should be designed to support communication and constrain the activities toward learning trajectories.

Domain-oriented design environments (Fischer, 1994) are digital tools to mediate two interdependent
design activities, constructive design, and argumentative design. Constructive design is mainly a visual activity
of combining building blocks into functional designs, whereas argumentative design is mainly a verbal activity,
including the discussion of desired relations among the design units (Fischer, 1994). The two activities of domain-
oriented design environments inspired the design of complementary modes of activity for the teacher and pupils
to shift their focus as they engage in different learning activities by toggling between generic and domain-specific
skills practices. Merch, Mifsud & Eie (2019) have developed a teaching model to support this process. The
teachers, in collaboration with the researchers, used this model to organize the classroom activities (see Table 1).

Table 1 provides steps for developing intersubjectivity in phases: from a vague object of shared
understanding to one that is more complete (ending with a roleplay video). Tensions are inherent in temporal
orientations (past, present, and future), in the difference of visual and verbal activities (Fischer, 1994), and in
discursive practices (Ludvigsen et al., 2010). From a temporal perspective on social consciousness (Mead, 1929)
and intersubjectivity (Rommetveit, 1976) set in a contemporary digital context of sandbox video games, the aim
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of reconstruction in our research is to use a domain-oriented design environment (Minecraft) to create the
historical context for developing intersubjectivity toward shared knowledge and memorable shared experience.

Table 1: A model for teaching with Minecraft in social-studies classrooms (Merch, Mifsud & Eie, 2019)

Phase (temporality) Skills-practice intertwining Example of tensions (and
(time scale: frame) (foreground vs. background) techniques for resolving them)
Introduction (oriented | Domain-specific vs. generic Historical buildings and events vs.
toward the past) (teacher-centered activity searching for relevant information
(slow: 50 years) leading to an incomplete object | (resolved by amateur historians,
of shared knowledge) online searches, and site visits)
Reconstruction Generic vs. domain-specific Minecraft building blocks vs.
(oriented toward the (learner-centered activity building architecture pictures
present) (inter- leading to a fragmented object) | (resolved by teacher’s scaffolding
mediate: day-hours) and pupils’ creativity)
Transformation Domain-specific vs. generic Enacting social concepts in
(oriented toward the (learner-centered activity roleplay vs. Minecraft stage props
future/out of school) | leading to a focused object; (resolved by personalization and
(fast: minutes) varying degrees of quality) humor)

Research design and methods

The pupils used Minecraft as an educational game to learn about a social-studies topic, 19"-century forestry
industrialization and timber trade in eastern Norway. The topic was adapted for a one-day school project, where
pre-service teachers from a nearby teacher-education college participated in the activity. Three senior citizens
with in-depth knowledge of local history (industrial, architectural, and labor history) were invited by the school
to give an introductory presentation on the topic, and we refer to them as amateur historians. We used aspects of
design-based research (DBR) to organize the activity (Brown, 1992; Hoadley, 2002). Our intervention is based
on three previous iterations in a teacher-education program using the same model to prepare the student teachers
to teach seventh-grade pupils social-studies topics using a virtual world that builds on pupils’ prior (out-of-school)
experiences (Merch, Mifsud & Eie, 2019), and adapted in this iteration by a new location (school rather than
university), theory refinement, and scaffolding by amateur historians. The pupils' work was not assessed by
grades, but was discussed in the classroom by student teachers, amateur historians, and researchers.

We collected data from three seventh-grade classes (N=80) using field notes, video observations (three
groups of four pupils each), and audio-recorded interviews (12 pupils). After transcribing the data, six researchers
participated in a data-analysis workshop to code the material. We used a version of thematic analysis based on
abductive classification to organize the textual data (Reichertz, 2014). The model (Table 1) provides three
overarching themes (introduction, reconstruction, transformation) and our conceptual framework provides
additional analytic concepts (intersubjectivity, temporality, tension). Several themes emerged during data
categorization and we profile the following: scaffolding, cooperation, collaboration, problem solving, creativity,
humor, domain knowledge. The transcript notation we used includes these symbols: (..) short pause, ((text))
comment by researcher, [..] excluded (non-audible) speech, and :: abruption of talk. The nine extracts presented
below are chosen to illustrate the different phases as well as to highlight the intertwining of generic and domain-
specific practices during collaborative learning as it developed over time. The names of participants are fictitious.

Data and empirical analysis

In this section we show a series of data extracts, organized in three subsections according to the three phases, and
illustrating similarities and differences of three groups’ collaborative learning. We focus in-depth on one group
(Group 2) in the second subsection to show how the group worked and shifted focus as the work changed over
time.

Introduction

In the beginning of the assignment, the pupils were engaged in information seeking and knowledge acquisition.
We present this theme (introduction) from three different perspectives in order to foreground multiple methods
for information seeking. The data below (see Table 2) are from two interviews (Groups 1 & 3) and from video
observation (Group 2).
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Table 2: Extract 1 (Wood Factory), Extract 2 (Sawmill Factory), and Extract 3 (Steel Factory)

Group 1 (00:28:57) Interview

Group 2 (00:10:33) Video

Group 3 (00:00:13) Interview

1. Interviewer: How did you know
it started to burn in the Wood
Factory?

2. Daniel: It said so on a website. |
think it was Wikipedia. It said it
started to burn, and people came
here to talk about it.

3. Interviewer: Who were those
guys?

4. Anna: It was ((researchers)). We
got pictures and ((building))
measurements from them.

5. Daniel: And we used
information about what we thought
had happened in the factory.

6. Anna: And when we got the
measurements, we copied them
from a sheet of paper [..].

1. Student teacher: Do you
know where the Sawmill
Factory is located? Is it here
in ((City A))?

2. Lisa: It's in ((Town B)).

3. Student teacher: In
((Town B))?

4. Lisa: Yes.

5. Student teacher: Because
then you can say that you are
in ((Town B)) and that the
timber comes from the
nearby forest. It is useful to
include some of the
historical information, such
as where the logs come from
and the process of

cutting them into planks.

1. Kris: We asked the pro how
it was.

2. Interviewer: The
pensioners you mean? Those
who came here? You asked
him questions and then you
created something afterward?
3. Kris: Yes.

4. Thea: And then we made
something up. We got this
((sheet of paper with the
building’s measurements)), but
before we could start, we went
through how it ((working life))
was at the time. It was
someone who explained all
these things for us ((about
buildings and working life)).

Group 1 sought information about the Wood Factory and cited multiple sources, including Wikipedia
and building measurements they received from one of the researchers (Extract 1). They mentioned later in the
interview that building the factory in Minecraft required more domain knowledge than scripting the roleplay,
which could be a reason why they gathered information from multiple sources. Group 2 could not find any
historical information about their building, the Sawmill. In this group, the student teacher played a central role by
suggesting they look for information about the industrialization process of making planks from logs felled in the
nearby forest (Extract 2). Group 3 was the most positive toward the information provided by the pensioners
(amateur historians), asking one of them questions and using the information combined with their own ideas
(Extract 3). Analyzing and comparing these extracts, we see that the three groups were able to find domain
knowledge and start the process of developing intersubjectivity. Group 1 focused on a fire that broke out in the
Wood Factory, Group 2 on the log-cutting process, and Group 3 on the working conditions in the Steel Factory.

Reconstruction

After having acquired knowledge of the buildings and important events, the next step for the three groups was to
reconstruct the buildings in Minecraft and write a script for the roleplay. In this section, we focus on the building
process and compare three extracts of the same group (see Table 3), showing how the pupils gradually learned to
work together with the help of the student teacher. We illustrate how Group 2 developed their MEE building
(Sawmill Factory) in parallel with building their understanding and how they incorporated historical information
through negotiation supported by scaffolding, cooperation, and collaboration:

Table 3: Extract 4 (Scaffolding), Extract 5 (Cooperation), and Extract 6 (Collaboration)

Group 2 (00:18:16) Scaffolding Group 2 (00:22:22) Cooperation | Group 2 (00:23:22) Collab.

Jon: Should we have red on the
top?

Geir: Should we use red terracotta
((searching MEE inventory, writes
“red” in the search bar for
options))?

Jon: Or red wood?

Geir: Or red concrete?

Student teacher: Remember how it
((the building)) looked like then

Lisa: But we were going to

have a wooden floor, didn't we?

Gro: Yes, I'll find it.
Lisa: What type of wood?
Gro: Oak wood!

Student teacher: What if you

two ((Lisa and Gro)) start to

build the wooden floor, given
you aren’t as experienced as the

other guys?

Geir: Maybe we should
choose a red block (..)?
Jon: [ think you can do it
as it is (..). If you take the
windows in the middle (..)
assuming we have six
spaces in between.

Geir: Six spaces?
Jon: It’s not that many
windows in the picture
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(..). Was it made of wood or
concrete?

Geir: I think it was made of wood.
Do we have any red wood ((writes
“wood” in the MEE search bar))?

Student teacher: You can also use
red wool as well if you want red (..)
but does everybody ((referring to
the whole group)) agree that the
building should be red?

Jon: Yes, it was ((red)) on the
picture ((Geir places “red wool” in
the search bar)).

Then you ((Jon and Geir)) can
start on the roof?

Jon: Where is the floor on the
picture ((Jon opens OneNote
and looks at photo in Fig. 1))?
Student teacher: ((Repeats his
former comment)) If you ((Jon
and Geir)) could start with the
roof and the windows, then the
rest of the group ((Lisa and
Gro)) can start with the floor,
given that you guys are more
experienced.

((looks at the picture of the
building, Fig. 1 middle))?
Geir: Should I take the
other side ((of the
building))?

Jon: Let us see how it will
look first.

Geir: We are going for six
spaces?

Jon: Or five?

Geir: Is it on the fifth or
the sixth ((asking for a
confirmation of options))?

In Extract 4, Jon and Geir discussed the options for the red building blocks to match the building (see
Figure 1). The student teacher reminded them that they should refer to the material the real building consisted of.
Geir believed it was made of painted red wood and asked if there were any red wooden blocks in the MEE
inventory. The student teacher also suggested that they could use red wool, a versatile MEE building block, if
everybody in the group agreed, implying the block’s color was more important than its functionality, to which
Jon answered yes, referring to a picture they had received earlier (see Figure 1, middle). In Extract 5 (see Table
3, middle), the student teacher advised the group to split the work into subtasks, and suggested the boys take the
roof and the girls the floor. The student teacher assumed that the girls had less experience playing Minecraft and
that the roof was more difficult to construct. In Extract 6, Jon and Geir discussed the distance between the
building’s windows to determine how many they could fit on one of the walls. The photo that the pupils used as
a reference shows four windows on one side (see Figure 1, middle), but the pupils created seven (see Figure 1,
right). The historical photos they received from the amateur historian did not cover the entire building, leaving
the rest to the pupil's imagination, own interpretation, or their searching for additional information on their own
(e.g., as a comparison, Group 1 used Google Maps to look for a current picture to see more detail).

e
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Figure 1. Two screen snapshots in the development of Group 2’s MEE building (left and right) and a
photograph of the historical building that served as model (middle). They were told the color was red.

In analyzing the data material from the three groups’ reconstruction activities, we see that
intersubjectivity is now knowledge-based, but remains fragmented. For example, domain-specific knowledge and
scaffolding played a central role to help the pupils to cope with the challenges of relying solely on generic skills
and help the group work closer together (e.g., problem solving, division of labor, collaboration). The student
teacher suggested in two rounds that Group 2 should divide their work based on perceived gameplay experience.
All the groups tried to create buildings that resembled the pictures they received from the amateur historians and
from other sources when this was insufficient. All the groups met challenges when trying to recreate certain parts
of the buildings, sometimes leading to creative workarounds, such as Group 1 creating a restaurant-like seating
area outside their building, or Group 2 increasing the number of windows along a wall (Extract 6).

Transformation

In the last phase of the assignment, transformation, the pupils roleplayed historical events set to the scenery of the
19th-century industrial architecture they had created in Minecraft. We will present this theme from three different
perspectives in order to foreground the degree of seriousness and domain-knowledge accuracy (or alternatively
the lack of it and the inclusion of humor and entertainment) in the roleplay, as we see in Extracts 7-9 in Table 4:
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Table 4: Extract 7 (Building on fire), Extract 8 (Work accident), and Extract 9 (Exploitation)

Group 1 (00:25:50-6) Group 2 (00:36:32-3) Group 3 (00:15:21-6)

Iris: What are we going to Student teacher: Have you started Kiris: Albert ((manager)), we
produce in the factory today? planning the roleplay yet? What are haven't received our wages in over
Anna: Probably a door. you going to say? three months ((walks straight
Daniel: OK, let's start! Gro: Yes, we have started, but we are | aCcross 'the MEE screen toward a
Nils: I have to use the restroom not yet finished. tab.le higher up)).

(..). T have to use the restroom (..). | Lisa: (Laughs)) It ends with Kaare Mikkel: Too bad for you guys.

I have to use the restroom (..). dying (..). ((Starts reading the script Kris: Why are you so cranky all
Anna: Look. a fire has started to from OneNote document.)) It starts the time?

burn! ’ when he arrives at work for the first Mikkel: Why do you ask so many

time. The day after, he comes to work | questions?
as usual and does not sense any
danger. He goes to the cutting

Daniel: Let's get out of here

((everybody leaves the building))! Kris: Because I'm curious.

Anna: We have to get out of here | machine to start his work (..). Ouch Mikkel: Please leave,“noow -—
now! (..)! What happened (..)? I cut off my f(narr.atoli mee Tay’s’, | ne minute
Nils: T have to use the restroom hand (..) ater in the roleplay™))!

(.)! I have to use the restroom! Geir: The story is not very long Thea: Ame ((worker')) cpntacted
me and said you don't give these

folks their wages, but you have to
do that, otherwise you will be
arrested.

((Lisa opens Minecraft)).
Lisa: No, we don't have enough!

Comparing the three roleplays, it seems the groups had different approaches and expectations with
regards to domain knowledge. Group 1 used domain knowledge as a basis for their roleplay (Extract 7) with a fire
as the second act of their roleplay, following a door-production scene. They also included a humorous element
that was important for two of the group members. Group 2 could not find any historical information on their
building, the Sawmill Factory, but they included elements of the industrialization process that started in a nearby
forest. In the final act (Extract 8), one of the characters was injured in a log-cutting machine. The lack of a safe
work environment was commented on by the amateur historians as an important element of that time, after the
group's presentation. The third group (Extract 9) brought up a societal issue (exploitation of workers by factory
leaders) illustrated by a dialog between a worker and his manager. The group was praised for its use of domain
knowledge. The roleplays were created for video and the intersubjectivity was focused, but the quality of shared
knowledge varied. Comparing the three groups along a scale of foregrounding entertainment and domain
knowledge, Group 1 chose entertainment, Group 3 aimed for domain-knowledge accuracy, and Group 2 was in
between the other two.

Discussion

In this section, we address the research question, how are generic and domain-specific skills intertwined in pupils’
use of Minecraft in a seventh-grade social-studies (local-history) project? We discuss this from the two
perspectives identified through the empirical analysis and informed by our conceptual framework: 1) Tensions in
temporality and contextual reconstruction, and 2) setting and releasing tension.

Tensions in temporality and contextual reconstruction

The pupils relied on different techniques of information seeking to find information about the historical buildings,
which was an essential generic skill in the beginning of the project. When the pupils discussed features of the
buildings (see for example Table 1 and Extracts 2 & 3 in Table 2), we see that they try to connect the historical
information of the buildings that are still in use, to the historical buildings they learned about and reconstructed
in Minecraft, despite some of the buildings having a new function today (e.g. the place they know as Mall used
to be Steel Factory). This approach to understanding history is in line with Mead’s theory of temporality (Mead,
1929), which suggests that people reconstruct the past in the present aided by visual imagery and the images serve
as a context for their understanding. In reconstructing the buildings in Minecraft, the pupils created “history in
the present” (Ludvigsen et al., 2010, p. 109) and they relied on pictures from the past and present buildings.

In designing the buildings, the pupils spent considerable time finding the right building blocks (generic
practice in foreground) and creating buildings that could be used in the knowledge-based roleplay (demonstrating
domain knowledge). This discrepancy between generic and domain specific practices became a challenge for all
the groups, which we refer to as a tension of context and understanding, or contextual reconstruction. The groups
differed in how they emphasized context vs. understanding along a scale from picking good building blocks and
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scripts to demonstrating recognizable historical events and proper use of domain-specific concepts. For example,
Group 1 demonstrates in Table 4 the concept of door-production (Extract 7), Group 2, safety at work (Extract 8),
and Group 3, exploitation and class struggle (Extract 9). After each roleplay, this became a topic of discussion,
when classmates and amateur historians praised each group but also gave them a constructive critique for what
they could have done better (e.g., using concepts associated with more significant historic events and less
humor). The amateur historians made important contributions to the activity of Group 3. Kris referred to them as
‘pros’ (see Extract 3 in Table 2), and Mikkel said later in the same interview “The pro taught us more about local
history than the teacher.” This indicates a tension between different epistemic positions, paralleling studies in
community planning involving longtime residents and professionals (city planners). Resolving the tension by
mutual adaptation led to new knowledge (Taylor, 2020). The lessons learned from these studies were used to
design experimental teaching lessons for public schools in the same neighborhoods to teach about local history.

Setting and releasing tension

Group 2 did not find information about the Sawmill Factory online and was told by the student teacher to seek
information about the wood industrialization process (see Extract 2 in Table 2). The two boys in the group had
more experience in Minecraft than the girls, but both pairs needed frequent scaffolding. For example, before the
two boys could decide on the better building block to use (wood or wool), the student teacher reminded them
about the material the physical building was made of (see Figure 1, middle). This became a constraint for the
pupils because their design would be compared and measured against this building (setting tension). Furthermore,
the student teacher wanted to include the entire group in the deliberation process, and by intervening, he opened
up a space for the two other members to join the discussion (releasing tension). By releasing tension, we mean
that domain knowledge is put in the background and inclusion of all (a generic skill) is prioritized. Therefore, by
setting and releasing tensions at appropriate times, the pupils were guided by the student teacher to resolve their
discrepancies and move forward in their collaborative learning process.

In Extract 5, Group 2’s division of labor separated the activities of two subgroups, partly as a result of
scaffolding by the student teacher but later resolved when they completed the roleplay. The roleplay emphasized
an important concern for workers, preventing accidents (Extract 7). However, as this topic did not specifically
refer to a known event, it can be understood as a situation of releasing tension too soon (e.g., not spending enough
time searching for reliable knowledge), which would be more appropriately handled by a knowledgeable person.

Humor was another way of releasing tension for the groups. Despite the effort of some members of
Group 1 to use domain knowledge in their roleplay, the inclusion of humor in the script appeared to be important
for Daniel and Nils as a form of entertainment for the whole class to enjoy (see Extract 7 in Table 4). Even though
they knew humor might jeopardize the knowledge basis of their roleplay, they found it acceptable in their current
setting. The roleplay created by Group 3 was dominated by domain knowledge (Extract 9, Table 4). The characters
showcased a societal issue of exploitation and class struggle that may indicate a tension between the past and the
future in terms of labor rights; later on (in 1920s), the workers in the Steel Factory formed a labor union.

In summary, we have used temporality and tension as analytic concepts to understand the development
of intersubjectivity in three classrooms and to identify focus shifts in the pupils’ collaborative learning with
Minecraft in their efforts to learn about their own local history. Tensions are relations between one or more
elements that can be classified as typical gaming activities and one or more elements that belong to school
activities. We used these concepts to identify when the pupils switch from generic skills practice (gaming activities
in the foreground) to domain knowledge practice (school activities in the foreground). Tensions are released when
domain knowledge are put in the background. Frequent focus shifts stimulated the collaborative learning process,
which we also supported by a teaching model. Shared knowledge was the result of the process for 2/3 of groups.

Conclusions, limitations, and directions for further work
Our research aims to contribute to bridging the educational gap of practical and theoretical knowledge in a school
setting and we have used a popular digital game and a teaching model towards that end. While building in
Minecraft does not help one become a better carpenter or mason, it can help one learn digital skills, history and
landscape, and it can lower the threshold to theoretical knowledge. We consider our design experiment to be
moderately successful based on motivation of pupils and teachers and the feedback by amateur historians.
Limitations: 1) Our qualitative approach draws on a small sample of the total population of 90 pupils
with the risk of over-generalization by neglecting possible emergent phenomena and instead relying on our
conceptual framework for interpretation. 2) Lack of gaming experience can prevent teachers from intervening in
situations such as putting buildings on fire, explosion, invisible avatars, and fireworks. These elements can be
turned off to avoid classroom disturbances, but it requires Minecraft expertise. The teacher students had learned
Minecraft in a social-studies class the previous semester, but in the heat of the moment for a pre-service teacher
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it turned out to be a challenge. 3) The time spent obtaining reliable knowledge and ensuring accuracy in historical
buildings and events, varied considerably among the groups.

The dilemma of providing relevant games vs. interesting educational tasks is not straightforward to
resolve, and our tentative hypothesis is the former is easier than the latter. We have argued that finding the right
balance of generic skill practice and domain knowledge as part of a dynamic process of developing
intersubjectivity toward shared knowledge in parallel with building in Minecraft to gain practical experience is a
step forward. Future work is a final iteration of DBR in same school to address some of the limitations.
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Abstract: This paper contributes an outline to guide methodological decision making in
analysing teacher learning in online networks, with a view towards research that produces
actionable knowledge. It suggests that key decisions must be made in areas of research
questions, units of analysis and observation, frameworks for analysis, data sources and methods
of analysis, and reporting of context. It provides a concise example of decision making in the
analysis of an online network of secondary design teachers in Australia.

Introduction

An online network of teachers has qualities of both a network—a group of teachers connected to one another and
to knowledge objects through communications technology—and a community—a group of teachers with a shared
identity around a common subject (Wenger, Trayner, & De Laat, 2011). Prior research has established that
teachers make widespread use of online networks to access peer support and ad-hoc professional development
(Lantz-Andersson, Lundin, & Selwyn, 2018; Macia & Garcia, 2016). A range of methods have been established
by researchers to understand how teachers learn within these networks, namely survey, interview, ethnographic
observations, discourse analysis (of online interactions), social network analysis, epistemic network analysis, and
process analysis (of online traces). In this paper we suggest that methodological innovation can advance this
domain of research, particularly through combining quantitative and qualitative methods to move towards
actionable knowledge—knowledge that can be used by someone in service of a desired outcome in the world—
that can inform the design, implementation, and facilitation of online spaces to support teacher professional
learning.

Professional learning supports teachers in adapting their pedagogy in response to the rapidly changing
social, cultural, and economic environment in which they live and work. For this reason, it is essential that teachers
update their skills and advance their practices in order to meet students’ complex and evolving learning needs
(Curwood, 2011; Desimone, Smith, & Phillips, 2013). Despite significant financial investments at local, national,
and international levels, a substantial body of research challenges the effectiveness of traditional approaches to
teacher professional development, which understands learning as a progression through stages and a series of
learning opportunities that are frequently designed and administered by an outside expert (Walshe & Hirsch,
1998). It instead emphasises the importance of professional learning, which involves an active, collaborative,
iterative, and ongoing process based on a teacher’s personal interests, professional goals, and sociocultural
contexts (Darling-Hammond & Sykes, 1999). As Borko (2004) argued, “To understand teacher learning, we must
study it within these multiple contexts, taking into account both the individual teacher-learners and the social
systems in which they are participants” (p. 4). To this end, the idea of teachers being in control of their own
professional learning network has been theorised (Trust, 2012), and recent scholarship has situated teachers as
self-generators of their own professional learning curriculum through social media (Prestridge, 2019).

Actionable knowledge for teacher educators, policy makers, school leaders, and practitioners is needed
to improve teacher learning in this medium of online networks. Due to the lack of actionable knowledge about
how to create and facilitate teacher learning within online networks, there is an urgent need to move beyond
“conducting isolated studies focused on new things rather than significant problems” (Reeves & Reeves, 2015, p.
29). Prior research has described the scope, benefits, and potential of teacher online networks, yet recent
scholarship has concluded that much is still not known about teachers’ online learning (Lantz-Andersson et al.,
2018) and “it is not clear to what extent participation [in online networks] contributed to the development of new
skills or fostered teachers’ reflection on their practice” (Macia & Garcia, 2016, p. 305). This matters because there
are more than 300,000 teachers in Australian schools, all of whom are required to meet and maintain national
standards for the profession through post-qualification and in-service learning. At the same time, outside of school
contexts, a growing number of teachers are using social media tools and accessing online resources in an effort to
improve their teaching and support their students’ learning.
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This paper responds to Reeves and Lin’s (2020) call for educational design research that addresses
significant problems in education by considering how to identify units of analysis and lines of inquiry within
online teacher networks and how quantitative and qualitative approaches can provide insight into the ways
interactions and knowledge objects impact professional learning. It aims to: (1) explicate an outline for
methodological decision-making that can inform the investigation of teacher learning in online networks; and (2)
provide a concise example of how this outline can be applied through analysis of a network of teachers.

Background

Teacher professional learning

Professional learning extends beyond government-endorsed workshops or school-based initiatives to include self-
directed and self-regulated activities, which are often invisible to accrediting organisations and schools. As
Coburn (2001) stated, “Informal networks among teachers are largely unacknowledged by the policy world. Yet
they have enormous potential to play an influential role in teacher sense-making” (p. 163). Informal networks
give teachers access to new strategies, activities, and perspectives, and they provide a space to share any fears or
frustrations that they may not feel comfortable expressing to immediate colleagues. Prior research has identified
the core features of effective professional learning experiences for teachers: duration, content, and active learning
repeatedly emerge as aspects of teacher learning that improve content knowledge, positively influence pedagogy,
and promote student achievement (Desimone, 2009). Contrasted with passive forms of learning, such as attending
a lecture, active learning is linked to more positive outcomes for teachers (Desimone, Porter, Garet, Yoon, &
Birman, 2002). Active professional learning in online networks—where teachers have this kind of involvement—
allows teachers to develop their knowledge of specific subject content and to share resources and ideas (Curwood,
2013).

Analysis of online networks of teachers

The analysis of online learning networks takes place within a complex set of nested contexts (Jones, 2015).
Teachers who use networks are situated in a physical context (e.g., a school within an educational system within
anation), and the technology for both hosting (e.g., web technology) and accessing (e.g., devices) online networks
frequently change, altering the affordances of online networks. Further, social norms influence the way that online
networks are used and understood. Within these contexts, numerous studies of teacher learning in online networks
have been conducted over the past two decades, mostly grounded in sociocultural learning theories, which have
analysed teachers in a wide range of contexts, using diverse data sources, instruments, and analytical frameworks
(Lantz-Andersson et al., 2018). Yet, despite this activity, the actionable knowledge that can be used by
practitioners is limited. This includes the knowledge available to teachers, teacher educators, or school networks
wishing to design, convene, or facilitate a network to support teachers or government bodies seeking to make
decisions about deploying resources to support teacher learning in online networks.

One issue is that the diversity of analytical frameworks and variation in reporting makes it difficult to
make comparisons across studies or to translate knowledge from one context to another. One, largely successful,
convergence within the literature has been around the development of the Activity Centred Analysis and Design
(ACAD) framework (Goodyear & Carvalho, 2013), which provides a general and widely adopted framework for
the analysis and design of online learning networks (e.g., the 15 studies in Carvalho & Goodyear, 2014). The
ACAD framework describes the four elements of learning networks as social design (roles and rules), set design
(tools, digital, and physical learning environment), epistemic design (processes of knowledge building, tasks),
and design for co-configuration (affordance for co-creation of the learning environment over time). The use of
ACAD as a design framework assumes that learning (measured by outcomes or changes over time) is mediated
by activity. Activity is the focus of the design and it can be considered to be emergent and influenced by these
designable elements (Alhadad & Thompson, 2017).

Methodologically, online networks of teachers provide a great deal of latitude for researchers, as shown
by recent review papers (Lantz-Andersson, et al., 2018; Macia & Garcia, 2016). The fact that the activity in most
online networks leaves traces makes it possible for researchers to easily gather data from conversations (e.g.,
teacher-teacher relationships) and activities (e.g., teacher-knowledge interactions), which have been effectively
analysed using methods such as thematic analysis, discourse analysis (automated or manual), social network
analysis, and process mining. Additionally, the individuals within a network are often involved in research,
providing their perceptions and stories of lived experience, often through interviews or surveys. The aim of this
paper is to move towards research that has alignment between these different elements: towards research that aims
at actionable knowledge, through alignment of questions, methods, analysis, and reporting.
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Methodological decision-making in studying teachers in online networks

Our framework for methodological decision-making seeks to aid researchers in designing and implementing
studies. It suggests five points at which methodological questions ought to be asked, with examples for each, as
relating to: (1) actionable knowledge; (2) units of analysis and observation; (3) analytical framework; (4) breadth,
depth, and thickness of data sources and methods for analysing them; and (5) reporting and inclusion of context.
This framework builds upon existing understandings of educational research design, where points (2), (3), and (4)
are already widely recommended for most studies (e.g., Fraenkel, Wallen, & Hyun, 1993). The contribution of
the framework is to guide researchers in applying these notions to the analysis of teachers in online networks.
Critically, it promotes the importance of considering the actionable knowledge arising from the work and,
relatedly, how this this knowledge will be communicated, through reporting that includes contextual information.
The paper proceeds by describing these five points, then providing an example of the use of the framework for
studying teachers in an online network. We recognise that research does not proceed in a linear fashion; it is
typically cyclical and unpredictable. As such, this framework aims to elicit appropriate questions rather than to
be prescriptive.

Firstly, how might the research lead to actionable knowledge? The potential for actionable knowledge
needs to be considered any time that research questions are being formulated. The framing of the question as “how
might we” is a tool to provoke thinking. While not all research needs to be directly relatable to actionable
knowledge (i.e., there is a need for blue sky research too), there is a recognised need within teacher education
research for more knowledge that is useful in addressing real problems (Reeves & Reeves, 2015). One way to
approach this is to ask: who might this research be used by, and for what purpose? In studies of teachers in online
networks knowledge tends to be actioned by teachers (e.g., guidance in developing professional learning
networks), teacher educators (e.g., how to run support teachers’ professional learning in online networks), and
policymakers (e.g., data about the value of convening and facilitating online networks in relation to other models
for professional learning).

Secondly, what are the units of analysis and observation? These questions are often more challenging
in studying online networks than in other domains. Online networks of teachers (e.g., in Facebook) often take the
appearance of groups within a platform, while a real-world clique (e.g., “English teachers in the state of
Wisconsin”) might be spread across many such groups and many such platforms. This can in turn be contrasted
with an individual teacher who may be a member of many groups, many platforms, and many real-world cliques
of different kinds. Given such confusion, there is a need for clarity around how units of both observation and
analysis relate to actionable knowledge. One possibility is to have feachers as the unit of observation (what
teachers are saying or doing) in order to make claims about the network as the unit of analysis (“what this
network—and others like it—are good for”, e.g., Carpenter & Krutka, 2015 in surveying teachers about
perceptions of Twitter). Another is to have teachers as both the unit of observation and analysis (“what teachers
do in online networks and what they learn from them”; e.g., Kelly & Antonio, 2016 in looking at teacher posts in
Facebook to make claims about types of peer support that are valued). A third is for the network to be the unit of
both observation and analysis (e.g., Macid & Garcia, 2018 in comparing and analysing network topologies).

Thirdly, what analytic framework is being adopted? There has been a broad theoretical convergence
in understanding teacher learning in online networks through the paradigm of sociocultural learning, and of
framing analysis through notions of communities of practice, communities of inquiry, and learning networks
(Lantz-Andersson et al., 2018; Kelly, 2019). The adoption of an existing framework for analysis—for example,
the ACAD framework—allows a researcher to connect learning theory to research aims without needing to
construct this bridge themself. Researchers may adopt elements of different frameworks—for example, a construct
that has been used widely in studying is the different forms of participation in online networks (e.g., observers,
peripheral contributors, and active members; Lave & Wenger, 1991). The analytical framework needs to match
with the unit of analysis.

Fourthly, what are the data sources and methods for analysing them? This is a broad question that,
as suggested in the Introduction, is aimed at suggesting combinations of research methods. Three ways of
considering data sources are in relation to the breadth of data (e.g., big data is very broad, as determined by its
velocity, variety, and volume; Sagiroglu & Sinanc, 2013), the thickness of data (the qualitative understanding that
it is capable of providing), and the depth of data (how deep data sources go in demonstrating impact). For example,
Homan (2014) conducts an ethnographic study of a single teacher using multiple online networks and its impact
upon the teachers’ teaching—this can be described as data that is thick and deep, but not broad. In contrast,
Ranieri, Manca, and Fini (2012) surveyed 1107 teachers about their perceptions; their data has more breadth, but
less thickness or depth.

A secondary question is to ask: How might methods be combined to broaden, thicken, or deepen data?
An example can be seen in the study conducted by Lundin et al. (2018), who used computational techniques over
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a large corpus of data (Facebook posts) to identify 79 discussion threads, which were then subjected to a detailed
qualitative analysis. This complementary combination of techniques used automated analysis for inclusion of
broad data and then a subsequent phase of qualitative analysis to thicken a target part of that data. Strategies that
have been used previously in studies of teachers in online networks are online surveys of participants and trace
data from networks for broad data; combined with interviews and/or manual qualitative analysis of online
discourse for thickening that data. The data sources and methods used within the research need to fit with research
questions (and aims for actionable knowledge), units of observation and analysis, and the framework.

Finally, what network context needs to be included in reporting? When understanding the context of
an online network the aim is to locate it in relation to other such networks. Given the large populations involved
(e.g., teachers within a nation), changing technologies (e.g., social media platforms), and the variability in teacher
groups within social networks, it is unlikely that any single study can make generalisable conclusions about ‘how
teachers learn within online networks’. It is thus important to have clearly established language and variables that
allow for cross-study comparison. This is needed to permit convergent validity over time, through comparison of
diverse studies by different researchers. Suggested basic information that should be provided about any network
being included in a study is (following Kelly, 2019): the size of the network (number of members); the focus of
the network if present (e.g., “History teachers sharing lesson ideas”); the regionality of the network if applicable
(e.g., international, national, state, local, school); the privacy of the network (e.g., private/public); and the
anonymity of participants (use of real names enforced/facilitated in any way?). Further qualitative information
about the network context add to such data, and such contextual details permit findings to be more broadly useful
in future studies (or meta-analysis).

As a part of a broader programme of research, this framework was implemented in our ongoing analysis
of the online teacher network “Design Teachers Queensland” (DTQ; www.designteachersqld.org). Below, we
describe the context for this network and our implementation of this decision-making process with partial results.
The example is useful to realise why these five points of decision-making are rarely clear-cut, linear ‘decisions’
but rather the design of a ‘best possible result’ through trade-offs between competing priorities given limited
resources.

Demonstrating the framework with Design Teachers Queensland network

Research context

A new syllabus for a senior high school subject “Design” was written in 2017 and released in 2018, to be taught
for the first time in 2019, in the state of Queensland, Australia. This involved a range of teachers from varied
backgrounds learning new content and new skills. Arts teachers, manual arts teachers, graphics teachers, home
economics teachers, and technology teachers were all going to be teaching Design due to the absence of any
existing specialisation in design theory, with the exception of a few teachers with a design background (e.g., as a
trained architect).

DTQ is an online network convened in early 2018 to fill the need for a way to support teachers who now
had to understand and implement this new Design syllabus. It was also an opportunity to put into practice the
design principles and technologies developed in a prior project, TeachConnect, that aimed at exploring how to
support teachers by designing and facilitating online networks (Kelly et al., 2018), which in turn built on prior
theory such as Lave and Wenger (1991). As a result, DTQ was designed and facilitated according to well-
established design principles in the literature (as reviewed by Kelly et al., 2018). These principles can be listed as
(1) work with existing teacher communities, in this case, a range of teacher associations and official bodies; (2)
have a clear focus for the network, in this case supporting the Senior Design syllabus; (3) ensure that the
technology is comparable in terms of speed and feel with “best of breed” technologies, in this case through styling
and implementation of the Discourse open source platform (www.discourse.org); (4) have a low threshold for
participation, in that users could easily lurk and watch the community grow with minimum effort; (5) start with a
core group of 10-100 users and grow from there, which was done with a two-day workshop with 80 design teachers
to kick-off the online network; and (6) use a fractal design to allow for different levels of participation.

Actionable knowledge

The research question posed was: To what extent (if any) is professional learning of teachers within DTQ changing
classroom practice, in the context of the Queensland Senior Design Syllabus? This focus upon the impact of a
curated and researcher-facilitated online network is likely to lead to a kind of actionable knowledge: currently, it
is difficult to make an evidence-based argument for the creation of such platforms. Because there are ‘free’
platforms for teacher networks available (e.g., Facebook, Instagram) that are widely used, there is a reluctance to
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access privately maintained networks. Addressing this question may be useful for policymakers, teacher
organisations, and school leaders to make a case for (or against) convening similar networks in future scenarios.

Units of analysis and observation

The unit of analysis in this study is the DTQ network, to understand the impact of networks of this type and their
potential use in different contexts. The unit of observation is the individual teachers involved within the network.
Another considered option was to focus upon particular knowledge objects (topic threads) within the network as
units of observation and attempt to follow the impact of these objects upon different teachers—we decided upon
the former.

Analytical frameworks

In analysing DTQ, we used two complementary frameworks for analysis. The ACAD framework was used to
consider relationships between the design of the network and the activity taking place within it. This fits well with
the framework for “Promoting and Assessing Value Creation in Communities and Networks” (Wenger et al.,
2011) which draws links between activities within a network (the “ground narrative”) with the value represented
by those activities (the “aspirational narrative”). Figure 1, which represents the analytical framework used in this
study. Each framework has been described by its authors with valuable lists of questions to guide investigation,
as well as examples of prior analysis; these will not be discussed in the interests of parsimony.

Network design elements Network value elements
ACAD framework Value creation framework
(Goodyear & Carvalho, 2014) (Wenger, Trayner, & De Laat, 2011)
X | 1. Activities/interactions indicators |
Set design

| 2. Knowledge capital indicators |

Design for co-
configuration

Epistemic desi
pistemicdesign | 3. Applied value: indicators of changes in practice |

v

[ 4. Realized value: indicators of performance improvement |

v

| 5. Reframing value: indicators for redefining success |

Social design

Figure 1. Analytic framework for the study, as synthesis of ACAD and value creation frameworks

Establishing network context

Establishing network context is a part of decision making for reporting—normally a fifth step. Here we have
included it prior to the data sources to aid the reader. DTQ is a stand-alone, online network with its own domain
name and styling (as opposed to being one part of a larger network). It is a partially private network of teachers.
It was initially entirely public, but due to teacher concerns about students viewing teacher content, it was made
member-only. To avoid the need to moderate all members at the time of application there are two circles of
privacy: anybody can sign up and access the network, but a “DTQ Confidential” section within the network can
only be accessed once approval has been granted. This area is used by teachers who wish to share discussions of
sensitive content (e.g., examinations or student work). The network is targeted at teachers in Queensland,
Australia (regionality) who are teaching into the Senior Design Syllabus (focus). Participants are encouraged to
use their real-world identity, but anonymous presence is permitted if teachers choose to use it. Teachers are
encouraged to share their details (type of teacher, subject area, career stage, location) at the time of sign up.

