& frontiers | Research Topics

Digital collaborative
learning in general,
higher, and business
education

Edited by
Henrik Bellhduser, Sanna Jarveld, Rene Roepke,
Christin Siegfried and Carolyn Rose

Published in
Frontiers in Psychology
Frontiers in Education



https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/research-topics/52732/digital-collaborative-learning-in-general-higher-and-business-education
https://www.frontiersin.org/research-topics/52732/digital-collaborative-learning-in-general-higher-and-business-education
https://www.frontiersin.org/research-topics/52732/digital-collaborative-learning-in-general-higher-and-business-education
https://www.frontiersin.org/research-topics/52732/digital-collaborative-learning-in-general-higher-and-business-education
https://www.frontiersin.org/journals/education

& frontiers | Research Topics

FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual
articles in this ebook is the property
of their respective authors or their
respective institutions or funders.
The copyright in graphics and images
within each article may be subject

to copyright of other parties. In both
cases this is subject to a license
granted to Frontiers.

The compilation of articles constituting
this ebook is the property of Frontiers.

Each article within this ebook, and the
ebook itself, are published under the
most recent version of the Creative
Commons CC-BY licence. The version
current at the date of publication of
this ebook is CC-BY 4.0. If the CC-BY
licence is updated, the licence granted
by Frontiers is automatically updated
to the new version.

When exercising any right under

the CC-BY licence, Frontiers must be
attributed as the original publisher
of the article or ebook, as applicable.

Authors have the responsibility of
ensuring that any graphics or other
materials which are the property of
others may be included in the CC-BY
licence, but this should be checked
before relying on the CC-BY licence
to reproduce those materials. Any
copyright notices relating to those
materials must be complied with.

Copyright and source
acknowledgement notices may not
be removed and must be displayed
in any copy, derivative work or partial
copy which includes the elements

in question.

All copyright, and all rights therein,
are protected by national and
international copyright laws. The
above represents a summary only.
For further information please read
Frontiers’ Conditions for Website Use
and Copyright Statement, and the
applicable CC-BY licence.

ISSN 1664-8714
ISBN 978-2-8325-6001-3
DOI 10.3389/978-2-8325-6001-3

Frontiers in

April 2025

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is
a pioneering approach to the world of academia, radically improving the way
scholarly research is managed. The grand vision of Frontiers is a world where
all people have an equal opportunity to seek, share and generate knowledge.
Frontiers provides immediate and permanent online open access to all its
publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-
access, online journals, promising a paradigm shift from the current review,
selection and dissemination processes in academic publishing. All Frontiers
journals are driven by researchers for researchers; therefore, they constitute
a service to the scholarly community. At the same time, the Frontiers journal
series operates on a revolutionary invention, the tiered publishing system,
initially addressing specific communities of scholars, and gradually climbing
up to broader public understanding, thus serving the interests of the lay
society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely
collaborative interactions between authors and review editors, who include
some of the world's best academicians. Research must be certified by peers
before entering a stream of knowledge that may eventually reach the public
- and shape society; therefore, Frontiers only applies the most rigorous

and unbiased reviews. Frontiers revolutionizes research publishing by freely
delivering the most outstanding research, evaluated with no bias from both
the academic and social point of view. By applying the most advanced
information technologies, Frontiers is catapulting scholarly publishing into

a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers
Jjournals series: they are collections of at least ten articles, all centered

on a particular subject. With their unique mix of varied contributions from
Original Research to Review Articles, Frontiers Research Topics unify the
most influential researchers, the latest key findings and historical advances
in a hot research area.

Find out more on how to host your own Frontiers Research Topic or
contribute to one as an author by contacting the Frontiers editorial office:


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/about/contact
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

&® frontiers | Research Topics April 2025

Digital collaborative learning in
general, higher, and business
education

Topic editors

Henrik Bellhduser — Johannes Gutenberg University Mainz, Germany
Sanna Jarvela — University of Oulu, Finland

Rene Roepke — Vienna University of Technology, Austria

Christin Siegfried — University of Potsdam, Germany

Carolyn Rose — Carnegie Mellon University, United States

Citation

Bellhauser, H., Jarveld, S., Roepke, R., Siegfried, C., Rose, C., eds. (2025). Digital
collaborative learning in general, higher, and business education.

Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-6001-3

Frontiers in 2


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
http://doi.org/10.3389/978-2-8325-6001-3

& frontiers | Research Topics

Table of

Frontiers in

05

08

16

38

45

61

76

94

112

126

April 2025

Editorial: Digital collaborative learning in general, higher, and
business education

Henrik Bellhauser, Christin Siegfried and René Ropke

Virtual interdisciplinary collaboration during the COVID-19
pandemic: pain and joy in an international joint university
Jinjin Lu

Generative preparation tasks in digital collaborative
learning: actor and partner effects of constructive
preparation activities on deep comprehension
Stephan Mende, Antje Proske and Susanne Narciss

Enhancing doctoral learning through virtual communities of
practice: an autoethnographic perspective
Hsin-Chi Huang

Beyond words: investigating non-verbal indicators of
collaborative engagement in a virtual synchronous CSCL
environment

Loris T. Jeitziner, Lisa Paneth, Oliver Rack and Carmen Zahn

How do different goals affect students’ internal collaboration
script configurations? Results of an epistemic network
analysis study

Tugce Ozbek, Martin Greisel, Christina Wekerle,

Andreas Gegenfurtner and Ingo Kollar

Problem perception and problem regulation during online
collaborative learning: what is important for successful
collaboration?

Martin Greisel, Laura Spang, Kerstin Fett and Ingo Kollar

Virtually isolated: social identity threat predicts social
approach motivation via sense of belonging in
computer-supported collaborative learning

Nathalie Bick, Laura Froehlich, Jan-Bennet Voltmer,

Jennifer Raimann, Natalia Reich-Stiebert, Niels Seidel, Marc Burchart,
Sarah E. Martiny, Jana Nikitin, Stefan Sturmer and Andreas Martin

Peering into the team role kaleidoscope: the interplay of
personal characteristics and verbal interactions in
collaborative problem solving

Siem Buseyne, Amelie Vrijdags, Sameh Said-Metwaly,

Thierry Danquigny, Jean Heutte, Fien Depaepe and Annelies Raes

Can we foster pre-service teachers’ competences for digital
collaboration?

Annika Ohle-Peters, Ulrich Ludewig and Nele McElvany


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

}frontiers ‘ Research Topics April 2025

135  Collaborative online learning in higher education—quality of
digital interaction and associations with individual and
group-related factors
Anabel Bach and Felicitas Thiel

147 Analyzing first-semester chemistry students’ transactive talk
and problem-solving activities in an intervention study
through a quantitative coding manual
David Johannes Hauck, Andreas Steffen and Insa Melle

Frontiers in 4


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

P frontiers ‘ Frontiers in Psychology

‘ @ Check for updates

OPEN ACCESS

EDITED AND REVIEWED BY
Douglas F. Kauffman,
Consultant, Greater Boston Area,
United States

*CORRESPONDENCE
Henrik Bellhauser
bellhaeuser@uni-mainz.de
Christin Siegfried
christin.siegfried@uni-potsdam.de
René Ropke
rene.roepke@tuwien.ac.at

RECEIVED 06 February 2025
ACCEPTED 28 February 2025
PUBLISHED 27 March 2025

CITATION

Bellhauser H, Siegfried C and Ropke R (2025)
Editorial: Digital collaborative learning in
general, higher, and business education.
Front. Psychol. 16:1572277.

doi: 10.3389/fpsyg.2025.1572277

COPYRIGHT

© 2025 Bellhauser, Siegfried and Ropke. This
is an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiersin Psychology

TYPE Editorial
PUBLISHED 27 March 2025
pol 10.3389/fpsyg.2025.1572277

Editorial: Digital collaborative
learning in general, higher, and
business education

Henrik Bellhauser'*, Christin Siegfried®* and René Ropke**

!Psychology in Educational Sciences, Johannes Gutenberg University Mainz, Mainz,
Rhineland-Palatinate, Germany, ?Business Education for Vocational Teacher Education, Potsdam
University, Potsdam, Brandenburg, Germany, *Learning Technologies and eDidactics Research Lab,
Vienna University of Technology, Vienna, Austria

KEYWORDS

collaborative learning, cooperative learning, collaborative working, cooperative
working, digital learning, digital working, digital collaboration, digital cooperation

Editorial on the Research Topic
Digital collaborative learning in general, higher, and business education

Virtual collaboration and digital learning in higher education have become pivotal in
recent years, fueled by rapid advancements in technology and an increasing emphasis on
interdisciplinary approaches to problem-solving. While cooperative working or learning
in general contributes to with the expectation that people will achieve more together than
alone (Jarveld et al., 2015; Johnson et al., 2000; Rosé et al., 2008), if there is an appropriate
composition of teams and the participation of each team member through communication
(written, verbal, or non-verbal), in the form of diverse and elaborate sharing of ideas,
experiences and knowledge (Bellhduser et al., 2018; Miiller et al., 2024a,b; Siegfried, 2021;
Tsovaltzi et al., 2019). The advent of the World Wide Web and other digital technologies
has significantly transformed cooperation. The Internet’s constant connectivity enables
individuals to engage with peers—including family, friends, and colleagues—at any time
and from anywhere through various communication media, apps, and web-based tools
(Lane et al., 2024). Moreover, asynchronous collaboration, supported by digital tools
for recording and revising speech and writing, encourages thoughtful reflection before
contributions are shared with the team (Chi, 2009). These technologies also facilitate the
externalization of thought processes by allowing individuals to structure and visualize their
ideas, making them more accessible and comprehensible to team members (Jessop, 2008).
Additionally, digital collaboration helps reduce social isolation, a prevalent challenge
in virtual learning environments, while enhancing satisfaction by fostering meaningful
interaction and engagement (Efimov et al,, 2022).

At the same time, the potentials of digital cooperative working and learning
mentioned above are not (or cannot) always be realized. Reasons for this lie not only in
often inadequate technical equipment (Jeong and Hmelo-Silver, 2016), but also in the
competencies required by this new form of cooperation, which are not or insufficiently
trained on the part of the users (Beek et al., 2020; Theobald et al., 2023). So far, however,
there have only been isolated findings with regard to the potential and the challenges of
digital collaborative learning and working.

5 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2025.1572277
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2025.1572277&domain=pdf&date_stamp=2025-03-27
mailto:bellhaeuser@uni-mainz.de
mailto:christin.siegfried@uni-potsdam.de
mailto:rene.roepke@tuwien.ac.at
https://doi.org/10.3389/fpsyg.2025.1572277
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1572277/full
https://www.frontiersin.org/research-topics/52732/digital-collaborative-learning-in-general-higher-and-business-education
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Bellhauser et al.

Accordingly, this Research Topic aims to bring together
research from different disciplines. Thus, the collection of papers
in this Research Topic explores a variety of themes surrounding
virtual collaboration and digital learning in higher education, with
a focus on the challenges, strategies, and outcomes associated
with the use of digital platforms for collaborative learning
and teamwork. By looking at the dynamics of interdisciplinary
collaboration, the contributions highlight both the potential
and limitations of digital environments for fostering meaningful
learning experiences.

For instance, one paper emphasizes the difficulties faced by
interdisciplinary academics in adapting to virtual collaboration,
noting issues such as technical limitations, management challenges,
and cultural differences that influence virtual teamwork dynamics.

Some studies explore how specific preparation tasks or
communication styles impact learning outcomes. For example, one
paper examines how different levels of generative preparation tasks,
such as note-taking and explanation activities, affect students’ deep
comprehension during digital collaborative learning, finding that
prior knowledge and task structure play significant roles in learning
outcomes. Similarly, another study investigates the relationship
between students’ achievement goals and collaborative activities,
revealing that learning-oriented goals enhance students’ ability to
sequentially organize collaboration efforts, ultimately improving
knowledge acquisition.

The influence of personality traits and social dynamics in
collaborative environments is also addressed. One paper uses the
TREO framework to show how individual personality traits and
team roles affect communication patterns in collaborative problem-
solving tasks, while another study focuses on non-verbal behaviors,
such as nodding and leaning forward, to understand how these
actions foster engagement in virtual learning.