The platform has a modern—though minimal—styling, with a clear network identity. It is more text-
heavy than many commercial social network platforms used by teachers (e.g., Instagram or Facebook). The
network aims to be inclusive, firstly through intuitive design by implementing established social network norms
(i.e., those used by Facebook) and secondly through semantic web design that is mostly accessible to visually
impaired users. The size and usage of the network are established through two sets of data, the descriptive statistics
for the life of the network, and those same statistics over a one-year period (a standardised window of time to
allow for comparison between sites), the two Value columns in Table 1. Based on these values, the network is
considered to be large in terms of teacher networks, but not massive (Kelly & Antonio, 2016)
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Table 1: DTQ platform levels of interaction and activity (for one year and for the life of the platform)

Measure Value (Oct 2019-Oct 2020) Value (Aug 2017-Oct 2020)
Topics 81 260

Posts 434 1,300

Avg. page views per month 5,625 5,895

Daily average users / Monthly average users | 12% 15%

Registered users 248 527

Registered users — participating 201 307

Registered users — non-participating 47 220

Data sources and methods of analysis

The focus upon the impact of the network led us to consider that—in the trade-off of breadth, thickness, and
depth—the focus needed to be on depth and thickness. This depth will be achieved through a research design
focused on teacher interviews with reflections upon lesson plans used and the role of the DTQ in preparing them.
The challenge with such research—given limited resources and a large population—is that breadth of data
becomes infeasible. Here we turned to complementary combinations of methods to leverage the benefits of each.
The generalisability of the research comes in three forms: (1) statistical claims, based upon the sample size and
methods for targeting individuals within that sample; (2) generalisation at a higher level of abstraction based upon
theory; and (3) as one case that may come to be generalised through subsequent case comparisons and meta-
analysis. The study design was guided by the analytical framework, Figure 2.

| 1. Activities/interactions indicators I I Trace data, social network analysis |
| 2. Knowledge capital indicators I ;I Self-report, interviews, epistemic network analysis |
| 3. Applied value: indicatjrs of changes in practice I ‘I Self-report, interviews, lesson plan analysis |
I 4. Realized value: indicators jf performance improvement I =I Analysis of recorded lessons |
| 5. Reframing value: indica%ors for redefining success I :I Not included in this study (outside scope) |

Figure 2. Links between analytical framework (value of network) and data sources

In an example of the first stage within this research, we stratified the network into three groups, based
upon Lave and Wenger’s (1991) description of legitimate peripheral participation: observers, active participants,
and champions. Users were ranked for activity in the network in three different ways: (1) using social network
analysis (analysis of a graph constructed using nodes as the individual teachers and evidence of their interactions
as edges drawn between them) through the measure of betweenness centrality (a higher score indicates that a user
is a “bridge” between other users in the network); (2) the quantity of their posts (raw number of posts by each
teacher); and (3) the quality of their posts (calculated using weighted measures of the reply count, the number of
likes, the number of links to it, the number of times it’s been bookmarked, and the number of reads). This allowed
for the identification of six teachers who were ‘champions’ within the network, who led the way in terms of active
participation.

Qualitative research with these six teachers, and similar groups for active and observing users, will make
up the next phase of research (yet to be conducted), addressing the depth and thickness of the data, focusing on
establishing a link between activity in the platform and changes to teaching. Teachers will share lesson plans as a
part of their reflection in an effort to move beyond reliance upon self-reports by teachers. We will then be able to
explore links between lesson plans and teacher activity in the network based upon traces of teacher activity.

Reporting

In addition to the details provided in Network Context (which allow for comparison with other studies) the
reporting will make links back to the analytical framework. In this case, the ACAD framework provides a basis
for theorising a relationship between design elements and observed value. In addressing the research question this
may allow for findings that, say, certain epistemic design features—for example, the way that the platform
promotes the use of knowledge objects as a basis for ad-hoc discussion groups—contribute to the changes
observed in teacher practices.
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Discussion and conclusions

The methodological framework we propose is useful for developing the actionable knowledge that teachers,
researchers, policymakers, and practitioners can use in designing, convening, and facilitating online communities
of teachers. With the rapid shift to online teaching around the world due to the COVID-19 pandemic, many
teachers were unable to access high-quality, face-to-face professional learning, let alone readily engage in
informal dialogue with colleagues about pedagogy and practice. Consequently, there is an urgent need for
researchers to consider how our methods can provide insight into how teacher learning is happening within
interactions and through the exchange of knowledge objects in ever-evolving online networks.

This paper outlines a guide to methodological decision-making in analysing teachers in online networks,
and it provides an illustrative example in the research planning for a study of the DTQ network. It argues, firstly,
that actionable knowledge is lacking in this domain of research; and suggests that research questions might align
with this goal of producing actionable knowledge. Secondly, it suggests that critical points of decision-making
can be useful in addressing research questions. The domain of studying is maturing, with valuable analytical
frameworks—such as the two used in this study—available to researchers, and the methods for analysing online
networks are now well established. Further development of theory and to cases that can be more readily compared
through combinations of methods, in research designs that are aimed at actionable knowledge, and through
conventions in reporting this maturation might continue.
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Abstract: Invention activities are carefully designed problem-solving tasks in which learners
are asked to invent solutions to unfamiliar problems prior to being taught the canonical
solutions. Invention activities are typically used in the classroom setting. As online education
becomes increasingly common, there is a need to adapt Invention activities to the asynchronous
nature of many courses. We do so in the context of an introductory undergraduate data science
course. Using an online programming environment, students work on the tasks in pairs, without
instructor support. We analyze the invention process and outcomes from two Invention
activities on the challenging topics of classification and clustering. Detailed analysis of
recordings of six student pairs shows how activity design supports insights at three levels: nature
of models (e.g., the need to normalize); domain concepts (e.g., types of errors), and procedural
solutions (e.g., weighting errors). We describe the activities, their design, and their outcomes.

Introduction

In Data Science, methods and procedures are defined and implemented in order to extract information and
knowledge from datasets. As students often have very little relevant prior knowledge and experiences in these
areas, teaching these methods is challenging (Berman et al., 2018). Data science literacy requires knowledge of
statistics, understanding of data, and often fluency in programming. Thus, while students often follow the given
procedures, they fail to acquire meaningful understanding of relevant concepts.

To address this challenge, we evaluate the benefits of introducing Invention activities to an introductory data
science course. In Invention activities, students are asked to develop naive methods to solve problems prior to
being taught an expert solution (Loibl, Roll, & Rummel, 2017; Schwartz & Martin, 2004). Such activities help
students acquire meaningful experiences, on which future instruction builds (Schwartz, Sears, & Chang, 2012).
Invention activities and other similar approaches were shown to improve students' understanding and provide
strong foundations for future learning, mainly in the domain of statistics (Holmes, Day, Park, Bonn, & Roll, 2014;
Kapur & Bielaczyc, 2012; Loibl et al., 2017). However, it is unclear whether such an approach would also be
effective for learning more complex data-science concepts, especially when requiring programming.

A second challenge that we address in this work is the facilitation of Invention activities asynchronously, without
instructor support. As online education becomes increasingly prevalent, in both informal (such as MOOCs) and
university settings, there is a growing need to support meaningful, active learning in this context (Hew, 2016;
Roll, Russell, & Gasevi¢, 2018). To this end, we design activities that are facilitated remotely and asynchronously,
via Zoom, without teaching staff support.

We present a case study of designing and deploying remote, collaborative, Invention activities that engage
students in problem-solving tasks prior to instruction. We focus on the invention process itself and its outcomes,
and discuss lessons learned and implications for the design of asynchronous Invention activities at scale.

Background

In traditional forms of science and math instruction, teachers explain core concepts, and then ask students to apply
them in practice problems. Problem-solving followed by instruction (PS-I) flips the traditional approach by first
engaging learners in problem solving before the teacher explains the related concepts (Loibl et al., 2017).
Invention activities are a class of the PS-I approach. These are carefully designed problem-solving tasks (Schwartz
& Martin, 2004) in which learners are asked to invent general solutions for the given problems. This process helps
learners acquire an intuitive understanding of the main domain concepts prior to being taught expert solutions
through instruction (Loibl et al., 2017). It is done through the use of contrasting cases which highlight specific
features of the domain (Schwartz, Chase, Oppezzo, & Chin, 2011). Invention-based approaches have been shown
to boost conceptual learning and transfer to novel situations (Kapur, 2016; Schwartz & Bransford, 1998; Schwartz
etal., 2011; Schwartz & Martin, 2004).

Building on these successes, two main challenges motivate the current work. First, the effectiveness of PS-I
approaches depends on the type of knowledge being taught (Chase & Klahr, 2017), and its applicability to data
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science education has yet to be evaluated. Data science is intrinsically complex, as it combines statistics,
programming, and big data. Each of these topics is new and challenging for students (Berman et al., 2018). Thus,
there is a concern that their combination is too cognitively demanding for engaging in a productive invention
process. Second, Invention activities are typically used in classroom settings. Thus, the teacher is often available
to support students in their learning (Kapur & Bielaczyc, 2012). Furthermore, students are likely to stay on task
even when facing challenges. However, given the current global pandemic, and to support adoption at-scale, we
sought to implement Invention activities asynchronously, as homework assignments, without teacher support.
We designed two Invention activities in which students were asked to invent and implement quantitative methods
for evaluating the quality of classifiers and for evaluating the quality of clustering methods. We collected
recordings of several students who worked on these activities in pairs, and analyzed them. Using this data, we
tried to answer our main research question: how to design asynchronous Invention activities to support data
science learning for undergraduate level students?

The main contributions of this work are twofold: (1) providing a design approach and rationale for asynchronous
Invention activities that could support their adoption at scale, and (2) demonstrating the efficacy of Invention
activities for data science by mapping the outcomes of students’ invention process to design features of the
activities.

Method

To better understand the outcomes of the invention process, and how these were afforded by our design choices,
we focus on analyzing students' invention processes and outcomes while working on the activities.

Procedure and participants

We ran four Invention activities that were followed by lectures as part of an undergraduate level introductory data
science course. The first two activities served as a pilot. The latter two activities covered the topics of classification
assessment and clustering assessment. They were written using the Jupyter notebook (Perkel, 2018) web
application and used Python as the programming language (Python was used for all programming activities in the
course). The Jupyter notebook web application allows users to create and edit documents that contain code, text
and visualizations. Students worked on the Invention activities in pairs, at their own time, and from their homes.
Students were asked to submit their Jupyter notebooks, including their solutions, one day prior to the lecture.
Students received the assignments about a week prior to the lecture and could choose when and for how long to
work on the activities.

The lecture instruction began with an overview of the students’ solutions, followed by teaching of the expert
solution or solutions. The overview of the students’ solutions included discussions on the differences and trade-
offs between them.

All students in the course were asked to complete the activities and were invited to participate in the study. Those
who consented were asked to record themselves while working on the activity (while sharing the screen where
they edit their code) and share it with the study team, and were given a compensation of $15. Activities took on
average 70 minutes (min: 50, max:87). Six student pairs participated in the study (6 males, 6 females). Two pairs
participated in both activities. In total, four pairs participated in each activity. Participants had no prior experience
with this teaching approach.

Materials
The activities were delivered using code and text embedded in Jupyter notebooks. Each Invention activity
included five consecutive tasks:

1. Introduction — Students were given a context story. For example, a story about the need for classification
of COVID-19 at-risk population according to their medical information, and the goal of a company to
develop such a classifier.

2. Contrasting cases - Students were presented with two cases that supported intuitive comparisons.
Students were asked to choose between these cases and explain their choice. For example, choosing
between two classifiers according to their classification results.

3. Invent a numeric measure - Students were asked to create a numeric measure for the presented problem.
For example, “Suggest a numeric measure to estimate the quality of a classifier, higher value indicates a
better classifier”.

4. Implement the suggested measure - Students were asked to implement their suggested measure. For
example, “Implement your suggested measure by completing the following methods that get as input the
classifier results and the real data”.
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5. Test and reflect - Students were instructed to test the measure using the examples given in the contrasting
cases and reflect upon the outcomes. For example, “Use your suggested measure to examine the
classifiers presented in task 2. Do the results support your choice?”.

Classification assessment invention activity

The main goal of this activity was to deliver two core concepts in classification: (1) accuracy score is not sufficient
for evaluating a classifier and might be misleading, and (2) recognizing the significance of the different types of
classification mistakes, namely false positive (wrongly classifying a negative case as positive) and false negative
(wrongly classifying a positive case as negative). The introduction described the need for a classifier to identify
COVID-19 at-risk populations based on medical data (see Figure 1). The goal of this story was to get students to
think about the quality of classifiers in the context of a real-world example. Next, students were asked to choose
between two classifiers (contrasting cases) that were tested on data of 40 people, of which only two people were
at-risk. One classifier was more accurate, but failed to classify the at-risk people correctly, while the other, though
less accurate overall, succeeded in classifying one of the at-risk people correctly. These contrasting cases aimed
to highlight the tension between a classifier’s accuracy and its ability to avoid critical mistakes.

The next task was to suggest a measure for the quality of classifiers and implement it. Students were provided
with code that computes the basic accuracy score of a classifier, i.e., the percent of instances that were correctly
classified. They were asked to fill in new methods that propose other measures for the classifiers’ quality. The
purpose of providing code for basic accuracy was twofold: first, driving students to think of alternative, more
elaborate, solutions. Second, basic code that could be edited, scaffolded the process and reduced the risk of time-
consuming programming bugs, allowing students to focus on the conceptual challenge of the activity. We further
provided students with the name of the method (“classifier measurel”) and its signature which specified the input
for the method - two arrays, one for the predictions made by the classifier and one for the ground-truth
classification of the test instances. Finally, students were asked to test their implemented measure on the classifiers
and reflect upon the choice they have made when choosing their preferred classifier, as well as on the measure
they invented.

Due to COVID-19 there is a high demand for identifying in-risk population to provide necessary aid. For this purpose, "Meditest"
company recruited two teams to build classifiers for in-risk population. Each of these teams suggeted a classifier that was trained
on data gathered from thousands of people including medical information such as pre-existing condition, blood pressure and pulse.
For each given person, the classifier predicts whether he belongs to in-risk population or not.

To test the classifiers and choose the better one, "Meditest" company assembled real classification data on a group of 40 people in
which it is known if they belong to in-risk population or not. This group of people was not included in the training data.

The real data is presented below: 0 - not belongs to in-risk population, 1 - belongs to in-risk population

import numpy as np
np.set_printoptions(linewidth=100)

real_data np.array([

Clustering assessment invention activity

The main goal of this activity was to help students develop an intuition for how to assess a clustering method and
give an example of the utility of clustering. The introductory story described an attempt to help students choose
academic courses by presenting information about the interest level and difficulty of the courses, and the intent
of the students to divide the data into three groups. Next, students were asked to choose between two clustering
methods (Figure 2). The clustering on the left provides better separation between the groups, as there is less
overlap between groups B and C. Similar to the Classification Assessment activity, the students’ next task was to
suggest and implement a measure for the goodness of a proposed division of data points to clusters, and finally,
test the implemented measure on the provided clustering methods and reflect upon the choice they have made
when choosing their preferred clustering method. In contrast to the classification activity, this activity addressed
an unsupervised learning setting, where there is no available ground truth categorization. To support students’
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coding, we provided them with two auxiliary methods - one that extracts all points belonging to a particular
cluster, and one that computes the distance between two data points.
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Figure 2. The Clustering Assessment activity choice between two clustering methods

Results
We describe students’ outcomes and processes as identified from their video recordings.

Observed outcomes

The three authors analyzed video recordings from students’ invention processes. Each invention process was
segmented by turn-taking between the partners. Each segment then received a label (e.g., “identifying the
importance of false negatives”, “normalizing the measure according to sample size”), and these were clustered
into themes. Pretty early it became clear that while students had different interactive patterns and participation
models, they reached a finite set of outcomes. We repeated the procedure for two invention processes until we
had reached saturation and no new themes were identified. Overall, three categories of students’ outcomes were

identified:

1.  Conceptual Insights — insights that are related to the core domain, such as the distinction between
different types of classification mistakes (e.g., false negatives vs. false positives).

2. Design Approaches - the students’ approaches to formalizing their suggested measures, such as using
the average between clusters centers to assess the quality of a clustering method.

3.  Nature of Model Insights - insights that are related to the design of a quantitative measure that are not
specifically related to the domain itself, such as considering a measure’s boundaries.

Students’ outcomes from the two activities are summarized in Table 1 and Table 2. The outcomes in each category
are presented alongside examples from transcripts of the activities.

Classification assessment activity outcomes

All four pairs reached the conceptual insights presented in Table 1. That is, all pairs noticed that accuracy is not
sufficient for assessing the quality of classification, and also noticed that misclassifying an at-risk person as not
at-risk (false negative) is more critical than classifying a person who is not at-risk as at-risk (false positive). The
design approaches were evenly distributed between the pairs. Two pairs chose to integrate the accuracy rate and
the false negatives rate into a single measure. For example, one pair decided to reduce the false negatives rate
from the accuracy score. The other two pairs decided to assign weights according to the type of mistakes that were
made. For example, one pair assigned a higher weight (0.6) for false negatives and a lower weight (0.4) for false
positives, so the total score was affected more by false negatives. Regarding the nature of model insights, all pairs
reached the insight of the importance of providing a general solution that applies to different sample sizes by using
normalization in their suggested measure. Two pairs that chose to integrate accuracy and false negative rate paid
attention to a case in which the measure result might be negative and modified the measure such that its boundaries
will be between 0 and 1.

Clustering assessment activity outcomes

All four pairs achieved the conceptual insight that a clearer separation between clusters indicates a better clustering
method. All four pairs focused their design approaches on within cluster distances statistics such as the average
of the within cluster distances averages, or the average of within cluster maximum distances. One of the pairs
suggested a second measure that focuses on between-cluster distances statistic, and suggested using the average
of distances between clusters’ centers as a measure for a better clustering method. Another insight that relates to
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the nature of models was the distinction between choosing average or maximum distance as a statistic. The
students realized that when choosing a worst-case approach such as choosing the maximum distance, a single

extreme case determines the score for the entire cluster.

Table 1: Observed students’ outcomes gained from the Classification Assessment Invention activity. The (PX)

mark indicates which of the participating pairs is transcribed

Category Outcomes Transcripts
Conceptual | Classification “The second classifier is more accurate, but I don’t think we should look
Insights accuracy is not at it that way. My opinion stays the same, I still prefer the first one, what
enough do you think?”
“I think we should do as we said earlier and consider the more critical
mistakes” (P2)
False negatives “The question is what is more critical, classifying as at-risk while
vs. false actually not at-risk, or vice versa?”
positives “Let’s think about it, the goal is to identify if you are at-risk. Basically,
thinking that you are at-risk while you are not is less dangerous” (P1)
Design Integrate “Look, we can think of something that gives additional weight to
Approaches | accuracy score specific mistake, but eventually we don’t want to neglect the accuracy
with critical score, because having many mistakes, even if they are not critical, is not
mistakes good either”
“Maybe we should combine critical mistakes and accuracy somehow”
(P1)
Assign higher “Maybe we should just give a higher weight for more critical mistakes. I
weights for mean, maybe we’ll give a 3/5 weight when missing at-risk person and
critical mistakes | 2/5 for missing not at-risk person” (P2)
Nature of Normalization “There is something that bothers me, that this measure will be good only
Model for a test group at the same size as in our case, but if [ want a more
Insights general measure disregarding the test set size, it won’t work as we want”
“So, let’s divide it on the size of the test set to normalize it” (P4)
Boundaries “Wait. what will we do if the false negative rate is higher than the
success rate, it will lead to a negative result, no?” (P3)

Table 2: Observed students’ outcomes gained from the Clustering Assessment Invention activity. The (PX)

mark indicates which of the participating pairs is transcribed

Category Outcomes Transcripts
Conceptual | Clear separation | “Intuitively I want to choose the first clustering method, since each
Insights indicates better cluster has its own boundaries and seems more clearly separated”
clustering “I agree, in this clustering method you can actually draw a clear
method separation line between the clusters" (P5)
Design Within cluster “For each cluster, the points belonging to it should be closer to each
Approaches | distance statistic | other”
“So, you mean that the average distances within each cluster should be
lower to indicate a better clustering method” (P2)
Between-clusters | “We can calculate the center of each cluster and examine the distance
distances between the clusters’ centers” (P6)
statistic
Nature of Worst case vs. “If we choose maximum distance in a cluster, then a single case
Model average determines for the whole cluster” (P1)
Insights

Process analysis

As described earlier, the Invention activities in this study were composed of five consecutive tasks: read a context
story, choose between a pair of contrasting cases, suggest a numeric measure for the given problem, implement
the measure, and finally, test the measure on the examples given in the contrasting cases, and reflect upon the
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initial intuitive choice. Our process analysis focuses on linking between the activity structure and the phases that
students went through while engaging with the activity. We break down the students’ engagement into three
phases: Analysis, Invention and Verification.

1. Analysis — in this phase students are introduced to the problem and develop their conceptual insights. In
both activities, and for all pairs, the conceptual insights were supported by inviting students to engage
with the pair of contrasting cases (task 2).

2. Invention - This is the main and longest phase of the activities in which the students’ inventions are
developed and solutions are designed and implemented. In both activities, and for all pairs, this phase
occurred while engaging with tasks 3 and 4 - suggesting a measure and implementing the measure. This
phase includes two intertwined components: Ideation and Implementation. Ideation is the process in
which students discuss various aspects of their suggested solution and develop its fundamentals.
Generally, the discussions refer to the parameters that should be taken into account, how they are
formulated, and various nature of model aspects such as the measure boundaries. Implementation is the
process in which students write code to implement their ideas. The Implementation phase helped the
students to get into low-level details they have not paid attention to in the ideation phase, further refining
their solutions. In two of the students’ works, there was a clear distinction between these phases, the
students developed their final solution before engaging with the implementation task, and only then
started to implement it. In the remaining works, students went back and forth between those phases. For
example, one pair decided to stop the ideation phase to implement false negatives and false positives
counters, tested it, and then returned to develop their solution further.

3. Verification — in the final phase students test their suggested measure and reflect upon their work. This
phase occurs while engaging with the final task (task 5) in which the students were asked to return to the
beginning of the activity and test their implemented measure on the contrasting cases from task 2 and
reflect upon their initial choice. This phase highlights the benefit of working in a code-based environment
which enables implementation and testing cycles.

We demonstrate the invention process by describing in detail the Classifier Assessment activity of a single pair
(P1). We describe the different phases, their duration and outcomes, supported by the activity transcripts.

Analysis (minutes 0-7) — In this phase, the students engaged with tasks 1 and 2. In the first two minutes they read
the introduction story (task 1) and in the following five minutes they discussed the contrasting cases, attempting
to pick the better classifier (task 2). Through these discussions they gained two conceptual insights: (1)
classification accuracy is not enough, “The first classifier had three mistakes, the second had two, but the first
did successfully classify one at-risk person while the second did not”, and (2) false negatives are worse than false
positives:

Student 1: “The question is which mistake is more critical, classifying as at risk while actually not at
risk, or vice versa?”

Student 2: “Let’s think about it, the goal is to identify if you are at risk. Basically, thinking that you are
at risk while you are not is less dangerous”

Invention (minutes 7-37) — Based on the conceptual insights gained in the analysis phase, the students next tried
to suggest a measure (task 3). In this work, there was a clear distinction between ideation and implementation -
the students finalized their solution idea in the ideation phase and implemented it exactly as suggested in the
implementation phase. In the Ideation part (minutes 7-27), the students discussed the parameters that should be
considered and formulated the measure, while also addressing the general nature of model aspects. First, they
came up with the idea of integrating the accuracy score with critical mistakes:

Student 1: “Look, we can think of something that gives additional weight to specific
mistakes, but eventually we don’t want to neglect the accuracy score, because
having lots of mistakes, even if they are not critical, is not good either”.

Student 2: “Maybe we should combine the critical mistakes with the accuracy
somehow”.

Next, they came up with a concrete way in which they can integrate the different parameters, “OK, so let’s say

we have our accuracy rate, the question is what exactly we do with the false negatives and false positives”.

Finally, they raised the issue of the boundaries of the model (nature of models insight):
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Student 1: “OK, so the accuracy rate is our upper limit”
Student 2: “Wait, but can it be smaller than zero if it is really bad?”

The Implementation (minutes 27-37) step was mostly technical. The student wrote code for their measure, making
use of the provided auxiliary method for computing accuracy.

Verification (minutes 37-50) - After implementing the measure, the students moved to the final task of testing the
measure using the classifiers presented in the contrasting cases (task 2) and reflected on their work. Interestingly,
when Testing their measure (minutes 37-42), the students tried to predict the output they expect to get from the
measure before running their code, “Let’s verify we know what to expect, to verify that [the code] is correct”.
They also went beyond the required testing (of the two provided classifiers) and created a new test-case to further
examine their measure by modifying the raw data to include more critical mistakes:

Student 1: “We can add more critical mistakes to the raw data and verify we get a
reduced score; you want to try?”
Student 2: “Sure”

Finally, in their Reflection on the invented measure (minutes 42-50), the students expressed satisfaction
from their work, “I am proud of us, this measure is not bad at all”, while acknowledging the limitations
of their measure, “Generally, our measure is not suitable for small data such as we got here”. They further
noted that there are likely other solutions:

Student 1: “Surely there are other ways to measure classification besides addressing
critical mistakes, but eventually you have to give more importance to the type
of mistake, so I think we did well with the given time we had, no?”

Student 2: “I think so...”

Discussion

We used carefully designed Invention activities to improve the teaching and learning experience on the topics of
classification and clustering in an introductory Data Science course for undergraduate students. The Invention
activities took place a couple days prior to the lectures, in which an overview of the students’ solutions was
presented, and expert solutions were taught.

The engagement with the activity has led the students to impressive outcomes, including gaining important
conceptual insights of the domain, providing valid and complete design approaches for solutions, implementing
the suggested solutions while discussing various design aspects including those related to the nature of models
(e.g., measure boundaries), and finally, reflecting and analyzing their work.

Design approach for data science invention activities

The activity design guided students through a process that was composed of three main phases: Analysis,
Invention and Verification. Each of these phases contributed to the outcomes and insights students achieved.

We found that the stories encouraged students to use intuitive knowledge when analyzing the cases and concise
contrasting cases helped students notice deep features of the domain. Notably, the contrasting cases were of small
data, compared with the typical data science data, in order to enable sense-making. For example, in the
Classification Assessment activity, the context story was used as an example in which it was easier to identify the
critical mistake - at-risk person that was classified as not at-risk (false negative). The choice between the
contrasting cases was used to highlight the problem. The sole method that students knew was the accuracy score,
but in the presented problem it was not enough.

Data science makes heavy use of code-based environments. Code-based environments can be useful since they
provide tools for easier exploration and testing. In our study, we found that they supported students in iterative
ideation-and-implementation. However, they also add a challenge (and extraneous cognitive load) since coding
requires technical skills that are not the main focus of the activity. This might lead students with lower coding
skills to frustration. To reduce frustration, we added auxiliary methods that could serve as building blocks for the
students’ implementation, such as providing a method that extracts all points in a specific cluster, or a method for
calculating the distance between two given points. In the trade-off between open exploration and detailed support,
through the use of generic methods (rather than developed answers), we tried not to channel students towards
specific solutions.
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Asynchronous invention activities
Working in an out-of-class online environment opens the opportunity for running large scale Invention activities.
On the other hand, it raises various challenges, such as the lack of instructor presence and the total freedom given
to the students. When there is no instructor present to guide the students through the activity, the students might
get stuck and disengage since they cannot seek help. The converse is also true - students may search google for
answers, and thus get too much support that short-circuit the invention process. In our study, we designed several
elements that reduced the risks of dropping out or googling for answers. First, the activities were highly structured,
providing clear guidance to students as they work. This helped prevent students from ‘getting lost’. Second, we
found that having students work in pairs was instrumental. Students consulted with each other, challenged each
other, and completed each other’s ideas. To reduce the risk of students googling answers, we used general
language and did not specifically refer to formal domain terms. For example, we did not name the classification
activity ‘classifier assessment activity’, rather we named it "Meditest Project’. Another measure we took to prevent
these “shortcuts” was to highlight to students in lecture that they do not need to find an optimal solution, and that
often there is no such single solution. Instead, they were encouraged to come up with alternative measures.

The study has two main limitations. First, the sample size is fairly small, and the students self-selected
to the study. Second, we did not evaluate the learning outcomes beyond the activity itself. Future work will address
these limitations by evaluating the efficacy of Invention activities and follow-up instruction with a larger sample.

Conclusion

We put forward a design approach for asynchronous Invention activities for learning challenging concepts in data
science. Analysis of the outcomes highlighted key insights that students reached through the invention process.
Succeeding in implementing Invention activities at scale can add much-needed interactivity to online education,
and specifically to data science education.

References

Berman, F., Rutenbar, R., Hailpern, B., Christensen, H., Davidson, S., Estrin, D., ... Szalay, A. S. (2018).
Realizing the potential of data science. Communications of the ACM, 61(4), 67-72.
https://doi.org/10.1145/3188721

Chase, C. C., & Klahr, D. (2017). Invention Versus Direct Instruction: For Some Content, It’s a Tie. Journal of
Science Education and Technology, 26(6), 582—-596. https://doi.org/10.1007/s10956-017-9700-6

Hew, K. F. (2016). Promoting engagement in online courses: What strategies can we learn from three highly rated
MOOCS. British Journal of Educational Technology. https://doi.org/10.1111/bjet. 12235

Holmes, N. G., Day, J., Park, A. H. K., Bonn, D. A., & Roll, I. (2014). Making the failure more productive:
scaffolding the invention process to improve inquiry behaviors and outcomes in invention activities.
Instructional Science, 42(4), 523-538. https://doi.org/10.1007/s11251-013-9300-7

Kapur, M. (2016). Examining Productive Failure, Productive Success, Unproductive Failure, and Unproductive
Success in Learning. Educational Psychologist. https://doi.org/10.1080/00461520.2016.1155457

Kapur, M., & Bielaczyc, K. (2012). Designing for Productive Failure. Journal of the Learning Sciences, 21(1),
45-83. https://doi.org/10.1080/10508406.2011.591717

Loibl, K., Roll, I., & Rummel, N. (2017). Towards a Theory of When and How Problem Solving Followed by
Instruction  Supports  Learning.  Educational  Psychology  Review, 29(4), 693-715.
https://doi.org/10.1007/s10648-016-9379-x

Perkel, J. M. (2018). Why Jupyter is data scientists’ computational notebook of choice. Nature.
https://doi.org/10.1038/d41586-018-07196-1

Roll, I., Russell, D. M., & Gasevi¢, D. (2018). Learning at Scale. International Journal of Artificial Intelligence
in Education, 28(4), 471-477. https://doi.org/10.1007/s40593-018-0170-7

Schwartz, D. L., & Bransford, J. D. (1998). A time for telling. Cognition and Instruction, 16(4), 475-5223.
https://doi.org/10.1207/s1532690xcil1 604 4

Schwartz, D. L., Chase, C. C., Oppezzo, M. A., & Chin, D. B. (2011). Practicing Versus Inventing With
Contrasting Cases: The Effects of Telling First on Learning and Transfer. Journal of Educational
Psychology, 103(4), 759-775. https://doi.org/10.1037/a0025140

Schwartz, D. L., & Martin, T. (2004). Inventing to prepare for future learning: The hidden efficiency of
encouraging original student production in statistics instruction. Cognition and Instruction, 22(2), 129—
184. https://doi.org/10.1207/s1532690xci2202 1

Schwartz, D. L., Sears, D., & Chang, J. (2012). Reconsidering prior knowledge. Thinking with Data, (650), 319—
344. https://doi.org/10.4324/9780203810057

CSCL 2021 Proceedings 50 ©ISLS



((’ > nternation

My Partner was a Good Partner: Investigating the Relationship
between Dialogue Acts and Satisfaction among Middle School
Computer Science Learners

Gloria Ashiya Katuka, University of Florida, gkatuka@ufl.edu
Richard T. Bex, University of Florida, rbex@ufl.edu
Mehmet Celepkolu, University of Florida, mckolu@ufl.edu
Kristy Elizabeth Boyer, University of Florida, keboyer@ufl.edu
Eric Wiebe, North Carolina State University, wiebe@ncsu.edu
Bradford Mott, North Carolina State University, bwmott@ncsu.edu
James Lester, North Carolina State University, lester@ncsu.edu

Abstract: Collaborative dialogue provides a rich information source for understanding the
effectiveness of student interactions. While many studies emphasize the importance of
productive dialogue behaviors, the impact of those behaviors on learners’ perceptions of their
partners is not yet understood. This paper examines a dialogue corpus of 18 pairs of middle
school students as they engage in block-based coding activities. We tagged the corpus with a
collaborative dialogue act taxonomy and identified sequences of one to two dialogue acts (n-
grams) that are significantly associated with partner satisfaction during collaborative learning.
Six n-grams were found to be significant predictors: n-grams that were positively associated
with satisfaction included some questions and clarifications. In contrast, n-grams that were
negatively associated with satisfaction included off-task utterances, pairs of consecutive
questions, and unexpectedly, positive feedback. These findings contribute to our understanding
of how learners prefer to interact with their partners and how that interaction impacts
collaborative experiences.

Introduction

Collaborative dialogue constitutes one of the main channels for students to exchange information and co-construct
knowledge (Wegerif, 2011; Mercer et al., 2019; Major et al., 2018) and has attracted considerable interest among
computer-supported collaborative learning (CSCL) researchers (e.g., Madaio et al., 2017; Stahl, 2015; Rosé et al.,
2008). Dialogue provides numerous cues and opportunities for understanding the effectiveness of collaboration,
and thus there is a growing body of research concerning the types of dialogue behaviors that lead to better learning
(Chi & Wylie, 2014). On the other hand, analyzing collaborative dialogue is a challenging process due to the
dynamics and complexity of group interactions. There is still a need for developing instruments and
methodologies to understand how certain dialogue moves occur and how they impact students’ learning (Howe,
2017; Hennessy et al., 2016). In recent years, CSCL research has investigated collaborative dialogue for
understanding students’ socio-metacognitive dialogue patterns (Borge et al., 2019), dialogue transactivity and
epistemic quality (Schmitt & Weinberger, 2017), reasoning processes (Snyder et al., 2019), and how students
express and address uncertainty (Rodriguez et al., 2017).

In this paper, we extend this body of research by investigating the collaborative dialogue patterns that
lead to higher partner satisfaction among middle school students in the context of pair programming. In pair
programming, students take on structured roles: the driver’s role is to control the mouse and keyboard and focus
their effort on building and editing code, while the navigator’s role is to observe the work being done by the driver
to identify potential errors, provide suggestions, and ask clarification questions (Williams & Kessler, 2003). Pair
programming holds great promise for supporting students’ learning and engagement in K-12 settings (Campe et
al., 2020; Denner et al., 2014), yet, several studies have reported that the demanding nature of collaborative
learning can lead to challenges for younger learners, who lack effective collaboration skills (Deitrick et al., 2016;
Lewis & Shah, 2015). If these challenges are not addressed, students may develop negative dispositions toward
collaboration in the future (Schultz et al., 2010). Thus, it is crucial to deeply examine student dialogues during
collaborative learning activities to reveal what kind of dialogue patterns are present and how those dialogue
patterns are related to learners’ perceptions of their partners. Identifying dialogue patterns that are predictive of
learners’ satisfaction with their partners can help researchers and educators to understand and facilitate more
positive collaborative learning experiences. This study focuses on two research questions: (1) What dialogue acts
emerge during collaborative dialogue within pairs of middle school students during coding activities, and (2)
How are the dialogue acts associated with outcomes related to partner satisfaction?
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To investigate these research questions, we first developed a taxonomy consisting of 15 dialogue acts,
which provides a high-level representation of the underlying meaning of student dialogues, based on a corpus of
collaborative dialogue from 36 middle school students who completed a coding activity in pairs. Next, we
examined sequences of dialogue acts of length one to two (n-grams) and generated a linear regression model
which used the frequency of the n-grams to predict partner satisfaction, with the n-grams as predictors of a derived
satisfaction outcome (the average of partner-related post-survey items). The results showed significant
associations between six dialogue n-grams and the learners’ satisfaction with their partners. Learners reported
higher partner satisfaction when their partners were more engaged, such as by asking questions, seeking
clarifications, and actively talking about the task. The results also showed that when their partner frequently
responded with positive feedback or when both collaborators engaged in off-task dialogues, learners reported
lower partner satisfaction. These findings provide us with a better understanding of how learners would prefer
their partners to interact with them and how they prefer to interact with their partners when participating in pair
programming activities.

Background: Dialogue analysis

Within dialogue analysis, representing conversations at the utterance level, such as through dialogue acts, has
long been studied. Dialogue acts are a higher-level representation of the intention of the user (Austin, 1975), and
dialogue act tagging involves labeling an utterance with a predefined dialogue act that provides information about
that utterance. Each dialogue turn is considered as one utterance; thus, an utterance can serve as a smaller unit of
communication that describes a single event (Polanyi et al., 2004). An utterance can be an incomplete or
grammatically broken sentence but still have a role in conversation depending on the context (Bakhtin, 2010). A
dialogue act expresses the nature of a communicative behavior between a sender and addressee that has an effect
on the context of understanding the behavior (Bunt, 2005). Previous research has investigated the ways in which
dialogue acts are associated with learning outcomes (Dubovi & Lee, 2019; Olsen & Finkelstein, 2017) and
motivation (Meier et al., 2007). In this paper, the goal of dialogue act tagging is to classify the utterances to show
collaborative patterns that are associated with partner satisfaction.

Methods

Participants and context

This work is part of a larger project aimed at developing computer science knowledge and deepening
understanding of science concepts through computationally rich science activities for middle school students
(Celepkolu et al., 2020). To achieve this goal, the research team collaborated with a middle school science teacher
to implement a series of computer coding lessons as part of their regular classroom activities. The students learned
about the fundamentals of coding, such as loops, conditionals, and variables, and applied their coding knowledge
to create science models and simulations, such as homeostasis and evolution, using the Snap/ block-based
programming environment. The researchers explained the driver and navigator roles in pair programming, the
expectations for each role, and reminded students to switch roles regularly (12-15 minutes). Data was collected
as part of an IRB-approved study that included written parental consent and student assent. The researchers
implemented the activities during a science class in two semesters (Spring and Fall 2019), which was taught by
the same teacher and followed the same structure. Out of 204 students, 145 students provided assent and parental
consent, and we randomly selected 19 pairs (38 students) to audio/video record their interactions during the coding
activities (24 students in Spring 2019 and 14 students in Fall 2019). Out of these students, there were 23 girls
(60.5%) and 15 boys (39.5%). The distribution of race/ethnicities was 14 White (36.8%), 2 Hispanic (5.3%), 7
Asian (18.5%), 10 Multiracial (26.2%), and 5 Other (13.2%). The mean age was 12.1, with ages ranging from 11
to 13, and 53% of students reported having had some prior coding experience at the beginning of the semester.

Procedure

In every class, researchers assisted the teacher by presenting an introduction to the science topics and providing
students with a copy of the written instructions. Next, students worked on activities for 35-40 minutes with a
randomly assigned partner. During these activities, the teacher and researchers were available to help students
with their questions. After pairs participated in the collaborative work sessions, students were asked to
individually complete a post survey. We developed the post survey items because, to the best of our knowledge,
there is no existing survey that captures partner satisfaction within the pair programming context. From the post
survey, this paper utilizes the following six questions for analysis: (1) “My partner answered my questions well,”
(2) “My partner listened to my suggestions,” (3) “My partner often cut my speech” (which was reversed scored
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for accurate computation), (4) “My partner was comfortable asking me questions,” (5) “My partner asking
questions helped me think about things differently, ” and (6) “Overall, my partner was a good partner.” Responses
followed a 5-point Likert scale, with 1 representing “strongly disagree” and 5 representing “strongly agree.”
Figure 1 shows the distribution of the survey responses from both studies. Most students agreed or strongly agreed
that their collaboration with their partner was successful.

My partner answered my questions well
My partner listened to my suggestions

My partner often cut my speech (Reversed)

My partner was comfortable asking me questions

My partner asking questions helped me think
about things differently

Overall, my partner was a good partner

0% 10% 20% 30%  40% 50% 60% 70% 80%  90%  100%

O Strongly Agree 0 Agree Neutral Disagree I strongly Disagree
Figure 1. Post survey responses related to partner satisfaction

Dialogue corpus and annotation

We manually transcribed the 19 video recordings of students collaborating, which resulted in 8,940 dialogue
utterances. Next, we tagged each utterance based on the function of the information in the dialogue. Prior to
tagging our dataset, we filtered and removed utterances directed toward anyone other than the learner’s partner
(teachers, researchers, and other students). Next, we removed one session that contained large amounts of chatter
and indistinguishable utterances. Lastly, we also removed all utterances that were untranscribable due to audio
quality. Our final student-student dialogue corpus included 18 sessions (36 students) and 4,859 utterances with a
mean of 242 utterances per session (SD = 118, Min = 93, Max = 526) and a mean of 121 utterances per student
(SD = 114, Min = 42, Max = 264).