Some studies focus on specific groups or contexts, like
non-traditional students facing social identity threats in computer-
supported collaborative learning (CSCL) environments. These
students’ sense of belonging and motivation are challenged by
stereotypes, impacting their engagement and collaboration
Another paper
experiences in virtual communities of practice, emphasizing

effectiveness. examines doctoral students’
the role of distributed leadership, shared goals, and collaborative
support in enhancing remote learning experiences.

Furthermore, the papers address practical implications,
such as the need for digital competences and technological-

pedagogical knowledge. Tools and methods, such as coding
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manuals and content analysis, are developed to quantify transactive
communication and problem-solving activities, providing insights
into students’ cognitive and metacognitive engagement in tasks
like glossary creation and concept mapping.

Opverall, the studies presented in this Research Topic contribute
to understanding how digital collaborative environments affect
learning outcomes, highlighting the importance of structured tasks,
social dynamics, and technological support in maximizing the
effectiveness of virtual collaboration in education.
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Virtual interdisciplinary
collaboration during the
COVID-19 pandemic: pain and joy
In an international joint university

Jinjin Lu*

Academy of Future Education, Xi'an Jiaotong-Liverpool University, Suzhou, China

Background: The COVID-19 pandemic has brought interdisciplinary academics
and research students many uncertainties and challenges in adapting to new
communication styles. Compared with other academics in the same field,
interdisciplinary academics might face more challenges in transitioning from
traditional face-to-face communication to virtual communication.

Objective: This study aimed to explore the pain and joy of using Western
and Chinese localized communication channels in experienced interdisciplinary
academics (N = 10) and young research students (N = 14) during the pandemic.
Among them, 14 are Europeans and 10 are Chinese.

Method: Meeting records and participants’ reflective writing were used as
qualitative data.

Results: We identified five key themes: two were tied to personal and behavioral
issues, two were involved in management issues, and one dealt with topic
choice issues.

Conclusion: Considering that virtual interdisciplinary teamwork is likely to
continue in the post-pandemic period, it is necessary to implement measures such
as technical training and voluntary assistants to help alleviate some of the issues
that make virtual meetings difficult for participants. Study limitations and future
directions are also discussed.

KEYWORDS

interdisciplinary collaboration, video meeting, remote work, technology, learning
management platforms

1. Introduction

Interdisciplinary collaboration is not a new topic. In the past few decades, several studies
have measured the effectiveness and popularity of virtual and face-to-face communication
channels, particularly, during the pandemic period. The COVID-19 pandemic and the
resulting lockdown, stay-at-home lifestyle, and quarantine accelerated the trend of virtual
interaction and communication. People speedily adopted social media technologies for
formal and informal meetings, sharing information, and learning and teaching. Recent
studies show that virtual meeting platforms, such as Google Meet, Microsoft Teams, and
VooV, saw a significant increase in the number of daily users (Peters, 2020; Thorp-Lancaster,
2020). Scholars (Standaert et al., 2021) believed that virtual meetings will continue and
become a widely popular method of communication in interdisciplinary collaboration in
the post-pandemic era.

8 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2023.1184640
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2023.1184640&domain=pdf&date_stamp=2023-07-07
mailto:jinjin.lu@xjtlu.edu.cn
https://doi.org/10.3389/fpsyg.2023.1184640
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1184640/full
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Lu

Interdisciplinary collaboration has been examined through
the use of different digital technologies (e.g., Fosslien and
Duffy, 2020; Strassman, 2020) and demonstrated benefits for
both young scholars and experienced senior academics (e.g.,
Pérez-Mateo and Guitert, 2007; Bottoms et al., 2013; Tur and
Urbina, 2016). For example, interdisciplinary research teams
have more productive discussions on key issues and make
decisions efficiently when members are in different geographical
locations (Klonek et al., 2022). Interdisciplinary collaboration
can be complicated, but essential for young scholars to develop
their social networks and learn from senior academics (Rhoten
and Andrew, 2004; Moore et al,, 2018). In the collaborative
process, diverse interdisciplinary team members could bring a
broad range of skills and knowledge to help young scholars
deal with complex issues (Gehlert et al., 2014; Graesser et al,
2018).

Compared to face-to-face interaction, digital technologies
promote team collaboration through in-time networking, which
is more affordable for university staff with limited budgets
(Tur and Urbina, 2016). In addition, digital technologies
enable both young scholars and senior academic staff to
easily interact and share knowledge in virtual meetings;
consequently, it might enhance team members creativity and
work productivity (e.g., Remmik et al., 2011; Stoszkowski
et al, 2017). More recently, Lu (2020) examined WeChat
as an

innovative social media tool that could enhance

European and Chinese academics’ research collaboration
in the humanities and social sciences (HSS). In this study,
Lu proposed that the potential advantages and uses of
social media tools could be explored in a broader way by
interdisciplinary researchers.

Concerns about using digital technologies in virtual meetings
have been also discussed in recent years. For example, during the
pandemic, university faculty and students expressed concerns that
looking at computer screens for prolonged periods of time could
have a detrimental effect on mental and physical health (Bailenson,
20205 Biemans and Taghizadeh, 2023). Another study specifically
looked at meeting fatigue via video conferencing (Fosslien and
Dufty, 2020). Another concern is that the size of the computer
screen might trigger “biochemical changes” and “physiological
states” (Karl et al, 2022, p. 344) that are correlated with fight
or flight (Dijker, 2014). Interdisciplinary senior academics often
communicate via videos and voices but young team members
might post their opinions via the chat box due to computer
issues, content distraction, and low self-confidence (Wiederhold,
2020).

It is likely that interdisciplinary collaboration via virtual
meetings will continue and might become the dominant
communication method in the post-pandemic era. Because
interdisciplinary
production, this study aimed to examine both young scholars’ and

collaboration is essential for knowledge
senior researchers’ pain and joy when undertaking collaborative
work while using digital technologies to communicate and meet.
In the following sections, I will first review the relevant literature
on knowledge production and then discuss media naturalness
theory to provide a theoretical framework for understanding
the inherent benefits and issues of using a virtual channel

for communication.
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2. Literature review

2.1. The new production of knowledge

In the 21st century, globalization has not only increased
travel and immigration but also has brought about significant
social change. Baber’s The New Production of Knowledge maps
“changes in the mode of knowledge production and the global
impact of such transformations” (Baber, 1995, p. 751). Mode 2
(Gibbons et al, 1994) emphasizes a specific mode of scientific
production in order to broaden knowledge sharing, transition, and
collaboration—all of which are essential in society. This requires
global academics to be more involved in the knowledge transition
process and to also engage in a higher level of cooperation with
their scientific peers. Mode 2 enables more people to be involved
in the research process and improve their understanding of how
science correlates with human movement. This new mode of
knowledge production, which is reflexive, transdisciplinary, and
heterogeneous (Gibbons et al., 1994), shows how these features
connect with the changing role of knowledge in social relations.
While the knowledge produced by research and development in
science and technology is a central concern, Gibbons et al. (1994)
outlined the changing dimensions of social science and humanities
knowledge and the relation between the production of knowledge
and its dissemination through education.

It is essential for young scholars and senior researchers
to communicate and share information and knowledge in
higher education. Lu (2020) believes that it is necessary for
academics in scientific fields, such as Engineering, Architecture,
and Mathematics, and those in Social Sciences to use social
media technologies to enhance research collaboration. Studies show
that social media tools are effective to improve HSS academics’
research productivity and research collaboration across countries.
More recently, a study (Haak et al, 2022) found that graduate
students who were involved in a problem-based learning project
were more motivated to engage with diverse stakeholders to drive
transformational learning. Even though students were challenged
to refine the conceptual model, they were able to develop a revised
module conceptual framework that more accurately reflected the
transdisciplinary nature of these interactions. However, most of
these research studies were undertaken before the COVID-19
pandemic, and the interdisciplinary collaboration had occurred
face-to-face. Little research has been conducted on completely
virtual interdisciplinary collaboration.

2.2. Media naturalness theory

Based on Darwin’s theory of evolution (Darwin, 1859), the
human species survive and mate in a long process in which only the
fittest and strongest offspring could live and further reproduce. This
process thereby has enabled humans to propagate certain physical,
behavioral, and cognitive traits (Kock, 2011). From an evolutionary
view, co-located and synchronous communication has been the
primary mode of communication for human beings, which means
that humans are optimized for face-to-face interaction (Kock,
2009). Kock (2004) believes that face-to-face communication is
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a familiar mode for humans, which also means that a lower
level of cognitive effort is required to use it. MNT identifies
at least five key elements in human communication: (1) co-
location, wherein individuals are present at a common place; (2)
a high degree of synchronicity that allows individuals to exchange
communicative stimuli quickly; (3) the ability to observe and
express emotions through facial expressions; (4) the ability to
observe and communicate through body language; and 5) the
ability to use and listen to speech. Social media technologies
can allow team members to communicate synchronously but
it does not involve co-location and it is difficult to see facial
expressions, especially if the video is small or unclear (Standaert
et al, 2016, 2021). Consequently, virtual communication may
feel unnatural and place more cognitive demands on users. Kock
(2005) claims that individuals who used online media to perform
collaborative tasks may achieve the same or better task-related
outcomes than individuals using media with higher degrees of
naturalness. However, others (Hantula et al., 2011) believe that
MNT assumes that virtual communication could be too rich,
leading to information overload, reduced productivity, and feeling
overwhelmed. Recent studies (Torka, 2021) also found that virtual
meetings were not that efficient for supervising teams online; that
is, it is more difficult to sustain online team-based supervision than
online one-on-one supervision as participants fail to adapt their
interactions to the virtual format. Joylessness and meeting fatigue
in staff are other points of criticism raised in recent scholarly work
(Watson and Ireland, 2022).

2.3. Study context

This study is based on a teaching development program that
aims to enhance interdisciplinary collaboration between academic
staff and research students at X university, an international
joint university in China. X university is an innovative joint
university with a partnership in the UK. Compared with most
Chinese public universities, X university has a large number of
international staff, innovative teaching methods, and plenty of
interdisciplinary collaboration. Moreover, staff at X university use
a wide range of Western and Chinese digital technologies to
collaborate in virtual meetings, such as Zhumu (Zoom), VooV,
WeChat, university videoconference, and Microsoft Team. As
virtual meetings are expected to become more common in the post-
pandemic era, it is important to understand how senior researchers
and young scholars engage in interdisciplinary collaboration via
virtual meetings. As a variety of tools and technologies are used by
staff and students, and they come from varied social and cultural
backgrounds, it is assumed that their individual experiences,
that is, the pains and joys they encountered in interdisciplinary
collaboration during the pandemic might be different. More
specifically, based on the literature review, we pursue the following
research questions:

e What are the the use
of digital
interdisciplinary collaboration?

advantages  offered by

technologies and virtual meetings in

e How do virtual meetings compare to face-to-face meetings?
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e What are the major challenges faced by individuals in
virtual meetings held for interdisciplinary collaboration (e.g.,
COVID-19, technology, and participant behavior)?

3. Research method

3.1. Research design and sample

Both young scholars (N = 14) and senior experienced
researchers (N = 10) joined in the study. Among them, 14
are Europeans and 10 are Chinese. The data for this study
were obtained from meeting minutes of 14 weeks of virtual
meeting recordings in a semester (Zhumu, VooV, and Team),
young scholars’ reflections on their E-portfolios (University LM
platform), and comments of meeting participants. All the texts
were categorized into different topics, cut and pasted into an Excel
Spreadsheet (Karl et al., 2022), such as “project application writing
up,” “reading resource;” and “managing teaching schedule.” Texts
(N = 503) obtained between May 2022 and January 2023 were
included in the analysis.

To extract topics from the textual data, latent semantic
analysis (LSA) in SAS Enterprise Miner was used. This is a
powerful text-mining tool that uncovers underlying semantic
concepts (i.e., topics) in a corpus. LSA is based on singular value
decomposition, which is an extension of principal component
analysis (Evangelopoulos et al, 2012). This is an appropriate
method for understanding the thematic structure in textual
data, and also for clustering and categorization. LSA has been
widely used in different disciplines, such as computer-mediated
communication (Cao et al., 2011; Xu, 2020), psychology (Arnulf
et al., 2021), and quantitative reports and literature review (Jeyaraj
and Zadeh, 2020). Hence, we decided that this method would
be effective for uncovering the underlying topics related to
participants’ joy and pain in the virtual meeting environment.