To develop a taxonomy for our corpus, we reviewed the existing taxonomies within closely related fields
and age groups and considered relevant taxonomies (Core & Allen, 1997; Rodriguez et al., 2017; Tsan et al.,
2018). Previous research has established dialogue act tags for pair programming among college students
(Rodriguez et al., 2017) as well as among elementary school students (Tsan et al., 2018), and our work took the
union of these two taxonomies as its starting point, producing 19 initial tags. Several iterations of dialogue tag
application and refinement revealed, as expected, that some of the tags from the taxonomies were not present in
the current middle school corpus, and that some new or modified tags were needed. A process of iterative
refinement of the tagging scheme in several rounds of collaborative and then independent tagging produced a final
dialogue act taxonomy of 15 tags (Table 1). Eight of these tags were adopted from Rodriguez et al. (2017):
Statement, Acknowledgement, Uncertain, Meta comment, Positive Feedback, Non-Positive Feedback and Off-
task. From the Tsan et al. (2018) scheme, three tags were adopted: Make Suggestions, Acceptance, and Rejection.
The newly developed tags are Next Step, Seek Clarification, Question, and Seeking Attention. Both annotators
independently tagged 23% of the dataset and achieved an inter-rater agreement score Cohen’s kappa of .83 (Landis
& Koch, 1977) indicating “almost perfect” agreement. The two annotators then each tagged half of the remaining
utterances so that the entire corpus was tagged.

Data analysis
Our next goal was to discover the ways in which student dialogue acts were related to the outcomes reported on
six post survey items. To determine whether to treat these six post survey items as a single item or multiple items,
we conducted a principal component analysis (PCA). The results of PCA suggested proceeding with only one
derived outcome variable, which we refer to as satisfaction. The single component explains 52% of the variation
across all six survey items with eigenvalue 3.15. The distribution of the satisfaction outcome shows 76% of the
learners agreed or strongly agreed that they were satisfied with the overall interaction with their partner.

Our overarching goal was to identify the ways in which dialogue acts (or sequences of them) were
associated with partner satisfaction. From our tagged dialogue corpus, we proceeded to extract sequences of
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dialogue acts, known as n-grams, which will be treated as predictors within a regression model. To extract the
sequence of n-grams, we applied standard practices from previous dialogue analyses (Forbes-Riley & Litman,
2005). In our work, we generated n-grams of dialogue act tags for each learner’s dialogue using a sliding window
of n=1 (unigrams) and n=2 (bigrams). We used a sliding window approach and assigned each dialogue act tag a
student or partner subscript (e.g., Statementsn, Questiony,) to indicate whether the utterance originated from the
student or their partner. Every learner was tagged as a student to ensure that we extracted each n-gram from each
learner’s perspective. Each row in the resulting dataset corresponds to a student whose own dialogue moves
contain the subscript “stu” and whose respective partner’s dialogue moves contain the subscript “par.” Each
student played the role of a “driver” as well as a “navigator” during the pair programming task, and these roles
are not indicated within the bigrams. We extracted 563 n-grams, 30 distinct unigrams and 533 distinct bigrams.
Unigram frequencies are shown in Table 1. The most frequent bigrams were (Statements., Statementya),
(Questiong, Statement,q,), and (Statements,, Question,.), which occurred 677, 291, and 235 times, respectively.

Table 1: Taxonomy of Dialogue Acts

Dialogue Act Frequency | Description Example(s)
Makes a statement of information, an “This looks like it's not moving at all.”
Statement 1622 . L p ”
explanation, or a response to an inquiry Oh, we forgot to put repeat forever.
Interacts with someone other than their “I have a, we have an orchestra test
Off-task 733 partner or off-topic conversations with their | today.”
partner “You like my new look?”
Asks partner for help or information seeking | “Do I put this in here?”
Question 604 some feedback from the partner with regards | “Do we just have to put it together
to the task. now?”
Directive 405 Provides an explicit instruction to their “Push the restart button.”
partner “Click on the amplitude variable.”
Acknowledgment 216 Accepts or acknowledges the previous “Okay.”
statement or utterance
Meta Comment 193 Makes a meta response to something relating “Um, uh... )
to the task Oh my gosh.
Uncertainty 133 States an opinion or indication of uncertainty {‘I\:Iaybe.. I don tknow.”
or confusion I'm a little confused.
. . Asks for further clarification on something What?”
Seek Clarification 112 . . . “Which one?”
mentioned earlier or referred to in the text » .
What do you mean?
Provides positive feedback related to a task | “7p0re/ We finally did it.”
Positive Feedback 88 action completed by themselves or their “Oh, ours is good.”
partner “Yeah that's good, it's good.”
Makes a suggestion or contributes an idea f“Ma;l/be I’mk@ a new forever loop just
. 81 without explicitly asking the partner to do or that.
Make Suggestion thi P Y ghhep “Let's go back to the directions because
something it will tell us what code to use.”
Non-positive Provides negative feedback on the task or “Wait, try the, oh that's not gonna
54 something incorrectly done by themselves or | work. ”
feedback . w p »
their partner We don't need that.
Makes a suggestion for what they believe .“A_”d”the” 1 think you're supposed to put
52 should be the next step to be completed in iin.
Next Step th fut P P “And then change variables..”
¢ near future “And then we can do the operators.”
Accepts or acknowledges their partner’s p "
. . o Yes.
Acceptance 44 idea, suggestion, or directive. (Follows a “Right.”
MS, NS, or D) &
; : : - = o
Secking Attention 12 Seeks partner’s attention while working on “Hellzi.
task Bro.
Rejection 10 Rejects a direct instruction or idea or “No. "
suggestion
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Results

To determine the n-grams that were significant predictors of the satisfaction outcome, we conducted a regression
analysis using the JMP statistical software. To mitigate the problem of a large number of n-gram predictors for a
smaller sample size (563>>36) we included only n-grams that occurred in at least half of the sessions. The
remaining 78 predictors included 30 unigrams and 48 bigrams. We provided these 78 n-grams as predictors and
the derived satisfaction variable as the outcome variable to a generalized regression model. We selected the best
subset estimation method, which uses an exhaustive algorithm that fits and assesses all possible models and
chooses the best subset to predict the outcome variable. We used the AIC (Akaike information criterion) statistic
as the goodness-of-fit measure. Table 2 shows the regression results, including the six n-grams that satisfied the
test for statistical significance (p <.05). The regression model passes the test for multicollinearity with all resulting
variance inflation factor (VIF) values less than 2 (VIF values greater than 5 often indicate multicollinearity). The
adjusted R? of .74 shows that the model explains 74% of the variance in partner satisfaction.

Table 2: Generalized Regression Model (Best subset method) of n-grams as predictors of partner satisfaction

Dialogue Act n-gram Estimate Standardize Std Error VIF
Estimate

Intercept 3.853 1.477 0.126 0

Questionsw, Seek Clarificationpa, 1.945 0.601 0.091 1.99
Directivesw, Questionpar 1.092 0.209 0.025 0.878
Statementpr 2.119 0.681 0.002 1.122
Positive Feedbackpar -1.406 -0.938 0.019 1.817
Questionpar, Questiongy -1.736 -0.941 0.018 1.162
Off-tasksn Off-taskpar -1.413 -0.941 0.002 1.064

Note: The model only contains significant n-gram predictors with p<.001.

As the parameter estimates in Table 2 show, three n-grams are positively related to partner satisfaction: (1) a
question by the student followed by their partner seeking clarification, (2) a directive by the student followed by
a question from their partner, and (3) a statement from their partner. In contrast, the model also revealed that three
n-grams are negatively associated with partner satisfaction: (1) the student initiates a conversation not related to
the task and their partner responds and continues with the unrelated conversation, (2) positive feedback from their
partner, and (3) a question from their partner followed by a question from the student.

Discussion and implications
The overarching goal of this study was to develop a better understanding of how dialogue acts are associated with
partner satisfaction for middle school students during collaborative coding. The model identified six statistically
significant n-grams, including three bigrams and one unigram that may indicate an interactive partnership:
(Questiongy,, Seek Clarificatony.), (Directives,, Questionyay), (Questionye, Questiong), and Statementyq.
Conversely, (Off-tasks., Off-task,.) and—perhaps counterintuitively—Positive Feedbacky.,, may suggest a
tendency for reduced engagement or distractions in this context. This section discusses these findings in turn.
Three of the significant n-grams within the model include asking questions. The literature has clearly
established the role of questions in collaborative learning as a means of establishing and sustaining mutual
understanding (Spada et al., 2005). Asking questions also elicits a constructive engagement between collaborators
by presenting an avenue to generate new ideas (Chi & Wylie, 2014). When learners ask their partner questions,
they create a channel for dialogue interaction by taking the first step to access information and resolve confusion
(Chin & Osborne, 2008). The analysis results indicate that question-related dialogues are significant indicators of
partner satisfaction. Higher occurrence of bigrams where learners ask their partner a question followed by their
partner seeking clarification are associated with that learner reporting higher partner satisfaction. This finding is
likely related to the importance of understanding a question before attempting to answer it. For example, one
student said, “Why is the wavelength N-A-N?”(Question,) and their partner replied, by “Nan what? ”(Seek
Clarificationyar). Here, the partner is making an effort to better understand the student, and the student
subsequently reported higher satisfaction with that partner. Similarly, the results show a positive correlation
between partner satisfaction and higher occurrences of instances when a partner asks a question after receiving a
directive/instruction from the student. For example, a student said, “Okay. Now, create a variable.” (Directive,)
and their partner asked, “Named what? ”(Question,). Here the question “Named what?”(Questiony.,) refers to
seeking new information. This is different from seeking clarification, which refers to a question or information
already stated previously.
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Not all occurrences of Question were positively associated with the satisfaction outcome. The more often
collaborators asked back-to-back questions without a response to the first question, the less likely the student
reported a high satisfaction rating. For example, a student asked, “Why did it set the generation to
zero? ”’(Questions,) and their partner asked, “So, wait is this what we're supposed to do?”(Questionpa).
Unanswered questions and unresolved uncertainty have been linked to less positive outcomes in other work on
collaborative coding for dialogue as well (Rodriguez et al., 2017).

Another dialogue act whose frequency was highly predictive of satisfaction is a statement from the
partner. Statements are one of the most prominent conversational dialogue moves in the corpus. The findings in
this study are consistent with previous results where statements were shown to be associated with effective
collaboration (Rodriguez et al., 2017). Statements can indicate more active engagement by the partner, which
improves learning outcomes by facilitating advancement from constructive to interactive behavioral modes (Chi
& Wylie, 2014). In the current corpus, the most frequent occurrences of statements were in response to a question,
directive, or acknowledgment by the student. For example, a student asked, “Right or does it not get longer?”
(Questiony,,) and their partner responded with “It doesn't get longer. ”(Statement,s,;). The second most common
occurrence of a statement from the partner is as a response to a directive from the student. For example, one
student said, “Wait, increase the clone counter by one, ”(Directives,) and their partner responded, “I think they
do the same thing.”(Statement,,,). In the third most common occurrence of a statement, a statement is followed
by an acknowledgment. For example, an “Okay” (Acknowledgement,,,) from the student was followed by “Um,
when a clone is spawned it should increase the clone generation counter by one, uh clone generation counter...”
(Statement,.,) by their partner.

In addition to the previously mentioned sequence of back-to-back Questions, two others emerged as
negative predictors of partner satisfaction: Positive Feedbackp.r, and (Off-tasks., Off-tasky.,). Feedback within
peer collaboration has been shown to positively enhance interpersonal behaviors and social performance (Phielix
et al., 2010), but a potential explanation for the negative association of a partners’ positive feedback with a
student’s perception of that partner might be the possibility of the partner compensating for lower participation,
which eventually becomes apparent (Prinsen et al., 2007). In the corpus, the most common occurrence of positive
feedback by the partner followed a statement. For example, one student said, “Now, we're going to do this. There
we go.” (Statementu,) and their partner responded with “Yay. ”(Positive Feedbacky.,). It is also possible that a
positive feedback response might function as the partner doubtfully accepting the student's assertions. This could
be due to the partner not fully understanding their role, the task, or their ability to effectively contribute to the
collaboration.

As for the off-task bigram’s role in predicting partner satisfaction, recent CSCL research investigated
the impact of off-task exchanges during collaborative problem solving such as lower participation and distraction
from the task (Cheng et al., 2020). In the corpus, we see threads of Off-task utterances that can pose a distraction
to the collaborators. This may result in the collaborators not completing their tasks and lower satisfaction in their
interaction. For example, the utterance, “It's so surprising because my parents don't believe in bath and body
works. " (Off-task,) by the student followed by “Really? They don't believe in bathworks.” (Off-taskya) by their
partner sets the tone for more off-task dialogue. This exchange shows a mutual distraction between collaborators
that can deviate the conversation from the task at hand. These pairs of off-task utterances are associated with
lower partner satisfaction in the current context.

Implications

The findings discussed here hold several potential implications for research and practice. The findings have shown
that dialogue moves indicating an interactive give-and-take, including questions, clarification questions, and
elaboration, are positively associated with partner satisfaction while other phenomena such as sequences of off-
task dialogue acts are negatively associated. Some seemingly positive moves, such as positive feedback from the
partner, were negatively associated with a learner’s satisfaction with that partner, and these phenomena warrant
deeper investigation for several reasons. For example, they tell us that as we move toward using natural language
processing to automatically analyze and support real-time collaboration, we must take great caution in interpreting
utterances at face value: positive sentiment, whether in on-task or off-task utterances, may express a wide variety
of underlying states and different levels of engagement. Additionally, while a tremendous body of literature shows
the importance of certain dialogue moves including question asking, the results here suggest that the ways in
which these questions are incorporated into collaborative dialogue could have a significant impact on outcomes.

Conclusion

The overarching goal of this study was to explore the relationship between dialogue patterns and partner
satisfaction during pair programming activities. The findings suggest that collaborative dialogue acts that reflect
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interactive partnerships and active participation between learners are associated with higher satisfaction ratings,
whereas dialogue acts that reflect lower participation and distraction during collaborative activities are associated
with lower satisfaction ratings. This research contributes to a better understanding of the ways in which learners'
and their partners’ interaction during CSCL activities impact the collaborative learning process. Several
limitations of this work are important to note. First, our resulting model uses partner satisfaction as its primary
outcome, rather than measures of learning or process-oriented metrics of collaboration. This intentional choice is
due to the importance of learners’ affective and motivational states during collaboration, for which satisfaction
with a partner is an important component. Second, a limitation of this work is that the relationship between
dialogue acts and partner satisfaction is correlational and not causal. Finally, an additional limitation is that the
studies were only conducted with middle school students from the southeastern United States and important
cultural differences in other contexts may influence the generation of dialogue moves and findings.

There are several promising directions for future work. First, while this work investigated the relationship
between dialogue patterns and partner satisfaction, it is also important to examine whether these patterns are also
associated with learning outcomes or process-level collaborative metrics. Secondly, the relationship between
partner satisfaction and effective learning outcomes should be further examined. Moreover, there is a need for
examining the dialogue patterns for different pair compositions by characteristics such as gender, experience level,
and personality. Additionally, deeper qualitative analysis can shed further light on how these dialogue patterns
influence partner satisfaction. Finally, these findings can inform the design of adaptive support for computer-
supported collaborative learning technologies, which use rich data from student dialogues.
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Abstract: A collaborative inquiry approach to science learning has the potential to develop
students’ higher-order thinking skills, deep understandings and induce into productive
dispositions. To realize this potential, students need to gain control over their knowledge
advancement in terms of adapting collaborative goals and reinventing their inquiry practices as
problems evolve temporally. To this purpose, we consider the teacher scaffolding moves in
turning higher levels of agency to students and enhancing their shared regulation of the inquiry.
Going beyond existing research on scaffolding, the study examines such moves to see how
teacher support plays out to help the classroom community co-construct, adapt and expand
collective inquiry structures and trajectories. We explore this role in the context of a classroom
of fourth-graders investigating light using knowledge building pedagogy and technology.
Qualitative analysis of classroom discourse and teacher reflection identifies patterns of
interaction by which the teacher leverages students’ emergent shared regulation.

Introduction

As the world enters a new era featuring rapid changes, extraordinary challenges, and radical social and
technological transformation, educators face a heightened demand to cultivate new cultures of learning that
prepare students for productive participation in the ever-changing environment. Aligned with this need, research
in the learning sciences has investigated collaborative, inquiry-based practices by which students develop higher-
order thinking, deep understandings, and productive dispositions and identities. However, existing research and
classroom practices have focused on pre-structured inquiry and collaboration in which the goals, tasks,
procedures, and group structures are set by the teacher (or designer). Within the emergent field of shared
regulation of collaborative learning (Jarveld et al., 2016), future research needs to understand students’ strategic
adaptation of collaborative goals and processes in temporally evolving learning situations (Jarveld, Jarvenoja &
Malmberg, 2019). Thus, the current study explores shared regulation in more dynamic and transformative forms
of collaborative inquiry that are critically needed for the new social contexts. The goal is to understand how the
teacher works to enhance students’ shared control in co-constructing their ever-evolving inquiry practices and
trajectories in light of emergent problems and opportunities.

Authentic knowledge-creating practices by nature require adaptive processes to solve complex problems
while pursuing emergent agendas. The recent developments of collaborative knowledge work in the real world
have further shifted toward highly dynamic configurations to support evolving goals, flexible collaboration, cross-
boundary idea contact, and distributed leadership (Hagel, Brown, & Davison, 2010; Sawyer, 2007). This vision
drives classroom innovations using the knowledge building pedagogy in which students are expected to take
collective cognitive responsibility for advancing their shared knowledge and to exert epistemic agency, that is, to
assume control on setting knowledge goals and strategies, monitoring and evaluating progress in understanding
(Scardamalia & Bereiter, 2006; Zhang et al., 2009). These expectations raise the question of how students can
become independent in determining what they need to inquire, and how, in order to continually advance their
knowledge. A way to address this problem is to consider the nature and function of the teacher role in turning
higher levels of agency to students and enhancing the community’s shared regulation of the inquiry processes.
Past research theorized and investigated new teacher roles that focused on scaffolding in classroom interactions.
The mentor participant structure described a teacher who is concerned with helping students growing into the
subject matter and uses slot-like scaffolding and prompting to activate their cognitive engagement while retaining
a high-level control of the inquiry process (Scardamalia and Bereiter, 1991; Tabak & Baumgartner, 2004).
However, for students to develop epistemic agency, teachers should do more than asking stimulating questions
that deepen students thinking. More symmetric participant structures have been identified in which the teacher
articulates his discourse moves to help student formulate their questions and goals, build their rationale and
monitor their understanding. Acting as a partner, the teacher investigates side-by-side with students, by modelling
cultural tools of scientific inquiry (Tabak & Baumgartner, 2004) and supporting a dialogic discourse form in
which students are encouraged to assume intellectual authority to deepen their understanding (Ford & Forman,
2015). Previous studies analyzed teacher support in discrete episodes of interaction. Further work is needed to
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connect the different units and timescales of analysis to show how discourse in the here and now is embedded in
a history of interactions (Tabak & Baumgartner, 2004), and how it embodies the accrued knowledge of past
practices that participants have gained jointly or separately (Mercer, 2008).

This study builds on previous findings on these new teacher roles and goes beyond, by giving a more
explicit attention to the teacher support in the cross-temporal adaptation of collective inquiry structures. We draw
on the emergent structuration framework proposed by Zhang and colleagues (2018) to develop an analysis of
teacher scaffolding that captures the interplay between the historical and the dynamic dimensions of co-
constructed inquiry structures. This framework suggests that the inquiry practice of a classroom community builds
on existing structures (e.g. curriculum content, epistemic work practices, theories, models, etc.) emerged from
joint previous activities or from the past experience of other communities within the larger school context to which
participants have been exposed. These initial structures mediate and steer participants’ actions and interactions
giving emergence to a shared space of knowledge and new lines of inquiry. The emergent inquiry agenda, in turn,
creates the conditions for further elaboration or modification of pre-existing structures to address the evolving
knowledge goals and support related actions. Thus, the inquiry structures that are so dynamically co-constructed
and in a continuous state of flux help students foster their epistemic agency for directing their inquiry and cognitive
responsibility for advancing their community’s knowledge. We position and interpret teacher moves in the context
of both these historical and dynamic aspects of the inquiry trajectory. The purpose of the study is to see how the
teacher dialogic support plays out as part of the community’s co-constructing of inquiry structures to enhance its
regulation of shared practices. To this aim, our analysis attends to the way that discourse, both talk-in-interaction
and inner discourse, can be used to provide an accumulative and continuing frame (Mercer, 2008) to enable
students participation on equal footing in the control of these practices. We explore the teacher role in a classroom
of fourth-graders who investigated light using a knowledge building design and an open-ended inquiry approach.

Method

Classroom context

The data we analyzed are from a fourth-grade classroom at the Dr. Eric Jackman Institute of Child Study
Laboratory School of Toronto participating in a three-month study of light. The unit of study was carried out using
the knowledge building pedagogy and Knowledge Forum (Scardamalia & Bereiter, 2006), an online technological
platform for writing, co-authoring and building-on others’ notes through a set of scaffolds that help students
develop, monitor and deepen their understanding. As part of the knowledge building curriculum and design
principles, students investigated light by engaging in whole-classroom discussions, small-group practical
activities, including experiments, demonstrations and reciprocal reading and by contributing their knowledge to
the online discourse in Knowledge Forum (KF). They were encouraged to exert epistemic agency by identifying
questions to investigate as knowledge goals, generate ideas and leverage empirical evidence or authoritative
sources of knowledge to make progress in deepening their understanding. Guided by the principle of collective
cognitive responsibility, students engaged in sustained efforts of improving knowledge and deepening problems
of understanding by bringing their ideas to the collective space of classroom and online discourse and subjecting
them to questioning and refinement. At the time of the study, the teacher had several years of experience in
implementing knowledge building designs and principles. To conduct the inquiry unit on light, he adopted an
opportunistic collaboration design, encouraging students to participate flexibly in the different inquiry areas
identified by the classroom. He tried to not direct the study both in terms of problem goals and collaboration
strategies, allowing for spontaneous grouping and re-grouping in relation to the evolving students’ foci. He sat in
circle with students during whole class talks or circulated among small groups to engage them in discussions
about progress with their inquiry. This context, rather than in traditional lessons, grants students an initial
advantage to exert agency and authority in the knowledge building process.

Data sources and analysis

The whole data set includes video recordings of 11 class episodes, online notes in Knowledge Forum
(168 discussion notes and 48 personal reflection notes) and a teacher’s reflection journal (17 daily entries).
Observation and data collection followed a three-year long design-based research comprising three iterations of
Knowledge Building Communities design (Zhang et al., 2009). Throughout this period, a trustful relationship
developed between the principal investigator (second author) and the teacher leading the latter to progressively
step in to participate in the design interventions. The analysis in this study was conducted holding awareness of
this contextual background. In examining how the teacher scaffolding played out to support the community’s
construction and shared regulation of its inquiry we mainly considered two types of data sources: Excerpts of
classroom interactions (names of participants have been replaced by pseudonyms) and the reflection journal. The
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latter documents a teacher practice conducted beyond classroom interactions for the purpose of supporting the
ongoing inquiry. In this case, the process of scaffolding involves, first, observing and assessing an activity or
situation; then, reflecting upon what observed and connecting it to the desired goals; and finally, responding to
opportunities or constraints that emerged from the reflection by designing, planning or adapting subsequent
actions (Bakker et al., 2015). Thus, we examined how the teacher support to build on and adapt shared inquiry
structures was carried in his practice of reflection and his interaction with students.

Data were analyzed using the method of discourse analysis with a focus on the temporal dimension. In
particular, we drew on the ethnographically grounded approach to discourse analysis proposed by Gee and Green
(1998), which offers analytic guidelines for exploring what semiotic and sociocultural connections are proposed,
recognized, or made relevant in discourse to ideas, people, practices and interactions located in the past or the future.
We combined this approach with the multiple timescale analytic perspective of Lemke (2000), who suggests that every
moment-to-moment action or activity be viewed as interdependent with one another and adding up to a longer timescale
process that constrains what is more suitable or likely as consequent actions. We started with a broad-stroke
exploratory analysis to look for patterns that displayed features of discourse moves as informed by the conceptual
framework. We understood the purpose of a specific teacher move and how it allows the emergence of structures
by moving back and forth through the sequence of episodes and trying to make sense of it as part of a dialogic,
cohesive process (Mercer, 2008) generative of cross-temporal connections. We then identified a few meaningful
illustrations of these patterns and unpacked the historical and dynamic features. We later discuss how these
patterns introduce opportunities to students for taking on a regulating role in co-structuring their inquiry.

Findings

Structures leveraging connections between past, present and future

The teacher draws students’ attention on discussion topics by linking these to memories of past shared knowledge
and events as a way of justifying, legitimizing and providing the resources for orienting the future activity. In this
way, he creates a meaning-making structure that helps students carry on actions that build into continuity.

Connecting the topic of light to prior students’ knowledge embodied in artifacts

During the first classroom discussion episode at the beginning of the inquiry, the teacher showed notes written in
a former view of Knowledge Forum when students were in Grade one. One of these notes, in particular, contained
a theory about how animals’ fur color adapts to light. What follows is the teacher’s journal entry on this episode:

Using the data-projector (...) we looked at the "Adaptive Weirdos" view in the old Grade one
database created by the current Grade four students. The students enjoyed seeing their notes and
illustrations. The last note we opened was Julien's. It contained a theory about grey fur
"reflecting" light away from his creatures’ eyes so that it can see better. This note generated an
interesting discussion on how light responds to color. (...) It also happened to be snowing
outside after a few weeks of very mild spring weather. The discussion progressed to snow and
the color white. We asked the question if there was a reason why snow was white. The students
had many theories to share (...) We posted the theories on the board.

From this reflection, it appears that an inquiry focus emerged and evolved spontaneously in response to
students’ renewed interest in their Grade one notes and also to the concomitant snowing event that generated
meaningful connections between theories of animal adaptation, color and the new topic of light. The illustration
of old notes was an intentional action designed to elicit such connections and use these as foundations for the
future inquiry. The teacher built an initial interactional frame by activating prior knowledge and offering students
the opportunity to develop an inquiry thread in connection to their shared previous knowledge. He did not
determine upfront how students would link their past theories to new questions about light. Instead, during the
interaction, students dynamically leveraged their previous theories as well as the occurrence of the snow fall to
raise questions and offer new ideas as new inquiry lines. A further entry in his journal provides evidence for how
the teacher positioned his role in relation to the inquiry work, recognizing that the emergence of future inquiry
directions built on students’ initial interests, pre-existing knowledge and contextual circumstances:

In terms of light, I have no preconceived notions as to how the study will take place other than
that the students have identified it as a topic of interest and that our introduction to it seems to
have originated from an archived Grade one note on adaptation, and the coincidence of a snowy
spring day.
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The emergent collective focus — i.e. study of the light-color relationship — became an inquiry structure that
influenced students in identifying the problems they wanted to investigate. This focus was embodied in a new
view in Knowledge Forum that the teacher created as reported in his journal following the first whole classroom
episode:

I created a new view in the database called “Grey Fur and White Snow”. I copied portions of
Julien’s Grade one note as background of the new view. A brief paragraph explains the origin
of the view.

Figure 1 shows the new view “Grey Fur and White Snow” with the note from Grade one inserted in it.
The title chosen by the teacher for this view together with the inscribed former note constitute a symbolic trace
connecting past students’ knowledge to the present focus of discussion and the generation of further questions to
investigate. The view thus embodies the historical and dynamic aspects of a structure functional to sustain
students’ inquiry. Its design reflects the teacher’s intention to involve students in a cumulative and progressive
inquiry journey highlighting the continuity of their learning experience.

0= [JGreyfur&WhiteSnow?=——————— HE
This is a part of Grade-One- Adaptive Weirdo note. He describes colour Dﬂyﬁ?ow whits?

and light. What are your theories? !

Q ICS Welcomesnowing again today! Why is snow white? |] Vh% does grey refelect the
Dwny is snow white
{
=]

Adaptive weirdos

What are your own Problems of Understanding and Theories? (

= — ‘Wierdo - e |

Problem| [What adaptive characteristics can we include in one creature? Dwr'y Iisncw:white?
His scales fall off in the winter and they grow thick white fur. In the D&

inter is the best time to have the grey around the eyes to reflect
light so they can see better in the worst snow storms you could ever D%“Jh‘ travel?
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Figure 1: Knowledge Forum view called “Grey Fur and White Snow”.

Leveraging students’ accumulated experience with Knowledge Forum to support a reflective use of
the tool.

The teacher reflected further on his role in the inquiry by analyzing his and students’ experience of knowledge
building pedagogy. He noticed that not all Grade four students in the previous years were keen on working with
Knowledge Forum and that their feeling about the technology would influence their preference for Grade five
teachers (knowing that one teacher would continue teaching with Knowledge Forum and the other would not).
This reflection induced him to adapt his plan for the current year by letting students use the platform spontaneously
as reported in the teacher’s journal:

My focus this year, is to let the students lead the direction of the study. (...) I noticed in the past
three years, students either graduated from Grade four with a love or hate for KF. This feeling
would direct their wish for which Grade 5 teacher to have the following year (...). This year, I
wanted to downplay the use of KF, using it when only the students felt it was appropriate. Funny
enough, this unique group of students from the onset of school this year, have directed the
knowledge building to occur on the database. The original study of Greek Mythology was not
intended to take place on the database but the students felt it would be the best place to store
and share the information they were gathering about each God. (...) It was a student who
suggested a math question be placed in the database to ensure its life span. Prior to this year, I
had not attempted to "do math" on KF. This group of students was the first to challenge me in
my description of the portfolio views as a "private place" in the database. They asked me why
the knowledge building could not continue at this level and questioned if there really can be (or
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should be) a "private place" on KF. We have attempted to use the database as a means of peer
editing our paragraphs, using scaffolds to comment on writing rather than frame it.

In this excerpt of his reflection journal, the teacher reported several instances of the way students
perceived Knowledge Forum and how they adapted, reshaped and reinterpreted the existing tool structures in
flexible ways over time to support their activity. They extended the scope of the database to support the study of
other curriculum units such as Mythology and Math. They challenged the private character of portfolio notes
(personal notes where students write their own evolving understanding of the problems investigated) and
suggested that they could be the place for others to contribute knowledge and, finally, they explored other
scaffolds to enable peers editing of someone’s theories or ideas in online notes. We see how the teacher stepped
back from his initial plan and envisaged shifting the regulating role to the students as a result of a temporal
analysis. He invoked memories of other students experience in previous years and related these to the students’
enhanced competence with the tool accumulated since the beginning of the school year. The teacher reflection
displayed internal persuasiveness, a characteristic of dialogic discourse (Bakhtin, 1981), when he related two
competing personal considerations of how students communities positioned themselves towards Knowledge
Forum over time.

Co-designing open and flexible inquiry and collaboration strategies built on past teacher’s experience

As a second reflection step, the analysis of the different approaches to knowledge building taken in the previous
three years informed the teacher on the potential of a flexible inquiry structure in terms of having students decide
what problems to investigate and with whom working:

In analyzing the data from the past three years, it seems true (contrary to my original
hypothesis), that there has been progress each year in the significant change from pre-test to
post-test, significantly more activity each year, and even the portfolio notes themselves seem to
suggest that the students have been demonstrating epistemic agency. Building from last's years
success — a year with students working organically in any study group they were interested in —
with less structure, I think this year, I will continue to test the boundaries by consciously trying
to not influence the direction of the study. (...).

Teacher’s reflection about how students grew into the knowledge building activity and out of external
control in directing their inquiry paved the way for giving them a higher level of agency in the knowledge building
process. The teacher shared his reflection with students in a subsequent classroom discussion:

1 Teacher: I know how we started looking at this [study]. We looked at a weirdo note, a weirdo
kinda day connected to light that you identified at the beginning of the year. You have
written problem notes and problems of understanding.

2 Sylvie: If we want to study light, we split off into groups, one “rainbows”, one “prisms”, then
close to end of study, we get together and tell them what we did and people won't only
know about what they studied.

3 Chloe: I remember in Grade 2, when studying the ancient Egypt, each group studied something
different and groups did a presentation.

4 Sienna: We should split into groups, do a presentation and an experiment to show what we have
learned.

5 Teacher: The first year we did Knowledge Forum, we had students work in groups. There was a

lot of knowledge building only within the small groups (...). Students knew nothing of
the other groups, they only learned about one thing instead of learning about six things.
The second year, students worked in groups, but always knew about what the other
groups were doing because were always reading and writing in all the views. (...). The
third year, we divided questions into views, nobody was assigned to a view, you could
work into any views that you wanted. I thought it wasn’t going to work, because
students need to work in one group to get a deep understanding. (...) Data [from the
survey] showed that students in the third year understood problems best [because] they
were given the option of choosing the view they wanted to study in.

6 Sylvie: We could do that. Maybe we could be each in one group and every week each group
could be working on another thing.
7 Teacher: Knowledge building is about working with people who want to work...not just friends.
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8 Greg: We can work with people who share the topic you want to work on.
9 Teacher: These are all your questions; I don’t know which direction this will go in.

The teacher did not explicitly introduce the topic of how carrying out the inquiry nor did he present it as
a plan he decided on upfront. Instead, he organized his discourse about the matter stepwise. He initially pointed
students' attention to what the classroom as a whole accomplished so far and how past steps enabled them to
identify problems to investigate (line 1). This introduction triggered a discussion on how to work on these
problems, what sort of groups should be formed and how they should share their inquiry work (lines 2-4). The
discussion yielded a symmetric interaction during which some students contributed ideas on the working strategy.
Taking up these ideas, in line 5 the teacher recalled his past experience reporting on different approaches of
organizing the inquiry work in other classrooms and highlighting how each approach affected learning. He
provided factual elements, shared initial beliefs and weighed them against the evidence. By making visible in his
reasoning how he builds connections to and critically analyzes past structures, the teacher modeled an interpretive
framework to inform or guide future decisions. He thus offered students an opportunity to position with agency
in appropriating and adapting previous strategies. His account may have probably influenced or constrained
students’ orientations but did not determine how or with whom students eventually would work in the classroom.
The subsequent turns (lines 6-9) give evidence of how invoking of pre-existing strategies dynamically mediated
students’ interaction and built the foundations for designing future actions without relying on the direction of the
teacher. We see students offering suggestions for group forming strategies with the teacher simply reminding
them of the principle guiding collaborative work in knowledge building. Then, with a quick twist he connected
the conversation back to the focal themes of the investigation and displayed a downgraded epistemic stance
relative to students about the direction of the study. In this way, he subtly showed an effort to turn over to students
the regulating role of the inquiry focus.

Structures leveraging connections across classroom communities

The teacher reflects on and creates opportunities to develop connections with the knowledge building work of
other classrooms communities so that knowledge generated in other space-temporal contexts can be leveraged by
students to orient their choices.

Past visual exposure to other class communities knowledge artifacts shaped students’ choices

In the following excerpt, the teacher reflected on how students past experience and context may inform and steer
students’ choices. He first remarked that their Grade one work oriented their approach to investigate light and
gave emergence to specific lines of inquiry, as discussed earlier. He also noticed how students’ exposure to
knowledge artifacts developed by former Grade four classroom and exhibited in a common space influenced their
goals in terms of units they wanted to study during the school year.

I think that their Grade one work on Adaptation is influencing their theories and how they are
looking at light and color. This is a new approach to light. The students had identified "Light"
as a topic they wanted to research when asked in the beginning of the year along with
Mythology, the Middle Ages, Shakespeare, the Holocaust. As the Grade three room shares the
same hallway, there is exposure to Grade four exhibited work, and thus I think the children
picked many of the units they knew the Grade fours had studied last year: Medieval Times and
Light.

Acting as boundary texts (Lemke, 2000), these artifacts allowed students to interact with their prior
knowledge and with practices developed by others and to leverage these resources in orienting their interests. The
teacher recognized the agentic role of former Grade four community in providing guidance to students. The work
exhibited in the hallway acted as an initial structure, an area of content of the curriculum (Zhang et al., 2018) that
students adopted to outline their plan of research topics. Yet, as we indicated earlier, they engaged with the
selected topics flexibly by reinterpreting the use of Knowledge Forum for supporting the inquiry and proposing
new ways to share and contribute to the knowledge building process.

Creating opportunities to interact with knowledge accumulated by other classes in Knowledge Forum

As the inquiry evolved, students identified ‘shadows’ as a focal theme to investigate. Thomas noticed that a view
in Knowledge Forum called ‘Shadows’ was already created by Grade five/six students and proposed the class the
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use of the existing view. His suggestion opened up a discussion among students on the possible future implications
of taking on this opportunity:

We looked at the clutter of notes in the original view: Grey fur & White Snow. The students
suggested we organize the notes into new views. (...). Next we attempted to create titles for the
new views. Once again we have come up with 6 views! (...) One of the suggested views was
"Shadows". I told the class that there already is a view on the database created by the 5/6 class
called shadows and I asked them if we should simply use this view. Some students felt that was
not knowledge building "we would have their answers before we developed our questions".
Others felt this might upset the 5/6 students and we should ask permission. Others felt we should
continue where the 5/6 students left off.

As evidenced from students’ responses reported in the teacher’s journal, some students were concerned
about emotional and practical aspects (i.e. how Grade 5/6 students’ reactions), whereas others exhibited higher-
order thinking about what type knowledge they would build if it leveraged existing work by others. Students were
not only projecting the consequences of taking a certain strategy but also reflecting on the educational point of
adopting an existing structure as a knowledge practice, "some students felt that was not knowledge building... ."
The preceding excerpt also indicates a substantial progress in organizing and structuring the inquiry work. Starting
with the initial view “Grey Fur & White Snow” that the teacher created in Knowledge Forum, students contributed
several notes reflecting knowledge advancement in the form of new theories and problems of understanding. The
teacher was intentional in showing students the groupings of notes he discovered in the existing view (he had
planned this action as reported in an earlier note) as an occasion for reshaping the current structure and creating
additional views that would better serve the needs of the inquiry. We see how the teacher did not give explicit
guidelines in this regard. Instead, he elicited students’ reaction by showing them the original view and conferred
them the authority to organize notes into new views and propose new titles.

Following the classroom discussion, the teacher reported his own reflection about the opportunity of
connecting to and using a shared inquiry space of inquiry across communities:

What would be the ramifications of working in a view created by another class? My gut feeling
is that this would be great opportunity to examine knowledge building outside of the classroom.
(...) The Grade 5/6 class was focusing on sun rays and the tilt of the earth. This is not yet an
area of interest for the Grade four students. I wonder what the impact will be for the Grade fours
and the Grade 5/6?

These considerations reflected a teacher’s contemplative stance towards students’ interaction with the
inquiry work initiated by other students. Again, he harnessed existing structures to project future directions of the
inquiry and imagine new practices of working creatively with knowledge across classroom boundaries, such as
building knowledge using inquiry spaces shared by more communities. He did not constrained students to use
these existing structures but sought to create an opportunity in which they could leverage them dynamically to
orient their inquiry focus.

Discussion

We have identified two main patterns that characterize the way the teacher role played out to support the students’
community in regulating its knowledge building processes. The analysis of these patterns showed how the
teacher's discourse strategically draws on histories of events and relationships to project future actions and
directions. The teacher was intentional in reflecting on his practices as a long-term trajectory and discovering
students’ accumulated experience and ideas as means to shape their current inquiry directions and ways of
inquiring and collaborating. He was able to discern emerging directions from individual contributions and bring
what he had noticed to collective meetings to reshape the community’s inquiry foci and guide the subsequent
work of the classroom community as reflected in the Knowledge Forum views. We saw how he established a
symmetric relationship with students, positioning himself on “the same plane of participation as the students”
(Tabak & Baumgartner, 2004, p. 420) and allowing them to take control over the problem at hand, as in the
discussion about group work strategies. He empowered students by positioning them as authoritative sources of
knowledge as in the case of their Grade one notes or by allowing them to flexibly use Knowledge Forum or an
existing view created by other students. However, the teacher did more than simply acting as a partner. A partner-
teacher is mainly concerned with inducing students into asking their own questions and monitoring their
understanding to regulate their learning. In this study, there was a concern with helping the community leverage
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shared knowledge and make a reflective and flexible use of existing structures (Zhang et al., 2018), in connection
with the ongoing agenda, to organize and guide their inquiry. In this sense, the teacher was rather playing the role
of a participatory co-designer, who elicited, reflected on and interpreted relevant past knowledge to mediate
ongoing interactions and project future directions and possible students’ practices. The creation of a view in
Knowledge Forum invoking a former Grade one note and outlining the new inquiry focus emerged from the
classroom interaction is illustrative of this design approach. Teaching to co-construct shared structures that
enhance students’ regulation requires, as seen in this study, a systematic effort to engage in a reflective practice
whereby teachers attend to prior experience, existing knowledge resources and structures in the larger school
context and envision possibilities for students to harness them. Pursuing this effort enables them not only to
provide cohesiveness and continuity to students experience but also to empower them to appropriate and adapt
proposed working practices.