First, the principal researcher preprocessed and cleaned the
textual data by eliminating numbers and punctuations from the
dataset. Moreover, based on Standard English stop word dictionary,
the principal researcher excluded words such as “the,” “an,” and
“@” from the dataset and reduced their dimensionality. Similar to
Jeyaraj and Zadeh (2020), tokenization, lemmatization, stemming,
spell-checking, and synonyms were examined in the process.

Second, following Shen and Ho (2020), a term-by-frequency
matrix was created to parse the texts into a collection of terms. In a
term-by-frequency matrix, each column of the matrix represents a
unique word that appears across all textual data, and each row refers
to each text. Each cell in the term-by-frequency matrix represents
the number of times that a term (column) appears in a particular
row (text). Using the term-by-frequency matrix, weighting alone
cannot effectively distinguish different patterns of the textual data
(Cao et al, 2011) because a term that appears commonly in
a text may appear in other texts as well. For instance, in the
virtual meeting recordings, the term “Zhumu” appeared in many
texts, covering different topics or challenges related to Zhumu
virtual meetings. To avoid such problems, the term frequencies
were adjusted by the term frequency-inverse document frequency
weighting scheme (TF-IDF).
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To retain the intense and more meaningful topics in the data
mining process, the principal researcher eliminated terms that
appeared in less than four comments (Jeyaraj and Zadeh, 2020).
The singular value decomposition (SVD) method was also adopted
to reduce data dimensionality (Jeyaraj and Zadeh, 2020). The final
step was to find the underlying dimensions linked to the theory in
the LSA algorithm. As suggested by Evangelopoulos et al. (2012),
the researchers used qualitative assessments to link the results
to underlying theories. By using a qualitative content analysis
method, researchers identified 12 possible topics in the corpus,
using this number as the baseline to run the LSA algorithm. After
the iterations in the qualitative analysis of categorizing texts, all the
researchers agreed that the best degree of separation was when the
LSA algorithm was run with five predefined topics.

4. Results

Five topic labels were identified after reviewing the topics in
the rows. They are: More effort and energy (n = 132), management
skills (n = 120), technical knowledge (n = 90), unfamiliar field (n =
84), and discomfort (n = 77). Participants attitudes are shown in
Table 1. The themes are presented in the following sections and tie
the findings to the theory.

4.1. More effort and energy

The participants felt that they had to put more effort into virtual
meetings than traditional face-to-face meetings. Sometimes, that
would result in meeting fatigue and low energy. For instance, a
young female scholar stated:

I am a young researcher (research student) and felt that
I could not do much if many more experienced scholar were
involved in the same meeting. Personally, I know that I am
introvert and as a consequence, I am not that open to share
information with senior researchers. I am always afraid to make
mistakes and lose face. Sitting in a long virtual meeting, I could
feel that a holder and some key persons always talk but the
others keep silent most of time. It did not allow young scholars
to be fully engaged. If this meeting were held face-to-face, I
would sit close to some peers who might be research students as
well. Then I could communicate with them more comfortably
and confidently [SIC].

Interdisciplinary senior researchers also reflected that they were
easily exhausted in the virtual meetings when sharing practical
skills. A participant with a background in engineering commented:

When I presented a design model to the participants in

virtual meetings, I found it difficult to interact as half of

‘ them were self-muted. I hardly knew people’s reaction, not

to mention their facial expressions. After finishing a virtual
meeting, I need to grab a coffee immediately to refresh.

Others also expressed that they had concerns about joining
meetings with someone that they have not collaborated with

Frontiersin Psychology

11

10.3389/fpsyg.2023.1184640

yet. Both senior researchers and young scholars prefer to have
virtual meetings with people whom they already know or have
some previous connections with at least. During the COVID-
19 pandemic, they faced many challenges in their personal lives
which made it harder to muster up the energy to communicate
with people from their disciplines whom they did not know.
Furthermore, a few young scholars thought that even though
they put more effort into attending the virtual meetings, they
obtained more information from other senior staff and peers.
More specifically, they could send information via chatbox in the
meetings, and gain constructive feedback synchronously.

4.2. Management skills

This theme included texts, comments, and reflections regarding
meeting management skills and related issues, such as effective
meeting schedules, participants management, and multitasking
in virtual meetings. Senior scholars believed that they needed
to manage all the stakeholders in virtual meetings, including
colleagues, young scholars, professional staff, and other invited
guest speakers. They commented that they had to act as a
“coordinator” rather than a single participant in most virtual
meetings. For example, a senior scholar stated that it was difficult
to keep everyone in the virtual meetings engaged, particularly,
by using polls, document-sharing, and explaining questions in
the chatbox. Young scholars also felt that they did not have any
autonomy to check their availability before joining these virtual
meetings as they mostly needed to follow the senior staft’s schedule.
This indicates that senior scholars had to manage many tasks
including deciding the meeting dates, timelines, and number of
participants, without any financial support.

Young scholars who engaged in interdisciplinary collaboration
were eager to learn skills and obtain more experience from senior
staff. However, due to the different time zones, some scholars had to
sacrifice their spare time, such as late evenings after 10 p.m. or early
mornings before 6a.m., to join the virtual meetings. Moreover,
they needed to undertake different tasks at the same time while
joining the virtual meetings in the late evenings or early mornings.
A young research student commented that she had a part-time job
and it was hard to cope with so much multitasking in the virtual
environment to finish collaborative work. A senior scholar shared
his experience and made suggestions to enhance the effectiveness
of virtual meetings in collaboration with others as follows:

I would like to share my research and teaching experience
with young scholars, particularly, research students, and I
strongly believe that it is essential for us to collaborate with
junior staff. Then it might lead to more potential projects, but I
am not good at managing group virtual meetings. As we know,
these virtual meetings usually depend on individual research
interests rather than group research funded work. Hence, there
is no manager or administrative staff to organize meetings in
advance. In that case, I have to learn how to set an agenda and
goals for each meeting. Also, following up on those who might
be interested in interdisciplinary collaboration via the virtual

meetings is also time-demanding.
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TABLE 1 Participants’ attitudes toward the adoption of digital technologies in virtual meetings.

Data source Participants’ attitudes

Topics in virtual meetings,
E-portfolio reflections, and
comments via LM

e Positive/negative perceptions toward communication in the
process of interdisciplinary collaboration during the pandemic

References

Positive (N = 245)

e Increased communication opportunities
e Synchronized communication

e Saving research budget

Negative (N = 270)

e Decreased communication efficiency
e Lack of hands-on practice

e Lack of rapport building

e Lack of meeting management skills

e Technical issues

e Academic status concerns

e Lack of family privacy

pandemic period

o Positive/negative attitudes toward communication in the
process of interdisciplinary collaboration before the

Positive (N = 138)

o Building mutual trust in a face-to-face format

e Easy to communicate being in the same place

e Only meeting during working hours

Negative (N = 97)

o Increased budget for international travel

e Try to avoid communication with people who are not of the
same background

e Recommendations for the post-pandemic era

e Meeting assistants required.
o IT support/training
e Individual time management

Some young research students noted that they would like to
make contributions to setting up meeting agendas, supporting
senior staff to collaborate with collaborators, and enhancing
participant engagement. Meanwhile, they suggested that some
young scholars could voluntarily work as meeting assistants to
support the stakeholders in the virtual environment.

4.3. Technical knowledge

Some participants voiced that they were not good at using
a range of technical tools during COVID-19, particularly, in a
quarantine environment. A senior researcher mentioned that he
felt frustrated when there was a 4-week lockdown in the town.
He needed to reorganize all the meetings using different tools.
For example, his collaborators preferred using Microsoft Team
to hold virtual meetings, but Chinese partners could not use it.
Therefore, he often needed to learn different meeting tools and
then choose the most convenient one for stakeholders. However,
technical information and knowledge do not seem to be a major
challenge for young scholars in the collaboration process. A young
male student commented as follows:

I am a born-digital generation and have gotten used to
a range of digital products from an early stage. Personally,
I think using a variety of digital technologies helped me
become familiar with the virtual meeting environment, and also
enhanced my digital skills and digital literacy. Take VOOV for
example, Chinese researchers all used it via a Chinese Tencent,
but it does not work for non-Chinese collaborators or someone
who has not got a valid Chinese account. Before the meetings,
I needed to give it a try by myself and report it to the meeting
organizer if it did not work for my peers.
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In addition, some participants believed that the different
monitoring surfaces of various meeting software might be another
challenge. For example, a small window for a chatbox could be
in different places depending on the meeting software. Moreover,
upload and download buttons could be in different shapes, which
might be confusing for first-time users.

4.4. Unfamiliar field

Most young scholars reflected that they would struggle to be
good icebreakers in virtual meetings with seniors or peers who
were not in the same research field. Generally, scholars like sharing
information and communicating with peers from their own fields
because they have common interests and similar statuses (Wenger,
2010).

Young scholars found it difficult to interact with seniors in a
virtual meeting if they were not from the same or a similar research
field. They struggled to easily build rapport with senior staft
to encourage smooth communication. Young researchers believe
that a lack of rapport and comfort might easily make a virtual
meeting an unpleasant or stressful experience. A junior staft with
a background in humanity and social science stated:

I am interested in obtaining more knowledge from
the
received enough pre-meeting introduction of these seniors

interdisciplinary team members, but I have not

backgrounds. After looking them up on the Internet by myself,
I may feel that I am not familiar with the topics they work with
and gradually become absent-minded in the meeting. This is
very common for young research students, and many won’t
voice it. If the meeting is in a face-to-face format, I am able

to see the person and they might be able to hold my attention
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even though the topic may be unfamiliar for me. For me, seeing
a person in real life is different from meeting him/her in the
screen (SIC).

4.5. Discomfort

Most of the comments on this theme focused on behavioral
issues in the virtual meetings. For example, the virtual background
setting in the meeting should be more professional rather than
a cartoon one. Moreover, due to the virtual meeting setting
limitations, some staff could not change their background to be
a virtual picture so that the chaos in their room might be seen
by other participants. A senior staff reflected that his discomfort
was because some participants ate during the meeting. He felt that
he found that disrespectful and unprofessional. He illustrated his
negative experience:

The virtual meeting was around lunch time which was

scheduled by an assistant. Half of the participants were having

‘ lunch in the meeting and the rest half did not turn on their

cameras. Finally, I asked them to finish lunch first and then I
would start to talk. It was so bad for me.

“I believe that if the meeting was booked at noon, it should be
fine for participants to bring their lunch,” commented by a junior
staff. A small number of participants did not like their children
and family members to be seen in the background during virtual
meetings in order to protect their family’s privacy. Overall, the view
was that it is reasonable for participants to bring their lunch if the
meeting is scheduled at noon.

5. Discussion

To answer the first research question, the qualitative results
show that most participants believed that virtual meetings
(WeChat) were only effective for improving higher education
management. That is, management expenses are definitely
decreased as academics do not have to travel for conferences,
demos, and practical procedures as all activities are held online.
Thus, traveling costs are not included in the project budget.
However, individuals might need more professional skills such
as virtual meeting management skills and long-distance rapport
building. These skills might be related to individual personality,
cultural background, and quality of peer relationships (Lu
et al., 2021) rather than interdisciplinary academic skills. Mejias
(2007) showed that when influential members dominate a group
discussion, it decreases young researchers’ motivation in joining
the meetings and lowers meeting satisfaction, and this trend has
prevailed even in virtual meetings.

To address the second question, academics believe that in
some ways virtual meetings were not better than face-to-face
meetings. They felt that the perceived benefits are mostly in
the area of institutional budget, meeting expenses, and personal
costs. However, some young researchers believed that virtual
meetings could be less effective as experimental practice benefits
from face-to-face communication. These results align with MNT
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which emphasizes the importance of co-location and human
physical expression (facial, visual, and movement) in the process
of communication (Kock, 2004, 2009). In virtual meetings, people
need to put more effort into preparation, completion of tasks, and
interactions. Qualitative research does not support the findings of
a quantitative study (Klonek et al., 2022) which found that virtual
teams improved their team processes in the late pandemic period
as compared to the early pandemic period. This might be due to
individuals’ motivation level, profession, and career stage when
they were engaged in virtual meetings (Kasimoglu et al., 2022).
The results also add a new insight to Mode 2, which has not been
investigated with regard to knowledge production in a completely
virtual environment.