In our future work, we need to develop a full case picture that examines other forms of building and
eliciting temporal connections, how they are constituted through talk or other discursive spaces and how they
contribute to foster students’ shared regulating role. We also need to learn more about what teaching as co-
designing means in the context of inquiry-based collaborative learning, showing how this role is embedded in a
larger and longer view spanning multiple classroom communities and timescales.
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Abstract: With the growing popularity of game-based learning, researchers should take steps
to ensure that our designed technology-enhanced environments reflect our desire to implement
equitable learning environments for all our students. Does our implementation of technology to
motivate and encourage learning, at times result in some of our students having less of an
opportunity to engage in the learning activity? This study focuses on a STEM-based game-
based learning environment designed to facilitate equitable participation of learners. Through
the analysis of game interaction log files, we explore time series plots and determine patterns
of student participation. We highlight our findings using a case-study approach in which we
focus on the interaction of a middle-school group collaborative activity as they engage in
solving a problem embedded in a game-based learning environment.

Introduction

Game-based learning environments provide a rich avenue to support collaborative inquiry learning and in turn,
can provide key insights into designing and analyzing group processes and interactions (Mislevy et al., 2014;
Rupp et al., 2010). Although empirical research has focused on how these learning environments can increase
motivational, cognitive, and affective outcomes (Connolly et al., 2012), there has been less attention on how to
intentionally design for equitable participation. Game-based learning environments are often viewed as highly
engaging for students since they represent a means through which rich learning activities can be accomplished
with sustained student participation. However, there remains a question of equitable participation within these
learning environments, as they may inadvertently allow those more experienced with gaming a greater advantage,
or it may be presented as more attractive to particular groups of students (Buffum et al., 2016). In our work,
equitable participation refers to the provision of equal opportunities to participate in classroom activities (Rasooli
et al. 2018). Several authors have espoused similar sentiments, advocating for more equitable forms of
participation to better reflect the capabilities of our learners (Poehner, 2011). However, educators and researchers
alike often grapple with the implementation of these considerations. This is evident in game design where aspects
of equity and inclusion should be addressed.

This paper seeks to explore these issues by examining the following research question: How can we
design for equitable opportunities to participate in a collaborative game-based learning environment? We draw
on an activity theory framework to guide our design and analysis of ECOJOURNEYS, a collaborative game-based
learning environment designed for middle school ecosystems learning. We highlight how activity theory can be
used to design equitable tasks and mediators that act as active modifiers that aid in creating new actionable
pathways to learning (Poehner, 2011). Active modifiers are tools which serve to actively enhance students’
understanding. A brainstorming board with rules for participation (designed to require each group member’s
participation to vote) and in-game chat (collaborative discussion of tasks where students are free to participate at
will), both serve as active modifiers in this study. Drawing on students’ in-game interactions as captured in log
files, we adopted a social learning analytics approach and explored time series plots to discern patterns in how
groups of students interacted in the designed tasks. Using these plots, we used an instrumental case study approach
(Stake, 2008) to the extent to which designed opportunities learning supported student participation.

Equitable participation and activity theory

Classroom activities that adopt sociocultural perspective should involve participatory tasks and authentic inquiry
(Danish & Gresalfi, 2018). Additionally, classroom activities that attend to equitable practices should focus on
dimensions such as procedural elements (i.e., practices that give rise to equitable outcomes) and interactional
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justice (Rasooli et al., 2018). However, the question remains, how do we design for equitable opportunities to
participate in these collaborative game-based learning environments?

Our work centers on the concept of activity theory and assumes equity as access to mediators (Poehner,
2011). Collaborative inquiry learning is assumed to be a joint cooperative activity wherein instruction and learning
co-occurs through mediational means i.e., the resources used to construct knowledge (Holzman, 2018).
Additionally, these frameworks should include multiple levels of activities and participation building towards the
formulation of an argument. Thus, we draw on activity theory as a theoretical framework to designing and
analyzing equitable tasks. In activity theory, the object or the collective goal plays a vital role in mediating and
organizing interactions (Engestrom, 1987). In working towards a collective object, an individual’s activity is
artifact-mediated, or influenced by tools, the division of labor and rules associated with each community. These
mediators are historically and culturally shaped and transform the way that individuals can perform tasks. In the
design of ECOJOURNEYS, the object or designed goal was to support students’ collaborative inquiry. In this form
of inquiry, students are expected to share their thoughts, and reflect on other students’ ideas (Liu et al., 2016).
However, this can be problematic when students are unaware of the steps in the inquiry process (Quintana et al.,
2004). In our work, mediators are meant to encourage actions that students may not otherwise engage in and we
attended to three elements: 1) mediational tools, 2) division of labor, and 3) rules that guide the inquiry process.
Below, we unpack the design of these mediators.

How mediators were embodied in the design

In ECOJOURNEYS, students participated in a cultural exchange program to learn about tilapia farming in the
Philippines. There, the locals requested students to investigate why tilapia at the hatchery fell sick. Students
worked in groups of four and engaged in two inquiry cycles that consisted of (1) collecting data from the in-game
environment and talking to in-game stakeholders, and (2) sharing and negotiating their ideas with one another
using a collaborative space (see Figure 1). The brainstorming board was an in-game collaborative space providing
structure for students to share their observations and to reach a shared understanding about the problem they are
facing (Saleh et al., 2019).

Mediational tools

As students explored the game-based learning environment, individual students collected information in the form
of notes. After collecting these notes, students collaboratively used the brainstorming board to share notes. The
board highlighted the components that tilapia fish need to survive (e.g., temperature, air, etc.). The main task was
for students to move the notes onto the board and determine the extent to which the information in the note was
relevant to the component. After moving the notes, students clicked on their peers’ notes to evaluate the relevance
of the note. A visual indicator denoted when students reached agreement on whether a note was relevant to the
component in the system (i.e., green when all students agreed, red when one disagrees, orange for default, see
Figure 1). Students also used an in-game chat to negotiate their ideas, especially if there was disagreement over
where the notes should be placed. The brainstorming board thus actively modified how students could participate
equitably in collaborative inquiry, by encouraging multiple opportunities for students to 1) share notes and engage
with the information, 2) demonstrate their thinking about the relevance of the notes and negotiate with their peers.

Rules

We also designed several rules that supported the collaborative inquiry process. First, inquiry milestones consisted
of'individual data collection and collaborative sensemaking. Collaborative sensemaking at the board was triggered
after all group members completed data collection. Second, all members were prompted to share their ideas during
the process. This task was formalized as notes that students collected, but students were also encouraged to share
information as they explored the environment. Third, the placement of the notes was also a crucial step in the
process. By placing notes on the board, students demonstrated that the note was relevant to the component on the
board. Fourth, students voted to indicate how the notes may or may not be relevant to the component. Finally,
students were also required to come to a consensus on how the information should be sorted and whether they
were ready to move on to the next phase of the inquiry. These rules supported equitable participation because
each student was expected to engage in these actions in the collaborative game-based learning environment.

Division of labor

Each student had the role of sharing their individually collected notes and evaluating each other’s ideas. This
equal distribution of roles ensured that each student had explicit ways that they can contribute to collaborative
inquiry. We also accounted for the role of the facilitator as part of the community. The facilitator supported the
inquiry process by prompting for contributions in chat and to ensure that the tool-based interactions also occur.
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Facilitators provided support by marking information and questioning students, by asking for evidence and
inviting participation. Additionally, facilitators and students engaged in socially shared regulation of learning,
discussing norms for collaboration, deciding goals and planning actions related to solving the problem. These
roles, however, were not explicitly designed interactions, but expected to emerge in collaborative discourse.

Abiatic and Biotic Components that Tilapia Need

Space | Temperature |

Figure 1. Overview of the brainstorming board

Air Water Quality Food
tank

Methods

We drew on data from a classroom study with 29 students ranging from 11 to 13 years old (10 females, 19 males).
Student demographics were as follows: 4 students identified as African/Americans, 4 as multi-racial, 2 as
Asians/Pacific Islanders, 1 as Hispanic/Latinx, 1 as Native American/American Indian, and 17 as White. Students
worked in groups of four and played ECOJOURNEYS in place of their science lesson. They participated in two
sessions which were two-hours long. Students first took a survey where they shared demographic information and
answered questions about familiarity with games. In the implementation, students engaged in two inquiry cycles
of the game. Each group was assigned a facilitator who played the role of wizard or helper and supported group
inquiry using the in-game chat. All students’ in-game interactions were logged. In the last session, students were
asked to draw a model explaining why the problem was occurring. Students also took a pre- and post-test that
focused on their ecosystems understanding.

To understand the nature of participation, we examined the log files to focus on individual actions across
time and in relation with other students. Individual in-game actions while using the board included 1) creating
notes, 2) moving the notes, 3) voting on the notes, and 4) contribution to chat. These were used as indicators of
equitable participation across students. To understand tool use, we aggregated group interactions at the board and
chat, obtained frequency counts of individual game actions using the notes and examined the amount of time that
students spent on reading notes, and quality of contributions to the in-game chat. To understand the division of
labor among students and (in)equitable interactions among the different groups (i.e., rules), we generated time
series plots. The time series plots feature the proportion of interactions contributed by each student over 50 events
(i.e., 1 unit of X is 50 events). If student A contributed 20 of the last 50 interactions, their contribution value for
that event index would be 40% (i.e., Y axis). We created two plots for each group: a plot of chat contributions,
and a plot of board contributions. We qualitatively inspected these plots and engaged in qualitative case study
analysis to further examine these patterns (Stake, 2008). Additionally, we also reviewed student chat utterances
to determine which were off- or on-task. On-task utterances referred to instances when students discussed topics
related to the science content or game-based learning environment whereas off task utterances were categorized
based on whether students were socializing and discussing topics other than science or tasks related to the game-
based learning environment.

Results
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Paired t-test comparing the pre-test (M = 27, SD = 3.6) and post-test (M = 28.4, SD = 3.7) scores demonstrated
that there were significant learning gains, #(26) = 2.13, p =.04. To understand how the design of the learning
environment supported equitable participation, we present an overview of student interaction with our designed
tools. We highlight how students use the notes at the brainstorming board and the chat tool, and then present the
distribution of students’ participation across the brainstorming board and chat activities (i.e., division of labor).
Finally, the average frequency counts of student actions with creating, moving, and voting on the notes indicate
whether the designed rules for interactions supported equitable student actions at the board. Table 1 provides
summary statistics for each group’s interactions at the brainstorming board, and contributions to chat.

Table 1; Summary statistics for each group.

Group Total Total No. of No. of Total Student chat
board mins on created moved count of contributions
actions notes notes notes votes
1 385 53 28 93 264 896
2 509 68 46 133 330 665
3 276 49 27 56 193 457
4 358 67 33 85 240 514
5 335 66 23 73 239 473
6 238 26 24 55 159 277
7 155 57 19 31 105 482
Mean 322 55 29 75 219 538
SD 113.6 14.8 8.85 32.9 73.6 194.5

How does tool use differ across the groups?

In terms of students’ activities at the brainstorming board, summary statistics indicate that groups had an average
of 322 actions at the brainstorming board, with group 2 recording the highest contributions, and group 7 the
lowest. Group 2 similarly spent the highest amount of time on the notes. In terms of chat use, groups contributed
an average of 538 lines, with group 1 recording the highest contributions to chat, and group 6 with the lowest. As
we will demonstrate in our analysis later, the multiple ways of interacting with the designed tools indicate that
there may be more opportunities to participate, thereby supporting equitable participation among students.

How did the designed rules influence student interactions at the board?

To better understand how the students participated in their groups, we inspected the time series plots for all groups
as they interacted at the board and used the in-game chat. Because of space constraints and to ground our findings,
we showcase the results from one team to provide a rich description of the findings. Group 2 was selected for this
case study because (a) students’ pattern of board use was relatively similar and had the highest amount of board
interactions but (b) were diverse in terms of chat use, demographic data, and video game experience (see Table
3). The students in the group also scored in the lower range in their pre-test (see Table 1). The contrasting profiles
in how the students in the group engaged in commercial video games and in the game-based learning environment
was also another reason why the group was selected. Moreover, the students’ interactions in the brainstorming
and chat activities provided a rich illustration of how different students participated and how the mediators did or
did not affect students’ actions.

Table 2: Demographic data of Group 2 members

Name Weekly Time spent
(Pseudo | Age | Gender Race hours onin-game | Chat P;'ce(-):ist P(;Z::Z“
nyms) gaming notes (mins)
Jacob 11 Male White 10-20 9.6 17% 21 29
Olivia 11 Female White 3-5 20.5 3% 26 26
Ethan 11 Male White 5-10 3.2 65% 28 30
African-
Rakesha 12 Female | American 0-2 27.0 17% 25 30
/ Black
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Figure 2 illustrates the pattern of interactions at the brainstorming board among students in Group 2. The
blue vertical line indicates the initial use of the board, whereas the yellow vertical line represents the end of the
first brainstorming session. Each participant is represented by a different color horizontal line within the plot. The
activities captured by use of the board include creating or placing a note on the board, moving a note from the
board, voting on the relevance of the notes to the associated components (e.g., air, temperature, food, water quality
etc. (see Figure. 1)) and voting on whether the irrelevant component should be removed as a possible explanation
for the tilapia being sick.

06- 1% Brainstorming

-
-

0.4 -

student
Ethan
Jacob
Olivia

Rakesha

Rolling Percentage of Total Interactions

0.0-

' ' '
(o] 200 400 600

Events

Figure 2. Group 2’s use of the brainstorming board

In the first brainstorming session (i.e., after the blue line to about 250 events), Rakesha (pink line) appears
to be the most active on the board. However, during the second session all students display approximately the
same level of participation. This plot is representative of all groups’ use of the board, there may be a few students
who are more active in the first session. However, there is relatively similar board use in the second session across
all groups. The difference observed between the two sessions is likely because all students collected the same five
notes during their first exploration and students like Rakesha, who were quick to place items on the board tended
to be more active. Moreover, once these notes are placed on the board, only the owner, in this case, Rakesha, will
be able to move the notes. In Figure 2, student interactions during the second brainstorming session were relatively
similar, apart from Ethan (in red). However, despite his late start, Ethan’s actions mirror those of his peers (i.e.,
between 300-400 events) in their earlier interactions with the board (i.e., increase of actions before trending down).
Although Ethan’s actions reduce after the 400-event mark before logging out, the rest of his peers continue to
engage with the board, repeating the pattern of upward and downward trend. The pattern of increased and
decreased activity at the brainstorming board is likely triggered by the design features that are logged as these
events, 1) creating the notes on the board, 2) the number of votes recorded, 3) placement of the notes, 4) consensus
or lack of among the group, and 5) topics of discussion in the chat. Although we highlighted group 2’s plot, plots
for all groups depicted comparable patterns and symmetry across individual student’s interactions at the board.

How was labor distributed among students across the chat and board activities?

These findings, however, are a contrast to the use of the chat feature of the game. Figure 3 represents student
frequency and use of the chat feature with ECOJOURNEYS. Just as Figure 2, the blue and yellow vertical lines
indicate the initial and subsequent use of the board. Based on the observed patterns in Figure 3, student
participation in group 2 varied in frequency for both sessions of playing ECOJOURNEYS. Ethan appeared to be the
most active in the chat for both whiteboard sessions. In both instances, Ethan, a self-identified white male who
describes himself as a frequent video gamer, participates in the chat the most. In contrast, the student that
contributes the least to chat is Olivia, a self-identified white female who plays video games occasionally.
Comparatively, Rakesha, an African American female, who rarely plays video games and Jacob, another male
student, had somewhat moderate and similar contributions to chat. Notably, both Rakesha and Jacob had the
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highest gains in their pre-post test scores (5- and 8-point gains), whereas Olivia maintained her score, and Ethan
scored 2 points higher in the post-test.
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Figure 3. Group 2’s contribution to chat when using the brainstorming board

Students’ chat statistics also mirror the students’ participation across time, corroborating students’
quantitative contributions. However, when analyzing students’ contributions, Ethan’s utterances were on task
73% (i.e., content and game-oriented talk) and 27% off-task of the times, whereas Olivia and Rakesha were on
task for all their contributions. Jacob’s contribution on the other hand, was approximately distributed equally
between on-task and off-task utterances. To illustrate students’ conversations, consider their contributions to talk
in excerpt 1 below.

Table 3: Group 2’s in-game discussion in chat about water quality

Time User In-game chat
1 12:56:44.8  Jacob so water quality is pretty good i think
2 12:56:59.7  Jacob i dont really think theres any problems
3 12:57:05.1 Ethan dude,
4 12:57:06.9  Ethan last time
5 12:57:08.1 Ethan remember
6 12:57:14.4  Ethan theres to much of whatever its called
7 12:57:18.2  Olivia it said the water looked cloudy
8 12:57:18.2  Ethan and its making the water
9 12:57:21.9  Ethan yea
10  12:57:24.0  Ethan what olivia said

11 12:57:34.0  Facilitator  Okay, water is cloudy

12 12:57:34.8  Rakesha cynabacteri

13 12:57:43.1  Facilitator =~ What makes water cloudy?
14 12:57:52.7  Ethan to much cynabacteri

15  12:57:52.9  Rakesha cynabacteria

16  12:58:23.4  Facilitator  what is cyanobacteria?

17  12:58:37.8  Ethan its a thing thats good for tiapia

18  12:58:40.5  Ethan but to much of it

19  12:58:44.0  Ethan polutes the water

20 12:58:50.4  Jacob yea that

21 12:59:03.7  Jacob water gets sick fish get sick sick fish die
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Jacob begins by positing that there was no problem with water quality but was countered by Ethan and
Olivia (lines 3-10). Although Olivia’s contribution is succinct, she gets her point across, and Ethan agrees with
her assertion (line 8). Rakesha then extends this by noting that cyanobacteria are the cause of the cloudiness (lines
12 and 15). Ethan and Jacob were then able to build on these contributions to explain how the cyanobacteria can
affect the fish (lines 17-21). This excerpt highlights that despite her lower contributions to chat, Olivia provides
critical information for her peers. Closer inspection of Olivia’s participation at the brainstorming board moreover
indicated that she spent approximately 20 minutes reviewing the notes, compared to Ethan, who spent about 3
minutes on the notes (see Table 2). This additional data along with the board participation (Figure 2), suggests
that the chat data only provides one aspect of engagement. In designing ECOJOURNEYS, we intentionally created
numerous ways in which students would be able to participate within their groups to help build an argument and
effectively solve the problem at hand. Equitable participation was encouraged through the design and
implementation of these variable pathways for participation in the learning environment. This allowed individuals
equal opportunities to share and showcase their knowledge through diverse means. To help us gain a better idea
of student understanding of the system, consider the students’ representations of what may be causing the tilapia
illness. Figures 4 and 5 below illustrate the models drawn by Olivia, and Ethan, respectively.
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Figure 4. Olivia’s model Figure 5. Ethan’s model

Olivia’s model (Figure 4) depicts several key facts of the system. It highlights the use of dissolved oxygen
by both cyanobacteria and fish, which results in fish being weak (or ill) due to competition of resources (lack of
dissolved oxygen), and presumably how the fish waste and food adds to the build-up of material in the water.
Ethan’s model (Figure 5) on the other hand, depicts components (heat, cloudy water, dissolved oxygen, food and
cyanobacteria), but no indication of relationships among the components other than that the cyanobacteria make
the water cloudy. Based on their patterns of participation, it is likely that the designed tools such as the
brainstorming board facilitated student interactions with the learning material in their own ways. For example, it
is likely that Olivia represented her knowledge of the system based on her use of the in-game notes, whereas Ethan
may have benefitted more from his in-game interactions with his peers. In this way, the design considerations of
this game may have encouraged and supported different forms participation among group members. It is clear
from the data obtained from this study that low participation in chat features of ECOJOURNEYS, is not indicative
of student engagement in learning activities and that equitable participation can be achieved through various
means within game-based learning.

Discussion and implications

In designing this collaborative videogame, we focused on design features which would help promote equitable
participation in each group. Although we have adopted a narrow definition of equitable participation, it is a crucial
initial step in designing various activities through which students could engage in multiple pathways toward
problem solving and work collaboratively with peers. From the structured design of the board, to the free use of
the chat, to provisions of content material within the game, we designed with various student preferences and
comfort levels of gaming in mind. Working collaboratively, allows students to bring their strengths, weaknesses,
knowledge, and misconceptions to problem-based learning, so that together group members can build a strong
argument and solve the problem at hand. However, if students are not afforded the opportunity to be encouraged
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and to feel comfortable enough to participate, then equitable student participation within collaborative game-
based learning would be difficult to achieve.

With the popularity of game-based learning, designers and researchers need to attend to equity and
inclusion. We should design learning spaces for all students, in which they are encouraged to participate through
various forms of collaborative activity. Equitable participation should be at the forefront of collaborative game-
based learning design as we seek to design for all learners. The diverse features of the game-based learning
environment and the rules employed to foster equitable participation amongst group members, facilitated a
learning environment in which all students were able to engage in the collaborative activities. Because some
students may not use chat, we needed to design an alternative pathway for these students to express their
understanding and contribute to the group. Working from the socio-cultural perspective, we need to consider
backgrounds and preferences of learners when designing, which includes the development of multiple activities
for participants. Learning activities and design features must engage students as we seek to make their learning
and skills visible and valued to encourage equitable participation for all learners.
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Abstract: Transactivity is a valued collaborative process, which has been associated with
elevated learning gains, collaborative product quality, and knowledge transfer within teams.
Dynamic forms of collaboration support have made use of real time monitoring of transactivity,
and automation of its analysis has been affirmed as valuable to the field. Early models were able
to achieve high reliability within restricted domains. More recent approaches have achieved a
level of generality across learning domains. In this study, we investigate generalizability of
models developed primarily in computer science courses to a new student population, namely,
masters students in a leadership course, where we observe strikingly different patterns of
transactive exchange than in prior studies. This difference prompted both a reformulation of the
coding standards and innovation in the modeling approach, both of which we report on here.

Introduction

Research shows that students benefit from rich discussions with other students in learning environments (Ferschke
et al., 2015). Consequently, for more than a decade, researchers in the field of learning science have developed
many frameworks for automated analysis of student discussion, as it has repeatedly been shown to be valuable for
assessing student learning (McLaren et al., 2007; Dascalu et al., 2015; Joshi & Rosé, 2007; Rosé et al., 2008;
McLaren etal., 2007; Aietal.,2010; Gweon et al., 2013; Fiacco & Rosé, 2018), supporting group learning (Kumar
et al., 2007), and enabling effective group assignments (Wen et al., 2016). Some work has explicitly addressed
the issue of whether these frameworks generalize across domains (Mu et al., 2012; Fiacco & Rosé, 2018), which
is critical to enabling educators in a variety of fields to leverage these tools. While cross-domain generalizability
may sound like a purely technical problem, what we find in the current study is that the characteristics of different
student populations and their learning processes, as well as the interplay between the two, are critical components.
Here we report on the elements required to generalize technology developed for automated analysis of
transactivity from one student population to another.

In this work, we focus on transactivity as a quality of conversational behavior where students explicitly
build on ideas and integrate reasoning previously presented during the conversation. Transactivity stems from the
Piagetian theory of learning. While its earliest formulations comprised a set of 18 different codes (Berkowitz &
Gibbs, 1979), applications within the CSCL community, aiming to achieve success with automation, have targeted
much simpler operationalizations defined by the presence of two requirements. First, the speaker must
demonstrate a reasoning attempt. Second, the speaker must reference ideas or concepts presented earlier in the
conversation. Prior datasets for transactivity typically identify the presence or absence of these requirements in a
binary fashion (Joshi & Rosé, 2007; Wen et al., 2016). This approach has been successful in extant work which
has focused on assignments that made use of very short collaborative discussions (Fiacco & Rosé, 2018), informal
posts in discussion forums (Nelimarkka & Vihavainen, 2015), or team-based project support (Wen et al., 2016).
However, the complexity of the language articulated within these previous works was limited, with some studies
finding transactive exchange in only 60% of posts in a discussion forum (Sankaranarayanan et al., 2018). By
contrast, in the current dataset, which includes masters level students in social science courses, about 80% of posts
were rated as transactive by human coders using the simple definition, resulting in a lack of useful differentiation.
Therefore, we turned our attention to adding more nuance to our operationalization of transactivity for automated
analysis in order to better differentiate students and conversations.

Here we present a new dataset for transactivity detection based on a more detailed conceptual framework
and measure. We then answer the following research questions targeted at automatic transactivity detection with
respect to this new operationalization: First, can previous state-of-the-art models of transactivity detection apply
to the domain of current event discussion forums in social science courses, and what phenomena exists in that
domain that distinguish it from transactivity datasets? And, second, how can we capture these differences in a
model that can better detect transactivity on this new dataset?

We show that, despite being highly functional on simpler datasets, the existing state-of-the-art model
fails on our new dataset owing to the higher degree of abstractness in the conversations analyzed. We then present
a new model based on this dataset that leverages the structure of the source data to more accurately predict more
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nuanced transactivity phenomena. The work illustrates how variations in student and course content result in
different expressions of transactivity and that successful models must reflect those differences.

Transactivity coding

We collected communication data from 198 students in a master’s degree program from a university in the
Northeastern U.S. As part of a leadership course assignment, instructors provided students with a weekly article
related to some of the topics learned from class for seven weeks. Students were instructed to post their thoughts
on an online discussion board and also provide a response to at least three other classmates’ posts. We extracted
the response data, nested in each student’s post thread, from the course platform in a json file format for each
discussion topic. Across six different discussion topics, 3,415 replies in total were collected.

Building on prior work on transactivity coding (Berkowitz & Gibbs, 1979; Gweon, Jain, McDonough,
Raj, & Rosé, 2013), we operationalized and coded the transactivity of the responses. Overall, the responses were
found to be more elaborative than previous work that coded transactivity using a binary approach (i.e., transactive
or non-transactive) and automatically annotated transactivity (Joshi & Rosé, 2007; Wen et al., 2016). But more
importantly, while in prior studies the prevalence of transactivity was fairly low, in this population nearly 80% of
contributions satisfied the simple definition of transactivity. The software infrastructure and nature of the task did
not differ significantly from prior studies. Thus, we concluded that the substantial shift in conversational practices
was due to the different student population and assignment, namely masters students in a social science course
discussing current events.

To develop an appropriate framework, we proceeded to regroup the transacts of Berkowitz and Gibbs
(1979) according to their roles (functions) in collaborative learning, develop a new coding scheme, and measure
the level of transactivity or the extent to which an individual expended effort to represent and operate on their
partners’ reasoning. In their original framework, Berkowitz and Gibbs (1979) identified 18 types of transacts or
dialogue behaviors, which are classified as higher or lower order transacts. Higher-order forms are operational
transacts (e.g., counter consideration) that work on partners’ reasoning through logical analysis and integration.
Lower-order forms include representational (e.g., juxtaposition) and elicitational transacts (e.g., feedback request),
which do not entail any transformations of partners’ reasoning. Moreover, the transacts feature either competitive
(e.g., competitive paraphrase) or non-competitive (e.g., paraphrase) forms, which can be focused on either partner
and the dyad’s positions.

Building from this framework, we developed new transacts and grouped them into three dimensions
(functions): active listening (acknowledgment), idea extension (elaboration), and challenging views
(qualification). First, we focused on active listening as it is conducive to creating an environment of mutual respect
(Itzchakov, Kluger, & Castro, 2017) and psychological safety where the partners feel their contributions are valued
and respected (Azmitia & Montgomery, 1993). In examining active listening, we coded whether the responders
put in the effort to acknowledge their partners’ ideas and thoughts by paraphrasing and/or asking them for further
explanation. Second, more learning happens when discussions are disequilibrating, where individuals are exposed
to something new from the interactions and experience cognitive perturbations (Berkowitz & Oster, 1985; De Lisi
& Golbeck, 1999). Accordingly, idea extension evaluates the extent to which the individuals were elaborative in
presenting their own reasoning processes in relation to their partners’ original ideas or asked thought-provoking
questions about their counterpart’s contribution. Third, considering that cognitive perturbations could be more
salient when there are conflicting views, thereby increasing the likelihood of transactive exchanges, we evaluated
challenging views to assess the strength and clarity of the partners’ challenging of their counterparts’ argument.

In coding the data, each dimension was rated independently, although multiple dimensions might apply
to a particular response. Specifically, for active listening, a binary rating was used, while for idea extension and
challenging views, a 3-point scale (0: Not at all, 1: A little, 2: A lot) was used. In short, each statement was
evaluated for the focal individuals’ perceived exertion of effort to make sense of the meaning of their partners’
argument (active listening) and build on their partner’s reasoning (idea extension, challenging views).

Extended operationalization of new transactivity dimensions

Active listening

Active listening involves the focal participant’s (Ego) acknowledgment of their partners’ (Alter) contribution as
is, in a non-judgmental manner. The transacts for active listening include “paraphrasing” and “soliciting
clarification.” That is, evaluators code whether Ego made the effort to paraphrase Alter’s message and asked for
further explanation to better understand Alter’s point of view. Importantly, in soliciting clarification, Ego is not
asking Alter to justify their reasoning or explore the ideas Ego proposed. The main criteria is: “Did Ego attempt
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to identify Alter’s ideas and thoughts?” Active listening is coded “Yes (1)” when there is paraphrasing and/or
soliciting clarification transacts; otherwise, it is coded “No (0)”.

Coding examples for active listening
e Example of “Yes (1)”

Alter: ... their job is to return value to the shareholders... That being said I don't think that only
extroverted, or introverted people can do this. It just changes the way the company is set up and the
culture that inherently stems from the leadership.”
Ego: “T agree with you that the main focus of hiring new leaders should be whether they can return value
to the shareholders, but as you say introverted and extroverted leaders will set up different cultures. While
these two cultures may be able to return the same value...”

Explanation: Ego paraphrased Alter’s ideas in a clear way.

e Example “No (0)”
Alter: ... Hiring new talent is an excellent way to gain access to these skills, but this should be in addition
to retraining current staff, not in lieu of training. Some companies are able to fully hire a new staff, but
many won't be able to do this...”
Ego: “I think you make great points but there is one to add...”
Explanation: Here Ego did not demonstrate the way Ego understood Alter’s argument.

Idea extension

In evaluating idea extension, coders annotated the extent to which Ego elaborated Alter’s ideas by (1) exploring
parallel lines of thought (i.e., agreement-based idea extension) and/or (2) qualifying Alter’s argument (i.e.,
disagreement-based idea extension). Notably, Ego may demonstrate both forms of extension. First, for agreement-
based extension, the transacts include “exploration,” “exploration request,” and “application.” That is, Ego can
provide additional evidence and thoughts either declaratively (exploration) or interrogatively (exploration
request), and apply Alter’s ideas to different contexts (application), such that Alter’s argument becomes clearer
and more generalizable. Second, for disagreement-based extension, the transacts include “critique” and “counter-
argument.” Ego can critically evaluate Alter’s reasoning in a declarative or interrogative way (critique) and present
opposing arguments (counter-argument)—uncovering the assumptions and exploring alternatives—such that
Alter’s argument becomes more robust and competitive. In evaluating this dimension, coders ask: “To what extent
did Ego demonstrate their reasoning process?” Specifically, agreement-based idea extension is coded “A lot (2)”
when Ego illustrated their argument with examples, demonstrated logical thinking, and/or integrated multiple
ideas. Moreover, disagreement-based extension is coded “A lot (2)” when Ego explicated why Alter’s argument
may not be supported and/or provided clear evidence to support their counter-argument.

Coding examples for idea extension
e  Example of “A little (1)”

Alter: ““...that extroversion became a cultural ideal and if extroversion is indeed the perceived ideal,
maybe we have CEOs who learned how to be extroverted on the job because that is what is expected of
them...”

Ego: “You make a very interesting point. CEO extroversion could be a result of society’s perception that
it is crucial or more important than the other aspects and traits you mention. I agree that these are equally
if not more important to hiring decisions. It would be interesting to see how this cultural ideal varies
across countries/societies.”

Explanation: Ego provided an additional thought, which needs to be developed.

e Example of “A lot (2)”

Alter: “1 don't believe that standardized tests should be used for college admissions, hiring, or anyplace
else. Different people may have different skill sets that standardized tests don't take into account.
Moreover, people may not have the same opportunity to be as prepared as they can for these tests.”
Ego: “The problem with eliminating standardized testing to remove bias is that there isn't a less biased
criteria to replace it with. Ultimately, the bias shown on standardized testing is the result of general
disadvantages that impact all parts of the student's application. In fact, when you consider
recommendation letters. .., essays..., and extracurricular activities that low income students simply can't
afford, standardized testing is actually one of the less biased parts of the application... We also should do
what we can to reduce the inequalities that cause all of these problems.”
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Explanation: Ego raised an alternative perspective and provided supporting pieces of evidence.

Challenging views

Challenging views gauges whether Ego was clear and extensive in stating their opposing position to Alter. Coders
focused on the choice of words/phrases and the sentence structure to evaluate the clarity and strength of the
challenge. Notably, coders do not evaluate if Ego’s argument is relevant and well-reasoned, which is the focus of
idea extension. The main criteria here is: “To what extent did Ego qualify Alter’s argument”?

Coding examples of challenging views
e Example of “A little (1)”

Alter: “1 believe that firms should include retraining initiatives as they transform their businesses...
Retraining is a difficult journey, but it is one that can be mutually beneficial for companies and their
employees.”
Ego: “1 agree that re-training employees will typically be worthwhile. But, should re-training be available
to all employees?...”

Explanation: Ego agreed with Alter’s view in general; Ego qualified one aspect of the argument.

e Example of “A lot (2)”
Alter: “... 1 would have to assume that the team would be next to impossible to rectify in due time to
complete the deadline for WS1, and I would respectfully decline the position...”
Ego: “You have only described opportunities for James. The bar has been set low by the poor
performance of the group which has been operating without a strong leader. James can be the new spark
that keep everyone on track...”
Explanation: Ego qualifies Alter’s argument directly, explaining how it can be interpreted in a different way.

Evaluation of interrater reliability
Two independent raters coded three dimensions of transactivity for a sample of 180 responses. To be
comprehensive, interrater reliability was assessed using three measures, including intraclass correlations (ICC),
Krippendorft’s alpha, and weighted Cohen’s kappa. For ICC, ICC(2, k) or a two-way random effects model was
used (McGraw & Wong, 1996; Shrout & Fleiss, 1979). For ordinal variables, ICC is recommended (Hallgren,
2012). ICC is also suitable for nominal and continuous variables. Krippendorff’s alpha (Hayes & Krippendorf,
2007) was also computed as a measure for assessing inter-rater reliability for all types of variables. Moreover,
whereas Cohen’s (1960) kappa is only suitable for nominal or categorical variables, weighted Cohen’s (1968)
kappa allows estimating the reliability for ordinal variables.

The results demonstrated excellent absolute-agreement ICC values for all dimensions: active listening
(.89), idea extension (.87), and challenging views (.91). Krippendorff’s alpha was found to be acceptable across
dimensions: active listening (.80), idea extension (.76), and challenging views (.80). Last, Cohen’s kappa showed
moderate to strong levels of agreement: active listening (.80), idea extension (.69), and challenging views (.77).
Given these values, we were confident in moving forward with our plan to have only one of the two raters code
the responses that are required to train the machine for automatic detection of transactivity. A sample of 910
comments, consisting of a similar number of comments for each discussion topic, were coded to be used for deep
learning, as discussed in the following section.

Automated transactivity detection experiments
Our goal was to find a model that most accurately predicts the various facets of transactivity that we have defined
in our dataset. To this end, we started with an implementation of the previous state-of-the-art in transactivity
detection to evaluate its ability to detect our more nuanced operationalization of transactivity in our data. We
analyzed the data to identify reasons for the discrepancy in performance of the baseline model on each dataset.
Our findings informed a new detector for transactivity to address the shortcomings of the baseline model. Below
we provide an evaluation of the new transactivity detector.

Results for each experiment for transactivity detection were obtained via a 10-fold cross-validation where
each fold was randomly assigned but consistent throughout the different conditions.

Baseline: Transferable attention model for transactivity detection
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The model, called the Transferable Attention Model by Fiacco & Rosé (2018) is a variant of the Decomposable
Attention Model for Recognizing Textual Entailment by Parikh et al. (2016), where the model is pre-trained on
the RTE task after which the final layers are re-randomized and the model is allowed to fine-tune on the small
transactivity dataset. Full implementation details of the model are discussed in Fiacco & Rosé (2018).

While the entailment task takes in a premise and a hypothesis statement to train the model with the
hypothesis statement being the statement to be determined if the entailment relation holds, in the transactivity
task, the premise is replaced by the context and the hypothesis is replaced by the message. The message is the text
that is to be labeled as transactive and the context is the text for which the message is responding to.

For experiments on our dataset, the message was the post that is to be determined to show one of the
aspects of transactivity while the context is the post to which that message responded. Note that the message and
context may not be temporally adjacent as determination for message response was made via the forum response
tree and participants can respond directly to prior posts.

Comparisons of transactivity data with respect to transferable attention model

The first research question we sought to address stems from a comparison between the data used by Fiacco &
Rosé (2018) to train the Transferable Attention Model and our new dataset from class discussions. We noted that
previous datasets used far more concrete language, while we observed more abstract language in our new dataset.
Concreteness of language is characterized by referring to specific objects, people, or actions while abstractness is
defined as language referring to concepts and ideas.

Table 1: Abstractness for datasets relevant to transactivity detection; scale 0 (concrete) to 1 (abstract)

Dataset Text Abstractness

SNLI (Bowman et al., 2015) 0.334
MultiNLI (Williams et al., 2018) 0.530
PPowerplant Transactivity Corpus 0.538
Masters Student Corpus 0.583

In Table 1, we present the abstractness of each dataset based on the average abstractness of inputs using
the methodology from Brysbaert et al. (2014). We evaluate the transferable attention model using an alternative
entailment pre-training dataset, the Multi-genre Natural Language Inference corpus (MultiNLI; Williams et al.,
2018) which we found to be considerably more abstract than the Stanford Natural Language Inference (SNLI)
corpus (Bowman et al., 2015) which was the pre-training corpus for the original Transferable Attention Model.
This pretraining corpus was hypothesized to improve the model’s performance by better representing the more
abstract text found in the masters student data.

Transformer model for transactivity detection

One of the key shortcomings of the Transferable Attention Model is its inability to take into account word order.
This is especially relevant to the challenging views dimension as negation is common within examples of that
dimension and the meaning of a negation is highly word order dependent. To address this, we propose to use a
class of models from the Natural Language Processing literature called transformers (Vaswani et al., 2017). The
benefit of this type of model is that it combines the capability for self-attention with sequential reasoning to build
a numerical representation of a sequence of text that can be used to classify that sequence.

Specifically, we use the pretrained transformer model, RoOBERTa (Liu et al., 2019) which incorporates
some optimizations of the BERT transformer model (Devlin et al., 2019). This model, like the GloVe embeddings
used in the Transferable Attention Model, was pretrained on an enormous amount of general text data and will be
fine-tuned on both the entailment pretraining task and the transactivity task. The model was then fine-tuned on
the Recognizing Textual Entailment task similarly to the Transferable Attention Model. This fine-tuned model
was the based model for each of the cross-validation folds. For each fold, the model was further fine-tuned on the
transactivity data with a separate classification head as the entailment classifier.

Evaluation

We evaluated the potential to automate analysis using the extended transactivity definition proposed here,
beginning with the best published approach from Fiacco & Rosé (2018), and comparing its approach to three other
variants. From Table 2, it is evident that pretraining the Transferable Attention Model on the MultiNLI dataset
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had a large positive effect (p < 0.05) on all of the dimensions of transactivity. The increase was most notable for
active listening while there were only modest improvements for idea extension, and challenging views.

Table 2: Cohen’s kappa scores of transactivity detection models on 10 fold cross-validation

Model Active listening [Idea extension |Challenging views

Transferable Attention Model (Fiacco & Rosé, 2018) 0.239 0.399 0.316
Transferable Attention Model+MultiNLI 0.314 0.429 0.340
Transferable Attention Model+MultiNLI+Self Attn. 0.715 0.656 0.461
RoBERTa+MultiNLI 0.651 0.660 0.668

Even more dramatic is the increase in performance from the redefinition of inputs for the Transferable
Attention Model to make the model perform self-attention rather than attending between context and content.
Furthermore, the RoOBERTa model is able to significantly improve upon the performance on the challenging views
dimension. However, it did not significantly improve on idea extension and underperformed on active listening.
All differences between rows in Table 2 are significant (p < 0.05).

Discussion and conclusions

In this study, we uncovered some important considerations that must be taken into account when modeling
approaches are used for automated detection of constructs such as transactivity. The line of experimentation
reported here was prompted by an observation that a previously published demonstration of domain generality
could not be generalized to a substantially different student population with distinctive discourse practices. Our
findings point to necessary adjustments, first at the level of operationalization of the construct and then at the level
of modeling approach -- with synergistic considerations between the two -- in order to achieve success.

In particular, our findings reveal a larger increase in performance for the active listening dimension
between the baseline Transferable Attention Model and the version that used the MultiNLI pretraining as
compared to the idea extension or challenging views dimensions. We attribute this largely to the vocabulary of
the NLI datasets as compared to the masters student data. The masters student data is far more verbose and abstract
than the SNLI dataset as compared to MultiNLI dataset. Active listening is a relatively simple task as compared
to challenging views or idea extension as it is frequently signaled by agreement or disagreement. As the SNLI
dataset is based off of image descriptions, there is little opportunity for that kind of language to occur. The
MultiNLI corpus pulls data from a far broader range of genres and may expose the model to more relevant sentence
forms. For idea extension or challenging views, the limiting factor was not as much the vocabulary, but how the
model was able to use the data it had.

There was a large jump in performance across all dimensions of transactivity by redefining the
Transferable Attention Model as a self-attention model as opposed to attending between the content and its
context. While in data with less abstract contributions, the important factor for detecting transactivity may be
ensuring that there are aligned phrases between the content and the context, in our masters student dataset, it
appears to be more important for the model to understand what the responder is contributing. This result aligns
with our qualitative observations that the masters students had deeper contributions and more structured responses
as compared to the contributions in prior datasets. Detecting transactivity, in this case, is more about evaluating
how the response is formed, regardless of the context.

This insight is reinforced by the performance of the ROBERTa based model that also uses sequential
information to preserve the word order and sentence structure within the embedding. For challenging views, word
order is critical to understand the content of a contribution as challenging one’s view often involves negation.
Negation can drastically change the meaning of a text segment depending on where it occurs. Adding the
capability to do word order allowed the ROBERTa model to perform comparably between idea extension and
challenging views while the Transferable Attention Model demonstrated a large gap between the two.

However, an interesting result was that the RoBERTa-based model performed worse than the
Transferable Attention Model on active listening. A possible explanation of this comes from a qualitative analysis
of the data where many of the active listening examples (for both the positive and negative cases) had a consistent
structure where a student would express agreement or disagreement and then give an example. For the cases that
reflected active listening, the example used specific language referring to content in the previous post (e.g. “I
agree that re-training employees would be worthwhile.”) For the cases that did not show active listening, the
examples tended to use generalization or non-specific language (e.g. “I agree with what you said.”) This difference
can be modeled very well by simple self-attention; the model only needs to determine if the words attended to are
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generic or specific. Adding considerably more information via the ROBERTa model may make the distinction less
clear.

Finally, the work reported here, to investigate the transfer of a successful automated analysis approach
for transactivity from one context to another, is important for the community if resources are to be used efficiently
through sharing. We began by recounting some history in application of the construct of transactivity to research
in CSCL and the reasons why automation is valuable to the community. We then presented the contrasting case
of masters students in social science to illustrate how population differences may be associated with substantial
differences in discourse practices which may render earlier definitions unable to differentiate between students.
A more nuanced operationalization and corresponding automation approach was therefore needed, which we have
presented along with an evaluation in this paper. In future work, it would be valuable to explore how population
differences impact desiderata for operationalization of other constructs related to collaboration process; it could
be fruitful to identify how differences in population characteristics such as personality, age, academic/professional
field or discussion context necessitate changes in the analysis approach. These further point to the need and
potential value for a more coordinated effort across the CSCL community to provide sharable resources for
automatic collaborative process analysis.
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Abstract: Real-time Shared Gaze Visualizations (SGVs) are a compelling way to encourage
effective virtual teaching and learning interactions as SGVs can help to re-establish non-verbal
social processes such as the attentional focus of group members. In this study, we look at a
subset of data from a larger study (N=75) in which learners applied newly acquired knowledge
about a microcontroller and programming to physical tasks with an instructor present as a
support. We conducted a constant comparative analysis (Glaser & Strauss, 1967) using dual eye
tracking video footage gathered across three experimental conditions (i.e., SGV, Head-Mounted
Camera, Webcam). This paper supports a key finding from the larger study (i.e., SGVs help
instructors track learner cognitive state), and its contribution goes one step further to identify a
property of tracking cognitive state: Just-in-time support (described in findings section). We
discuss implications of SGVs in peer teaching and conclude with anticipated future work.

Keywords: Synchronous Shared Gaze Visualizations, Joint Visual Attention, Grounding,
Tangible Computing, Remote Learning and Teaching

Introduction

Remote learning and teaching is an increasingly common mode of learning. While it comes with many benefits
such as connecting with others at the same time while in different places, it comes with unique challenges as well.
In particular, the rich non-verbal information that is generated in social interactions such as gestures, facial
expressions, postures, and eye movements is largely diminished in remote teaching and learning settings. Eye
movements play an especially important role in facilitating effective teaching and learning as it indicates the object
to which a person is attending (Allopenna, Magnuson, and Tanenhaus 1998; D’Angelo and Gergle 2016).
Traditionally, gaze has been studied through tedious analytic methods such as interviews, case studies and video
analyses. In this paper, we explore how to do this more easily with the use of shared gaze visualizations.

Shared gaze visualizations, or the real-time sharing of social partners’ gaze locations, are a compelling
way to encourage effective remote teaching and learning interactions as they can help to re-establish non-verbal
social processes such as the attentional focus of collaborators. In educational scenarios that implement shared
gaze visualizations, a commonly studied relationship dynamic is between experts and novices where an expert
explains concepts with their eye movements being recorded. Then the novice watches the resulting video and
takes a test (e.g., Mason, Pluchino, and Tornatora, 2015). The effect is that learners follow the asynchronous gaze
of an instructor in a screen-based activity such as technical reading, language acquisition, computer programming,
or perceptual tasks. Asynchronous gaze sharing may come with its own challenges with respect to gaze placement
and its effect on learning outcomes (Jarodzka et al. 2013, 2010). Given that teaching and learning scenarios
primarily occur synchronously and use physically manipulable materials to facilitate learning activities—even in
remote settings—more exploration of synchronous gaze sharing in teaching and learning scenarios whose
activities use tangible materials is needed.

From a socio-cultural perspective, studies examining expert/novice teaching and learning scenarios place
a particular emphasis on the learner receiving information from the expert. The effect to date is that little attention
has been given to how shared gaze visualizations can be used during application-centered tasks where learners
apply newly acquired knowledge as they might in a 1:1 tutoring scenario, office hours for a technical course, or
receiving after-school support from their teacher. An interesting opportunity, therefore, presents itself to seek to
understand shifts in core activities for experts and novices where experts shift their core activity from instructing
to supporting, and novices shift their core activity from learning to practicing and applying. This shift in core
activity for learners, in particular, may support more meaningful learning through meaning making (Stahl, 2007)
and transference (Engle, 2006).

Given the current context of remote learning and teaching and outlined gaps in literature in the topical
areas of synchronous shared gaze visualizations, expert/novice dyadic interactions, and learner-led activities
involving physical tasks, we ask (RQ): How does the presence or absence of synchronous shared gaze
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visualizations influence the dyadic interactions between an expert and a novice programmer throughout a remote
learner-led tangible computing task across three conditions: Shared Gaze Visualization (SGV), Head-Mounted
Camera (HMC), and Webcam (WC)? Furthermore, (RQla) What strategies do instructors use to
establish/maintain grounding and what do these interactions look like? (RQ1b) At what points in time do
instructors assert themselves into the learner’s cognitive process and what do those interactions look like? We
begin exploring these questions by sharing the theoretical background underpinning the purpose of shared gaze
visualizations: grounding in social interactions (Clark & Brennan, 1991; Clark, 1985).

Theoretical background

In dyadic interactions, the two people involved must coordinate on the content and the process of what they are
doing to share a common understanding of their work (Clark & Brennan, 1991). When a teacher and student meet
for a 1:1 tutoring session on conjugations of irregular verbs for a French class, they must both work from the same
course materials such as the chapter in a textbook on conjugations of irregular verbs (i.e., coordination on content).
They must also synchronize their actions at the beginning and ending of their time together and across the
sequence of events that unfold over time (Jordan and Henderson, 1995), thereby coordinating on process. The
wealth of information generated and received from each person while engaging in the content and process
develops a common ground—a non-static process continually augmented with new information through the
willingness of both people to continue interacting, perceive the messages sent by the other, to understand the
messages, and react and respond adequately to the messages (i.e., accept or reject them) (Clark, 1985). Certainly,
verbal communication facilitates grounding, but there is also a wealth of non-verbal information exchanged
between the individuals that facilitates grounding such as gestures, postures, facial expressions, and eye
movements. Eye movements in particular play a unique role in that they communicate information about what the
other person is presently attending to. This type of attentional awareness is useful in various scenarios particularly
with respect to assisting in the formation of joint visual attention—the tendency for social partners to focus on a
common reference and to monitor one another’s gaze to an outside entity such as an object, person, or event
(Tomasello et al., 2005).

Joint visual attention (JVA) has been extensively studied across a variety of domains and is an active
area of research in the social sciences observing, for example, the importance for individuals to learn how to
socialize and develop social motivation (Bruinsma, Koegel, & Koegel, 2004; Salley & Colombo, 2015). In
developmental psychology, JVA is highlighted as an important mechanism for social coordination between family
members and young children (Scaife & Bruner, 1975; Bates, 1976; Mundy et al., 1990; McClure et al., 2018). In
the learning sciences, JVA is used to understand collaborative small group activities between peers (Roschelle &
Teasely, 1995; Dillenbourg et al., 2006; Schneider & Pea, 2013). Interest in JVA by Human-Computer Interaction
researchers has led to the development of shared gaze visualization tools to support effective communication and
collaboration in remote settings (D’ Angelo and Gergle, 2016; Higuchi et al., 2016). Much of the focus of JVA in
computer-supported collaborative learning (CSCL) looks at the application of shared gaze visualization tools in
peer collaborations where learners work together to solve a problem or in expert/novice scenarios where the expert
and novice take on traditional roles in educational spaces. An under-explored area of CSCL research relates to the
expert/novice relational dynamic where practice and application of newly gained knowledge is the central activity
and tangible computing objects are the content bringing learners and instructors together. This research aims to
explore these areas through a qualitative study where we look at a subset of data from a larger study (N of dyads=6
of 75) in which learners applied newly acquired knowledge about a microcontroller and programming to tangible
computing tasks with an instructor present as support. A general description of the study follows.

General description of the study

In a larger study (Sung, Feng & Schneider, 2021), a trained instructor guided a novice through a series of
increasingly complex physical tasks designed to teach the novice how to read and interpret code, and use the
components of a microcontroller (i.e., a GoGo board) to simulate real-world scenarios such as making a streetlight
turn on at nighttime when a person walks by. The goal of the study was to help domain experts unpack the
cognitive state of a less knowledgeable peer using synchronous shared gaze visualizations in a 1:1 teaching and
learning interaction. Instructor participants (N=18) were recruited from a master’s program in educational
technology. Many had short teaching experiences, and all had prior experience in microcontrollers, programming,
or both. Learner participants were 75 adults between the ages of 18 and 38, with little to no experience with
microcontrollers or programming.
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While the larger study consisted of two main activities, the present study (N of dyads=6) focuses on the
second activity where the learner took the lead on three GoGo board tasks with the instructor present for support.
The learning objective of the first task (i.e., circuit assembly) was to read a block-based computer program and
assemble hardware to the GoGo board to produce the desired output (i.e., turn on an LED light). The learning
objective of the second task (i.e., a visual search task) was to compare an error-free block-based program to an
identical line-based program and identify five errors in the line-based program. The third task was excluded from
analysis as most participants did not complete it. Instructors were encouraged to give hints only when they
perceived it was clear the learner needed help. There were three experimental conditions: Shared Gaze
Visualization feed (SGV), Head-Mounted Camera (HMC), and Webcam (WC). Each experimental condition had
an equal number of sessions, and instructors contributed the same number of sessions to the three conditions
through a randomized block design. This was a design choice to minimize instructor effect.

Methods

Data generated from this study used physiological and traditional data collection instruments. Traditional data
collection instruments included pre/posttests, a post-study survey, instructor predictive ratings on learner post-test
scores, and webcam video recordings. Physiological data collection instruments included Empatica E4 wristbands
and Tobii Pro eye tracking glasses. For details on how these instruments were used for measurement in the larger
study, please refer to Sung, Feng & Schneider (2021). This study uses the webcam recordings and video footage
rendered from eye tracking glasses. Circles representing the synchronous gaze of the participants were overlaid
onto eye tracking videos during post-processing and are referred to as shared gaze visualizations (SGVs) in this
paper. The goals of observing webcam recordings (which were not augmented with SGVs) were to: (1) gain
familiarity with data; observations were made blind (i.e., the conditions were not known to the analyst); and (2)
simulate the experience of researchers who were present during data collection. While those researchers were
privy to the conditions, they (like the analyst) were unaware of the eye movements of the participants as they did
not view the screens of participants during the study. Methodology for analysis is as follows:

Data organization

Webcam videos used in the present qualitative study were previously cleaned and analyzed for a prior research
study whose research question was also interested in activity 2, tasks 1 (i.e., circuit assembly) and 2 (i.e., a visual
search task). To organize webcam video data, three analysts timecoded videos (n=75) to identify the beginning of
task 1, and then removed sessions with lost files and crippling technical errors (i.e., serial equipment failure). This
resulted in a total of 59 sessions. We further cleaned the data to consider only sessions where participants carried
out activity 1, tasks 1 and 2 with fidelity. This resulted in a total of 41 viable sessions. To account for instructor
effect during analysis, we distributed instructors across strata of analysis such that each instructor only appeared
once in each stratum (n=6). Approximately eight hours were spent to conduct data organization with timecoding
taking roughly 75% of the total time.

Data cleaning, key observations, and sub-research questions

We systematically grouped dyads by learning gains scores to assist the data selection process. We found the mean
of the absolute difference between pre/post test scores (i.e., learning gains) for all sessions (n=59) rounding up to
the nearest whole number (i.e., n=22 points for pre/post-tests measured on a 100-point scale). A learner who
increased their pre-test score by 23 points or more was considered a high achieving learner (i.e., HAL); those with
22 points or less were considered low achieving learners (i.e., LAL). 64% (n=25) of the sessions were categorized
as HAL sessions and 36% (n=16) of the sessions categorized as LAL sessions, with HALs representing roughly
two-thirds of the viable sessions (n=41). We took care to select different instructors. The six sessions selected for
observation were 12 (Gaze x LAL) and 67 (Gaze x HAL), 69 (HMC x LAL) and 114 (HMC x HAL), and 110
(WC x LAL) and 103 (WC x HAL). One analyst spent roughly 10.5 hours cleaning data and writing analytic
memos for each session. Participants took between five and eight minutes to complete both tasks. Video
observations/memo writing consumed roughly 80% of the quoted time. Key observations from analytic memos
include (1) instructors use different strategies to establish grounding with the learner and (2) instructors assert
themselves into the learner’s process at different points in time. At this point, we revisited our main research
question, compared it to our key observations, and devised two sub-research questions to focus our analysis. (See
RQla and RQ1b in the findings section below for details.)
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Transcription, coding, interaction analysis, and framing key observations
We built upon analytic memos by including observations from eye tracking videos overlaid with SGVs of both
participants in each dyad. We transcribed the learner-led tasks (tasks 1 and 2) and inductively coded transcripts
for strategies (Bogdan & Biklen, 2007) used by instructors to establish grounding. (See Figure 1 below for details.)
To understand the interactions between the learner and instructor, we did a second round of analysis using Jordan
and Henderson’s (1995) guideline for Interaction Analysis with “the structure of events” as our analytic focus.
Events that included strategy for grounding became viable supportive evidence for RQ1a. These processes took
roughly 15.5 hours to complete for one analyst.

In the following section, we share key findings for our research questions using intrinsic case studies as
they offer an opportunity to understand particularities (Mills et al., 2010). We use Clark and Brennan’s (1991)
principles of least collaborative effort as a general guideline to structure key observations. We modify
interpretations of media constraints for germaneness and to acknowledge technological advances in media since
the publication of the article. Jordan and Henderson’s (1995) “the structure of events” framework for Interaction
Analysis scaffolds supportive evidence for key observations. Examples selected as supportive evidence describe
common behaviors found in literature on grounding and JVA (e.g., pointing, holding up objects to screens, and
asking a learner to verbalize their thought processes) or illuminate just-in-time support and other ways instructors
assert themselves into a learner’s cognitive process to provide support.

Findings
In this section, we share insights into our main research question and its two sub-questions. We start by sharing
key observations for each sub-question and then follow-up with supportive evidence.

Key Observations for RQ1a: We observe in the SGV condition that participants were able to exert least
collaborative effort to achieve grounding as they were able to use their gaze as a deictic gesture to establish
grounding (Finding 1a). In non-SGV conditions, participants resort to forms of grounding that are more costly in
collaborative effort than those observed in the SGV condition. In the HMC condition, the instructor requested the
learner to verbalize all their thoughts as they assembled the circuit in task 1 (Finding 2a). In the WC condition,
the instructor asks the learner to hold up the completed circuit to the camera (Finding 3a).

Key Observations for RQ1b: We observe in the SGV condition that the instructor asserts themselves
into the learner’s process just-in-time to support the learner with a challenge during task 2 (Finding 2a). The
instructor is able to do this because they able to track the learner’s cognitive state for the duration of the event.
This translates to a low collaborative effort exerted to provide and receive help. In the HMC condition, the
instructor asserts themselves into the learner’s thought process sporadically in attempt to help the learner with a
challenge during task 2 (Finding 2b). The instructor in the WC condition asserts themselves into the learner’s
process only after the learner has announced they have finished the circuit (Finding 3b). In the following
subsections we provide brief examples of each of the findings, starting with RQla.

Supportive Evidence for RQ1a: What strategies do instructors use to establish/
maintain grounding and what do these interactions look like?

Finding 1a (SGV): Instructor uses gaze as a deictic gesture

The event we chose for this example is a stretch of interaction from session 12 (SGV x LAL) that occurs as a
transition event between tasks 1 (i.e., circuit assembly) and 2 (visual search for errors in line-based code). The
smaller unit of particular interest within the event is the preparatory action the instructor took to establish
grounding before launching into a series of smaller events whose end goal was to help the learner understand how
programs communicate with computers to produce desired outputs.

The learner begins the segment with a question (“Okay, so even though you’re showing me the kind of
behind the curtain view, I still don’t understand how these machines know what to do—Ilike how they speak these
languages. This is wild!””) and the instructor acknowledges the learner’s confusion (“Oh, it knows what to do
because people have written this code and already loaded it into the GoGo board”) and then points with her gaze
(“So, if it’s not loaded, you’ll have to write it here”).

Before beginning their explanation, the instructor engages in a preparatory action: get the learner to look
at a specific tab of the widget screen where the program for the prior task was written. In a physical setting, the
instructor might have simply pointed to the specific tab; however, in this remote setting enhanced by shared gaze
visualizations, the instructor simply used their gaze as a deictic gesture to achieve JVA. (See Figure 1 below.) By
having access to this tool, the instructor was able to establish grounding effectively and easily. Ease of use allowed
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them to stay focused onthe main purpose of their interaction until the learner indicates the end of the
interaction by expressing understanding (“Ohh, I see. Oh wow, okay”).
—

N o
Instructor gaze - v

Learner gaze

Figure 1. The instructor (white circle) points to a tab on the widget screen using their gaze to create grounding
through JVA. The learner shifts their gaze (red circle) to the new object of interest.

Finding 2a (HMC): Instructor asks the learner to think aloud and attends to two external objects

The event we chose for this example is a stretch of interaction from session 114 (HMC x HAL) where the learner
is assembling the input components to the GoGo board (i.e., task 1). While the learner is verbalizing each step in
their thought process the instructor listens while panning back and forth between the laptop monitor (to attend to
the learner’s assembly process) and the instruction manual:

Instructor gaze
Instructor gaze Instructor gaze

“The input in 1 is a light sensor.” “Then the input in 8 is a proximity sensor.” “Okay, so the inputs are in.”
@ (b) (©

Figure 2. The instructor attends to two external objects as the learner verbalizes their thought process. The
images show the instructor’s gaze panning from the computer screen (a), to the manual (b), back to the
computer screen (c). The quotes below the images show what the learner is saying during each screenshot.

The strategy the instructor uses—requesting the learner verbalize their thought process—helps establish
and maintain grounding. To confirm the learner’s actions, the instructor collates the learner’s utterances (i.e.,
auditory information) by reading with each line of code in the manual (i.e., visual information). By asking the
learner to verbalize their thought process, the instructor can see that the learner reads each line of code sequentially
and assembles the components accordingly. The learner’s behaviors are consistent, which allows the instructor to
predict the learner’s next actions. The think aloud strategy appears to be an effective way to create and maintain
grounding, but not without much collaborative effort from both participants. Additionally, since the instructor
must attend to two objects of interest (the laptop computer screen and the instructional manual), when they look
toward one, they lose the benefit of the other. So, for instance, when the instructor monitors the learner’s process
on the laptop, they temporarily lose the power to predict the learner’s next steps as they are not looking at the
manual. While mostly effective, verbalizing thought processes does not appear to be a sustainable way to maintain
grounding between social partners.

Finding 3a (WC): Instructor asks the learner to hold up the assembled circuit to the camera

The event we chose for this example is a stretch of interaction from session 103 (WC x HAL) where the learner
has just completed task 1 (i.e., circuit assembly). Just prior to the completion of the task, the instructor tells the
learner to show her the circuit once they are done (“You can hold up the circuit once you’re done so that I can see
it”). To show they are done, the learner must both demonstrate the input and output cables are plugged into the
correct ports and demonstrate the correct input and output sources are connected to the cables, which dangle
outside the field of view of the camera. A sequence of smaller units within the event unfolds, where the
learner must continually calibrate the distance of the GoGo board from the camera (i.e., moving it closer or farther
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away) as well as move the whole apparatus up and down in slight movements to bring the light and proximity
sensors and the LED output into the field of view of the camera. The instructor leans in and holds up their hand
to communicate to the learner to hold still. Overall, holding an object up to a computer camera, particularly one
that is as dynamic as a microcontroller with dangling cables and small components, seems to require high
collaborative effort from both participants.

@ o0

Figure 3. The learner holds up the completed circuit to the camera to let the instructor assess assembly.

Supportive Evidence for RQ1b: At what points in time do instructors assert themselves
into the learner’s cognitive process and what do these interactions look like?

Finding 1b (SGV): Instructor asserts themselves just in time to support the learner
The event we chose for this example is a stretch of interaction from session 67 (SGV x HAL) that shows how the
SGV tool allowed the instructor to provide just-in time support to the learner during task 2 (i.e., visual search).
Just-in-time support is enabled by the SGV and allows the instructor to stay engaged with the learner’s thought
process for the duration of the task. The goal is for the learner to identify five errors in the line-based code by
comparing it with error-free block-based code.

In this event, the instructor prompted the learner to identify four remaining errors in the line-based code.
The learner identified the first three errors ease. Throughout the task, the instructor tracks the learner’s cognitive
state. When the learner gets stuck finding the fourth error and makes a second attempt, the instructor is able to see
the learner searching each line of code for an error. The instructor notices the learner’s attempt is complete and
that they are still stuck. So, they immediately give the learner a hint directly related to the problem, which helps
the learner reach their goal quickly. This example suggests that SGVs predisposed the instructor to the series of
events that led up to an issue (e.g., learner is stuck), so that when the issue surfaces the instructor is able to provide
accurate, just-in-time support to the learner. Figure 4 shows the instructor tracking the cognitive state of the learner
while they try to solve the problem.

Instructor gaze Instructor gaze

“« P » e «W B »

CSCL 2021 Proceedings 88 ©ISLS



v
Inte ational >¢
ISL the Learning Sciences
N

Figure 4. The instructor tracks the learner’s cognitive state during a visual search task. It is difficult to see the
white circle that represents the learner’s gaze. See the middle image on the bottom row (e) for a clear example.

Finding 2b (HMC): Instructor asserts themselves sporadically into the learner’s process

The event we chose for this example is a stretch of interaction from session 69 (HMC-LAL) where the learner is
searching for the last error in the line-based code in task 2. The beginning of the event starts with the instructor
quickly summarizing the goal of the task and then hands it off to the learner. We observed the SGV of the learner’s
gaze (imperceptible to the instructor) moving between the first line of code in the task and the instruction manual,
suggesting the learner needed time to orient themselves with the task. The learner identifies all but one of the
errors and get stuck, so they start the search again (gaze moves back to top code). As time passes without a
response from the learner, the instructor begins sporadically interjecting with suggestions (e.g., “You can take a
look at other code if you want to get a sense”, “I’ll give you a hint. It has to do with ‘to main’, “That was a big
hint”, “What’s the last block say?”). All except the last hint are ignored, indicating the instructor’s suggestions
were not useful in solving the learner’s challenge and that the instructor was unaware of the learner’s needs.

Finding 3b (WC): Instructor asserts themselves at the end of the learner’s process

The event we chose for this example is a stretch of interaction from session 110 (WC x LAL) where the learner
works on task 1 (i.e., circuit assembly). Throughout the learner’s process, the instructor took a hands-off and eyes-
off approach, rendering all the learner’s processes imperceptible. They attended to the widget screen (located on
a separate external monitor) until the learner announced they completed the task (“I think I got it together”). Then
the instructor pivots to engage with the learner (“Great, okay. Let’s go ahead and hit your run button”). What
follows is 5 minutes and 51 seconds of backtracking through the task and rewiring the circuit together as the
instructor discovers multiple interrelated challenges the learner faced (i.e., (1) how to interpret nested functions,
(2) how threshold values written into the program relate to the two inputs, (3) the necessity of plugging cables
into their respective ports, and (4) how inputs relate to the outputs through the microcontroller). This is evident as
the learner has completed the circuit incorrectly (i.e., proximity sensor is plugged into the wrong input port) and
incompletely (i.e., output components are missing). This example illustrates the importance of maintaining
grounding throughout the learning process so the instructor can identify appropriate opportunities to help the
learner before complex problems arise.

Discussion and conclusion

In this study, we showed ways that the presence or absence of SGVs influenced the dyadic interactions of
instructors and learners during a remote learner-led tangible computing activity. We found supportive evidence
that SGVs were useful for helping instructors establish and maintain grounding by using gaze as a deictic gesture
and tracking the cognitive state of learners. These findings support the established understanding that non-verbal
communication cues, such as eye movements, play a key role in facilitating teaching and learning in that they
communicate information about what the other person is presently attending to. In this study, being able to
perceive the learner’s thought processes in real time enabled the instructor to identify appropriate points in time
to interject with support, suggesting potential other benefits or uses of synchronous shared gaze visualizations not
anticipated prior to this study. SGVs can be used as a feedback mechanism that helps instructors self-regulate the
timing of the support they provide learners by tracking the learner’s cognitive state. In turn, learners are afforded
the space and time needed to work on a problem independently, potentially contributing to meaning making,
transference, and even flow. This paper was a first step in understanding learner-instructor interactions in a remote
tangible computing activity and the benefits of SGVs therein. Future work aims to build upon the concept of
tracking learner cognitive state and its perceived benefits, such as just-in-time support and instructor self-
regulation as well as identifying limitations to SGVs in similar teaching and learning scenarios.
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Abstract: Researchers have used joint visual attention (JVA) as a proxy for collaborative
quality and/or performance during the last decade due to its association with both measures.
However, the notion of looking at the same object does not necessarily indicate that students
are solving the problem together (or learning together). We propose a complementary approach
to joint visual attention by augmenting it with joint mental effort (JME). JME is computed as a
cross-recurrence of the cognitive load of the peers in a dyad. We use data from 41 dyads to
show the synergy between JVA and JME and the insights that they can shed in the collaborative
process. The results show that in certain episodes of collaboration (characterized by the dialogue
and division of labor strategy of the dyad) combining these two dual-eye tracking measures
provide deeper insights about the collaborative processes and performance than JVA alone.

Keywords: Dual eye-tracking, Collaborative Processes, Joint Visual Attention, Cognitive load

Introduction

It is not a new idea that collaborative learning can be beneficial for student learning outcomes nor within the
computer-supported collaborative learning (CSCL) community that technology can be used to support the
collaborative process (Johnson & Johnson, 1987; Lou, Abrami, & d’Apollonia, 2001). However, it continues to
be an on-going process to understand what a productive collaboration process entails. As technology and
computational methods continue to develop, our ability to measure the collaborative learning process changes by
measuring it through different modalities and over time (Olsen, Sharma, Rummel, & Aleven, 2020; Starr, Reilly,
& Schneider, 2018). A common motivator for finding new means of assessing the quality of the collaboration
process has been the difficulty and time-consuming process of analysing student dialogue, especially in real time
to be able to put interventions in place (Sharma et al., 2017). In these cases, the new measures are often a proxy
for the dialogue content. When we consider collaboration measures in this way, we either intentionally or
unintentionally assign moments of silence as less valuable. Rather, new measures of collaboration that can
complement existing measures can fill in these gaps. In this paper, we aim to deepen our understanding of what
effective collaboration looks like through the assessment of dual eye tracking measures. Furthermore, by assessing
these eye tracking measures, we contribute to the understanding of how eye tracking can be used to analyse the
collaborative learning process.

One collaborative learning theory is that students are able to assess and update their mental models of
the domain by working with peers (Chi & Wylie, 2014). Through the process of co-construction, students can
reflect on their own mental model to make repairs, incorporate their partner’s ideas into their model, and construct
new knowledge by building upon their partner’s ideas (Hausmann, Chi, & Roy, 2004). In this case, the benefits
of collaboration come from the joint construction of knowledge that occurs as students work together. To measure
these processes, we can analyse episodes of interaction for indicators of students integrating their partner’s ideas
into their thought process. For example, one can measure collaboration through the use of transactivity (Joshi &
Rosé, 2007) or through interactive dialogue as proposed in the ICAP framework (Chi & Wylie, 2014). Many of
these coding schemes focus on the different ways in which students can construct knowledge. In a collaborative
setting, this is just one aspect of the collaboration with students also needing to coordinate the work and in CSCL
settings, coordinate with the technology (Rummel et al., 2011). Across all of these aspects, researchers have
mainly used dialogue content as the gold star measure for collaboration but interactions with the activity are also
common. When other collaborative learning measures are proposed, too often they are used as a proxy for
analysing the dialogue content rather than complementing it (Sharma et al., 2017). The work in multi-modal
learning analytics begins to address this gap by investigating how multiple modalities of data can be used together.
However, before combining data streams, it is important to understand what each data stream can provide.

In this paper, we focus on the information that can be provided through dual eye tracking (DUET). In
previous research, DUET has been used as a tool to explain the socio-cognitive mechanisms underlying
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collaborative learning (Jermann and Nuessli, 2012; Sharma et al, 2018 & 2020; Olsen et al, 2018). Information
extracted from DUET data has been used to explain collaboration quality (Schneider et al, 2019), collaborative
task-performance (Sangin et al., 2011; Jermann and Nuessli, 2012; Sharma et al, 2017), and collaborative learning
gains (Olsen et al., 2020). Duet also has been used to explain certain processes related to collaborative learning,
for example, mutual modelling (Lemaignan and Dillenbourg, 2015), repairs of misunderstanding (Cherubini et
al., 2008), shared understanding (Richardson et al., 2007), and coordination (Brennan, et al., 2008). Additionally,
researchers have used DUET as a method to provide collaborative awareness to the peers attempting to solve a
given problem (Schneider and Pea, 2015, D’Angelo and Begel, 2017; D’Angelo and Gergle, 2016). In most of
these studies, the basic outcome or the working hypothesis is that Joint Visual Attention (JVA) is a decent proxy
of collaborative mechanisms. All of these studies emphasize a social extension of the eye-mind hypothesis, “what
you see is what you process”, to “looking together is processing together”. However, this notion has not been
verified in some studies over the past few years (e.g., Belenky et al, 2014). In this contribution, we revisit the
concept of JVA and complement it with another DUET measurement, Joint Mental Effort (JME). This
measurement is inspired by the Kirscher’s view (Kirschner et al., 2018) of how transactive activities can exert
cognitive loads on collaborating peers and that the absence of synchrony in the collaboration can be detrimental
for collaborative performance (Popov et al., 2017). IME provides an attempt to create a proxy for the collaborative
cognitive load synchrony.

Specifically, in this paper, we investigate what JVA and JME, both collected through eye tracking,
indicate about the collaborative learning process. We analysed 82 master students working in pairs to construct a
concept map related to the resting membrane potential. We were interested in how their collaborative process
impacted the quality of their concept map. To measure the collaborative process, we collected student dialogues,
eye tracking data and computer logs. In this paper, we aimed to answer two research questions through our
analysis. First, how did our eye tracking measures (JVA and JME) relate to student performance? Second, how
do JVA and JME relate to other indicators of collaboration, such as dialogue content and division of labor, and
how do the interactions with student performance associate with JVA and JME? Based on previous studies, we
hypothesize that JVA will be positively related to student performance (Richardson et al., 2007; Jermann and
Nuessli, 2012) and that JME also will be positively associated with performance (Kirschner et al, 2018; Popov et
al, 2017). Based on the results of these research questions, we discuss the benefits of using eye tracking measures
to assess the collaborative learning process.

Methodology

Participants and procedure

We had 82 master students from Ecole Polytechnique Fédérale de Lausanne participating in the present study in
pairs. Of these students, 16 were female. Before beginning to create the concept map collaboratively, all
participants individually watched two videos about “resting membrane potential”, a topic about which the students
did not know prior to participating in the task. Each video was 17.05 minutes long and provided the students with
the information they would need for the development of the concept maps. While watching the videos, the
participants had full control over the video player and no time constraints. After both partners completed the
videos, they were asked to create a collaborative concept-map using IHMC CMap tools (Figure 1, top). The
collaborative concept-map phase was 10-12 minutes long. Although each student remained working at their own
computer, the participants could talk to each other while their screens were synchronized, i.e., the participants in
the pair were able to see their partners’ actions. There were 14 concepts preloaded on the Concept map tool and
the main task for the pairs was to connect the given concepts with correct relationships. They could also add new
concepts if they wanted.

Data collection

From the interaction of the dyad with the concept map tool, we collected the following data. 1) We collected eye-
tracking data using two SMI remote eye-tracking devices (SMI RED 250) at the sampling rate of 250 Hz. For
each participant, we use a 5-point calibration and a 5-point validation mechanism. The fixation and saccades were
identified using the built-in algorithm of the BeGaze software. 2)We recorded the audio of the students’ dialogues
using the system audio from one of the computers. 3) We recorded all the actions done by the dyad on the concept
map. The logs contained the timestamp of the action, peer ID, action type (add, delete, move, resize, text edit),
conceptlD and metadata (Figure 1, bottom). For example, if a student adds two concepts with a link. The system
would log the time the action took place, the ID of the students, the action is logged as an “add” action, the object
will be the “connection”, there will be a new ID generated for this connection, and the metadata would log the
two concepts it linked.
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Mon Oct 28 19:11:30:168 Clynelish_1_1 Move Concept ge:IM5NGBBOL-1BI5XH8-B9  'Resting membrane potential' x:134 y:43 w:188 h:28

Mon Oct 28 19:11:52:232 Clynelish_1_2 Add Connection ge:1M88V4FYD-3G09QV-PT  from:ge:1M88V4B39-1JK1H3M-KR to:ge:1M88VAFY8-G83G3M
Mon Oct 28 19:11:53:272 Clynelish_1_2 Move Concept ge:1M88V4FY8-G83G3M-PH  '??7?' x:516 y:280 w:44 h:26

Mon Oct 28 19:12:23:356 Clynelish_1_1 Add Concept ge:1M88V5H7G-MLDBAJ-2TH '?77?' x:488 y:271 w:44 h:26

Mon Oct 28 19:12:24:751 Clynelish_1_1 Delete Concept ge:1M88V5H7G-MLDB4J-2TH '??7??"' x:488 y:271 w:44 h:26

Mon Oct 28 19:12:31:756 Clynelish_1_1 Modify Text  Linking Phrase ge:1M88V4B39-1JKIH3M-KR "x:512y:282 w:4 h:18

Mon Oct 28 19:12:31:845 Clynelish_1_1 Move Concept ge:1M5NG9QK9-YORB8H-FX  'Cl channel' x:469 y:325 w:80 h:26

Figure 1. (Top) An example of the concept map under construction in the CMap tools. The two participants’
names are on the top-right side, and their pointers have different colors. Whenever they perform an action, the
relevant object (concept or link) is highlighted. (Bottom) Snapshot of the log file produced from CMap.

Measurements
All the measurements were computed at the dyad level, the time-unit for each computation was one utterance,
and all the measurements were aggregated for the dyad.

Cognitive load similarity (CLS): Joint mental effort (JME)

From the eye tracking data, we calculated the students’ JME, a measure of the cognitive load similarity. To
calculate this measure, we first compute the individual cognitive load from the pupil dilation data using the method
found in Duchowski et al. (2018). Next, we discretize the value to represent an integer value in the range zero to
ten. Once we have the cognitive load for both peers in the dyad, we compute the cross-recurrence between the
two time-series, using the method proposed by (Richardson et al., 2007).

Gaze similarity (GS): Joint visual attention (JVA)

JVA is a measure of how similar two individual gaze patterns are. In order to compute the similarity between the
gaze patterns of two collaborating students, we computed the similarity between the two proportionality vectors
discussed above by using the reverse function (1/(1+x)) of the correlation matrix of the two vectors (where x is
the distance between the two proportionality vectors). A similarity value of 1 shows complete similarity between
the two gaze patterns during a given time window. A lower value of similarity shows that the two participants
spent less time looking at a similar set of objects on the screen during the same time window.

Dialogue codes
One of the authors transcribed the audio data and two authors coded the dialogues. The intercoder-consistency

between the two coders was 0.86 (for 20% dyads). The dialogues were coded based on the fact whether the dyad
is talking about the concept map tool and aesthetics (CMAP) or about the content of the concept map (KNWL).
For example, "Let’s write something to remove the question marks" would be coded as CMAP, and "Resting
membrane potential is the equilibrium between Na+ and CI-" would be coded as KNWL.

Division of labor (Dol)

Following a definition provided by Jermann (2004), we compute the division of labor using the number actions
taken on a specific concept by one member of the dyad. Specifically, we compute the Sum of Differences (SD)
and Sum of absolute differences (SAD) between members of a dyad using the formulae (1) and (2). Using
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thresholds on SD and SAD, we define three DoL levels, role, task and concurrent, which we outline in more detail
below.

SD — Zi(51ci—52Ci) (1) SAD — Zi|51ci—526i| (2)
51C+S,C 51C+S,C

In formulae (1) and (2), S1 and S2 are the peers in a dyad. C is the concept. S1C and S2C are the total
number of actions done by peers S1 and S2, respectively. S1Ci and S2Ci are the actions done on concept Ci by
S1 and S2, respectively. SD has a range of [-1, +1] with -1 indicating that S2 did all the actions, +1 indicating that
S1 did all the actions and O depicting equal participation. SAD has a range of [0, 1] with 0 indicating equal
participation and 1 indicating that all the actions were done by one peer.