To address the third question, challenges were influenced by
three factors: technology, individual behavior, and research field.
The text-mining results suggest that most participants’ frustrations
were focused on technical issues. Within these comments, over
78% were about the different versions of meeting software being
installed (e.g., Chinese version, English version, and international
version), widgets, tool functions, and switching between different
versions. Another common comment was about the virtual
meeting background and privacy (e.g., munching, kids, and family
members). However, some participants critically commented that
eating was not an issue as lunch meeting allows them to bring their
food. Building a rapport is not easy, and young staff need to be
more open to maintaining a communication channel to exchange
ideas and share information with senior researchers. These results
echo the finding that people need to exert more effort in speaking
and listening in virtual meetings, particularly those who are less
proficient in using social media tools (Standaert et al., 2016, 2021).

6. Practical implications

The pandemic has brought many uncertainties to academics,
particularly, international and mobile researchers. The decreased
research budget and limited opportunities to communicate in
person have made interdisciplinary collaboration challenging.
In an international university context, the adoption of various
virtual meeting tools helped enhance disciplinary collaboration
and research productivity during the pandemic. It is essential
to provide academics, including seniors and young researchers,
with technology training for using software and tools required
for attending virtual meetings, thereby minimizing their job-
related stress during the pandemic (Rogelberg et al., 2006; Cheng
et al., 2016; Lehmann-Willenbrock et al., 2018). These trainings
and workshops should not only introduce the key features of
the technology tools and platforms for virtual meetings (e.g.,
Zoom, Microsoft Teams, and Tencent) but also show demos of
new features of these tools or apps that help enhance meeting
effectiveness. For example, the international version of Tencent
(VooV) needs more explanations for international researchers who
have never used a Chinese version.

Moreover, the results suggest that academics may wish to
consider how to set boundaries to maintain work-life balance.
International academics working in local universities should be
informed about expectations regarding how researchers should
behave in virtual work meetings. In addition, senior researchers
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should ask for help from the faculty if they do not have personal
assistants to help them set up virtual meeting facilities. In addition,
they must consider attending virtual workshops to obtain guidance
regarding using the necessary software. School managers and
leadership roles are responsible for reinforcing the importance of
these workshops/training sessions, as well as structuring the virtual
meeting behavior. In this study, the findings also suggest that
virtual meetings can lead to job fatigue and negative consequences.
Therefore, organizations must carefully decide upon the frequency
and length of virtual meetings.

7. Limitations and future research

Although this study yielded interesting results, it has three
notable limitations. First, this study only focused on academic
staff who have worked in an international university in China.
The sample and the working climate might be different for
public universities. Second, the data were mainly textual data,
including comments, meeting record transcriptions, and personal
reflections. In future, we will consider using a mixed research
design to enhance the data resources. A mixed research
design might help us understand how to enhance the work
satisfaction and engagement of academics and the effectiveness of
virtual meetings to ultimately improve research communication.
Third, a snowball recruitment technique might have excluded
participants who are shy and introverted but have a strong
motivation for joining such research studies. In future, we
might use a random sampling technique to recruit more
suitable participants.
this  study, that
essential for researchers in the pandemic. Future research

In we found work-life balance is

could focus on examining if there is any gender difference
in virtual meetings. Women might find it more difficult

to balance work and life in the pandemic and post-

pandemic era. Moreover, researchers could wuse social

network analysis to explore more deeply the ways in which
interdisciplinary teams collaborate in virtual environments.
This might lead us toward further investigation from a
cross-cultural perspective.

References

Arnulf, J. K, Larsen, K. R., Martinsen, @. L., and Nimon, K. F. (2021). Editorial:
semantic algorithms in the assessment of attitudes and personality. Front. Psychol. 12,
720559. doi: 10.3389/fpsyg.2021.720559

Baber, Z. (1995). The new production of knowledge: the dynamics of science and
research in contemporary societies. by Michael Gibbons, Camille Limoges, Helga
Nowotny, Simon Schwartzman, Peter Scott and Martin Trow. Am. Soc. Assoc. 24,
751-752. doi: 10.2307/2076669

Bailenson, J. (2020). Why Zoom Meetings Can Exhaust Us; Being Gazed at by Giant
Heads Can Take a Mental Toll. New Technologies May Remedy That Problem. Wall Str.
j. mag. Available online at: https://www.wsj.com/articles/why-zoom-meetings-can-
exhaust-us- 11585953336 (accessed March 4, 2023).

Biemans, H., and Taghizadeh, N. (2023). Modeling teachers’ and students’
attitudes, emotions, and perceptions in blended education: towards post-pandemic
education, The International Journal of Management Education 21, 100803.
doi: 10.1016/j.ijme.2023.100803

Frontiersin Psychology

14

10.3389/fpsyg.2023.1184640

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical approval was provided for this study on human
participants by Xi’an Jiaotong-Liverpool University. The
patients/participants provided their written informed consent

to participate in this study.

Author contributions

JL conceptualized the work, finished the data collection and
analysis, and completed the article writing.

Funding

This work was supported by the XJTLU Teaching Development
Funding (TDF21/22-R24-174).

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Bottoms, S., Pegg, J., Adams, A., Wu, K,, Risser, H. S., and Kern, A. L. (2013).
Mentoring from the outside: the role of a peer mentoring community in the
development of early career education faculty. Mentor. Tutor. Partnersh. 21, 195-218.
doi: 10.1080/13611267.2013.813730

Cao, Q., Duan, W,, and Gan, Q. (2011). Exploring determinants of voting for the
“helpfulness” of online user reviews: a text mining approach. Decis. Support Syst. 50,
511-521. doi: 10.1016/j.dss.2010.11.009

Cheng, X, Fu, S., Sun, J., Han, Y., Shen, J., and Zarifis, A. (2016). Investigating
individual trust in semi-virtual collaboration of multicultural and unicultural teams.
Comput. Hum. Behav. 62, 267-276. doi: 10.1016/j.chb.2016.03.093

Darwin, C. (1859). On the Origin of Species by Means of Natural Selection.
Cambridge, MA: Harvard University Press.

Dijker, A. J. M. (2014). A theory of vulnerability-based morality. Emot. Rev. 6,
175-183. doi: 10.1177/1754073913514120

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1184640
https://doi.org/10.3389/fpsyg.2021.720559
https://doi.org/10.2307/2076669
https://www.wsj.com/articles/why-zoom-meetings-can-exhaust-us-11585953336
https://www.wsj.com/articles/why-zoom-meetings-can-exhaust-us-11585953336
https://doi.org/10.1016/j.ijme.2023.100803
https://doi.org/10.1080/13611267.2013.813730
https://doi.org/10.1016/j.dss.2010.11.009
https://doi.org/10.1016/j.chb.2016.03.093
https://doi.org/10.1177/1754073913514120
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Lu

Evangelopoulos, N., Zhang, X., and Prybutok, V. R. (2012). Latent semantic
analysis: five methodological recommendations. Eur. J. Inf Syst. 21, 70-86.
doi: 10.1057/€jis.2010.61

Fosslien, L., and Duffy, M. W. (2020). How to Combat Zoom Fatigue. Harv. Bus. Rev.
Available online at: (accessed
March 4, 2023).

Gehlert, S., Hall, K., Vogel, A., Hohl, S., Hartman, S., Nebeling, L., et al. (2014).
Advancing transdisciplinary research: the transdisciplinary research on energetics and
cancer initiative. J. Transl. Med. Epidemiol. 2, 1032.

Gibbons, M., Limoges, C., Nowotny, H., Schwartzman, S., Scott, P., and Trow, M.
(1994). The New Production of Knowledge: The Dynamics of Science and Research in
Contemporary Societies. London: Sage Publications, Inc.

Graesser, A. C., Fiore, S. M., Greiff, S., Andrews-Todd, J., Foltz, P. W., and Hesse, F.
W. (2018). Advancing the science of collaborative problem solving. Psychol. Sci. Public
Interest. 19, 59-92. Retrieved from doi: 10.1177/1529100618808244

Haak, D., Salom, S., Barney, J. N., Schenk, T., Lakoba, V., Brooks, R. K., et al. (2022).
Transformative learning in graduate global change education drives conceptual shift in
invasive species co-management and collaboration. Environ. Educ. Res. 28, 1297-1315.
doi: 10.1080/13504622.2022.2055746

Hantula, D., Kock, N., D’Arcy, J., and DeRosa, D. (2011). Media compensation
theory: A Darwinian perspective on adaptation to electronic communication and
collaboration In: Saad, G., editor. Evolutionary Psychology in the Business Sciences. p.
339-363. Quebec: Springer-Verlag.

Jeyaraj, A., and Zadeh, A. H. (2020). Evolution of information systems research:
insights from topic modeling. Inf. Manag. 57, 103207. doi: 10.1016/j.im.2019.103207

Karl, K. A,, Peluchette, J. V., and Aghakhani, N. (2022). Virtual work meetings
during the COVID-19 pandemic: the good, bad, and ugly. Small Group Res. 53,
343-365. doi: 10.1177/10464964211015286

Kasimoglu, S., Bahgelerli, N., and Celik, M. U. (2022). Digital literacy during
COVID-19 distance education; evaluation of communication-based problems in line
with student opinions. Front. Psychol. 13, 809171. doi: 10.3389/fpsyg.2022.809171

Klonek, F. E., Kanse, L., Wee, S., Runneboom, C., and Parker, S. K. (2022). Did the
COVID-19 lock-down make us better at working in virtual teams? Small Group Res.
53, 185-206. doi: 10.1177/10464964211008991

Kock, N. (2004). The psychobiological model: towards a new theory of computer-
mediated communication based on Darwinian evolution. Organ. Sci. 15, 327-348.
doi: 10.1287/0rsc.1040.0071

Kock, N. (2005). Media richness or media naturalness? The evolution
of our biological communication apparatus and its influence on our
behavior toward E-communication tools. IEEE Trans. Commun. 48, 117-130.

doi: 10.1109/TPC.2005.849649

Kock, N. (2009). Information systems theorizing based on evolutionary psychology:
an interdisciplinary review and theory integration framework. Manag. Inform. Syst. 33,
395-418. doi: 10.2307/20650297

Kock, N. (2011). Media naturalness theory: human evolution and behaviour
towards electronic communication technologies. In: Roberts, S. C., editor. Applied
Evolutionary Psychology. Oxford: Oxford University Press. p. 380-398

Lehmann-Willenbrock, N., Rogelberg, S. G., Allen, J. A., and Kello, J. E. (2018). The
critical importance of meetings to leader and organizational success. Organ. Dyn. 47,
32-36. doi: 10.1016/j.0rgdyn.2017.07.005

Lu, J. (2020). The WeChat public platform: strengthening HSS academics’
global competitiveness in non-English speaking countries. Cult. Educ. 32, 609-620.
doi: 10.1080/11356405.2020.1785141

Lu, J, Han, F, and Janik, T. (2021). Social media technologies for
collaboration and communication: perceptions of novice EFL teachers
in the Czech Republic. Front. Psychol. 13. doi: 10.3389/fpsyg.2022.1
010686
Frontiersin

15

10.3389/fpsyg.2023.1184640

Mejias, R. (2007). The interaction of process losses, process gains, and meeting
satisfaction within technology-supported environments. Small Group Res. 38, 156-194.
doi: 10.1177/1046496406297037

Moore, M., Martinson, M. L., Paula, S., Nurius, P. L., and Kemp, S. P. (2018).
Transdisciplinarity in research: perspectives of early career faculty. Res. Soc. Work
Pract. 28, 254-264. doi: 10.1177/1049731517708033

Pérez-Mateo, M., and Guitert, M. (2007). La dimensiéon social del aprendizaje
colaborativo virtual. Red. Revista de Educacién a Distancia, 18. Available online
at: (accessed March 4, 2023).

Peters, P. (2020). Google’s Meet Teleconferencing Service Now Adding About 3 Million
Users Per Day. The Verge. Available online at:
(accessed March
4,2023).