We defined the DoL strategies — role, task and concurrent — based on SD and SAD values. The DoL.
strategy is classified as role if SAD is in the range [0.5, 1] and SD in either [0.33, 1] or [-1, -0.33] indicating that
one student did all of the actions within a certain time window - implying the other student was either a free-rider
or acting as a navigator. The DoL strategy is classified as concurrent if SAD is in the range [0, 0.5] and SD in
range [-0.33, 0.33] during the time window, indicating that the students had equal participation on the same
concepts. Finally, the DoL strategy is classified as task if SAD is in the range [0.5, 1] and SD in either [-0.33,
0.33] during the time window indicating that the students were each participating in taking actions on the concept
map, but on different concepts.

Learning performance: Correctness of the concept map

The learning performance for this activity is the correctness of the concept map. We asked two domain experts to
create a map using the same 14 concepts. All the participant maps were compared against this expert map. We
followed the following map-evaluation scheme: 1) 2 points for correct link and correct label; 2) 1 point for correct
link and no label; and 3) 0.5 point for correct link and incorrect correct label. We added the points for each link
between all the concepts and that was the dyad’s performance score. Finally, we applied a median split to divide
the dyads into high and low performance groups.

Data analysis

To examine the direct relationship between eye tracking measures and performance, dialogue codes, and DoL,
we used a set of ANOV As. We tested for the normality and homoscedasticity conditions using Shapiro-Wilk and
Bausch-Pegan tests, respectively. In the case where the normality was violated, we normalized the data, and in
cases where the homoscedasticity was violated, we used a Welch correction. We also tested for the pairwise
interaction for all the variables using ANOVA. For the post hoc pairwise tests we applied Bonferroni corrections.
We also computed the Cohen's d as the effect size for each ANOVA calculation. According to Cohen effect sizes
can be low (below 0.2) medium (0.2 - 0.8) and high (above 0.8).

Results

JVA and JME relation with performance levels

To answer our first research question, we analysed the relationship between JVA and JME and the performance
level of our dyads on their concept map. For both measures, we observed significant associations with
performance level (see Figure 2, left column). The JVA for high performing dyads is significantly higher than the
JVA for the low performing dyads (F(1,38) =18.67, p <.0001, d = 0.65). Similarly, the JME for high performing
dyads is significantly higher than the JME for the low performing dyads (#(1,35.27) =23.91, p <.0001, d = 0.81).

JVA and JME relation with other process variables
To answer the first part of our second research question, we investigated how JVA and JME relate to the other
collaborative process measures (i.e., dialogue content and division of labor). We observed significant associations
between the DoL strategies with both JVA (F(2,37) =25.21, p <.0001, d = 0.87) and JME (F(2,32.45)=8.29, p
<0.01, d=0.24). As seen in the middle column of Figure 2, JVA is highest when the students are engaged in role
division compared to concurrent (F(1,38)=16.89, p <.01,d=0.58) or task (F(1,38)=27.49, p <.0001, d =0.92).
Additionally, JVA is higher for a concurrent division than a task (#(1,38) = 24.35, p <.001, d = 0.84). Similarly,
JME is highest for a role division compared with concurrent (£(1,35.59) = 17.01, p < .01, d = 0.62) or task
(F(1,31.35) =28.33, p <.001, d = 0.95), and task is also lower than concurrent (F(1,33.24) =22.43, p <.001, d =
0.78).

Further, we found a significant relationship between both JVA and JME and the dialogue codes. In the
right column of Figure 2, we see that JVA is significantly higher during concept-map dialogues than knowledge
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dialogues (F(1,38) = 11.17, p < .001, d = 0.38). We found the opposite for IME with JME being significantly
higher during knowledge dialogues than concept-map dialogues (F(1,36.83) =31.29, p <.0001, d = 1.03).
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Figure 2. Comparing Joint Mental Effort (top panels) and Joint Visual Attention (bottom panels) across the
different categories of Performance (left, high/low), division of labor (middle, concurrent/role/task), and
dialogue codes (right, CMAP/KNWL).

Interaction effect between process variables and performance on eye-tracking

Finally, to answer the second part of our second research question, we analysed the impact of the interactions
between the different process variables and their relation with the performance outcome. Concerning the
interaction effects on JVA, we found a significant interaction between the performance levels and DoL strategies
on JVA (F(1,38) = 20.79, p < .0001, d = 0.72). As we can see in Figure 3, the low performing students have a
relatively stable JVA across the three DoL strategies. On the other hand, the high performing students fluctuated
to have no significant difference with concurrent, higher JVA for role (F(1,35.56) = 13.11, p <.0001, d = 0.47),
and lower JVA for task (d = F(1,32.72) = 9.38, p <.0001, d = 0.38) compared to the lower performing students.
In terms of dialogue, we did not observe any interaction effect of performance and the dialogue category
(CMAP/KNWL) on the JVA.

As with the JVA, we found an interaction between performance levels and DOL strategies for JME
(F(1,38) =9.56, p <.001, d = 0.29). There is not a significant difference between high and low performing dyads
during concurrent and task divisions, but the difference is significant between high and low performing students
during role divisions (F(1,22.23)=11.23,p <.0001, d = 0.39) as seen in Figure 3. We did not observe a significant
interaction between performance levels and the dialogue codes (CMAP/KNWL) on JME.

Discussion and conclusion

In this paper, we aimed to explore alternate measures of the collaboration processes, namely, ones gathered
through dual eye tracking. As with other multi-modal studies, we are interested in the additive property that
analysing the collaborative process from multiple perspectives can provide. With that in mind, in this discussion,
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we will present different interpretations of the data and how these interpretations are narrowed down as we add
new measures, indicating the additive property of the measures rather than providing a set of proxies.
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Figure 3. Interaction effect of performance levels and division of labor strategies on joint visual attention (left)
and joint mental effort (right).

In terms of our first research question, how did the eye tracking measures relate to student performance,
we confirmed our hypothesis that both higher JVA and JME were positively related with higher performance.
This finding provides more of a confirmation of previous findings (Sangin et al., 2011; Jermann and Nuessli,
2012) than necessarily providing a new insight on its own. However, we would like to highlight that although
researchers have studied the impact of individual cognitive load extensively (Amadieu et al, 2009, Kalyuga, 2011),
using a joint measure to assess the collaborative process is relatively new. What this means is that students that
are putting in the same amount of mental effort at the same time are more likely to perform well, and it is not just
about the amount of mental effort of an individual student. The positive relation between JME and performance
in a task where the transactive actions are taking place (division of labor, communication, and coordination of
activities, Popov et al., 2017), gives an indication towards JME being a decent proxy for collaborative cognitive
load. Nonetheless, it is an early indication and further studies are required for generalizability.

In terms of our second research question, how do JVA and JME relate to other process variables and
what is the interaction when we include performance, it is interesting to discuss the results in terms of the division
of labor measure. First, let’s look at the concurrent division. Recall from our description of this measure that the
concurrent division occurs when each member of the dyad is working on the same concepts in the same time
window (although not necessarily trying to take the same actions). From our analysis, we found that during
concurrent division, students had both JVA and JME measures somewhere between those of the role and task
divisions. This might be expected as the students are looking in the same general area but, as they are doing
separate actions, this overlap does not mean that they are necessarily working together. However, because the
JME is also in between, it is unlikely that one student is just doing aesthetic changes while the other is enhancing
the concept diagram. Although at the surface level, we may want to classify concurrent division as weak
collaboration, as the students are doing separate actions, the eye tracking measures indicate that this is not always
the case and warrants further investigation as to what occurred in the collaboration process prior that led to this
division of labor before determining that an intervention is needed.

In contrast, during the role division, one student is doing all of the actions during a time frame. This
pattern may be due to one partner free-riding (Le et al., 2018) or due to a productive driver/navigator collaboration
(Bryant et al., 2006). If the students are focused on the same thing (high JVA) and are putting in the same mental
effort (high JME), it is more likely to be a productive collaboration than a student free-riding. Although we found
high JVA and JME in general during the role division, this was not the case when we took into account student
performance. In this case, low performers had significantly lower JVA and JME, indicating that this may be
instances of free-riding. Unlike with the concurrent collaboration, the use of roles is often considered as a
productive collaboration script (King, 1999). Nonetheless, roles alone do not guarantee interdependence, and these
may be moments for a clear intervention.

During the task division, students are working on different concepts during the same time window. As a
first interpretation, this may mean that the students have divided the work evenly and are each working on a
different part. However, it may also indicate that one student is doing the majority of the work while the other is
making aesthetic changes — like when one participant writes a paper and the other corrects typos. From the JVA,
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we cannot differentiate these actions, as the JVA is low, as expected, due to the students working on different
parts of the map. The JME can provide more insight though. We might expect the JME to be high if the students
have an equal division of labor. In our case, we found the JME to be low, most likely indicating that there was
not an equal divide. Perhaps more surprisingly, the JME was not different for high and low performers, but the
JVA was. This may indicate that although in both cases the division of labor may not have been even, the high
performers may have had more confidence carrying out their tasks independently. Future work would be needed
to assess the exact task division and how these actions fit into the students’ broader collaboration processes.

Finally, we observe that the JVA and JME have an opposite relationship with the dialogue, i.e., whether
the dyad is talking about the interface or the domain knowledge. JVA is higher for the interface-based dialogues
while the JME is higher for the knowledge dialogues. This indicates the complementary nature of two gaze
measurements. The JVA is higher when there is strong visual support to ground the verbal references and JME is
higher when the discussion is focused on domain knowledge. If we were to ignore one of these measurements,
we would have received only half the picture (either in terms of attention management or in terms of effort
management). Moreover, the high performing dyads have both JVA and JME that are higher than the low
performing dyads, showing that, in terms of both their attention and effort management, the high performing
dyads have more of an equal participation than the low performing dyads. This could possibly lead to better task-
performance at the end of the collaborative session.

Although this paper presents a first analysis of how different types of eye tracking measures can shed
light on the collaborative process, there are still several limitations. First, we only have an end performance
measure. It is not clear if the collaborative process patterns we see are due to the knowledge of the students when
they begin or if these actions led to better learning thereby leading to a better performance. Second, there are
many combinations of process variables and temporal aspects that we did not explore in this paper that would
provide further insights into the collaborative process and how it impacts JVA and JME. Due to space, we could
not include them all.

In this paper, we aimed to deepen our understanding of what effective collaboration looks like through
the assessment of dual eye tracking measures. We found that an effective collaboration is not necessarily a one-
size-fits-all where a single metric can be used to judge the quality of the collaboration. Further, we found that
joint mental effort can provide additional information than joint visual attention alone to better assess the
collaborative process, contributing to the use of dual eye tracking methodology.
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Abstract: Under socially distant circumstances, university students frequently self-organize to
collectively prepare for exams online through video chat. To learn effectively, emerging
challenges need to be regulated successfully. This regulation is supposed to work best when
problems are perceived homogeneously in the group, and when regulation strategies which
immediately solve the problem are chosen and executed with sufficient intensity. We
investigated what problems occur during collaborative online learning and how these are
regulated by N=222 university students in 106 groups. We found that overall problem
prevalence was low. Multilevel-modeling indicated that homogeneous problem perception—
contrary to immediate and intensive strategy use—predicted subjective learning success, while
objective learning success was not associated. Thus, in well-structured learning contexts,
knowing what the problem is seems to be more important than knowing the best possible
reaction to the problem. Students might be trained in problem perception in order to increase
regulation competency.

Problem statement

Many students deliberately join together in self-organized small groups, e.g. to prepare for exams together. Taking
positive effects of collaborative learning on knowledge acquisition found in the literature into account (e.g.,
Springer et al., 1999), this is a sensible decision. However, collaborative learning unfortunately is not always as
effective (Weinberger et al., 2012). In fact, students may be confronted with a variety of problems during
collaborative learning that are obstacles to effective learning (Jarvenoja et al., 2013). This is also true for online
collaborative learning, where learners are often frustrated due to various problems such as an imbalance in
commitment, unshared goals or communication difficulties (Capdeferro & Romero, 2012). Only if the group is
able to regulate these problems successfully, collaborative learning is effective (Jarveld & Hadwin, 2013).

The ability to regulate occurring problems independently of any instructional support is very important
for regulation success especially for students outside formal instructional contexts, who form learning groups on
their own initiative. Thus, acquiring necessary regulation skills beforehand is crucial for regulation success during
periods of self-organized collaborative learning. To foster these skills, scientific knowledge is needed on how
problems are regulated best in such situations. Further, the context how the meeting takes place might be relevant,
too: When self-organized study groups cannot meet in person (e.g., at institutions for distance learning, in areas
with large physical distances between students, or during times of a pandemic), collaborative learning typically
happens online through video conference tools such as Zoom or Skype. Yet, not much is known about how this
virtual context influences processes associated with specifically the regulation of problems during self-organized
study group meetings. Therefore, this study focuses on how problems are regulated in virtual collaborative
learning through video conferencing.

Regulation of problems in collaborative learning
Based on previous research (e.g., Jarvenoja et al., 2019), problems in self-organized collaborative learning can be
divided into at least the following categories: (a) comprehension problems (e.g., learners may have difficulty
understanding the task), (b) coordination problems (e.g., learners may have different objectives for learning
together), (c¢) motivation problems (e.g., the learning material may be perceived as irrelevant) and (d) resource-
related problems (e.g., necessary learning material may not be available). For self-organized collaborative learning
to be successful, groups must be able to cope with such problems successfully.

To conceptualize the processes involved in this problem regulation, we (Melzner et al., 2020) developed
a heuristic process model (see Fig. 1). Following process models of self-regulated learning (e.g., Zimmermann &
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Moylan, 2009), metacognitive processes are crucial for the successful regulation of problems in self-organized
collaborative learning, with the help of which students (1) perceive and classify these problems. Based on the
assessment of a problem, a reaction is initiated to ensure that the goal is achieved despite the problem at hand. For
this purpose, students (2) select a strategy to address the problem and (3) execute this strategy with a certain
intensity. Once the problem is solved, the learning process can be continued. Along with Melzner et al. (2020),
we assume that these three processes (problem perception, choice of regulation strategy, intensity of strategy
execution) should predict success in the regulation of problems that occur during collaborative learning.
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Problem \ Sl Regulation
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Immediacy
Is strategy suitable for \
overcoming problem
immediately?

Homogeneity between learners

ation Strategies

regarding problem type

Problems — (e.g., comprehension, coordination, etc.) —> Shared
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Problem Regulation
Perception / Self Success
Learner 2 T

Figure 1. Theoretical model of the regulation of problems during collaborative learning (visualization inspired
by Wecker and Fischer, 2014). Concepts in boldface are measured in the present study. Adapted by permission
from Springer Nature: [JCSCL. Regulating self-organized collaborative learning: The importance of
homogeneous problem perception, immediacy and intensity of strategy use. Melzner, N., Greisel, M., Dresel,
M., & Kollar, 1. (2020). https://doi.org/10.1007/s11412-020-09323-5

Homogeneity of problem perception

At the beginning of the regulation process, learners perceive and classify a given problem (see Fig. 1). Different
group members may arrive at different problem assessments. Divergences can basically be based on two
dimensions: First, the type of problem (see e.g., Jarvenoja et al., 2013) that is perceived may vary. For example,
while one learner may perceive a comprehension problem to be present, another learner may categorize this
problem as motivational. On the other hand, there may also be disagreement about the social level at which the
problem is located. Using the classification of Jarveld and Hadwin (2013), it can be distinguished whether a learner
is affected himself (self-level), whether the problem affects individual other group members (co-level), or whether
the whole group is affected (socially shared level). The homogeneity of the problem perception is thus to be
understood in terms of (a) the type of problem and (b) the question who is affected by the problem. We suspect
that diverging perceptions of the problem within the group make collaborative learning more difficult, since the
individual group members are then more likely not to coordinate their regulation efforts. Findings of Melzner et
al. (2020) corroborate this.

Immediacy of regulation strategy use

Next, learners select a strategy for the regulation of the previously perceived problem (see Fig. 1). Models of self-
regulated learning (e.g., Zimmermann & Moylan, 2009) assume that at this point, the choice of a strategy that fits
the learning goal is crucial. Not every strategy is supposed to be equally well suited to achieve a particular goal
(e.g., Engelschalk et al., 2016). In our view, a similar assumption may be made regarding the fit between an
emerging problem and the chosen strategy for its regulation (e.g., Engelschalk et al., 2016). However, previous
research has hardly made statements about what is meant by fiz. In order to operationalize fit, we have proposed
the concept of immediacy (Melzner et al., 2020): A strategy can be considered to be appropriate for a problem if
it is in principle possible to actually solve the problem when the respective strategy is executed optimally. An
example of an immediate strategy would be to switch off cell phones when the group is distracted by incoming
messages during learning. An example of a non-immediate strategy, on the other hand, would be if learners make
themselves aware of the importance of the exam they are preparing for in order to motivate them to continue
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learning despite the incoming messages. This strategy would not eliminate the source of distraction and thus would
not immediately make the problem disappear, but would only allow learners to continue learning despite the
presence of the problem. Thus, for the operationalization of fit, a theoretical assignment of strategies to problems
as immediate or non-immediate was proposed by Melzner et al. (2020) and was found to predict satisfaction with
the group learning experience in completely self-organized, offline groups.

Intensity of the execution of the regulation strategy

To be effective, the selected strategy must be applied in the next step (see Fig. 1). Depending on the severity of
the problem, however, a single application of the strategy may not be sufficient to achieve the desired effect. For
example, if learners bored by the learning materials think only briefly about their goals for the future, this may
have little effect on their motivation to devote effort towards understanding the material. However, if they work
intensively on how the material will help them to achieve their own goals, this should increase their motivation.
We therefore assume that the intensity of strategy use is positively related to regulation success. However, not
only the intensity of immediate strategies should be relevant, since non-immediate strategies might also increase
regulation success, even if the specific problem is not solved that way. Findings on the effect of regulation intensity
are mixed (Eckerlein et al., 2019; Melzner et al., 2020; Schoor & Bannert, 2012). Thus, more research is needed
to clarify its influence on regulation success.

Operationalizing regulation success in collaborative learning

Once the regulation process is executed in accordance with Fig. 1, it should be successful. Yet, regulation success
may be conceptualized and measured in various ways (e.g., Melzner et al., 2020; Noroozi et al., 2019;
Zimmermann & Moylan, 2009). In this paper, we focus on three different conceptualizations: (1) success in
applying a regulatory strategy (i.e., the extent to which the problem is overcome after the strategy is applied),
(2) satisfaction with the group learning experience, and (3) the subjective and objective learning success resulting
from the group learning session. So far, only satisfaction was empirically investigated in this context (e.g., Melzner
et al., 2020; Bellhduser et al., 2019). Yet, not much is known about how problem perception, immediacy and
intensity of strategy use contribute to further measures of regulation success.

Research questions and hypotheses
The present study addresses two research gaps: First, it is an open question to what extent the three processes
(homogeneity of problem perceptions, immediacy of strategy use, and intensity of strategy use) would be
predictive of successful regulation in collaborative online settings. Second, little is known about whether the three
processes are differentially predictive of the three conceptualizations of regulation success described above.
Therefore, we established the following hypotheses:
1. The more homogeneous learners perceive problems within their groups, the more positive the results on
different measures of regulation success are.
2. Learners who use immediate strategies to regulate their problems achieve more positive results on
different measures of regulation success than learners who use only non-immediate strategies.
3. The more intensively learners apply regulation strategies, the more positive the results on different
measures of regulation success are.

Method

Sample

University students (N =222) from two basic psychological lectures within the majors educational sciences (29%)
and teacher training (70%) answered an online questionnaire. They had an average age of 22 years (M = 21.84,
SD = 4.39, 83% female) and were on average in the third semester of their current study subject (M = 2.78,
SD = 1.50) and also in their third university semester overall (M = 3.34, SD = 2.57). Participants self-selected into
106 small groups of three persons on average, but not all members of each group participated in the study. Thus,
data from 25 groups which were represented in our data by a single person only had to be excluded from regression
analysis because a calculation of homogeneity of problem perception only is possible for groups with data of two
or more learners.

Procedure

The study was embedded in two large lectures which mainly consisted of weekly uploaded recordings of
PowerPoint-presentations provided for individual, asynchronous studying. One session of collaborative learning
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replaced the regular lecture in the respective week. Learners were instructed to meet online at a time suitable for
all group members using a video conference software of their choice to study the lecture content on their own. As
learning material, the regular slide deck for this session was provided alongside two excerpts from a textbook,
each about one page long. Topics were the ICAP-Model of learning activities (Chi & Wylie, 2014) and the multi-
store model of memory (Atkinson & Shiffrin, 1968). We did not structure or scaffold the collaborative learning
with additional instructions except the following tasks: “The goal of the group work is to work out the slide
contents as well as possible together with your group members. You are welcome to use the additional texts
provided.” In addition, students were told to record the results of their group work in a shared concept map. Yet,
besides this, learners were free to decide in which way, with which activities or tools, they wanted to work on the
topic. For learners who were not familiar with an online tool suitable to produce a concept map, we recommended
www.mindmeister.com and provided a short tutorial video explaining all functions necessary for accomplishing
the task.

After the study meeting, participants were asked to individually answer an online questionnaire. The
questionnaire was advertised as containing a knowledge test for which students would receive immediate feedback
regarding right and wrong answers. The questions were comparable to the ones in the final exam in the
corresponding lectures, so taking the test would be a good chance to practice for the “real” exam.

Measures

To measure the prevalence of problems during collaborative learning, we developed a questionnaire with 32
different problems represented by three items each. Each item had to be rated on a Likert-scale (from 0 = did not
occur/no problem to 4 = big problem). Based on problem typologies or theoretical classifications in the literature
(e.g., Jarvenoja et al. 2013; Koivuniemi et al., 2017), our questionnaire covered four broad categories of problems:
comprehension, coordination, motivation, and resources (see Fig. 2 for a complete list of individual problems).
For example, for the problem of “low value of learning method”, a sample item was “Single/multiple group
members did not find group work as a learning method useful in the given situation.” An extensive series of
confirmatory factor analyses comparing the theoretical factor structure to other theoretical plausible clusterings
of items indicated that the theoretical factors with three items per factor were distinguishable from each other, and
that the theoretical solution has the best fit to the data. Cronbach’s alpha was .79 on average. After rating each
problem, participants selected one of them as the biggest problem they encountered during the learning session.

To determine the homogeneity regarding the type of problem within each group, we calculated the
variance within each group for each rated problem separately, and then determined the average variance per group
over all problems. To transform the variance into a measure of homogeneity, we multiplied it by —1 and centered
it. To determine the homogeneity regarding the social level, we used three items measuring the extent to which
the biggest problem affected the self-, co-, or shared-level on a five-point Likert-scale (from not at all true to
completely true). A sample item representing the self-level was: “The mentioned problem had effects on my
personal learning process.” The ratings for each item were dichotomized by median split, resulting in a zero-one-
coding. Then, groups were coded as being homogeneous regarding the social level of problem perception when
the social level at which they located the biggest problem matched the respective ratings of each other group
member. For example, a group was considered to be homogeneous when one person located the problem only at
the self-level, while the two other group members located the problem only at the co-level.

To measure immediacy and intensity of strategy use, we asked participants to name the strategies they
used to regulate the problem they marked as the biggest one at the self-, co- and shared level in an open answer
format (e.g., at the self-level: “What did you personally think, do, or say to ensure high quality of your own
learning in this situation?”; at the shared level: “What did you as a group think, do, or say to ensure high quality
of the learning of the whole group in this situation”). These answers were segmented into single regulation
strategies (interrater-agreement 90-91%). Then, each strategy was classified as one out of 27 possible types of
strategies (for a list, see Melzner et al., 2020). Interrater-reliability was sufficient (Gwet’s AC1 =.73). Next, each
strategy was automatically coded as being either immediate for the selected biggest problem or not, using a
theoretical determined mapping of strategies to problems (previous version published in Melzner et al., 2020). In
the end, a person was dichotomously classified as reporting an immediate strategy when at least one strategy could
be considered as immediately solving their biggest problem. To determine the intensity of strategy use, we added
up the number of valid regulation strategies reported at all social levels.

To measure successful problem regulation, we adapted three items from Engelschalk et al. (2016) (e.g.,
“During group learning, we got the biggest problem under control.”). Each item had to be rated on a Likert-scale
(from 1 = not at all true to 5 = completely true). Cronbach's alpha was .96.

Satisfaction with the group learning experience was measured by five items from the German version of
the Satisfaction with Life Scale (SWLS; Glaesmer et al., 2011) adapted to the group learning context (e.g., “Our
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group work was excellent.”). Each item employed a 5-point Likert scale ranging from 1 (not at all true) to 5
(completely true). Cronbach's alpha was .92.

We assessed subjective learning success by using six adapted items from the Training Evaluation
Inventory (TEI; Ritzmann et al., 2014). Learning success with regard to the ICAP-Model (Chi & Wylie, 2014)
and learning success with regard to the multi-store model of memory (Atkinson & Shiffrin, 1968) were measured
separately by three items each (e.g., “I have the impression that my knowledge on the ICAP-Model/the multi-
store model of memory has expanded on a long-term basis”) on a 5-point Likert-scale (from 1 = not at all true to
5 = completely true). Cronbach's alpha was .92.

As an objective measure of learning success, we mimicked a typical standardized psychology exam: We
constructed eight multiple choice questions with four dichotomous answer alternatives each (four questions for
each theory). As a total test score, we used the percentage of right answers (= mean).

Results

First, we investigated the descriptive distribution of different problems (see Fig. 2). Overall, the magnitude of
problems was low. Even the most pronounced problems seemed to be not severely problematic. The most frequent
were technical problems (mostly centered around the recommended mind mapping-software), followed by
motivational and comprehension problems regarding the collaboration method, followed by low motivation to
study the learning content. Comprehension and coordination problems were very low to almost non-existent.

Problem Category

Unclear Task Definition

Unclear Procedure I comprehension

[
5
Deficits in Prior Knowledge - coordination
. X motivation
Difficult Learning Content -
3
!
L.
L.
B
1
1.
1
L
B

ressources

Too Complex Learning Content
Unstructured Learning Content
Inefficient Use of Time
Unfair Distribution of Work Load
Lacking Procedural Fairness
Differing Technical Understanding
Differing Goals
Incompatible Working Methods
Communication Problems
Poor Relationship Quality
Lack of Information Exchange
Low Value of Learning Method &
Low Usefulness of Learning Content B
High Costs of Learning Content i
Low Intrinsic Value of Learning Content i
Low Personal Meaning of Learning Content T
Procrastination i
Negative Emotions X
Unfavorable Surrounding Environment X
Lack of Learning Materials H
Physical Problems i
Lack of Time i
Undesirable Private Conversations X
Distraction -
Insufficient Technical Equipment -
Weak Technical Performance -
Lack of Technical Functionality .
Lack of Technical Skills i

Figure 2. Size of problems during collaborative learning (means and standard errors).

Second, we inspected descriptive statistics of predictor and criterion variables (see Tab. 1). Twenty-one
percent of participants located the biggest problem at the same social level within their groups. Regarding
immediacy, 71% of the participants applied at least one immediate regulation strategy to remedy the biggest
problem. Regardless of the type, about four strategies were reported on average. Successful problem regulation
and satisfaction with the group learning experience were estimated to be rather high, while subjective learning
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success was appraised a bit lower. Of all test questions measuring objective learning success, 75% were solved
correctly on average. Predictor variables were not significantly associated with each other, except for immediacy
and intensity. The subjective measures for regulation success were associated with each other, but only content-
related homogeneity of problem perception was associated with these outcomes. The objective measure of
learning success was not related to any of the other variables.

Table 1. Means, standard deviations, and correlations.

Variable M SD 1 2 3 4 5 6 7
1. Homogeneity problem type ~ 0.00 0.30

2. Homogeneity social level 0.21 0.41 .06

3. Immediacy 0.71 0.45 .07 —.06

4. Intensity 3.99 2.39 —-.00 .10 34%*

5. Successful problem regulation  4.12 1.07 21%* A1 .09 .08

6. Satisfaction with group learning 4.12 0.84 42%E .06 11 .09 S53H*

7. Subjective learning success 3.76 0.89 29%%  —01 .04 .04 33%* 33%*

8. Objective learning success 0.75 0.10 .10 —.08 .06 11 .02 —-.05 .06

Note. **p < .01.

Third, we conducted multilevel regression analyses to account for the two-level structure (students in
groups) and covariations between predictor variables (see Tab. 2, all variables standardized before analysis).
However, the pattern of findings remained the same as with the bivariate correlations reported above. To check if
the results would remain stable when covariations between dependent variables were considered as well, we also
conducted a structural equation model with all eight predictor and dependent variables in one model and group as
a cluster variable, which led to an identical pattern of effects.

Table 2. Multilevel modeling of four different measures of regulation success.

Satisfaction with Successful problem Subjective learning Objective learning
learning regulation success success

Predictors B (SE) B (SE) B (SE) B (SE)
(Intercept) .00 (0.07) .00 (0.08) .00 (0.08) .02 (0.08)
Homogeneity problem A2 *¥*%.(0.07) 19 % (0.08) .30 % (0.08) .08  (0.08)
t}}llgrenogeneity social .04 (0.07) .10 (0.08) -.03 (0.08) —10  (0.08)
ii\l]r‘illediacy .03 (0.07) .03 (0.08) -.03 (0.07) -01  (0.08)
Intensity .09 (0.02) .03 (0.07) .03 (0.07) .03 (0.07)
Random Effects
62 0.70 0.89 0.82 0.84
00 0.12 (GrNr) 0.08 (GrNr) 0.12 (GrNr) 0.17 (GrNr)
ICC 0.15 0.08 0.13 0.17
N 74 (GrNr) 74 (GrNr) 74 (GrNr) 74 (GrNr)
Observations 193 193 193 193
Marginal R*2 / .187/.307 .048 /.127 .086 /.204 .014/.181
Conditional R"2

Note. *p < .05 ***p < .001

Discussion

This study investigated which problems occurred during one session of (relatively) self-organized online
collaborative learning and how groups regulated these problems. Descriptive analyses of problem ratings and
means of regulation success variables draw a picture of a rather successful learning experience: All problems were
reported as being small or very small, and at the same time, subjective measures of regulation success indicated
successful regulation of these problems, high satisfaction and solid subjective learning success. This is good news
for university teachers who are forced to move their regular classrooms into the online domain: In general, students

CSCL 2021 Proceedings 104 © ISLS



seem to be prepared to successfully collaborate in this realm. This finding is in contrast to Capdeferro and Romero
(2012), for example, who found students to report frustrations about online collaborative learning more frequently.
The main question of this study was how homogeneity of problem perceptions within study groups and immediacy
and intensity of regulation strategy use would be associated with different measures of regulation success. In sum,
homogeneity of problem perception was the only significant predictor of subjective measures of regulation
success. This might mean that groups who have a commonly shared perspective on what their problems are were
more successful in regulating their problems. This finding replicates the same finding of Melzner et al. (2020).
Contrary to Melzner et al. (2020), we did however not find immediacy and intensity of strategy use to be associated
with regulation success. This also contrasts with Engelschalk et al. (2016), who found strategies to be selectively
used for different kinds of problems, but is in line with Schoor and Bannert (2012), who also did not find an effect
of intensity of regulation strategy use on regulation success. To better interpret this finding, it is informative to
take the difference between the two studies into account: Melzner et al. (2020) investigated completely self-
organized groups preparing for important exams for an extended period of time, while the present study explored
a single session of collaborative learning during a regular lecture. Thus, we compare an extensive, high stakes
setting to a less extensive, lower stakes setting. In addition, the level of autonomy and instructional support
differed: In Melzner et al. (2020), the learning content, materials, and method were completely self-selected, while
in the present study, all this was fixed. In other words, in the present study, the instructional context might have
helped to pave the road for collaborative learning enough, so that the specific strategy choice and intensity of its
application did not matter for regulation success as much, because just any regulation strategy (applied with
random intensity) might have been good enough to overcome a (rather) insignificant problem. We conclude that
the full model of problem regulation shown in Fig. 1 might only apply to truly self-organized learning contexts
with sufficient prevalence of problems, while problem regulation might follow a simpler process only relying on
a shared problem perception when problems are low due to effective instructional support. The fact that the
instructional support in the present study seemed to be sufficient is slightly surprising: When taking
recommendations for instructional design of instances of collaborative learning (Straul & Rummel, 2020) into
account, only few principles were realized here. The same is true for the technical realization: Only three out of
seven affordances for computer supported collaborative learning (Jeong & Hmelo-Silver, 2016) were observed
here (video chat as communication means, concept map as representational tool, and facilitation of group
formation). And when considering the concrete actions of students themselves, it remains unclear if students
applied more than two strategies out of 10 (MacMahon et al., 2020), namely scheduling uninterrupted work and
creating a shared concept map. This may mean that a low-level instructional support already makes a big
difference and helps to simplify the dynamics of self-organized collaborative learning in a way that students cope
successfully with upcoming problems.

When interpreting the results, we have to take the following limitations into account. First, neither the
predictor variables nor the subjective measures of regulation success were associated with the results of the
objective knowledge test. There are several explanations for this: It might be that the actual knowledge is
influenced by many other variables not in the scope of this study which might increase unsystematic error variance
making it difficult to find small effects. Alternatively, the lack of a significant association might be due to the low
prevalence of problems which might have created a ceiling effect, therefore reducing variance and possible
covariation. Second, all measures (except the knowledge test) were based on self-report, though regulation
strategies were measured by open-ended questions at least in order to reduce social desirability bias. True
associations might be different.

The interpretation of the different findings in the previous study by Melzner et al. (2020) and the present
study has important implications for theory building: A new theoretical model of problem regulation during
collaborative learning has to be developed that includes problem intensity and variety as moderator of the relations
between problems, their regulation, and learning outcome. For teaching practice, the study might imply that
recommendations of good instructional design for collaborative learning (see above) also apply to relatively self-
organized online collaborative learning and that simple and few scaffolding aids might already help to reach
satisfying knowledge gain.
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Abstract: This paper reports outcomes of 57 students’ exploration of urban planning and
environmental science identities through Virtual City Planning, a course implemented in a
science museum that leveraged a virtual learning environment supported by in-class play-based
experiences. Identity exploration trajectories were assessed using the Projective Reflection
framework, which consists of constructs that capture cognitive, affective, and behavioral
features of the self in addition to learners’ self-perceptions and definitions. Researchers
constructed a parsimonious epistemic network that was supported by in-depth qualitative
interpretations to a) visualize students’ general trends of student self-reflection across the course
experience and b) highlight which Projective Reflection constructs were highly nascent to
participants as they engaged in identity exploration. Results further theoretical understandings
of how courses designed to support identity exploration influence the sophistication and content
of learners’ reflections on the self and illustrate the utility of epistemic networks for visualizing
identity exploration trajectories over time.

Introduction

Education research has examined ways to encourage learners to engage in identity exploration, or “the deliberate
internal or external action of seeking and processing information in relation to the self” (Kaplan, Sinai & Flum,
2014, p. 250). Identity exploration as a form of situated, intentional, and self-directed learning can encourage
identity shifts in targeted directions over time, such as a steps toward a career in science, technology, engineering,
or mathematics (STEM) (i.e. Foster, 2014). Interventions that support identity exploration may therefore be of
value in the 21st century for fostering adaptive skill development and career preparation in emerging and under-
accessed STEM careers (Callahan, Ito, Campbell, Wortman & Wortman, 2019).

Virtual learning environments such as games and simulations have been highlighted as useful tools for
promoting shifts in domain or career-specific knowledge (cognitive), motivation (affective), and relevant
behaviors (Qian & Clark, 2016). Enactment of such cognitive, affective, and behavioral shifts often centers around
identification with specific roles (self-definitions) that players may not have access to in real-world settings
(Turkle, 1996). While meta-reviews of game-based learning suggest that game design and implementation are
increasingly influenced by education theory (i.e., Clark, Tanner-Smith & Killingsworth, 2016), research is needed
in the context of identity to inform how theoretically informed interventions might shape identity exploration
outcomes for students across diverse contexts. Emerging research on games for identity exploration will also
benefit from the use of methodological approaches that can illustrate the nuances of student identity exploration
as it unfolds across a designed game-based learning experience.

To address this gap, this work leverages the Projective Reflection (PR) framework to operationalize
learning as identity exploration that can result in identity changes over time, as facilitated by games and game-
based learning environments (Foster, 2014). PR was used to design three iterations of Virtual City Planning
(VCP), a course that leveraged a virtual learning environment (Philadelphia Land Science) and supportive in-class
curriculum to promote exploration of urban planning and environmental science career identities. VCP was
implemented in a museum classroom context with a diverse sample of high school students (N=57). Identity
exploration is conceptualized using PR as shifts in reflection on 12 constructs that relate to cognitive, affective,
behavioral, and self-definitional aspects of the self. Student trajectories of identity exploration were visualized
using Epistemic Network Analysis, a quantitative ethnographic technique for modeling connections among key
concepts to represent underlying longitudinal phenomena. The Parsimonious Removal with Interpretive
Alignment approach (Wang, Swiecki, Ruis & Shaffer, 2021) was then used to optimize the twelve-construct
model as an eight-construct network that maintains interpretive power. Epistemic networks were supplemented
by qualitative case findings from the student cohorts. Results (a) illustrate how VCP supported statistically
significant shifts in student conceptualizations of self over time as defined by PR, and (b) illustrated which identity
concepts were more or less nascent and discussed in students’ written and spoken reflections on the self. The work
concludes with implications for games and education practitioners, designers, and researchers.
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The research question asks: How did learners characterize their processes of identity exploration
(cognitive, affective, behavioral, self-definitional) through participation in Virtual City Planning?

Review of literature

Virtual learning environments and identity

Identity exploration is conceptualized by Kaplan and Garner (2017) as not only the self-perceptions and self-
definitions a participant iteratively applies during a learning experience, but also the beliefs, values, goals,
emotions, and actions that are central to a specified role as it emerges. This process is role-specific in the sense
that a learner exploring a career in urban planning, for example, will immerse herself in a different semiotic and
social system than that of an art historian. Participation in virtual learning environments can support more explicit
awareness of perceptions and definitions of self due to the capacity of such spaces for offering authentic
simulations of professional praxis (Shaffer, 2006). Games implemented in learning contexts have also been lauded
as valuable for the expression of nested identities (i.e., student and player) as design constraints of the game space
intersect with real-world roles and contexts (Gaydos & Devane, 2019).

Reviews of the growing body of research on games for learning have affirmed the potential of virtual
learning environments for supporting a variety of cognitive, affective, and behavioral processes that contribute to
identity exploration. Most prominently featured in games research is work that points to the efficacy of virtual
media for supporting knowledge acquisition and content understanding in contexts such as primary education
(Hainey, Connolly, Boyle, Wilson & Razak, 2016), informal learning settings such as museums (Koutromanosa
& Avraamidou, 2014), and with computer-based and serious games and simulations (Boyle et al., 2016). Game-
based learning has also been lauded as valuable given emerging theoretical conceptualizations of learning, which
shifted from passive knowledge acquisition to more collaborative and interest-driven negotiation of domain-
specific content (Orr & McGuinness, 2018). Virtual learning environments excel in their capacity to support
student engagement and motivation around specific content (Wouters, Van Nimwegen, Van Oostendorp & Van
Der Spek, 2013), and can also serve as spaces in which players repeatedly practice goal setting, self-monitoring,
and self-regulation behaviors (Gabbiadini & Greitemeyer, 2018). Finally, the communities of practice (Lave &
Wenger, 1991) that develop in and around games (What Gee (2003) defines as affinity spaces) offer opportunities
for socially mediated regulation of learner goals and activities as players collectively negotiate aspects of their
identities and learn from the expertise of others. This aligns with research on coregulation (McCaslin, 2009) and
socially shared regulatory processes (Hadwin & Oshige, 2011) as a part of identity work. Virtual tools, particularly
those that promote active discussion and collaboration, show promise for promoting the externalization of learning
processes and reflection on individual progress (Zheng, Li & Huang, 2017).

Assessing learner identity exploration
While seminal identity research has characterized identity as a developmental process that emerges over time
(Erikson, 1959) as mediated by external sociocultural features (Vygotsky, 1978), contemporary researchers have
further characterized such role exploration as a complex and dynamic system (Kaplan et al., 2014). This
complexity represents a methodological challenge for educational researchers and practitioners looking to
examine learners’ identity exploration processes as they manifest over time in play-based experiences.
Fortunately, reviews of game-based learning literature have highlighted the emergence of increasingly
sophisticated methods for understanding learner processes (de Freitas, 2018), such as data modelling (e.g.,
Westera, 2017) and individual analytics (e.g., Drachen, El-Nasr & Canossa, 2013). de Freitas also argues for the
use of combined quantitative and qualitative measures in forthcoming game-based learning research.
Quantitative Ethnography (QE; Shaffer, 2017) offers a method for exploring learning as a form of
complex thinking by offering analytic techniques that can visualize constructs (such as facets of identity) as
dynamic network models. Epistemic Network Analysis (ENA) is a QE technique in which qualitative data is
quantified so that patterns of association may be visualized between a learners’ developing “knowledge, skills,
values, habits of mind, and other elements” (Shaffer, Collier & Ruis, 2016, p.10). ENA is validated by examining
alignment between qualitative constructs and quantitative representations, defined as interpretive alignment. In
addition, model parsimony, as another key concept in QE research, concerns about capturing the “right” amount
of detail to explain the phenomenon from both qualitative analysis and quantitative representation. Existing
studies of identity exploration that leverage ENA have only applied a priori model simplification (i.e., Barany &
Foster, 2020). Generating parsimonious models of identity exploration, based on prior research, is an important
next step in assessments of student outcomes that was implemented in this work.
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Theoretical framework

This study leveraged Projective Reflection (Foster, 2014) as a research-informed theoretical framework to
structure the design of the course (Virtual City Planning) and the virtual learning environment (Philadelphia Land
Science). The model was also used as an analytical tool for conceptualizing how learners engage in identity
exploration in play-based and virtual learning environments. Identity exploration is captured through individuals’
reflections on the self in one moment, which is meaningfully connected to how they conceptualized themselves
across prior moments longitudinally. This way, identity change can be assessed over time as participants project
forward and reflect back on (a) their current knowledge of a topic, (b) what aspects of the topic they care about,
(c) how they think and the processes they use to make choices and take actions, (d) what they want and expect to
be in the future, and (e) how they see themselves in the present (Foster, Shah, Barany & Talafian, 2019). PR
leverages twelve theoretical constructs to conceptualize identity in game-based learning contexts (see Table 1)
under four features of identity exploration: (1) knowledge (i.e., Kereluik, Mishra, Fahnoe & Terry, 2013), (2)
interest and valuing (i.e., Eccles, 2009; Hidi & Renninger, 2006), (3) self-organization and self-control (i.e.,
Hadwin & Oshige, 2011), and (4) self-perceptions and self-definitions (i.e., Kaplan et al., 2014). Constructs were
developed and refined through in-depth review of literature on identity, learning, motivation, and individual and
socially mediated change to capture the role-specific cognitive, affective, behavioral, and self-definitional features
of self that shift over time through participation in identity exploration processes.

Table 1: Projective Reflection theoretical constructs

Constructs Construct manifestations
1. Knowledge 1.1 Foundational knowledge |e Describing knowledge of a domain-specific topic
(awareness of e Defining domain-specific terms or concepts
cognitive 1.2 Meta knowledge o Describing awareness of how to use or apply
capabilities) foundational knowledge in context.

e Enacting domain-specific processes/applying concepts

1.3 Humanistic knowledge e Knowledge of the self and its location in a broader

social, global, and professional context

2. Interest and 2.1 Interest e A predisposition to re-engage with a domain or topic

valuing over time, psychological state of engagement.
(awareness of e Describing a domain or concept as interesting
affect) 2.2 Subjective task valuing e Values attached to a domain, topic or concept that

motivate the choice to engage.

e Describing a domain, topic, or concept as valuable

e Awareness of a domain, topic or concept’s importance
for the self, a learner’s community, or society broadly

2.3 Relevance

3. Self-organization

and self-control
(awareness of

3.1 Self-regulation

e Describing one’s strategic and metacognitive behaviors
aimed at achieving a goal (i.e., goal setting, self-
monitoring, outcome assessment)

behaviors) 3.2 Coregulation e Regulatory behaviors that are supported by a more
knowledgeable peer or mentor
3.3 Socially shared regulation |e Regulatory behaviors that are negotiated and enacted
collectively by a group
. Self-perceptions (4.1 Self-efficacy e Confidence in one's ability to achieve goals/results.
and self- e Engaging in self-monitoring and self-evaluation
definitions 4.2 Current self-concept e Descriptions or labels applied to the self in the present.
o Careers/roles a learner is enacting currently
4.3 Possible selves explored  |e Future role/career a learner wants or expects to have.
e Roles a learner has tried, but may not wish to pursue
Methods
Study context
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This research was conducted as part of a CAREER project awarded to support the study, design, and
implementation of virtual learning environments and curricula for promoting Projective Reflection (Foster, 2014).
To enact this process in a meaningful real-world learning context, the primary investigator and his team of
researchers partnered with a local science museum in Philadelphia. The museum offers weekly science-related
learning opportunities to middle school students from a local school. The research team also partnered with the
Epistemic Analytics Group at the University of Wisconsin-Madison to redesign the existing virtual internship
Land Science (Barany et al., 2017) to support identity exploration and match the needs of the science museum
context. Philadelphia Land Science built on the strengths of Land Science as an immersive environment but was
informed by Projective Reflection to position learners collaborating in-person during VCP as interns at a fictitious
urban planning firm. The virtual learning environment and in-class mentors roleplaying as urban planners guided
participants through the process of creating zoning plans for downtown Philadelphia, an area with which students
were familiar. Students worked in groups of five to (1) learn about the process of creating a city rezoning proposal,
(2) research specific environmental and economic needs of city stakeholders, and (3) rezone a virtual map of
downtown Philadelphia to enact desired changes (e.g., decrease air pollution). Students concluded by writing a
final rezoning plan outlining their city’s needs and the nature of their zoning changes.

The play-based course titled Virtual City Planning was developed and implemented across three consecutive
courses held at the museum between the academic year 2016 and 2017 with 57 racially diverse middle school
participants. Virtual City Planning involved weekly use of the virtual learning environment supported by in-class
opportunities for role-play, self-reflection, and discussion with peers. Examples of in-class activities included
supplementary materials (e.g., a documentary video), group discussions on activities and processes of identity
exploration, and analogous paper activities designed to support students with less technical literacy (i.e., rezoning
the city by drawing on paper maps). Design of each weekly session included virtual and in-class opportunities for
individual reflection and collaborative discussion on each facet of students’ identity exploration processes (the 12
constructs), in addition to periods uninterrupted play and group engagement in activities. For example, in one
class, students rezoned areas of Philadelphia in small groups, negotiated with other design groups to create a map
that met everyone’s needs, then collaboratively discussed what it felt like to act as an urban planner.

Data collection

Qualitative and quantitative data was obtained through in-game (e.g., written reflections as urban planning interns)
and classroom artifacts (e.g., survey responses). Text data was organized chronologically for each student to track
changes in identity exploration processes from beginning to end of VCP. After each class, researchers collaborated
to write detailed memos of interactions with students; memos were segmented by discussion of student and
organized chronologically in each student’s data file. Player data was collected from the following sources:

e A pre and post survey consisting of (a) 5-point Likert-style questions (ranging from Strongly Agree to
Strongly Disagree on questions such as "I can see myself in an urban planning career in the future"), and
(b) short answer questions (e.g., "describe your interests in learning about cities and the environment").
Responses to writing prompts in Philadelphia Land Science, framed as emails to the design firm.
Written posts made on an online forum website as a curricular activity.

Digitized copies of handwritten reflections from paper handouts and notebook annotations, etc.

Written researcher memos on student interactions, discussions, and activities.

Screenshots and images of student map designs, from the virtual internship tool and from in-class design
activities using paper maps. Images were examined for qualitative analyses but not ENA.

Data analysis
Once data collection and organization were completed, researchers then engaged in a deductive or directed coding
process for each case (Krippendorff, 2004) in which each line of data was coded for self-reflection
on/demonstration of one or more aspect of identity exploration, with agreement reached by two coders. Lines
were coded for the occurrence (1) or non-occurrence (0) of the Projective Reflection constructs to prepare for
visualization of identity exploration patterns using Epistemic Network Analysis (ENA). For example, a student’s
reflection reading, “the big ones [issue] I care about is pollution,” was coded (1) for the construct ‘2.1 Interest.’
We applied ENA (Shaffer, 2017) to our data using ENA1.5.2 Web Tool. ENA assumes that a single
piece of student data (written, observed) may be representative of individual change in one or more codes (the PR
identity constructs), but also that the data has local structure and that an important feature of the data is the way
codes are connected. Based on this assumption, ENA generates network visualizations of the co-occurrence of
codes within a moving stanza window, which means that all codes applied to a single line of student data are
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connected to each other and to codes applied to the previous 3 lines of chronological student data (as recommended
by Siebert-Evenstone et al., 2017). This process is appropriate given the conceptualization of identity exploration
as a developmental process of change. Epistemic networks for code relationships were generated for the first half
(Time 1) and second half (Time 2) of class for sessions 1-3 to explore how student identity exploration shifted
over time as supported by each iteration. ENA also analyzes all chronological networks simultaneously so that
they can be compared visually and statistically. To achieve this, ENA models normalize the networks for all units
of analysis before they are subjected to a dimensional reduction, which accounts for the fact that different units
of analysis may have different amounts of coded lines in the data (see Shaffer et al., 2016). Epistemic networks
were generated for Time 1 and Time 2 for each session to compare within and across them over time. In addition,
two sample t-tests were completed to test whether changes from Time 1-2 in each session were statistically
significant along the top two dimensions explaining the most variances. The results also reference themes
identified from qualitative studies of the data (i.e., Foster et al., 2019) to close the interpretive loop and provide
deeper understanding of the modeled phenomena. After the 12-construct epistemic network was developed, we
applied Parsimonious Removal with Interpretive Alignment (PRIA), which reduced the network of students’
identity exploration to an eight-construct model without losing interpretive alignment (Wang et al., 2021). PRIA
takes an existing ENA model and finds a model with the fewest codes that retains high goodness of fit, correlations
of ENA scores and correlations of node positions between the simpler model and the original.

Results and discussion

To answer the question “How did learners characterize their processes of identity exploration (cognitive, affective,
behavioral, self-definitional) through participation in Virtual City Planning?" The parsimonious epistemic
network model of eight Projective Reflection constructs is presented in a difference model (see Figure 1). Two
cognitive constructs (foundational knowledge and meta knowledge), three affective constructs (interest,
subjective task valuing and relevance), no behavioral constructs, and three self-definitional constructs (self-
efficacy, current self-concept, and possible selves explored) were identified as highly nascent to students’
reflections on the self as they engaged in any of the three sessions of VCP. In the difference model, red lines are
associations between constructs that were more prevalent in the first half of each course (Time 1), and blue lines
represent associations that were more prevalent in the second half (Time 2). Nonparametric Mann-Whitney test
showed that Time 1 associations were statistically significant from Time 2 associations along the X-axis at the
alpha=0.05 level (Mdn=0.21, N=214 U=10863.50, p=0.00, r=0.48). This suggests that students’ processes of
identity exploration were enacted in meaningfully different ways over time, to be discussed further below.

Though associations between student reflections on foundational and meta knowledge were strongest
compared to other associations for Time 1 and Time 2, students were slightly more likely to make connections
between these two cognitive features in Time 1. Qualitative examinations of the data revealed they were often
able to describe or discuss perceived knowledge of urban planning and its relevant topics throughout the course.
Discussions of knowledge typically began with more binary judgments on perquisite knowledge and expertise
early in the course; for example, Zola (pseudonym) wrote “I have experience with urban planning through my
mom” while Megan wrote “I can definitely tell you I don’t know much about urban planning.” Towards the end
of the course, discussions of knowledge trended toward more sophisticated use of situated definitions, terms and
processes as students gained experience with the urban planning role; for example, Jake initially did not know
what a stakeholder did, but was later able to explain that “A stakeholder is a rich person who has interest in what
urban planners do. Stakeholders can make change in our neighborhoods that positively or negatively.”

All associations between PR constructs and students’ current self-concepts were stronger in Time 1 than
in Time 2. This result is at first counterintuitive, but an in-depth examination of qualitative reflections reveals that
students were initially more likely to affirm concrete descriptions of self, but that these self-definitions were often
distanced from environmental science and urban planning. For example, Kevin wanted to be a “professional
dancer because I’m a great dancer” and then shared that he had never considered urban planning as a future career
because he didn’t “really know how good urban planning is.” As the VCP course progressed, however, student
reflections on the self became less concrete, but also more connected to urban planning roles they had explored.
For example, Ellen wrote “Urban planning could contribute to the job I hoped to have because I learned a lot
about the importance of high density housing and compacting space for where people live.” These more nuanced
reflections on the self meant that learners at the end of the course were more often unsure whether or not they
might consider urban planning as a future role, where before they may have dismissed the role outright.

While the location of the eight PR constructs on the three-dimensional plane are positioned to allow for
model comparison, positionality of the overall means for Time 1 and Time 2 (the red and blue squares) can be
interpreted in relation to the constructs and in relation to each other. For example, the overall mean of associations
for Time 2 in the model is skewed to the right compared to Time 1, toward the affective and motivational factors
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of identity. Prior research on this data found trends toward interests and valuing more broadly (Barany, Talafian
& Foster, 2020), but this parsimonious eight-code model reveals the specific processes driving this shift: (1)
increased learner associations between foundational knowledge and relevance, and (2) self-efficacy and interest.
These trends play out qualitatively, as learners were more likely to explain why urban planning and environmental
science were relevant for themselves or their communities over time. Consider Emil, for example, who connected
new knowledge of urban planning concepts to his awareness of climate change issues: “I’m very scared for the
health of not only our city, but our planet. We destroy natural ecosystems to create businesses and heat up the
Earth just to run our cars. I’m hoping by adding more green open spaces, we will create a better Philadelphia.”
As students gained confidence in their abilities as urban planners, they were more likely to affirm interest in the
topic as well. Ali reflected that he enjoyed taking on the role of an urban planner: “[it felt] good because its my
responsibility to actually take part of helping my community out by planning things or seeing what things look
like in the modern world”. He then described confidence (self-efficacy) in his ability to enact urban planning
changes in his community: “i can see myself being a construction worker, on the urban planning things that i
know that i can change, it would be easy for myself to create the open space for the people in my neighborhood.”

SvD2
(19.8%)

X1.2_MetaKnowledge
Nm,LFounuanonamnowueuge

Time 1 o, 1ime 2 » X2.3_Relevance
X2.2_SubjectiveTaskValuing

MR1
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Figure 1. A parsimonious difference model of student identity exploration in which strength of construct
associations in Time 2 (blue) were subtracted from the strength of construct associations in Time 1 (red).

In addition to the removal of humanistic knowledge as a construct in the networks, the parsimonious
model with the best goodness of fit advocated for the removal of all constructs related to behavioral features of
identity (self-regulation, coregulation, and socially shared regulation). While regulated activities remain a highly
important and relevant feature of learners’ identity exploration processes, students in VCP were more likely to
connect their emerging perceptions and definitions of self (who I am), to their developing interest and perceived
relevance of the topic (what I want), to their increasingly specific knowledge of the topic (what I know). While
the behavioral ‘what I do’ piece is important from a theoretical perspective, students were less likely to
meaningfully integrate discussions of their behaviors into reflections on their identity exploration processes. This
could result from students’ newness to identity exploration processes, a lack of self-awareness of their own
behaviors or a lack of intentionality when enacting them or could be a result of design choices in curricular design
that limited student reflection on behavioral features. Further research is needed to understand why behavioral
features emerged as less nascent to students’ reflections on the self in VCP.

Conclusions and implications

Results illustrate the potential of educational experiences designed to facilitate Projective Reflection (Author,
2014) as a way to develop learners’ skill in enacting situated, targeted and intentional identity exploration related
to STEM domains (i.e., environmental science and urban planning). Though characteristics of the designed
experience (VCP) and features of the student cohort may have influenced how students reflected on their identity
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exploration processes, trajectories of identity exploration over time shifted from an emphasis on more concrete
and simplistic discussions of initial knowledge and self-concepts to a more nuanced conceptualization of self that
was grounded in emerging interests and perceived relevance of the topic. These findings align with summary
reports on the acquisition of STEM careers, which suggests that identity exploration may be closely linked to
students’ developing interest and motivation around a topic, resulting in closer and deeper engagement with the
topic over time (CAISE, 2018). Given these findings, designed virtual learning environments such as Virtual City
Planning have potential to serve as particularly valuable avenues for promoting the exploration (and potential
future acquisition) of STEM identities. Further work is needed to address limitations of this study design, such as
(1) examinations of student change across longer time periods and with a more diverse group of students, (2)
assessments of the influence of specific curricular design features (see Author, in press for preliminary work on
this topic), and (3) the application of the PRIA model to identity exploration processes across more contexts.

Quantitative Ethnographic (QE) (Shaffer, 2017) techniques such as Epistemic Network Analysis (ENA)
served as a valuable and innovative approach for understanding whole-group trajectories of identity exploration
as operationalized by Projective Reflection. The parsimonious epistemic network not only allowed researchers to
examine large quantities of student data related to identity exploration by providing a nuanced view of the
relationships between the most nascent identity constructs, but also supported comparison of group characteristics
over time (Time 1 to Time 2). Future studies will test and refine new virtual learning environments that can
facilitate Projective Reflection in different contexts, and also incorporate methods such as Social-Epistemic
Network Analysis (See Gasevi¢, Joksimovi¢, Eagan & Shaffer, 2019) to examine identity exploration as both an
individual/developmental and collective/situational process of change over time.
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Abstract: Enabling collaborative interaction across social levels over longer timescales
represents a key research challenge in computer-supported collaborative learning (CSCL). This
study investigates a multi-layer interaction approach to cross-community knowledge building
supported by the design of Idea Thread Mapper (ITM). A design-based research study was
conducted in four Grade 5 classrooms that studied human body systems over six months. ITM
was used to support student knowledge building discourse in each classroom and cross-
classroom interaction in a shared meta-space focused on a cross-cutting challenging problem:
How do people grow? Multi-level discourse analysis traced students’ collective idea
development in the cross-classroom discourse that built on the diverse lines of inquiry about the
different body systems within each classroom. The findings contribute new understanding and
designs for expanding CSCL practices across networks of classrooms, enabling a larger creative
context for students’ ever-deepening and expansive work with ideas.

Introduction

As our societies enter a new era facing extraordinary challenges, rapid changes and hyper-connectedness,
researchers call for critical efforts to make computer-supported collaborative learning (CSCL) relevant and
contributive, addressing potential tensions and blind spots and enabling educational transformation (Cress,
Oshima, Rosé, & Wise, in press). While existing research has produced deep insights into collaborative learning
interaction in small groups and individual classrooms, new research is needed to expand the collaborative
interaction to higher social levels and over longer timescales to enable transformative classroom change (Stahl,
2013; Wise & Schwarz, 2017). Building on our prior work (Yuan & Zhang, 2019; Zhang, Yuan, & Bogouslavsky,
2020), the current study analyzes a design for enabling student collaboration across classrooms, which work as
interconnected communities to build knowledge and address complex problems. The higher-level interaction
enabled by new technology design allows students to connect with and build on an expanded pool of ideas across
the boundaries of different classrooms. Valuable ideas developed in each classroom community have the
opportunity to travel up to a cross-community meta-space for high-level discourse.

Realworld knowledge creation takes place in a multi-level social system, in which individuals and teams
create knowledge in various domain areas while working with peers from the larger field (Csikszentmihalyi,
1999). The social dialogues and interactions extend across different social levels: individuals collaborate in
groups/teams within each organization/community, which is further part of an intellectual field that advances the
collective knowledge of a domain (Csikszentmihalyi, 1999; Sawyer, 2007). The larger discourse in a field creates
a macro and dynamic context that shapes and sustains the knowledge work in each local community over time
and across generations.

CSCL researchers need to tackle the challenge of how to extend collaborative knowledge building to the
higher social levels (Stahl, 2013) across classroom communities. The prominence of this challenge is heightened
in contemporary times when we face increasingly complex and connected problems. In this context, it is more
critical than ever for students to learn to listen, converse, and collaborate across boundaries to solve complex
problems and build shared understanding. Aligned with this need, researchers have made initial explorations of
cross-classroom collaboration (Laferriere, Law, & Montané, 2012; Lai & Law, 2006). Through the direct sharing
of online discussion spaces between different classrooms, students read the online posts of their partner
classrooms and respond. As a challenge arising in this context, students often find it difficult to understand other
classrooms’ distributed discourse and engage in meaningful dialogues across different communities.

In light of the above multi-level social system view of knowledge creation, we have been testing
technology-enabled support to sustain collaborative knowledge building across a network of science classrooms
(Yuan & Zhang, 2019; Zhang, Yuan & Bogouslavsky, 2020). Our design uses a multi-layer emergent interaction
approach, which integrates the local knowledge space of each knowledge building community and a meta-space
shared across communities. While members of each classroom work in their community’s local discourse space
to investigate various problems and deepen their understanding, they selectively contribute their major knowledge
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progress and challenges to the meta-space for cross-classroom sharing and discourse. We conceptualize such
multi-layer emergent interaction in light of the related theories, including social emergence (Sawyer, 2015),
expansive learning that integrates horizontal moves across borders and vertical moves across levels (Engestrom,
2014), and expansive framing of unfolding learning trajectories across contexts (Engle et al., 2012). A critical
design challenge is to facilitate “the micro-macro link” across levels, which is essential to the function of emergent
complex systems (Sawyer, 2015). The micro-macro link involves the bottom-up emergence of ideas from each
group and community to the larger discourse space and the downward influence of the cross-community discourse
on the future unfolding of inquiry and discourse in each community. Valuable ideas and problems developed in
each community can travel up to the cross-community space for extended sharing and higher-level discourse. At
the same time, knowledge advances and practices developed in the cross-community space are brought back to
each individual community to stimulate further inquiry and discourse and develop integrated understanding in
light of the knowledge and perspectives from the different communities. This process may leverage expansive
cycles (Engestrom, 2014) of inquiry through the dynamic contact and re-orchestration of different viewpoints,
expertise, and inquiry practices of the various participants.

To support cross-community knowledge building, this study used a multi-layer collaboration system—
Idea Thread Mapper (ITM, http://idea-thread.net), which integrates support for student-driven knowledge building
in each community and boundary-crossing interaction across different communities and school years (Zhang &
Chen, 2019). ITM inter-operates with Knowledge Forum (Scardamalia & Bereiter, 2006). The ITM supports for
knowledge building in each classroom and encourages emergent “reflective structuration” (Tao & Zhang, 2018)
by which students co-organize unfolding lines (threads) of inquiry as their collective work proceeds. A multi-
layer framework is further used to organize collaborative discourse across different levels. The discourse spaces
include the local collaborative space of each classroom where students conduct collaborative discourse and
inquiry to advance their understanding of various problems; and a cross-classroom meta-space where students
view the inquiry directions of their partner classrooms, post/share Super Notes (syntheses), and engage in cross-
classroom Super Talk focusing on challenging issues of common interests. While collaborating on inquiry within
their home classroom, students have ongoing access to the cross-classroom meta-space, where they can interact
with peers and ideas from their buddy classrooms (including those from the prior school years). Students can see
the visual inquiry organizers of the buddy classrooms that show their “Wondering Areas” (inquiry questions) and
idea threads, read their Super Notes co-authored using the Journey of Thinking tool to synthesize major progress
of inquiry, and, if interested, access their original online discourse (in a read-only mode). A set of analytics is
integrated to feedback on emerging idea connection and progress. Students can also propose challenging issues
as potential topics for cross-classroom joint discussion, which is called “Super Talk.” The Super Talk topic, once
approved by their teacher, becomes a shared idea thread for cross-community discourse. Figure 1 shows an
example topic about how people grow shared by a set of Grade 5 classrooms studying human body systems. There
is a function for flexible note importing, so students can import notes (ideas) from their local discourse threads to
the Super Talk for the larger discourse, and vice versa. While Knowledge Forum already has a Rise-Above tool
for writing synthesis notes, the ITM features for super note sharing and Super Talk further turn reflective rise-
above into a meta-space for cross-community discourse, which reorchestrates the different insights, problems,
and expertise developed in each community to work on complex challenges and ideas.

= —:i]i.’\-l-l- [Elementary School 2017-2018->Human Body Systems-* less > How do people grow?
IRV 21 MEORTIS | BATTAGS M| (NCOMEILENS (WESHOWS | IEORDER £V | E= JOURNEY OF THINKING
Authors

This thread includes 22 note(s) by 19 author(s).

Mar 18 Apr 1 Apr 15 Apr 29 May 13 May 27 Jun 10
J0TS

“From Cartilage to Marrow" by 1& *

For starters, | do agree with you. However, | might have a littir more info to
help you. Over time, a different type of cells called osteoclasts head to the
< middle of the bone to help in. Now, inside osteoclasts there are hydroldic

enzymes and acids. These enzymes and acids will help dissolve the
temporarily bone (the cartilage) to make room for the permenant bone ] e e
(marrow). Also, Ossification will take around to 20 years. Once this process . T —_ |
A note is over, the bones will not grow anymore, but will still be able to heal
3 themselfs in case you get any unexpected fractures.
imported g P : £
from A line stands for the build-on relationship
another
idea thread D S ST ==

Figure 1. Super Talk about “How do people grow?”” among 19 students from four classrooms.

CSCL 2021 Proceedings 116 © ISLS


http://idea-thread.net/
http://idea-thread.net/

To test and elaborate on the multi-layer emergent interaction design of cross-community knowledge
building, we conducted multi-year design-based research in a network of upper elementary science classrooms.
A set of specific studies was embedded in this project, addressing unique design challenges and research questions.
The first two iterations (school years) in the design-based research tested cross-classroom collaboration support
using Knowledge Forum, beginning with two Grade 5/6 classrooms in the first iteration and expanding to a set of
four parallel classrooms in the second iteration (Yuan & Zhang, 2019; Zhang et al., 2020). Motivated by the goal
of producing knowledge advances for cross-community sharing, students engaged in intentional and collaborative
efforts to improve their understanding toward higher epistemic levels. They generated Super Notes to consolidate
their knowledge advances, capturing sophisticated scientific explanations and questions developed in productive
areas of inquiry. Social network analysis of who had read whose Super Notes revealed intensive connections
formed among the students within each classroom, between different classrooms, and across school years (student
cohorts). The findings further suggest potential opportunities for such cross-community sharing to stimulate
deeper inquiry within each classroom and collaborative dialogue across the partner classrooms. However, the
above studies only explored this potential in a preliminary manner due to a lack of technology support and
systematic data collection tracing ideas across social spaces and classroom settings. The current study was part of
the third iteration of our design-based research implemented with the new technological support of ITM. Analysis
reported in an earlier paper has examined epistemic quality and complexity of students’ Super Notes shared in the
meta-space (Yuan, Zhang, & Chen, 2019). The data analysis reported in the current paper investigates the cross-
classroom discourse among four Grade 5 science classrooms supported by the Super Talk function of ITM. Our
analysis attends to the dynamic movement of ideas from each classroom to the Super Talk for collective
knowledge building as well as the travel (incorporation) of ideas from the Super Talk to the discourse in each
community. Our specific research questions ask: What knowledge advances were achieved in the cross-classroom
Super Talk and how did the collective advances emerge from—and rise above—the works and ideas developed
within each home classroom?

Method

Classroom Contexts

This study was part of a design-based research conducted in four Grade 5 classrooms at a public school located
in Northeastern U.S. The participants included 89 students who studied human body systems as part of their
science curriculum over a period of six months. Their inquiry of human body systems was implemented using a
knowledge building pedagogy supported by ITM. The four classrooms were taught by two experienced teachers,
each teaching science in two classrooms.

Knowledge Building Design and Implementation

At the beginning of the semester, students participated in a set of activities (e.g. apple tasting, high kicks, etc.)
that triggered their interests and wonderings about the human body. Students then generated initial questions and
clustered the questions based on the body systems involved. Students used multiple resources to support the
inquiry of their questions, such as books, websites, online videos, and models. They shared ideas through face-to-
face metacognitive meetings, where students built on each others' ideas to explore problems of understanding,
reflected on idea progress, and identified problems and knowledge gaps for further study. This knowledge building
discourse continued in ITM in their online space; teachers created each Wondering Area based on student-
identified research topics. As students made progress in understanding how each body system functions, they
started to create a reflective super note using ITM’s Journey of Thinking (JoT) to synthesize the “big ideas”
learned and questions for deeper research, leading to further activities in their home classes to advance their
inquiry.

As the inquiry about the different body systems progressed in each classroom, at the beginning of May,
students in Class 1 suggested a challenging question for the whole fifth grade to discuss using ITM’s Super Talk
function: "How do people grow?" Students from the four classrooms participated in this Super Talk over the next
month and contributed ideas to solve the challenging problem. A total of 19 students from the four classrooms
posted 22 notes in total in the cross-classroom discussion. At the beginning of June, a whole class metacognitive
meeting was held in each room to share and integrate the knowledge that they had gained from the Super Talk
and build connections with their own inquiries.
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Data Sources and Analyses
The data resources included students' ITM notes posted in their home class space and the “Super Talk,”

researchers’ detailed field notes, classroom video recordings, and students’ notebooks. All four classrooms’

science lessons were video-recorded and selectively transcribed. As Lemke (2000) suggested, understanding an

ecosocial system needs to describe the interdependent processes which occur on a certain timescale. We adopted
his suggestion to integrate multiple levels and units of analysis, with each unit interpreted in the context of the
larger unit of analysis and elaborated using the more specific episodes involved. Specifically, our analysis traced
how the ideas emerged from individual and small-group research interests in each home class and traveled to the
cross-community Super Talk. The researchers applied temporal analysis to trace the core ideas developed in the
Super Talk to explain how people grow. Based on the conceptual elements and their contributors, we further
traced back to identify the related inquiry work in the contributors’ home classrooms, as video recordings, field
notes, and I'TM online posts. Classroom videos and ITM online posts were further analyzed to identify when and
how the ideas were generated, and by whom, with the major contributions of inquiry mapped out on a timeline.
Students’ notebooks and field observation notes were further used for data triangulation.

Results

What knowledge advances were achieved in the cross-classroom Super Talk?

To understand students’ ideas generated in the Super Talk to explain how people grow, we analyzed the content
of students’ Super Talk posts and identified ten key conceptual elements. Each conceptual element explained the
process of human growth from a specific angle, ranging from the growth of muscles and bones to digestion, brain
control, growth hormones, and so forth. Conceptual connections were further identified based on students’
discourse responses (e.g. build-on). The conceptual elements and connections are shown in the top layer of Figure
2, displayed based on the sequence of time. As noted above, based on the concepts and their contributors, we
further traced backward to identify the related inquiry work in the contributors’ home classrooms. The lower
section of Figure 2 illustrates the first time each concept is shown in the home class, a dotted line connecting
between the lower section and the top layer illustrates the information from the focal home classroom that fed

student contribution to the Super Talk.
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Figure 2. Tracing idea development in the Super Talk (upper area, from May to June) in connection with the
related knowledge building work and discourse in each home class.
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Students from Classroom 1 contributed to explaining “how do people grow” from the perspective of the
brain, muscles and bones, with the insight that the pituitary gland controls the growth hormones and sends
messages to the muscles and the joints, and that muscles grow by repairing rips. The key concept of ATP and
bones were further built on by Class 2 with a key idea that bones grow through ossification and ATP is formed
when muscles repair rips. A new perspective regarding the role of sleeping was added by students from Classroom
3: During NREM sleep, the body is repairing damaged tissues and growing. A new key concept of mitosis was
incorporated to explain how cells grow in four stages. Ideas about genetics were later added by members of
Classroom 3 to further explain what determines height. Members of Classroom 4 further highlighted the role of
digestion: it breaks down and delivers nutrients throughout the body to help it grow. Extensive discourse occurred
focusing the major concepts and systems (bones, muscles and brain) that were closely related to the main inquiry
questions of each classroom. Other related ideas were further incorporated and built on in a reflection of students’
special interests and expertise (genetics, mitosis, and ATP).

How did the collective advances emerge from—and rise above—the works and

ideas developed within each home classroom?

Based on the above graph, we use the conceptual elements of muscle growth as related to mitosis as examples to
analyze how student contributions to the Super Talk emerged from and rose above the inquiry work in each home
classroom.

Classroom 1

Eight students from Classroom 1 participated in the Super Talk discussion from the perspective of bones, muscles,
growth hormones, and sleeping; of those, six students mentioned how growth relates to muscles and bones. The
topic of muscles originally branched out from the topic of the heart. At the beginning of January, a group of
learners interested in the heart (Hugo, Jane, Maxwell, Nevan, and Otis) first investigated how the heart functions
and problems caused by heart holes. As they accumulated enough knowledge, on March 5, the heart group held a
metacognitive meeting with the whole class, during which they shared key information about how blood travels
through the circulatory system and made a new connection between heart and bones (that ribs protect your heart).
On March 15, the teacher talked to this group to see whether they had new research questions. Jane, who had
focused on the skeleton, was inspired by the connection between the heart and bones and proposed new inquiry
questions: “how did your bones heal?” and “how can bones make blood?”. The teacher created an idea thread in
ITM for students’ inquiry of the new research questions. Later, Maxwell, Nevan, and Otis, who were core
members of the heart group, joined Jane to explore these issues. Their thinking about bones and muscles was
deepened and elaborated over time to understand the various categories of bones (axial bones and appendicular
bones), joints, bone fracture, and the treatment of snapped bones (put on a cast). Conceptual connections were
built among the different human body systems such as by understanding how the bone marrow creates red blood
cells and brain control of joint movement through sending nerve signals.

In the above context, in early May, students in Classroom 1 initiated the Super Talk topic of how people
grow. The students working on bones and muscles were very motivated to share their knowledge in the Super
Talk discussion space because it was closely related to their research topics. On May 9th, Nevan and Otis co-
authored a note in the Super Talk to explain how the brain connects to the bones: “Humans grow by the brain:
the pituitary gland controls the growth hormones and sends messages to the muscles and the joints. The brain
helps the body grow. The pituitary gland controls growth.” Nevan also played an important role as a boundary
broker to bring the concept of mitosis from Classroom 3 back to his home class.

On June 5, Classroom 1 held the last metacognitive meeting with a theme of how people grow to
summarize their learning. Students participated in the discussion from their focused areas. At the same time, they
integrated what they’ve learned from the Super Talk back into their conversation. When students were sharing
the content that related to brain cells, Nevan brought back the information about cell mitosis that he read from the
Super Talk and leveraged students’ understanding about this cutting-edge concept and made connections with all
other human body organs as cell mitosis is how each body organ grow at the base level.

Classroom 2

Classroom 2 contributed to the Super Talk discussion about how bones and muscles grow through building
connections with digestion and cells. Tracing back to Classroom 2’s inquiry journey, we observed that students
in Classroom 2 first investigated issues related to the digestive system, brain, heart and lungs and blood in the first
two months. One of the cross-cutting themes connecting these topics looked at how humans get and use energy
from food. Students in the energy research group advanced their understanding by elaborating on the process of
digestion; the digestive system breaks down food and further delivers nutrients through the bloodstream. On
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March 4, a new connection was made between the digestive system and muscles by Frank, who posted in
ITM:“...ATP is what 'charges" your body... when you eat, ATP is made which then powers up your body... if
your body is low on ATP, it will be stored in your muscle cells... ATP is your body’s main energy source ". On
April 26", students who researched muscles made a cross-system connection and started to examine “what is
protein?” and “what is a cell?”

After Classroom 1 initiated the Super Talk topic of how people grow, on May 11, Teacher Mrs. Harris
held a whole class metacognitive meeting in Class 2 to advertise the Super Talk topic. Students first read the notes
that were already posted by several peers from the other classrooms, discussed and analyzed how Class 2 can
learn from the cross-classroom discussion and further add to it. After reading the existing notes, students found
that although the existing notes talked about how muscles grow (by fixing the rips that were caused by extra force)
and shared basic information (e.g. bones grow as you grow), the information posted had not fully answered the
question of how bones and muscles grow. The teacher highlighted the importance of posting non-redundant
information to advance the collective understanding and explaining HOW people grow. After this meeting, a few
students worked on explanations of how bones grow, drawing upon the above-noted inquiries about bones,
muscles, digestion, and cells. Henry, who first worked with a few peers on energy research and later joined the
bones and muscles group, posted a new note in the Super Talk thread that built on an existing note about bones.
He wrote: “Babies are born with 100 more bones than adults, the bones fuse together to make longer bones as we
grow. What babies have is not really bones, it is cartilage. With the help of calcium, the cartilage gets turned into
bones through the process of Ossification.” His classmate Frank read Henry’s note and further built on it by
saying: “I might have a little more info to help you. Over time, a different type of cell called osteoclasts head to
the middle of the bone to help in. Now, inside osteoclasts, there are hydrolytic enzymes and acids. These enzymes
and acids will help dissolve the temporal bone (the cartilage) to make room for the permanent bone (marrow).
Also, Ossification will take around 20 years. Once this process is over, the bones will not grow anymore, but will
still be able to heal themselves in case you get any unexpected fractures.”

Classroom 3

In Classroom 3, the topic of muscles and bones emerged relatively late in mid-March involving only two students.
The two students did not post in the Super Talk discussion. However, students who studied cells made active and
unique contributions to the Super Talk discussion, highlighting the role and process of mitosis. Below, we trace
how their ideas were developed within their group and classroom and contributed to the cross-classroom
discussion.

In Classroom 3’s human body inquiry, one of the most productive lines of inquiry investigated the
function and structure of the brain. As a specific insight, students found that the pituitary glands in the brain
release hormones. This topic was further connected to the inquiry about lungs. Students from the lungs group
found that the brain and lungs work closely together, noting that oxygen gets to the tissues (including those in the
brain) through red blood cells (Week 5), and tissues in the body need oxygen (Week 6). Blake, a key member of
the heart and lungs group, contributed his knowledge about cells during a metacognitive meeting: "The cells
contain sugar except they need the oxygen to turn it into energy." In week 7, the concept of the cell was expanded
to consider white blood cells, such as through Blake’s build-on: "Neutrophils look for things that shouldn't be in
your body, and macrophages look for and digest dead germs...Amino acids are what make proteins." In a whole
class metacognitive meeting, the teacher asked: “What tissue of our body needs oxygen?” Students said:
“Everywhere, because we need our oxygen to survive.” The understanding of tissues and cells was further
deepened on March 15th when Blake introduced a key concept related to human growth: “Mitosis is the process
of one cell splitting into two new cells as it is a complex process with many steps”. In the same week, Blake
suggested that the teacher create a new thread of discussion called "How do we grow?" This thread was created
in Class 3’s own discussion space. However, this topic did not get much attention from Blake’s peers in Class 3.

Blake’s idea about mitosis did not catch others’ interest until May when Classroom 1 initiated the Super
Talk topic asking exactly the same question. Blake was thus able to connect with other peers from the whole
Grade 5 who were interested in exploring how people grow. He joined in the collaboration, with his early note
about mitosis copied to the cross-classroom Super Talk thread in ITM. This idea further caused Nevan’s (a student
from Class 1) attention. After reading Blake’s note, Nevan brought the knowledge about mitosis to his home class
discussion and extended his peers’ understanding and conversation during their last metacognitive meeting.
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Classroom 4

In Classroom 4, the topic of muscles and bones sprouted from the inquiry about the immune system. Tim and the
other two members first investigated the topic of the immune system at the early stage with a guiding question:
“What happens with blood cells in the immune system?” This idea was first explained by Tim in the first month,
who wrote: “Your immune system is a process of white blood cells that kill bacteria, the white blood cells in the
immune system are Leukocytes.” This idea was further connected with the inquiry about bones. Tim posted in the
fourth week: “Bone marrow, a tissue inside of your bones, makes white blood cells which enter a system called
the lymphatic system, which helps your body from getting diseases... There are 2 different types of blood cells,
they are phagocytes and lymphocytes. When a phagocyte sees a virus, it immediately sends a signal to ymphocytes
to make the correct antibody for a virus. ...cells and antibodies sort of have a mind of its own when the immune
system gets a virus.” From the second month, the inquiry of the immune system was expanded to include HIV
and the lymphoid. On May 3, during a metacognitive meeting, the teacher emphasized that May is the “Month of
Connection.” One of the learning activities was finding connections among human body systems. Tim pointed
out a connection by saying: “Muscles are a huge part of your body. Without muscles, you couldn’t blink, jump,
smile or have your heartbeat. There are 3 types of muscles: skeletal, cardiac and smooth muscles.”