Remmik, M., Karm, M. Haamer, A, and Lepp, L. (2011). Early-career
academics’ learning in academic communities. Int. J. Acad. Dev. 16, 187-199.
doi: 10.1080/1360144X.2011.596702

Rhoten, D., and Andrew, P. (2004). Risks and rewards of an interdisciplinary
research path. Science 306:2046. doi: 10.1126/science.1103628

Rogelberg, S. G., Leach, D. J., Warr, P. B., and Burnfield, J. L. (2006). “Not another
meeting!” Are meeting demands related to employee well-being? J. Appl. Psychol. 91,
86-96. doi: 10.1037/0021-9010.91.1.83

Shen, C., and Ho, J. (2020). Technology-enhanced learning in higher education:
a bibliometric analysis with latent semantic approach. Comput. Hum. Behav. 104,
106177. doi: 10.1016/j.chb.2019.106177

Standaert, W., Muylle, S., and Basu, A. (2016). An empirical study of the
effectiveness of telepresence as a business meeting mode. Inf. Technol. Manag. 17,
323-339. doi: 10.1007/s10799-015-0221-9

Standaert, W., Muylle, S., and Basu, A. (2021). How shall we meet? Understanding
the importance of meeting mode capabilities for different meeting objectives. Inf.
Manag. 58, 103393. doi: 10.1016/.im.2020.103393

Stoszkowski, J., McCarthy, L., and Fonseca, J. (2017). Online peer mentoring and
collaborative reflection: a cross-institutional project in sports coaching. J. Perspect.
Appl. Acad. Pract. 5,118-121. doi: 10.14297/jpaap.v5i3.289

Strassman, M. (2020). Strategies to Eliminate Zoom Fatigue. Fast Company.
Available online at:
(accessed March 4, 2023).

Thorp-Lancaster, D. (2020). Microsoft Teams Hits 75 Million Daily Active Users,
up From 44 Million in March. Windows Central. Available online at:
(accessed
March 4, 2023).

Torka, M. (2021). The transition from in-person to online supervision: Does the
interaction between doctoral advisors and candidates change? Innov. Educ. Teach. Int.
58, 659-671. doi: 10.1080/14703297.2021.1993959

Tur, G., and Urbina, S. (2016). Collaboration in ePortfolios withWeb 2.0 tools in
initial teacher training. Cult. Educ. 28, 601-632. doi: 10.1080/11356405.2016.1203528

Watson, C., and Ireland, A. (2022). Governing in the time of COVID-19: how
board meetings went online and the implications of this for considering the role of
the governing board. J. Furth. High. 47, 391-406. doi: 10.1080/0309877X.2022.2131380

Wenger, E. (2010). Communities of practice and social learning systems: The career
of a concept. In Blackmore, C., editor. Social Learning Systems and Communities of
Practice. London: Springer. p. 179-198.

Wiederhold, B. K. (2020). Connecting through technology during the Coronavirus
disease 2019 pandemic: avoiding “Zoom fatigue.” Cyberpsychol. Behav. Soc. Netw. 23,
437-438. doi: 10.1089/cyber.2020.29188.bkw

Xu, X. (2020). How do consumers in the sharing economy value sharing? Evidence
from online reviews. Decis Support Syst. 128, 113162. doi: 10.1016/j.dss.2019.113162


https://doi.org/10.3389/fpsyg.2023.1184640
https://doi.org/10.1057/ejis.2010.61
https://hbr.org/2020/04/how-to-combat-zoom-fatigue
https://doi.org/10.1177/1529100618808244
https://doi.org/10.1080/13504622.2022.2055746
https://doi.org/10.1016/j.im.2019.103207
https://doi.org/10.1177/10464964211015286
https://doi.org/10.3389/fpsyg.2022.809171
https://doi.org/10.1177/10464964211008991
https://doi.org/10.1287/orsc.1040.0071
https://doi.org/10.1109/TPC.2005.849649
https://doi.org/10.2307/20650297
https://doi.org/10.1016/j.orgdyn.2017.07.005
https://doi.org/10.1080/11356405.2020.1785141
https://doi.org/10.3389/fpsyg.2022.1010686
https://doi.org/10.1177/1046496406297037
https://doi.org/10.1177/1049731517708033
http://www.um.es/ead/red/18/perez_mateo_guitert.pdf
https://www.theverge.com/2020/4/28/21240434/google-meet-three-million-users-per-day-pichai-earnings
https://www.theverge.com/2020/4/28/21240434/google-meet-three-million-users-per-day-pichai-earnings
https://doi.org/10.1080/1360144X.2011.596702
https://doi.org/10.1126/science.1103628
https://doi.org/10.1037/0021-9010.91.1.83
https://doi.org/10.1016/j.chb.2019.106177
https://doi.org/10.1007/s10799-015-0221-9
https://doi.org/10.1016/j.im.2020.103393
https://doi.org/10.14297/jpaap.v5i3.289
https://www.fastcompany.com/90543890/try-this-strategy-to-eliminate-zoom-fatigue-and-help-teams-collaborate
https://www.fastcompany.com/90543890/try-this-strategy-to-eliminate-zoom-fatigue-and-help-teams-collaborate
https://www.windowscentral.com/microsoft-teams-hits-75-million-daily-active-users
https://www.windowscentral.com/microsoft-teams-hits-75-million-daily-active-users
https://doi.org/10.1080/14703297.2021.1993959
https://doi.org/10.1080/11356405.2016.1203528
https://doi.org/10.1080/0309877X.2022.2131380
https://doi.org/10.1089/cyber.2020.29188.bkw
https://doi.org/10.1016/j.dss.2019.113162
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

:' frontiers ‘ Frontiers in Psychology

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Henrik Bellhauser,

Johannes Gutenberg University
Mainz, Germany

REVIEWED BY

Mu-Yen Chen,

National Cheng Kung University, Taiwan
Ingo Kollar,

University of Augsburg, Germany
Annika Ohle-Peters,

TU Dortmund University, Germany

*CORRESPONDENCE
Antje Proske
antje.proske@tu-dresden.de

RECEIVED 09 November 2023
ACCEPTED 24 May 2024
PUBLISHED 19 June 2024

CITATION

Mende S, Proske A and Narciss S (2024)
Generative preparation tasks in digital
collaborative learning: actor and partner
effects of constructive preparation activities
on deep comprehension.

Front. Psychol. 15:1335682.

doi: 10.3389/fpsyg.2024.1335682

COPYRIGHT

© 2024 Mende, Proske and Narciss. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in

accordance with accepted academic practice.

No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiersin Psychology

TYPE Original Research
PUBLISHED 19 June 2024
pol 10.3389/fpsyg.2024.1335682

Generative preparation tasks in
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actor and partner effects of
constructive preparation
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comprehension

Stephan Mende, Antje Proske* and Susanne Narciss

Psychology of Learning and Instruction, Technische Universitat Dresden, Dresden, Germany

Deep learning from collaboration occurs if the learner enacts interactive activities
in the sense of leveraging the knowledge externalized by co-learners as
resource for own inferencing processes and if these interactive activities in turn
promote the learner’'s deep comprehension outcomes. This experimental study
investigates whether inducing dyad members to enact constructive preparation
activities can promote deep learning from subsequent collaboration while
examining prior knowledge as moderator. In a digital collaborative learning
environment, 122 non-expert university students assigned to 61 dyads studied
a text about the human circulatory system and then prepared individually for
collaboration according to their experimental conditions: the preparation tasks
varied across dyads with respect to their generativity, that is, the degree to
which they required the learners to enact constructive activities (note-taking,
compare-contrast, or explanation). After externalizing their answer to the task,
learners in all conditions inspected their partner’s externalization and then jointly
discussed their text understanding via chat. Results showed that more rather
than less generative tasks fostered constructive preparation but not interactive
collaboration activities or deep comprehension outcomes. Moderated mediation
analyses considering actor and partner effects indicated the indirect effects
of constructive preparation activities on deep comprehension outcomes via
interactive activities to depend on prior knowledge: when own prior knowledge
was relatively low, self-performed but not partner-performed constructive
preparation activities were beneficial. When own prior knowledge was relatively
high, partner-performed constructive preparation activities were conducive
while one’'s own were ineffective or even detrimental. Given these differential
effects, suggestions are made for optimizing the instructional design around
generative preparation tasks to streamline the effectiveness of constructive
preparation activities for deep learning from digital collaboration.

KEYWORDS

digital collaborative learning, prior knowledge, text comprehension, learning activities,
knowledge acquisition
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1 Introduction

This study aims to investigate whether having learners generate
inferences from instructional material first on their own (i.e,
enacting constructive activities) can prepare them for subsequently
exploiting the potential benefits of digital collaboration in terms
of using their co-learner’s externalized knowledge as additional
resource for own inferencing processes (i.e., interactive activities)
in the service of in-depth knowledge acquisition (i.e., deep
comprehension outcomes). In addition, the role of prior knowledge
was taken into account.

To this end, we conducted a computer-supported collaborative
learning (CSCL) experiment applying the so-called READ-script
(Mende et al., 2017) where the members of learning dyads

a) read a text (reading phase),

b) prepared individually according to a certain preparation task
(externalization phase),

c) exchanged each other’s externalized task answers to inspect
them (cognitive group awareness phase), and finally

d) entered a collaborative learning phase (discussion phase)

before answering a posttest capturing their deep text
comprehension 1 week later. The type of the preparation
task in the individual externalization phase was manipulated
between experimental conditions in terms of the task generativity,
that is, the extent of constructive preparation activities necessary
to answer. Cognitive group awareness support was introduced in
all conditions to facilitate dyad partner’s immediate use of each
other’s preparation results for collaborative discussion, a strategy
that has proven successful in research on individual preparation
for collaborative learning (Mende et al., 2021).

We firstly ask, on a more general level, whether more
rather than less generative tasks intended to induce constructive
preparation activities are suited to increase the execution of
interactive activities and deep comprehension achievement while
considering prior knowledge as potential moderator (research
question 1; Figure 1A). We secondly ask on a more detailed level
for the indirect and direct effects of the actor’s and partner’s
constructive preparation activities on deep comprehension
outcomes while considering constructive and interactive activities
enacted during collaboration as potential mediators and prior

knowledge as potential moderator (research question 2; Figure 1B).

1.1 Research background and motivation

Collaborative learning yields great potential, especially for
university education (e.g., Scager et al., 2016). Besides helping to
prepare students for professional life, in which teamwork plays
a key role (e.g., De Hei et al, 2015) this is mainly because
collaborative learning offers individual learners with enhanced
opportunities to develop a deep comprehension of the instructional
material in terms of well-connected and flexibly applicable
knowledge (Fischer et al., 2013; Chi et al., 2018). However, it is
often a challenge for practitioners to design collaborative learning
scenarios in such a way that learners actually take advantage of
these opportunities (Kirschner et al., 2009; Andrews and Rapp,
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2015; Nokes-Malach et al., 2015; Jeong and Hmelo-Silver, 2016).
Further, university students often perform their group work outside
of the classes and, thus, away from the direct influence of their
lecturers (Scager et al., 2016).

In this regard the use of digital technologies is promising,
since it promotes better knowledge acquisition, more positive
student perceptions and more effective group work and interaction
compared to analog collaborative learning (Bromme et al., 2005;
Chen et al,, 2018). This is partly because (a) digital technologies
can provide tools that enable more effective communication
and facilitate the sharing of ideas, (b) learners have more
time to think about and reflect on what other learners have
contributed before responding, and (c) shy or passive learners also
participate more in the interaction due to reduced psychological
barriers, which promotes more equal communication and deeper
discussions (Chen et al., 2018, p. 829). However, designing such
digital technologies for collaborative learning is rather challenging
(Narciss and Koerndle, 2008). Accordingly, research on computer-
supported collaborative learning (CSCL) environments reveals the
need to better understand how and under what conditions digital
collaboration can promote in-depth knowledge acquisition (Jeong
etal, 2019; Lamsi et al., 2021).

Recent theoretical developments aim to assist practitioners
and researchers in a systematic consideration of the factors and
processes relevant to the success of (CS)CL. Input-process-outcome
models (e.g., Dillenbourg et al., 2009; Deiglmayr et al., 2015; Janssen
and Kirschner, 2020) emphasize that a given collaborative learning
instruction (input) does not lead to deep comprehension (outcome)
directly but mediated through the activities (processes) actually
executed by the learners during collaboration. This points at the
need to identify effective learning activities and to evaluate (a)
whether the provided input actually induces learners to execute
these activities during collaboration as well as (b) whether these
activities actually promote deep comprehension outcomes. These
input-process as well as process-outcome relationships may be
moderated by further variables such as learner characteristics (e.g.,
Deiglmayr et al., 2015). Furthermore, information processing-
oriented benefit-cost approaches (Nokes-Malach et al, 2015;
Janssen and Kirschner, 2020; Mende et al.,, 2021) highlight that
collaboration may not necessarily have only conducive but can also
have hindering effects on the individual’s learning. This should
be considered as well to obtain a complete picture of why a
collaborative learning instruction (does not) work and how to
(further) optimize it.

In terms of processes, students can principally perform
various learning activities during collaboration (e.g., Vogel et al,
2017). The ICAP framework (Chi, 2009) allows classifying these
activities in order to derive predictions regarding their effects on
learning. Thereby, so-called constructive and interactive activities
are considered suitable to promote deep comprehension (Chi and
Wylie, 2014). Both constructive and interactive activities involve
the externalization of content-relevant information that is not
originally given in the instructional material but is generated or
inferred from it. Different to a constructive activity, an interactive
activity is additionally characterized by taking into account or
referring to a co-learner’s externalized knowledge. That is, a learner
is said to perform an interactive activity, when they refer to
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FIGURE 1

Summary of the relationships examined. (A) refers to research question 1. (B) refers to research question 2.

information contributed by a co-learner and, incorporating it,
infer new information beyond what is already given. Hence, while
constructive activities can be performed irrespective of whether
learning alone or in a group, interactive activities presuppose a
collaborative learning situation and are characterized herein by
leveraging the knowledge of co-learners as a resource for own
inferencing processes (Chi and Wylie, 2014; Chi et al., 2018).

Thus, adopting a benefit-cost perspective of the single
learner working with other co-learners, the potential benefits of
collaboration arise particularly from the co-learners constructive
and/or interactive activities: they result in externalizations of new
information not already contained in the presented instructional
material which the learner could use as additional learning
resource in the service of in-depth knowledge acquisition. Doing so
requires the learner to actually execute interactive activities which
can therefore be understood as the active process of using the
potential benefits of collaboration (Fischer et al., 2013; Janssen and
Kirschner, 2020; Chi, 2021).

At the same time, as already mentioned, collaboration yields
not only potential benefits but also costs for the learners’
information processing (e.g., Mende et al., 2021). These costs are
associated with the presence as well as the use of externalizations
from other co-learners: being exposed to the externalizations of co-
learners yields the risk of interferences and being disrupted in one’s
own train of thought (e.g., Nijstad and Stroebe, 2006; Rajaram and
Pereira-Pasarin, 2010; Nokes-Malach et al., 2015). Further, the dual
task of processing not only the instructional material but also the
information externalized beyond it by co-learners often challenges
the individual learner’s cognitive capacities (e.g., Dillenbourg and
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Betrancourt, 2006; Kolfschoten et al, 2014). Moreover, using
co-learners’ externalizations by executing interactive activities
is associated with additional coordination and communication
demands, further burdening the learners’ information processing
resources (Janssen et al., 2010; Janssen and Kirschner, 2020). This is
even more crucial in university settings where learning partners are
not permanently together in stable classes and, thus, not necessarily
know each other before engaging in joint group work (Scager
et al., 2016). Associated with this, university students often tend
to focus primarily on the task and less on the team aspect of
collaborative learning. However, the effectiveness of collaborative
learning heavily depends on how the interaction between the
learners as well as the individual accountability of the single
learners for the group work is organized (Fransen et al., 2011; De
Hei et al., 2015).

Therefore, collaborative learning does often not promote deep
comprehension because learners cannot deal with the costs or
doing so does prevail the potential benefits (Bromme et al., 2005;
Nokes-Malach et al., 2015; Menekse and Chi, 2019; Janssen and
Kirschner, 2020). This calls for support strategies that can help to
raise the benefits and to reduce the costs, so that the execution
of interactive activities is promoted and, thus, the collaborative
learning potentials for in-depth knowledge acquisition can unfold.

In addressing these issues, a variety of support strategies have
been developed in the last years. Digital technologies are even
accelerating this trend, as they enable enhanced communication,
increased productivity, flexibility, as well as scalability compared
to analog solutions. This enables a more efficient and flexible
implementation of more comprehensive forms of guidance,
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scaffolding and tools (Dillenbourg et al., 2009; Jeong and Hmelo-
Silver, 2016). A frequently applied strategy consists in preceding
collaborative learning with a phase in which learners first execute
activities directed at processing the instructional material on their
own such as writing down notes or explanations (i.e., individual
preparation for collaborative learning; van Boxtel et al, 2000;
Tsovaltzi et al., 2015; Lam and Kapur, 2017; Mende et al., 2021).
This strategy is often complemented by a specific form of cognitive
group awareness support (e.g., Janssen and Bodemer, 2013) in
the sense of making the externalizations created during individual
preparation (e.g., written notes or explanations) available to all
learners in the group as a resource for the subsequent collaboration
phase (e.g., Gijlers et al, 2013; Engelmann et al., 2014). The
former targets at learners first activating their prior knowledge and
building up an initial understanding of the instructional material
without the additional demands of collaboration in order to have
an expanded knowledge base and more free cognitive capacities
to process and integrate co-learners’ contributions in subsequent
collaboration (Lam and Kapur, 2017; Tsovaltzi et al., 2017; Mende
etal, 2021). The latter aims at providing learners with information
about the knowledge, perspectives and ideas of their co-learners
so that their individually externalized information can be accessed
directly in collaboration and further the mutual communication
and coordination is facilitated (e.g., Janssen and Bodemer, 2013;
Noroozi et al., 2013; Erkens et al., 2016; Jeong and Hmelo-Silver,
2016). Hence, both strategies are intended to improve the benefit-
cost ratio of executing interactive activities.

While research indicates the combined use of individual
preparation and cognitive group awareness support to be suited
to promote interactive activities during and deep comprehension
outcomes from collaborative learning (Mende et al., 2021), an
open question remains as to what kind of preparation activities
learners should enact in such a setting. In principle, learners could
execute a variety of activities that might be differently productive
for (subsequent) learning. For example, they could restate what
is already presented in the instructional material, an activity
typically considered to correspond with more shallow information
processing (e.g., King, 1999; Roscoe, 2014; Chi et al, 2018).
In contrast, some recent work has argued that learners should
engage in deeper information processing already during individual
preparation by going beyond the given instructional material
through the execution of constructive activities. Executing these
constructive preparation activities is hypothesized to help learners
exploiting the potential benefits of subsequent collaboration
in terms of deep comprehension outcomes (Lam and Kapur,
2017; Lam and Muldner, 2017; cf. Mende et al., 2021). While
these assumptions are well grounded in previous theoretical and
empirical work concerned with individual learning (e.g., Wittrock,
1989; Schwartz et al., 2011; Kapur, 2015), they rarely have been
subjected to an empirical investigation so far in CSCL research.

1.2 Research approach and objectives
The present study aims at contributing to extend the existing

research by adopting a benefit-cost perspective considering input,
processes, and outcomes. On the one hand, it is of interest how to

Frontiersin Psychology

19

10.3389/fpsyg.2024.1335682

induce learners to execute constructive activities during individual
preparation as a prerequisite for the proposed beneficial effects on
subsequent collaborative learning processes and outcomes coming
into effect. In this regard some previous research has addressed
the role of the preparation task generativity, that is, its potential
to induce constructive activities (e.g., Lam and Kapur, 2017; Lam
and Muldner, 2017). In addition, research has suggested that
learners’ capabilities to perform constructive activities is strongly
affected by their prior knowledge (e.g., Kintsch, 2004; Best et al.,
2005; McNamara and Magliano, 2009). Accordingly, the latter may
moderate respective task effects.

On the other hand, it is of interest whether the execution
of constructive activities during individual preparation indeed
promotes the learner’s personal exploitation of the potential
collaboration benefits for in-depth knowledge acquisition. In order
to obtain a comprehensive and informative picture we argue
that an appropriate investigation of this question requires the
consideration of the following three points: first, one’s own and
one’s collaboration partner’s enacted learning activities do not
necessarily relate in the same way to one’s personal collaboration
benefits and costs (e.g., Vogel et al, 2016). Accordingly, it is
necessary to examine the effects of each learners’ preparation
and collaboration activities both on their own and each other’s
subsequent learning processes and/or outcomes. Second, self-
performed interactive activities are considered the personal process
of actively using the potential benefits of collaboration for in-depth
knowledge acquisition. Consequently, addressing the question of
whether deep learning from collaboration can be fostered by one’s
own and/or ones co-learner’s previously executed constructive
preparation activities requires examining the latter two in view
of their indirect effects on one’s own deep comprehension
outcomes that are mediated trough these self-performed interactive
collaboration activities. Third, previous research suggests, among
others, the learners’ prior knowledge to be a crucial impact factor
for the personal benefit-cost-ratio of collaborative learning (e.g.,
Nokes-Malach et al., 2012, 2015; Kirschner et al., 2018; Janssen
and Kirschner, 2020). Consequently, prior knowledge should
be taken into account as a potential moderator regarding the
outlined relationships.

In order to comply with the analytical requirements described,
we conducted moderated mediation analyses (e.g., Hayes, 2013)
accounting for the distinct contributions of the learner’s own as well
as their co-learner’s preparation and collaboration activities. For
the case of dyads (i.e. groups of two) this differential consideration
can be taken into account with the actor-partner interdependence
model (Kenny et al., 2006). Within this analytic approach dyadic
influences are differentiated in terms of actor and partner effects.
Actor effects, on one hand, refer to intrapersonal relationships
between variables within the same person, for example, the effect of
self-performed constructive preparation activities on subsequently
self-performed interactive collaboration activities. Partner effects,
on the other hand, refer to interpersonal relationships between
variables of different persons, for example, the effect of co-
learner’s constructive preparation activities on subsequently self-
performed interactive collaboration activities or the effect of
self-performed constructive preparation activities on co-learner’s
subsequent interactive collaboration activities, respectively (Kenny
et al., 2006).
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Before we showcase the present study we first discuss the effects
of the preparation task generativity on the execution of constructive
activities. Afterwards we address the complex dynamics that may
underlie the effects of constructive preparation activities on deep
learning from subsequent collaboration considering an actor and a
partner perspective. This is followed by addressing the potentially
moderating role of prior knowledge.

1.3 The effects of task generativity on
constructive preparation activities

Constructive preparation activities can unfold their potential
advantages for subsequent collaboration processes and outcomes
only, if learners indeed enact them (cf. Chi and Wylie, 2014). Yet,
learners often tend to restate information already given in the
instructional material instead of drawing inferences going beyond,
even when they are asked to do the latter (e.g., Chi et al., 2018;
Chase et al, 2019). This raises the question of how and under
what conditions learners are executing constructive preparation
activities. One important variable in this regard is preparation task
type (e.g., Lam and Kapur, 2017; Lam and Muldner, 2017).

Preparation tasks can differ in their potential to induce
constructive activities. Inspired by Lam and Kapur (2017) we use
the term preparation task generativity to this end, which could
be defined as the extent to which the task requires the learner to
infer and externalize information beyond the given instructional
material by connecting the to-be-learned information with each
other and/or with their pre-existing knowledge. In other words,
the higher the task generativity, the more constructive activities
are necessary to answer (e.g., Grabowski, 2004; Chin et al., 2016;
Fiorella and Mayer, 2016; Brod, 2020; Morris and Chi, 2020).

Generative learning research has addressed various tasks
differing in their generativity. One often considered task is note-
taking (e.g., Grabowski, 2004; Stefanou et al., 2008; Fiorella and
Mayer, 2016). Unless provided with further specifications, note-
taking tasks do not explicitly require learners to go beyond what is
already given in the instructional material. Accordingly, there is a
huge variability concerning what learners actually do in response
to such tasks. Though learners could, in principle, add new
content when taking notes, for instance, in the form of inserting
unstated links between the received information or writing down
own examples for to-be-learned concepts or principles. However,
learners often seem more prone to simply restate the information
explicitly given in the instructional material (e.g., Grabowski, 2004;
Igo et al., 2008; Miyatsu et al., 2018; Ponce et al., 2020).