After the teacher introduced the Super Talk topic of how humans grow to Classroom 4, Tim first read
the notes already posted in the Super Talk, making connections with his understanding about the immune system
and muscles. He then contributed to the Super Talk by adding a detailed explanation about how muscles grow:
“Muscles grow by when you stress muscle fibers, by lifting heavy weights or doing motions that you're not used
to. They rip which lets out a chemical called cytokines, which activates your immune system and repairs it bigger
than it was earlier, thereby making your muscles grow. Hypertrophy is how your muscles say you need to work
more to make your muscles grow. If you stop exercising, your muscles will go through a process called muscular
atrophy which makes your muscles shrink.” This detailed answer advanced the understanding of the overarching
question one step further.

Discussion and conclusion
This research explored students’ collaborative interaction unfolding across emergent social levels, which included
the local knowledge space of each classroom community and a meta-space (macro space) shared across
communities. As students in each home classroom pursued progressive inquiries to deepen their understanding of
the various human body systems, they shared knowledge advances with the partner classrooms using reflective
Super Notes (see analysis in Yuan et al., 2019) and further pursued cross-classroom Super Talk to address a
challenging problem. The Super Talk problem was not predetermined but emerged based on student interests at
the intersection of the different lines of inquiry about the various body systems. The analysis of the cross-
classroom Super Talk in connection with the knowledge building work in each classroom provided a detailed
account of how students worked across the social levels to continually advance their knowledge. The multi-layer
design enabled students from multiple communities to collaboratively solve the challenging problem, building on
the interests and knowledge developed in each community. The “Super Talk” served as the cross-boundary meta-
space where students formed extensive social connections and integrated distributed expertise to develop higher-
level understanding. Students’ multiple points of view (e.g. bones, brains, hearts) and diverse inquiry strategies
came into contact in the dynamic interactions as they contributed their special knowledge about the different body
systems and processes to explain the holistic problem of how people grow. With their teachers’ facilitation,
students read and learned from their peers’ notes in the Super Talk, identified gaps and missing links, and further
contributed their knowledge and perspectives. Some of the new knowledge gained from the Super Talk was further
shared and discussed in the individual classrooms to complement and expand their own inquiry.

The above findings further enrich what we have learned through prior studies (Yuan & Zhang, 2019;
Zhang et al., 2020), showcasing students’ dynamic idea interactions for ever-unfolding inquriry as expanded and
transformed through cross-community collaboration. The classroom processes and findings shed light on
opportunities and strategies to design a larger creative socio-technological context that is critically needed for
scaling collaborative learning across classrooms. Designs of cross-community knowledge building among
students should capitalize on the power of different levels of discourse and create a synergy between the social
extension and epistemic rise-above of ideas. With the interactive discourse within each group and community
supporting continual idea improvement and diverse expertise, cross-community discourse provides a larger and
higher-level space for students to further share and integrate their knowledge advances to tackle cross-cutting
challenges and develop more sophisticated understanding, which may further leverage students’ inquiry and
thinking in each community.
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Abstract: Building on research concerned with scripting and learning communities, this study
explored how to script small group processes within a larger community-wide script. Small
group scripts, Peer Instruction (PI), Community Supported Worksheets (CSW), and Community
Knowledge Construction (CKC), were designed and implemented in an online preparatory
mathematics course for 181 freshmen. The completion rate and completion quality of group
activities were analyzed. Except for CKC activities, PI and CSW had a satisfactory completion
quality. We analyzed the impact of group activities on students’ epistemological beliefs about
learning communities, and also performed content analyses of students’ ideas and artifacts, to
show the reciprocal influence between the community and small groups. Results show students
had a significant agreement that the whole community is an important source for learning.
Meanwhile, after taking this course, they had a more profound conceptual understanding of the
context, purpose, means, and challenges of the learning community.

Introduction
In recent years, there has been an increasing interest in scripting for instructional design. As new technologies
enter the wider practices of teaching and learning, we are seeing a surge of interest in phenomena like “flipped
classrooms” (Akcayir & Akgayir, 2018) and “active learning” (Beichner, 2012), in which students are engaged in
dynamic interactions with peers, leveraging collaboration and Computer-Supported Collaborative Learning
(CSCL) techniques and technologies (Slotta, Tissenbaum, & Lui, 2013). There has also been some research in the
learning sciences about the structure and discourse patterns that occur within such learning designs, which
includes ideas about collaborative groups (Dillenbourg & Jermann, 2007; Weinberger, Kollar, Dimitriadis,
Maikitalo-Siegl, & Fischer, 2009), design teams (Kozlowski, 2018), and learning communities (Bielaczyc &
Collins, 2009; Slotta, Quintana, & Moher, 2018).

The present study builds on a body of research concerned with scripting (Dillenbourg & Jermain, 2007;
Kollar, Fischer, & Slotta, 2005; Weinberger et al., 2009), with a particular interest in prior studies of the role of
external collaboration scripts in relation to participants’ internal scripts or knowledge (Kollar, Fischer & Hesse,
2006; Kollar et al., 2005). This research also builds on prior work concerned with learning communities or
collective inquiry (Slotta et al., 2018), which argues for the importance of scripted interactions that allow
community knowledge to take from and serve as a resource for subsequent (also scripted) inquiry within the
community. In particular, we examine whether small group scripts can gain structure and definition, as well as
valuable inputs, from being situated within a larger community-wide script. Jigsaw designs (Aronson, 1978) are
a common example of such, where the specific scripts that guide several small specialist groups are designed to
fit within a larger script to recombine those groups such that knowledge and products developed by various small
group specialists become available across the community. The current paper builds on specific principles of
learning communities (e.g. Sharing Principle and Structural-Dependence Principle) articulated by Bielaczyc and
Collins (2009), to interconnect small group scripts within a broader community, in a math course for freshmen,
focusing on logic and mathematical proofs. We examine the impact of such connections on students’
epistemological beliefs about the value of community in learning and also perform content analyses of student
ideas and artifacts, to show the reciprocal influence between the community and small groups. We close with a
discussion of considerations that are important to the CSCL research community.

Literature Review

Learning community and group process

The term learning community refers to advancing the collective knowledge to support the growth of individual
knowledge (Scardamalia & Bereiter, 1994), where everyone is involved in a collective effort of understanding
(Bielaczyc & Collins, 2009). In a learning community environment, individuals benefit from: (1) learning in a
social constructivist environment to construct knowledge (Palincsar, 1998); (2) multi-cultural communication,
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where diverse cultural backgrounds are valued (Cifuentes & Murphy, 2000); and (3) extending individuals’ Zone
of Proximal Development with the collective knowledge of learning community (Hung & Chen, 2001). However,
learning communities have complex social, cultural, and cognitive situations (Hung & Chen, 2001), which make
it difficult to build a learning process with a vibrant and sustaining sense of community. Guiding a large number
of students through a CSCL environment including facilitation of specific activities and providing feedback is a
challenging task (Weinberger et al., 2009). The distribution of a global whole community process over different
individuals or groups is a mechanism commonly exploited in CSCL scripts (Dillenbourg & Jermann, 2007). Small
groups are like microelements, which interact and consist of the whole community. The interconnections of small
group processes create opportunities for knowledge building and leveraging the collective resources of the
community (Slotta & Peters, 2008). By focusing on small group processes, we aim to make learning communities
more feasible and effective. A related area of work from the practitioner community is concerned with active
learning (Beichner, 2012), where many different forms of interaction have been explored. Especially these three
small group scripts: (1) Peer Instruction script (Fagen, Crouch, & Mazur, 2002; Mazur, 1997): students are
engaged individually, in small groups, and as a whole class in reflecting on patterns of responses to carefully
crafted multiple-choice items; (2) Community Supported Worksheet script (Li, Dai, Wang, & Slotta, 2020):
students work on a difficult problem in a small group to find a correct solution. Groups are asked to provide
solution hints to help other groups who have difficulties; (3) Community Knowledge Construction script (Slotta
& Peters, 2008): students contribute to a shared knowledge base collectively to reflect and consolidate their
understanding.

Personal epistemological development and epistemological beliefs have attracted researchers’ interest
since the late 1980s. Epistemological beliefs refer to learners’ beliefs about the nature of knowledge and the
process of its acquisition (Magolda, 1992). They can shape students’ engagement in learning communities by
influencing their cognitive thinking and reasoning (Peer & Lourdusamy, 2005) and active involvement in the
learning process (Magolda, 1992). Previous research has found that a change of epistemological beliefs could help
students understand the meaning and effects of learning science and learning communities (Slotta & Peters, 2008).
However, epistemological beliefs are not easy to change (Peer & Lourdusamy, 2005). To some extent, a person’s
epistemological belief is a context of how knowledge is accessed, which comes from an accumulation of previous
learning experience. As we know, learning communities are a culture to seek a collective effort of understanding
(Bielaczyc & Collins, 2009). An effective learning community approach will influence students’ epistemological
beliefs in a productive way (Acosta et al., 2014). Thus, the change of student epistemological beliefs can be
evidence for having a good learning community approach (Li et al., 2020).

Collaboration scripts

CSCL allows a wealth of new affordances for learning within the groups. However, learners find it hard to engage
in productive collaboration processes without guidance (Weinberger et al., 2009). Kollar et al. (2005) introduced
the construct of collaboration scripts as one means of providing such guidance. They used carefully constructed
scaffolds to support pairs of students who created structured arguments concerning scientific debates. This study
found that a highly structured external collaboration script supported the acquisition of domain-general knowledge
of all learners regardless of their internal scripts. Ensuing work, conducted by Vogel, Kollar, Ufer, Reiss, and
Fischer (2016), examined scripting in the context of a higher education mathematics course. It found that a highly
structured domain-general collaboration script for argumentation was more effective than a less structured one to
acquire disposition to use argumentation skills.

While collaboration scripts offer an interesting form of scaffolding for small group processes, there
remains a wider question concerning the scripting of an entire class community, as it progresses through topics,
activities, and assessments. Whole class scripts have been described by Dillenbourg, Nussbaum, Dimitriadis, and
Roschelle (2013) as a way of offering higher-level guidance and structure to support the classroom community.
For example, in the Concept Grid script (Dillenbourg & Jermann, 2007), the class is presented with a two-
dimensional grid of concepts that must be addressed collectively, such that students must choose open squares to
ultimately complete the grid. Such scripts are often described in close conjunction with the notion of orchestration
(Dillenbourg et al., 2013; Slotta et al., 2013), such that the interaction of individuals, small groups, and the class
as a whole is scaffolded jointly by the instructor and supportive CSCL technologies. Slotta and his colleagues
(e.g., Slotta & Peters, 2008; Slotta et al., 2018) have advanced a model of scripting for learning communities
called Knowledge Community and Inquiry (KCI). Dillenbourg et al. (2015) introduced the notion of an
orchestration graph, to describe the shifting patterns of discourse and activity across social planes (e.g., individual,
small group, whole class) that support smooth orchestration of activities within such designs.

However, while CSCL researchers have made advances in the forms of scripting and orchestration for
whole-class inquiry, there remains a gap between the fine-grained studies of scaffolded collaboration (e.g., Kollar
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etal., 2007; Vogel et al., 2016), and the community level scripts such as those of Dillenbourg and Jermann (2007)
or Slotta et al. (2018). Given the emphasis placed by CSCL on the importance of social practices within a
community of learners (Kollar et al., 2006), well-designed collaboration scripts should serve to support group
processes, enhance individual learning, but also reinforce exchanges amongst the wider community of learners
(i.e., between a group and other groups or with the community as a whole). Scripts addressing both small groups
and the community level are also supposed to support knowledge construction within the community, and the use
of that knowledge as a resource for inquiry (Slotta et al., 2018). An important question for further research is
concerned with how to define collaboration scripts such that they promote effective individual (and small group)
learning as well as productive exchange amongst peers within a classroom community (Dillenbourg et al., 2013;
Kollar et al., 2007).

There has been some research about how small group scripts help the learning communities. For example,
“jigsaw” designs establish small groups that specialize in one aspect of the topic, then recombine into new small
groups (each of which include at least one member who specialized in each of the previous topics) which serves
to support the wider learning community (Dillenbourg & Jermann, 2007). Slotta et al. (2013) report on the use of
scripted small groups within a KCI curriculum, where small groups were responsible for different parts of the
inquiry, contributing to the progress of the community as a whole. Because small group activities were situated
within the context of the broader community inquiry, this allowed new affordances for epistemic and pedagogical
designs (Slotta et al., 2018). However, these studies did not explicitly address the specific guidance and scripting
of small groups within the context of the broader scripts for the learning community. While there were small
groups present within the designs, and these were instrumental to the collective progress, the specific nature of
the scripting for these groups was not a formal matter of study.

Research questions

The present study seeks to define specific small group interactions in the context of a broader community of
inquiry. The prior findings of this scripting research were helpful to guide our designs for small groups but
neglected to include the interface with a learning community. This work will build on previous studies of Kollar
et al. (2007) and Vogel et al. (2016), engaging students in the same higher education mathematics context, but
with an additional level of scripting across the group and whole class contexts. The group processes were designed
to explicitly engage the community context, making beneficial knowledge contributions, and gaining important
community inputs. In order to explore what group processes may bring to a learning community and how small
group collaboration scripts facilitate learning interaction and collective knowledge sharing, two research questions
are addressed: RQ1: In what ways can we design scripts for small group processes to support and benefit from a
learning community? RQ2: What changes in students’ learning behavior and epistemological beliefs of a learning
community’s role in individual learning can be identified over a course using such scripts?

Methods

Context and Participants. The study was conducted within a two-week preparatory course for prospective
mathematics university students in Germany. The course was offered before the beginning of their first semester
to support them in the transition from secondary school mathematics to university mathematics. The class was
held in German and contained twelve asynchronous online lectures and ten tutorial exercises on elementary
number theory and other mathematical topics (e.g., basic propositional and predicate logic, proof techniques,
induction, and recursion). Participation in the course was voluntary. Overall, 181 students registered on the
learning platform, who were distributed in seven different tutors’ classes. Finally, 129 (71.27%) students were
included in the analyses, because they (1) agreed to participate in this study, (2) completed the course, and (3)
took part in all learning activities and test sessions. As shown in Table 1, the gender distribution is nearly equal
with 65 females and 64 males. The mean of their ages is 19.11, which ranges from 17 to 24.

Table 1. Number, gender, and age of participants

Tutor 1 Tutor 2 Tutor 3 Tutor 4 Tutor 5 Tutor 6 Tutor 7 All
Registered students 31 27 26 25 25 26 21 181
Participants 27 26 6 14 18 21 17 129 (71.27%)
Female 10 19 3 6 7 9 11 65 (50.39%)
Male 17 7 3 8 11 12 6 64 (49.61%)
Age 19.00 18.63 19.33[18, 19.09 19.47 19.35 19.33 19.11

[17,24] [17,21] 24] [17,21] [17,24] [17,24] [18, 23] [17,24]
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Material and activity design. The course had two parts: (1) Watch lecture videos asynchronously and
autonomously; (2) Participate in synchronous Zoom tutorial meetings (90 mins per one), which were conducted
by seven mathematics tutors. Eight mathematical topics, such as logic, quantifiers, and divisibility, were addressed
within the course. For each topic, three or four small group activities were designed for the tutorials. Materials
used in the activities were designed by one mathematical lecturer, an experienced instructor for the subject matter.
Meanwhile, both lecturers of this course improved and confirmed the use of these materials. Thus, the activity
materials used were suitable for study purposes. All students were assigned to these seven tutors randomly and
equally. A learning platform named SCORE (SCripting and ORchestration Environment) was used to implement
the learning activities. The student epistemology belief survey (Acosta et al., 2014; Madhok et al., 2010) was
adapted for pre-post tests, which had two multiple-choice questions (/. What are your main learning methods?
and 2. What will you do when you have a learning problem?), two five-point-Likert questions (/. Discussing with
my classmates helps me learn better; 2. The class community (all students in the class, considered together) is an
important resource for my learning) and one open question (What do you think is a “learning community ”?). The
Likert scale was from 1 (strongly disagree) to 5 (strongly agree).

Small group scripts. Based on the principles for the design of effective learning communities (Bielaczyc
& Collins, 2009), we designed activities that help students expand the community’s knowledge (Community-
Growth Principle), and advance the overall quality of knowledge (Quality-of-Products Principle). In order to
connect small group participants with the whole class community, three scripting patterns were designed and
implemented (Multiple-Ways-to Participant Principle): Peer Instruction (PI; Mazur, 1997), Community
Supported Worksheet (CSW; Li et al., 2020), and Community Knowledge Construction (CKC; Slotta & Peters,
2008). These scripts have been used in the authors’ previous studies and applied in this study, for purposes of
addressing the research of small groups within a learning community.

PI (Sharing Principle): Ten multiple-choice question tasks were implemented. The first two tutorials
had two PI tasks each time, the other six tutorials had one per time. All tutors used the same tasks. The PI scripts
had three stages: (1) Individual students submitted their answer; (2) Students were shown the combined answers
from all members of their tutorial group, as well as the wider classroom community; The answer distribution
charts changed when more students submitted their answers, allowing students to see dynamic community
responses; (3) Students were asked to reflect: “What is the difference of the answer distribution between your
group and the whole class? What do you think is the correct answer? Is there anything that surprises you?”. Their
answers were recorded in the learning systems as the discussion data.

CSW (Structural-Dependence Principle): Nineteen CSW activities were designed and implemented as
well. Each tutorial had 2-3 activities and all tutors implemented the same activities. Each CSW included four
steps: (1) Students were assigned to collaborate in small groups with 3-4 students in the Zoom breakout rooms;
(2) A math worksheet was given to them to solve together; (3) If the group had completed the worksheet, they
created a hint and provided it to other groups; If the group had difficulties, they could go see the hints made by
others; (4) Students were asked to give feedback about the usefulness of hints.

CKC (Quality-of-Products Principle): Knowledge base templates for the course were created to invite
students to contribute their understanding. There were eight lecture topics in all. Students were given the
knowledge base document link after finishing the corresponding tutorial. CKC had two steps: (1) Knowledge base
templates were created, which had the modules “Key ideas we learned”, “Why this topic is important in math”,
“Help request”, and “Suggestions”; (2) After finishing the learning of each topic, students were invited to co-write
in a shared document to reflect on their learning.

The above scripts are seen to interact with the whole community on different levels. In integrating the PI
script, individuals are engaged in thinking about the problems independently, then have opportunities to identify
one’s own position within the group and the group’s situation within the whole community regarding the tasks.
This is a micro script to help individuals benefit from the collective knowledge of the whole community. Unlike
PI script, CSW aims to improve communication among small groups. This script engages individuals in “face-to-
face” small group activities within Zoom breakout rooms. Connections to the community are of the form seeking
help (benefit from the community) and giving help (contribute to the community). Moreover, “hints” (not
“answers”) can push small groups who provide help to think deeper because they need to diagnose possible
difficulties. CKC is a critical script to connect the whole community. It has three roles: (1) collecting the inputs
from PI and CSW; (2) collective knowledge contribution for summarizing and organizing what they have learned;
(3) shared space for communication to sense the presence and benefits of the whole community. In all, PI, CSW,
and CKC were designed to elaborate as small group process scripts to support the whole community.

Data sources and analyses. Data in this study came from (1) pre- and post- questionnaires, (2) data from
learning platforms (i.e. SCORE and shared knowledge document). Data analyses were conducted based on the
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following steps: (1) Data preparation: data were put together from the sources mentioned above, anonymized, and
prepared for analysis. (2) The qualities of each small group activity enactment were mainly evaluated by the
research assistant and first author from 1 (very bad) to 5 (very good). The score was given for each student in each
activity. More specifically, PI quality was determined by students’ reflection (step 3 for PI) on answer distribution
charts. CSW quality was decided by solution hint posts and help-request replies, CKC quality was the number of
entries entered by students. (3) Qualitative content (e.g. open-ended survey questions, participants’ responses to
math problems, and knowledge base data) analysis was conducted by the research assistant and first author; (4)
All results were translated from German into English by the research assistant (native German speaker) who was
good at English.

Results

Here we begin by reviewing the outcomes of our small group activities, followed by an analysis of the impact on
students’ perception of the wider community’s role, and finally an evaluation of the impact of the community on
students’ epistemic beliefs (i.e., about the importance of learning from peers and the learning community).

Participation in small group activities

Because the individual tutors varied in their priorities and approaches, they adopted the designed activities to a
different extent. As shown in Table 2, PI activities had the highest completion (70%, varying from 20% to 100%).
CSW had the least completion (51.9%, varying from 20.1% to 79.0%). Regarding the quality of the activity
completion, PI scored the highest (3.53) and CKC the worst (2.39). As we can see, higher activity completion
tended to have better quality. Overall, more than half of the activities were implemented by students from these 7
tutors, although some tutors’ participants (e.g., # 3 and 4) completed less and with lower quality. A post-test
question was designed to ask students which was their most favorite script. One hundred and four (80.62%)
participants submitted their answers: 39.42% of them chose PI, 10.58% chose CSW, 6.70% chose CKC. The other
43.27% of participants had no strong preference. This might imply students would not engage in the learning
community just because of a strong preference for only a specific script.

Table 2. Completion rate and quality of small group activities

Peer Instruction Community Support Worksheet Community Knowledge Construction
Tutor #
Completion Mguaiity(SD) Completion M quality(SD) Completion Mquaiity(SD)

1 100% 4.0 (1.03) 73.7% 3.2(1.21) 100% 3.6 (1.32)
2 100% 4.2 (1.23) 79.0% 3.6 (1.01) 87.5% 3.3 (1.04)
3 20% 2.4(0.93) 20.1% 2.3 (0.73) 0 0

4 30% 2.7 (0.88) 26.3% 2.5(0.84) 12.5% 1.4 (0.83)
5 70% 3.5(1.32) 52.5% 3.1(1.03) 62.5% 2.7(0.94)
6 90% 3.8 (0.96) 63.2% 3.2(0.83) 75.0% 29(1.21)
7 80% 4.1(1.21) 47.4% 2.8 (1.12) 62.5% 2.8 (0.94)

All 70% 3.53(1.08) 51.90% 3.00 (0.97) 57.10% 2.39 (1.05)

Influences of learning community approach

Three findings of influences of learning community approach (i.e. after the practical experience of the small group
processes script activities in this study) were obtained: First, participants were asked about “what was your main
learning method before” in the pre-test. The response to “attend the class” was 43.4%, “study alone” was 47.3%,
and “learning with friends” was 9.3%. As we can see, more than 90% of participants didn’t have a “learning
community” approach as their main learning method before. Second, pre-post tests on students’ preference for
help-seeking showed participants had an increased preference at the end of the class to “ask peers” for help when
they have a problem, which rose from 32.8% answers to 63.3%. In correspondence, the response to “I prefer to
search the answer by myself” had decreased obviously from 38.0% to 12.4%. The choice “I prefer to ask the
course teacher or tutor” had a minor decrease from 29.5% to 24.8%. Overall, students had an increased preference
for the “peer learning” method. Finally, as shown in Table 3, there is a significant improvement in students’
perception of the whole class community as an important source. Their perception of peers’ help did not change
significantly with means of 3.91 and 3.82 respectively.

Table 3. Paired t-test analysis of student perception of the learning community
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Questions Test Mean SD t
Discussing with my peers helps me learn better Pre-test 391 0.96 0.89
Post-test 3.82 0.91
The whole class community is an important source for my learning Pre-test 3.40 1.06 -1.93*%
Post-test 3.61 0.92
Note: *p <.05

Student responses to the pre- and post- survey about the nature of communities revealed (in an open
coding) four key dimensions, along which their ideas were seen to shift. The first is Context, which refers to the
setting of the learning community. The second is Purpose, which has to do with why we need a learning
community. The third dimension is Means, which is concerned with how to learn within a learning community.
Finally, Challenge refers to the difficulties of working in a learning community. Table 4 provides some examples
of how students’ ideas shifted across these dimensions. As we can see, these were subtle conceptual understanding
changes but implied students had a substantial epistemological change. For example, the same student in the pre-
test mentioned the “Purpose” of the learning community was to “benefit from the strengths of others”. This answer
pointed out the advantage of learning community pedagogy. However, it didn’t show an understanding of the
“strengths” meant, which became clearer in the post-test response as “different perspectives”.

Table 4. Examples of students’ understanding difference of learning community

Themes Pre-test Post-test

Context “spend time outside of the university” “do something in a friendly atmosphere”
“meet at agreed times to deal with a topic “Giving and taking knowledge”
together”

Purpose “benefit from the strengths of others” “better understand them through different perspectives”
“have a higher chance of success” “more effectively and, above all, more pleasantly in a group”

Means “learn efficiently and support and help one ~ “talk to each other about the different solutions and thus find
another” the best solution together”
“collaboration and gathering of students in ~ “coming together and working together on the same topic
the same subject area in order to enable more (mathematics for us) in order to gain the greatest success
successful and efficient learning” from learning”
“come together to learn and help one “work together on tasks, develop possible solutions, help
another” each other and fill in gaps in knowledge”

Challenge  “a group of students who try to work on “On the whole, I was able to work very well with the other
topics together and support each other to Earticipants in the tutorial, but it was sometimes difficult
better understand learning content” ecause one or the other was sometimes very quiet and you

didn't really work together.”

Discussion and conclusion

This study demonstrated that small group processes scripts could help individuals become better connected to the
wider class community, where individuals contribute knowledge and resources to the community and gain helpful
hints and information. According to principles for the design of effective learning communities, three small group
scripts were designed and implemented. Three main findings can be highlighted in this study: First, simple small
group scripts, such as PI, have a higher activity completion rate and completion quality than more complex scripts
(i.e. CSW and CKC). At the same time, PI is the most favorite script for participants, which was adapted from
Mazur’s (1997) original F2F script. The advantage of an online PI script is to make students have more
opportunities to do a deep self-reflection of the solution of problems because writing down thoughts needs more
mental engagement, especially for mathematics (Peer & Lourdusamy, 2005). Second, student engagement in the
learning community depends on many factors. From the data analysis of the most favorite scripts, most students
didn’t show a strong preference for a specific small group script. We can interpret this result from two
perspectives: (1) small group scripts are better to be designed more diverse (i.e. Multiple-Ways-to Participant
Principle; Bielaczyc & Collins, 2009); (2) in order to form a productive learning community, group processes
should be considered from a more flexible and dynamic perspective. Third, students’ learning preferences and
epistemological beliefs can be changed by participating in small group script activities. The analysis results
showed students had an improved preference for the “peer learning” method and a more profound conceptual
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understanding about context, purpose, means, and challenges of learning community pedagogy. As we mentioned,
the participants were freshmen. It is easy to think the above changes might result from the transition of a more
lecture-based high school teaching methods to a rather new, open and collaborative university lecture
environment. However, it seems that this is not common for university mathematics students to have a good
collaborative learning experience.

In addition, from our findings, we see two main issues. The first issue is the limited group activity time.
To address this problem, we see the need to design more elaborate scripts, especially for supporting CSW and
CKC. Basically, these two scripts are suitable for activities that have enough time or performed asynchronously.
However, if external collaboration scripts are designed properly, students might work more effectively or benefit
from the support from learning communities within a limited time. In other words, the scripts should provide clear
instructions on how to work on the activities and how to interact with each other in different situations. This will
be our next step to iterate this study. The second issue is how to connect support levels of individuals, small
groups, and the community successfully. In this study, interactions from different perspectives were designed to
make the three small group process scripts more interconnected. The interconnective design is very helpful
because it provides broader opportunities for students to access the whole community. It means group processes
should be understood from a more global perspective, where the community is in the center but with flexible and
various interactions between groups. In the future study, we plan to make the small group processes more
connected with the whole community and think about how to measure this interconnection. In this study, the
evidence of interaction among the group process scripts is not sufficient, but this is a critical problem related to
the effectiveness of small group processes script design.

With the group process scripts, we aimed to help individuals benefit from a broader community. Indeed,
students reported a higher agreement that the whole class community was an important source for their studies. It
means that they realized the value of the learning community. However, they didn’t show an improved perception
that discussing with their peers helped them learn better. This also reflects their low preference for CSW script.
When analyzing students’ answers on “what is a learning community”, the question arises whether students truly
understand the concept of the learning community and whether the group process scripts adequately change their
comprehension. The results show that from the perspectives of learning communities’ context, purpose, means,
and challenges, students show an improved conceptual understanding of learning community pedagogy.
Epistemological beliefs are a foundation for learners’ engagement in the communities. In all, this study delivers
first ideas and insights from a specific context on how to design small group process scripts to construct a
productive learning community. The results showed that the scripts received satisfied feedback from participants.
Meanwhile, there are some good recommendations for future studies: First, the small group process scripts in this
study need to be more elaborate. It describes how to scaffold the activity flow and interaction (i.e. external
collaboration scripts) but also needs to consider how internal group interactions occur. Second, we could look at
the small group interactions and adjust the scripts to encourage all (or more) participants to be more active. Finally,
in order to increase the value of the community knowledge, it needs better integration or dependency of small
group process scripts with the community.
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Abstract: Our increasingly diverse society requires learners to develop cultural competencies
in a way that they could form relationships across differences. Current educational efforts to
support these competencies are either marginalized or demand long-term investments. Thus, as
the first step of our long-term efforts to design pedagogical tools for modeling productive
intergroup dialogues in CSCL, in this study, we explored the facilitation strategies groups
implemented to coordinate the group’s content sense-making around sensitive topics such as
race, gender, sexual orientation, and oppression in a CSCL context. We collected and analyzed
the discussion transcripts of the 13 groups across two sessions and identified four facilitation
strategies and cognitive and emotional behaviors associated with these strategies.

Keywords: CSCL, intergroup dialogue, facilitation strategies

Introduction

Our increasingly diverse society requires learners to develop cultural competencies in a way that they could form
relationships across differences. This could include critically analyzing and reflecting on one's own and others'
ideas and approaches pertaining to social identities and power inequalities. Current educational efforts demand
increased attention to diversity education (e.g., identifying similarities and differences between social identities)
and social justice education (e.g., developing critical consciousness of social identities and power dynamics in
play, and creating allyship across differences) (Bell, 2007; Gurin et al., 2013). However, developing these skills
is a long-term endeavor, and thus, learners need to be provided with a psychologically safe context and guidance
to engage in discussions to practice these skills repetitively (Watt, 2007). In Social Psychology, there is a growing
literature aiming to develop and evaluate programs and courses for intergroup dialogues (IGD) —i.e., long-term,
usually face-to-face dialogues facilitated by trained facilitators, where people from diverse social identity groups
engage in dialogic and critical discourse around politically charged topics such as race, gender, privilege and
social injustices (e.g., Frantell et al., 2019; Gurin et al., 2013; Nagda, 2006). However, sustained face-to-face
discussions with trained facilitators, as modeled in the intergroup dialogue literature, may not always be available
and accessible for all. Thus, we argue that a CSCL context with pedagogical tools modeling how to engage in
productive dialogic and critical discourse with diverse groups could allow students to develop the knowledge and
ability to optimize such dialogues and practice the skills needed for multicultural competence.

CSCL literature offers intervention tools and strategies that help students optimize their collaborative
activities by modeling high-quality collaboration and supporting regulatory processes (e.g., Borge et al., 2018;
Jarveld, & Hadwin, 2013; Jarveld et al.,, 2016). In previous work, we provided a theoretically informed
technological intervention that provides a model of competence to support the development of socio-
metacognitive expertise: the knowledge about and ability to regulate collaborative processes at the group level to
improve collaborative processes over time (Borge et al., 2018). However, the scope of this previous study did not
fully address the impacts of emotions on social interactions nor did it focus on multicultural skills. It is uncertain
whether our existing approach and models would help students improve the quality of conversations that are more
culturally personal and politically controversial. Thus, in this study, we explored the facilitation strategies diverse
groups implemented to coordinate the group’s content sense-making around politically charged topics such as
race, gender, privileges in our CSCL context. By doing so, we aimed to (1) examine whether our existing system,
models, and strategies can afford IGD without the presence of a trained facilitator; and (2) whether groups can
exhibit effective facilitation strategies (Gurin et al., 2013) without directly instructed to do so. That will ultimately
guide us in our larger efforts to identify how we could revise the current strategies and models to better address
the needs of IGD in a CSCL context.

Theoretical framework

Intergroup dialogues (IGD) to build multicultural competence
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Multicultural competence can be broadly defined as the abilities needed to communicate effectively across
cultures (Mio et al., 2019). Being multiculturally competent would require one to develop (1) awareness of her/his
assumptions, views, biases; (2) understanding and appreciation of cultural groups and differences; (3) skills to
communicate across differences; and (4) critical consciousness to evaluate the role of social identities and
structural dynamics in the daily lives (Watt, 2007). As Watt (2007) further posed, these skills can only be
improved with repetitive practices over time through conversations with individuals from different social
identities. One intervention is Intergroup Dialogue (IGD) (Gurin et al., 2013). IGD was defined as sustained and
usually face-to-face dialogues guided by trained facilitators, where people from diverse social identity groups
engage in dialogic and critical discourse around politically charged topics such as race, gender, privilege, and
social injustice (Frantell et al., 2019; Gurin et al., 2013; Nagda, 2006).

Multiple benefits of IGD have been highlighted in the literature — e.g., identity and ally development,
perspective-taking, attitude changes, critical consciousness, skill development, and action preparedness (see for
details: Frantell et al., 2019). Nevertheless, these outcomes of the IGD mainly rely on facilitators' performance
and the quality of the courses and the programs implementing IGD (Gurin et al., 2013). Designing and
implementing such sustained training programs and courses and training facilitators require lengthy resources and
efforts, and so, a productive IGD may not be accessible and available for all students. Thus, we argue that if
students could develop the knowledge and the skills to engage in productive IGD, we might minimize the need
for external support and guidance to produce these positive learning opportunities offered by IGD.

Socio-metacognitive competence in CSCL

In our previous studies, we created a regulation model that guides how students make sense of and regulate their
collaborative discussions: Socio-metacognitive competence is the ability to collectively make sense of and
regulate group’s collaborative processes to improve the quality of their collaborative discussions (Borge et al.,
2018; Borge & White, 2016). We also developed a theoretically informed technological intervention to help
students develop their socio-metacognitive competence, along with a model of assessment where we listed
concrete communication patterns associated with high to low-quality collaborative sense-making processes, i.e.,
Verbal Equity, Joint Idea Building, Developing Joint Understanding, Exploration of Alternative Perspectives,
Quality of Claims and Norms of Evaluation (Borge et al., 2018; Borge & Shimoda, 2019; Borge & White, 2016).
Our models and strategies outlined what high-quality collaborative discussion looks like and prompted groups to
compare their processes to this optimal model, actively identify problems in their processes, and collectively
identify or select strategies to address these problems (Borge et al., 2018; Winnie & Nesbit, 2009). The
intervention succeeded in getting groups to improve their collaborative discussions over time (Borge et al., 2018).
However, the focus of these discussions we evaluated the intervention for was limited to information science
concepts. Thus, it is uncertain whether our existing approach and models would help students improve the quality
of more personal and politically charged discussions.

Facilitation in intergroup dialogues (IGD)

Facilitation in IGD literature refers to external guidance provided during the dialogue to optimize content-learning
and structured interactions (Gurin et al., 2013). Nagda (1999, cited in Gurin et al., 2013) developed and validated
measurement to evaluate the effectiveness of a facilitator, where he listed facilitation strategies that could guide
groups’ cognitive, social, emotional, and motivational processes. The facilitation strategies were:

creating an inclusive climate, modeling good communication skills, actively involving me in
learning experiences, intervening when some group or class members dominated discussion,
encouraging group or class members to talk to each other, not just to the facilitators/instructors,
intervening when some group or class members were quiet, handling conflict situations, helping
the clarify misunderstandings, offering their perspectives in a helpful way, bringing in a
different perspective when everyone seemed to be agreeing, encouraging us to continue
discussing when it became uncomfortable (Nagda, 1999, cited in Gurin et al., 2013, p.389).

However, since it was a self-report scale, it did not offer a consistent protocol showing how these
strategies would look like in a dialogue. Thus, the questions of whether our existing system, models, and strategies
can afford IGD and support effective facilitation strategies, without the presence of a trained facilitator, would
require an explorative approach to identify the facilitation strategies groups used to coordinate each other’s
cognitive, social, emotional, and motivational processes related to the content. Given that, in this study, we
explored the facilitation strategies of diverse groups while they collectively made sense of the sensitive topics
such as race, gender, privilege in our CSCL platform. More specifically, our research question was: What
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facilitation strategies do inter-groups use to coordinate their content sense-making around sensitive topics (e.g.,
race, gender, privileges, oppression) in a CSCL context?

Course context and participants

The study was conducted in an undergraduate Multicultural Psychology course designed to introduce students to
concepts of race culture, ethnicity, bias, cultural competence, oppression, and guided them to explore the meaning
and value of these concepts as they pertain to various psychological issues. As part of the course, students were
expected to engage in collaborative activities. Developing collaborative discussion skills needed to engage in
intergroup dialogues around politically charged topics was one main goal of the course. The participants were 35
undergraduate Psychology students who enrolled in the course (25 females, 71.4%; 9 males, 25.7%, 1 non-binary,
2.9%).

Procedure

The students were assigned to 13 groups of three and two based on their self-identified racial-ethnic and gender
identities to create diverse groups. The groups were asked to engage in a set of synchronous collaborative activities
four times throughout the semester to collectively make sense of their course concepts. Each set included: (1) a
pre-discussion activity: students read the weekly readings and wrote an individual reflection addressing 3-4
questions prompting critical reflection of the readings; (2) a synchronous discussion: students set a meeting time
with their group members to synchronously discuss the questions, their individual reflections and readings (60
mins); (3) individual assessment of collaborative discussion: once completed their discussion, students were asked
to individually assess the quality of their collaborative discussion and to provide justifications to support their
scores, using a collaborative process rubric detailing concrete communication patterns associated with high and
low quality collaborative discussion, goals of each criterion, problems that can be associated with each criterion
and strategies to address those problems (15 mins); and (4) collective reflection and planning: after individual
assessment, group members come together again to reflect on their individual assessments to collectively identify
their weakness(es) and strength(s), and then to collectively identify or develop strategies to addresses those
weaknesses in their future discussions (15 mins). The discussions and individual and collective reflections were
held in a CSCL environment and saved automatically to the system. After each discussion, a trained coder scored
the discussions using the same rubric and provided feedback to the groups.

Data collection and analysis

Discussion transcripts of the 13 groups across two sessions were collected and analyzed to identify the facilitation
strategies group used as they collectively make sense of the sensitive topics (e.g., race, gender, privileges, etc.) in
a CSCL context. The third and fourth discussions were excluded in this study because before the third session,
four students from four different groups dropped the class, and we wanted to eliminate any confounding impacts
these changes might have caused to the groups’ dynamics.

We implemented a bottom-up approach to identify the themes and codes associated with facilitation
strategies through multiple iterations of coding and connection to theory (Corbin & Strauss, 2014). Coding
focused on groups’ facilitation strategies during content sense-making and understanding. We were interested in
how groups coordinated each other’s cognitive and emotional processes related to the content. Therefore, we
coded at both the single turn and episodic levels and excluded socio-metacognitive sense-making and regulation
turns (e.g., reflecting on their collaborative processes) and non-task related talk in our analytical focus. Then, by
constantly comparing the codes across groups, we sorted the codes into appropriate themes and sought out
literature to make sense of emerging themes (Corbin & Strauss, 2014). All ethical guidelines were followed in
collecting, analyzing, and reporting the study.

Resul