Two other generative tasks commonly applied in individual
learning research concerned with preparing students for learning
target content from subsequent lectures are compare-contrast
tasks and explanation tasks (cf. Roelle and Berthold, 2016).
The former prompt learners to find similarities and differences
between contrasting cases, concepts or the like (e.g., Schwartz and
Bransford, 1998). The latter go beyond this by asking learners
to generate an explanation for the similarities and differences
(e.g., Schwartz and Martin, 2004). Thus, while both tasks require
the execution of constructive activities to answer, explanation
tasks do so to a higher extent than compare-contrast tasks
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since more inferences are required. This consideration is in line
with research suggesting that explaining the relations between
contrasting cases prepares better for subsequent deep learning
than simply comparing contrasting cases (Sidney et al., 2015;
Chin et al, 2016). Taken together, the three tasks could be
arranged according to their relative generativity in increasing
order from note-taking (low) to compare-contrast (moderate) to
explanation (high).

1.4 The actor and partner effects of
constructive preparation activities on
post-collaborative deep comprehension
outcomes: toward a moderated mediation
model

Does the execution of constructive preparation activities
indeed promote the individual learner’s personal exploitation
of the potential benefits of subsequent collaboration for in-
depth knowledge acquisition? As outlined, we argue that this
could only be said if, in the sense of indirect effects (formally
called a*b-paths), the actors and/or the partner’s constructive
preparation activities actually foster the actors interactive
collaboration activities (a-paths) and the latter in turn indeed
promote the actor’s deep comprehension outcomes (b-path,
Figure 1B). Investigating this question requires mediation
analyses that examine the occurrence of such indirect effects
while simultaneously controlling for the direct effects (c’-paths),
that is, the effects of constructive preparation activities on
deep comprehension outcomes that are not transmitted by
the potential mediators under consideration (e.g., Zhao et al,
2010). Hence, in the following sections we elaborate on the
potential actor and partner effects of (a) constructive preparation
activities on interactive collaboration activities (a-paths) and (b)
of interactive collaboration activities on deep comprehension

outcomes (b-paths).

1.4.1 Actor and partner effects of constructive
preparation activities on interactive collaboration
activities (a-paths)

As described, a learner’s execution of interactive activities
during collaboration may depend on whether the associated
coordination and communication costs can be dealt with and
whether doing so pays off (e.g., Janssen and Kirschner, 2020).
Especially when individual preparation is complemented by group
awareness support, this personal benefit-cost-ratio may be affected
not only by one’s own preceding constructive preparation activities
(actor effect) but also by the constructive preparation activities
performed of one’s co-learner (partner effect). In this regard, both
the actor’s self-performed and the partner’s enacted constructive
preparation activities may each not only yield potential advantages
but also disadvantages:

Adopting an actor perspective, research shows that the
execution of constructive activities fosters deep comprehension
outcomes (e.g., McNamara and Magliano, 2009; Ozuru et al.,
2010; Chi and Wylie, 2014; Roscoe, 2014; Roelle et al., 2015).
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Therefore, the number of constructive activities the actor executes
when studying the instructional material during an individual
preparation can be expected to foster the coherence and
comprehensiveness of his or her initial understanding of the to
be learned information prior to collaboration. Hence, in view of
the subsequent collaboration, constructive preparation activities
may positively affect (a) the learner’s initial knowledge base
upon which the additional information externalized by the co-
learner could be integrated in terms of interactive activities and
(b) the cognitive capacities available to deal with the associated
coordination and communication costs (Schwartz et al., 2007; cf.
Lam and Kapur, 2017; Tsovaltzi et al., 2017; Mende et al., 2021; Tan
et al, 2021). Since in the same breath, however, the gaps between
the actor’s knowledge and the to-be-learned instructional material
should be reduced through constructive preparation activities, the
latter may also decrease the (experienced) potential benefits of
subsequently using the co-learner’s externalizations as additional
learning resource (cf. Janssen and Kirschner, 2020). Therefore,
it could also be that constructive preparation activities reduce
the execution of interactive activities, possibly in favor of more
individualistic learning processes (e.g., Tsovaltzi et al., 2015, 2017)
such as the continued execution of constructive activities during
collaboration which are not associated with communication and
coordination costs and, thus, might yield a better benefit-cost ratio.

Considering the partner perspective, while own constructive
activities correspond to own in-depth knowledge acquisition
processes, the co-learner’s constructive activities per se only
represent additional information to oneself at first (e.g., Vogel
et al., 2016). More concretely, the more constructive preparation
activities are carried out by the partner, the more additional
ideas, knowledge, and conclusions are externalized and presented
to the actor in the course of group awareness support. Thus,
on the one hand, the more constructive preparation activities
executed by the partner, the more information not contained in the
previously studied material are available to the actor right at the
start of collaboration. Hence, the partner’s constructive preparation
activities increase the potential collaboration benefits for in-depth
knowledge acquisition which the actor could use by performing
interactive activities (Chi and Wylie, 2014; Chi et al., 2018). For
example, the additional information provided by the partner can
aid the actor in activating task relevant knowledge (cross cueing;
e.g., Wegner, 1987; Moreland and Myaskovsky, 2000; Marion and
Thorley, 2016) and induce conceptual cognitive conflicts (e.g.,
King, 1999; Cress and Kimmerle, 2008; Jorczak, 2011; Slavin, 2011;
Webb, 2013) which in turn may assist, stimulate or provoke the
actor to draw (further) inferences conducive to his or her own
deep comprehension (cf. Dugosh et al., 2000; Noroozi et al., 2013;
Erkens et al., 2016). On the other hand, however, this additional
information also increases the overall complexity of the learning
environment, putting additional burdens on the actor’s cognitive
resources (Dillenbourg and Betrancourt, 2006; Kolfschoten et al.,
2014). In other words, the partners constructive preparation
activities increase the information processing costs the actor has
to deal with and therefore may impede his or her execution of
activities that correspond to deep information processing, such as
interactive activities (Kirschner et al., 2018; Janssen and Kirschner,
2020; Mende et al., 2021).
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1.4.2 Actor and partner effects of interactive
collaboration activities on deep comprehension
outcomes (b-paths)

As is the case with constructive activities, also self-performed
and co-learner enacted interactive activities can be considered to
relate differently to the individual learner’s personal costs and
benefits that are associated with collaboration (e.g., Chi and Wylie,
2014). Similar to self-performed constructive activities, also the
actors own interactive activities can be expected to foster deep
comprehension outcomes (King, 1999; Chi, 2009; Chi and Wylie,
2014; Deiglmayr and Schalk, 2015; Mende et al., 2017). Compared
to constructive activities, only these interactive activities actively
use the potential benefits of collaboration to this end (e.g., Chi et al.,
2018).

In contrast, the results of the partner’s interactive collaboration
activities per se only provide additional information to the actor
that is not contained in the instructional material—similar to the
partner’s constructive preparation or collaboration activities. Such
additional information is important but not sufficient for the actor
to benefit from collaboration in terms of deep comprehension
outcomes. To this end, the externalizations resulting from the
partners constructive or interactive activities must be subjected to
the actor’s interactive activities (Chi and Wylie, 2014; Chi et al,
2018). This view is supported by previous research suggesting
that just receiving explanations from others does often not
foster learning unless the explanations are elaborated or further
applied by the receiver (Webb and Mastergeorge, 2003; Wittwer
and Renkl, 2008; Vogel et al, 2016). Thus, when considered
simultaneously, the actors but not necessarily the partner’s
interactive activities could be expected to foster the actor’s deep
comprehension outcomes. Moreover, since the partners interactive
(and constructive) activities do not only represent additional
resources (i.e., potential benefits) but at the same time increase the
information processing demands (i.e., costs) for the actor, even the
possibility of negative partner effects must be taken into account
(cf. Dillenbourg and Betrancourt, 2006; Nokes-Malach et al., 2015;
Janssen and Kirschner, 2020).

1.5 The potentially moderating role of prior
knowledge

Prior knowledge could be understood as the amount of
information related to the target instructional material already
stored in a learner’s long-term memory at the start of a learning
phase (e.g., McCarthy and McNamara, 2021; Simonsmeier et al.,
2022). Generally, learners already possessing high topic relevant
prior knowledge are better able to activate relevant knowledge
structures from their long-term memory in order to relate them
to incoming information while low prior knowledge learners
are less so. Accordingly, prior knowledge guides processing of
novel information and fosters the construction and integration
of knowledge from that information (e.g., Kintsch, 1998, 2004;
Best et al., 2005; Kalyuga, 2009; McNamara and Magliano, 2009;
Witherby and Carpenter, 2021). Hence, prior knowledge represents
a crucial factor determining learners’ capabilities to perform
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learning activities involving inferences, such as constructive or
interactive activities (e.g., Webb, 1989; Chan et al., 1992; Kintsch,
1998; Ertl et al., 2004; McNamara, 2004; Best et al., 2005; Schwartz
et al., 2007; Chi and Wylie, 2014). Consequently, prior knowledge
could play a role for the effects investigated in this study in
several respects.

Firstly, prior knowledge may play a role for whether and in
which quantity learners indeed execute the constructive activities
they are asked for by a generative preparation task. Prior research
suggests that generative instructions and tasks are more effective
for high than for low prior knowledge learners in terms of
knowledge acquisition (Kirschner et al., 2006; Chen et al., 2017).
Consequently, the effects of individual preparation task generativity
on the execution of constructive preparation activities may increase
with increasing prior knowledge of the learners.

Secondly, accumulating evidence highlights the critical role of
learners’ prior knowledge for the cost-benefit ratio of collaborative
learning (e.g., Janssen and Kirschner, 2020). This raises the
question of how prior knowledge may influence the effects of
constructive preparation activities on the exploitation of the
potential collaboration benefits for in-depth knowledge acquisition.
Research suggests that prior knowledge should facilitate the uptake
and integration of co-learners’ externalized knowledge and ideas
encountered during collaboration. Yet, collaboration may become
redundant when learners possess sufficient knowledge to deal with
the learning requirements associated with the instructional material
on their own (e.g., Nokes-Malach et al., 2012; Sears and Reagin,
2013; Retnowati et al., 2018; Zambrano et al., 2019). Hence, prior
knowledge could be, on the one hand, too low to deal with the
information processing demands and coordination costs associated
with enacting interactive activities during collaboration. On the
other hand, it could also be too high such that the learning
requirements could be dealt with on one’s own and, thus, making
interactive activities unnecessary or their performance ineffective
for learning (Nokes-Malach et al.,, 2012, 2015; Kirschner et al,,
2018; cf. Janssen and Kirschner, 2020). This notion also receives
indirect support from research on multimedia-learning, frequently
evidencing the expertise reversal effect as a special case of the
redundancy effect: if external information is presented that is
already contained in a learner’s long term memory, interferences
may occur if ignoring the redundant information is difficult, thus
inducing higher extraneous load (e.g., Sweller et al., 1998; Kalyuga
et al., 2003; Janssen and Kirschner, 2020).
whether  the
disadvantages of constructive preparation activities for interactive

Consequently, potential ~advantages or
collaboration activities prevail may depend on prior knowledge
Figure 1B):
activities may facilitate the subsequent execution of interactive

(a-path-moderation, constructive  preparation
activities (actor effect) for low prior knowledge learner’s while
being ineffective or even counterproductive for higher prior
knowledge learners in this regard. Meanwhile, for the co-
learner’s constructive preparation activities to foster one’s
own interactive activities (partner effect), a certain amount
of own prior knowledge may be necessary to deal with the
associated costs. However, doing so may not pay off if one
already possesses a relatively large body of prior knowledge. Such

potential moderation effects through actor prior knowledge
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may also have consequences for the partner’s interactive
activities, for which the externalizations resulting from one’s
own interactive activities are an important input source (e.g., Chi,
2021).

Alternatively, or in addition, prior knowledge may also
influence the effectiveness of interactive activities in view

of deep comprehension outcomes (b-path-moderation,
Figure 1B): previous work has argued that using the partner’s
externalizations to draw the inferences necessary to acquire
a sound understanding of the instructional material (ie.,
enacting interactive activities) may become less effective
if prior knowledge is already sufficient to generate the
2012;

Deiglmayr and Schalk, 2015). In line with this, Mende et al.

inferences on ones own (e.g., Nokes-Malach et al,

(2017) showed the positive effects of interactive activities on
deep comprehension outcomes to diminish with increasing
prior knowledge.

1.6 The present study

The overall purpose of the present study is to investigate
whether performing constructive activities during individual
preparation can help the individual learner to subsequently
exploit the potential benefits of digital collaboration (i.e.
CSCL) in
knowledge as

terms of using the co-learner’s externalized

resource for own inferencing processes
(interactive activities) in the service of in-depth knowledge
acquisition (deep comprehension outcomes). Thereby, our goals
are two-fold:

The first goal consists in investigating how preparation tasks
differently designed in terms of their generativity affect the
execution of constructive preparation activities as a prerequisite
for such beneficial collaboration processes and outcomes coming
into effect. More specifically, we first aim to obtain a general
picture of (a) which task and prior knowledge conditions are
more or less beneficial for encouraging learners to execute
constructive preparation activities, and (b) whether conditions that
are more conducive in this regard also lead to more interactive
collaboration activities and better deep comprehension outcomes.
As a control, we also consider how preparation task generativity
affects (a) the execution of constructive collaboration activities
and (b) take not only the learners own but also the dyad
partners prior knowledge into account as potential moderator.
Accordingly, our first two research questions (RQ) are as follows
(see Figure 1A):

RQ la: What are the effects of preparation task generativity
(i.e., low, moderate, high) on (a) the number of constructive
preparation activities, (b) the number of constructive and
interactive collaboration activities, and (c) deep comprehension in
terms of transfer posttest achievement?

RQ 1b: Are these effects moderated by the actors and/or the
partners’ prior knowledge?

The second goal consists in investigating how and under
what conditions whose constructive preparation activities influence
the learner’s personal exploitation of the potential collaboration
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benefits for in-depth knowledge acquisition. Accordingly, the
main interest is in the potential indirect effects of the actors
and the partner’s constructive preparation activities on the
actor’s deep comprehension outcomes that are mediated via the
actor’s interactive collaboration activities and in whether such
indirect effects may depend on the actor’s prior knowledge.
To obtain a comprehensive picture of the possible advantages
and disadvantages of constructive preparation activities as well
as the processes and conditions involved, but also for control
purposes, we consider some more variables and effects. Specifically,
we consider (a) not only the indirect but also the direct
effects of constructive preparation activities explicitly and (b)
the influences of the collaboration activities (mediators) on deep
comprehension outcomes (b-paths) not only in terms of actor
but also in terms of partner effects. Further, we (c) control
for constructive activities carried out during collaboration as
potential alternative mediator, and (d) include not only the
actor’s but also the partner’s prior knowledge as potential
moderator to more exhaustively capture the conditions that
may play a role in the reciprocal influence processes between
the learners. Thus, our second two RQ’s are as follows (see
Figure 1B):

RQ 2a: Considering constructive and interactive collaboration
activities as potential mediators, what are the direct and indirect
actor and/or partner effects of constructive preparation activities
on deep comprehension outcomes?

RQ 2b: Are these effects moderated by the actor’s and/or the
partner’s prior knowledge?

Given the resulting moderated mediation model, four kinds
of (moderated) indirect effects might occur per mediator when
considering both the a-paths and the b-paths in terms of
actor and partner effects (e.g., Sadler et al, 2011): actor-actor-
effects, actor-partner-effects, partner-actor-effects, and partner-
partner effects.

2 Materials and methods

2.1 Participants and setting

Due to the complexity associated with power calculations for
CSCL experiments, there are no established guidelines to date
(Janssen and Kollar, 2021). Therefore, we based our sample size
on previous, comparable studies (e.g., Deiglmayr and Schalk,
2015; Jurkowski and Hénze, 2015; Vogel et al, 2016; Lam and
Muldner, 2017; Tsovaltzi et al., 2017). Consequently, we conducted
an experiment in which a total of 138 students (69 dyads)
from a German university went through a CSCL scenario on
the human circulatory system. Excluded from participation were
students of medicine, biology, or similar fields, as well as non-
native speakers. Some students were dyad-wise excluded post hoc
because they did not follow the instructions in the learning phase
(5 dyads), the data were incomplete (1 dyad), a dyad member
turned out to be a non-native speaker (1 dyad) or due to technical
problems (1 dyad). The final sample contained 61 dyads with a
total of 122 undergraduate students (72.9 % female, mean age:
22.81 years, SD = 3.95) of psychology (49.2%) and educational
sciences (50.8%).
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2.2 Learning material

As learning material, we used an expository text on the
human circulatory system translated and adapted from Chi
et al. (2001). The text consisted of 1,090 words, approximately
evenly distributed over 3 sections entitled as “The heart,” “The
vessels,” and “The subsystems of the circulatory system.” The text
was presented on the monitor throughout the learning phase
within the CSCL environment. A sound comprehension of the
circulatory system requires not only knowledge of its single
components and their properties, but also an understanding of
the coordinated interaction between these components at different
hierarchy levels and how these interactions provide the vital
functions of the system as a whole. An expository text—such
as the one used in this study—typically leaves out many of
these features, relationships and interactions and, thus, leaves
a lot of room for interpretation on the part of the learners.
In other words, inferences are necessary to fill in these gaps
and to build a proper mental model of the system that enables
the flexible application of what has been studied (Chi et al,
1994).

2.3 Design and procedure

Participants arrived at the lab, were greeted and assigned

to their computer desks. After an introduction to the
CSCL environment, participants demographic data and
prior knowledge were obtained through an electronic

pretest. All participants were informed that they would be
learning about the human circulatory system with a text.
They were instructed to develop an understanding of the
circulatory system in terms of how it is composed, how it
functions, and what its general purpose is (see Jeong and Chi,
2007).

Subsequently, the students were randomly grouped into stable
dyads automatically by the CSCL system. All dyads followed
a CSCL-script developed by the authors (READ-script; Mende
et al., 2017) which prescribed the following learning phases (see
Figure 2).

After reading the whole text (reading phase), each learner
worked individually on a task and wrote their answer in
a text box (externalization-phase). These task responses
were subsequently delivered to the co-learners (i.e., dyad
by the
explicitly requested to inspect each other’s task responses

partners) CSCL system and both learners were
(awareness induction phase). Finally, learners were asked to
collaboratively discuss the text using the chat function that
was now available (discussion phase). Here, they received
the instruction to collaborate in order to help each other in
improving understanding. The previously produced individual
externalizations of both learners were still available to everyone
during this phase.

The externalization, awareness induction, and discussion
phases were repeated for each of the three text sections.
In each of the
were

externalization
task

phases,
and the

participants

given a section-specific text was
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FIGURE 2
Experimental design and procedure. NO, CC, and EX refer to the note-taking, compare-contrast, and explanation task conditions, respectively.

automatically scrolled to the beginning of the relevant 2.4 Measures
section. Depending on experimental condition, the dyads
were randomly assigned to either one of three versions 2.4.1 Pretest
of the described script which differed only with respect We assessed the participants’ prior knowledge with a test
to the type of preparation task applied in the individual adapted from Jeong and Chi (2007). Students were requested to
externalization phases (see Appendix A in the Supplementary  describe the blood path of the circulatory system in a textbox. They
material). were asked to do this in as much detail as they could, while also
Participants in the note-taking task condition were not  including components and processes that play a role in the human
specifically requested to perform constructive activities. Subjects  circulatory system.
in the compare-contrast task condition were required to compare- To code participants’ prior knowledge, a predefined template
and-contrast central concepts addressed by the text. For example,  was used that included topic-relevant idea units in terms of
subjects were asked to compare the different kinds of blood vessels ~ knowledge pieces about the circulatory system, for instance, “blood
of the circulatory system regarding their components and the = moves from the heart to the body” or “the heart is a pump.”
processes they are involved in. Since many of these similarity and  Participants received one point for each piece of knowledge
difference relations were not explicitly stated in the text, learners  expressed (Jeong and Chi, 2007). A second rater coded 17%
had to infer them, typically by connecting different information  of the data for inter-rater reliability (axrippendort = 0.90). The
that are explicitly given in the text. In other words, learners had  resulting prior knowledge score represents the sum of knowledge
to perform constructive activities to complete this type of task.  pieces contained in a participant’s written response to the pretest.
Participants in the explanation task condition were required to  Please note that this score does not include information on the
provide explanations related to the same central text concepts as  relationships among the idea units or learners’ mental model about
in the compare-contrast task condition. For example, the learners  the circulatory system.
were asked to find reasons why our circulatory system entails
different types of blood vessels instead of only one type. To this
end, the learners had not only to infer comparative relations, 2 4.2 Coding of learners’ individual
but also to connect these relations with each other in order externalizations
to formulate explanations for the existence of the components In order to assess the extent to which the learners enacted
addressed in the respective task. Besides of connecting different  constructive preparation activities, the individual externalizations
text information, this required to insert general or domain specific  were subjected to a coding procedure. More concretely, the quality
prior knowledge. In other words, compared to the compare-  of participants’ responses to the preparation tasks were coded
contrast tasks, learners had to perform even more constructive  ysing a scheme developed by the authors (Mende et al,, 2017)
activities in order to complete the explanation tasks. Taken together,  based on previously published operationalizations of constructive
the extent and explicitness to which the described tasks ask for  jctivities (e.g., Chi and Wylie, 2014; De Backer et al., 2014; Roscoe,
the execution of constructive activities (i.e., the task generativity)  014). To this end, we assessed the occurrence of constructive
increases from note-taking (low) to compare-contrast (moderate)  activity indicators at the protocol level in terms of the number of
to explanation (high). sentences containing inferences, that is, topic-relevant information
To keep learning time constant between experimental  pot already given in the learning text. This can have the form of,
conditions, subjects were given a target time of 10 min each for the  for instance, comparing the thickness of arteries and capillaries or
externalization and the discussion phases, being allowed to proceed generating a causal explanation such as “due to their thick walls,
to the next phase after 8 min at the earliest, and automatically  diffusion is not possible in the arteries” since these comparisons
forwarded after 12 min at the latest. One week after the treatment  3nd explanations were not explicitly presented in the text. By
participants reentered the lab to answer a posttest capturing their  contrast, mere repetitions of text information were not considered
text comprehension. constructive activity.
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By means of the described procedure, each of the three
externalizations per participant were evaluated with respect to
the number of constructive activities. A second rater coded
25% of the individual externalization protocols (dkrippendorf =
0.91). The resulting score represents the sum of constructive
preparation activities a learner has performed during the individual
externalization phases.

2.4.3 Coding of the collaborative discussion
activities

In order to assess the extent to which the learners performed
constructive and interactive activities during the collaborative
discussion phases, the quality of the chat dialogues was subjected to
a coding procedure. To this end, we applied a previously developed
coding scheme (Mende et al., 2017) that has been adapted from
previous work (e.g., Jeong and Chi, 2007; Berkowitz et al., 2008;
Noroozi et al., 2013; Chi and Wylie, 2014; De Backer et al., 2014;
Roscoe, 2014).

Participants’ chat messages were first segmented according to
punctuation and “connectives” (Strijbos and Stahl, 2007; Erkens
and Janssen, 2008). In a second step, each segment was assessed
for whether it contains topic-relevant information (i.e., information
about the circulatory system; dkrippendorf = 0.97). This was done
because computer-based learning dialogues typically comprise not
only utterances directly related to processing the learning content
but also utterances related to purely metacognitive, technical,
coordinative or social concerns (e.g., Paulus, 2009; De Backer et al.,
2014). Only segments containing topic-relevant information (e.g.,
“The heart is divided into four chambers, right?”; “I think that
blood is oxygenated in the lungs”) were considered for further
coding. The remaining segments (e.g., “I understood the text
passage well,” “What should we talk about next?,” “Which button do
I need to press to continue?,” and “What will we have for lunch?”)
were excluded from further analyses.

In a third step, two independent decisions were made for each
topic-related segment: (a) does the segment contain an inference
(see above)? (b) does the segment contain indications of referencing
to a prior contribution of the co-learner in terms of taking
up or incorporating information expressed in the dyad partner’s
individual externalization or previous chat messages? A second
rater coded 25% of the discussion protocols (Okiippendorf = 0.82-
0.88). Segments containing an inference without indications of
referencing were counted as constructive activity and segments
containing an inference with indications of referencing were
counted as interactive activity. Segments containing no inference
were not considered for further analyses. The resulting scores
represent the sum of constructive or interactive activities a learner
has performed during the collaborative discussion phases.

2.4.4 Posttest

One week after the treatment participants were administered
with a computer-based posttest adapted from Chi et al. (2001)
that assessed their knowledge about different aspects of the human
circulatory system comprising the components, functioning and
purposes of the heart, the vessels, and the different sub-circuits. The
test consisted of 30 multiple choice questions covering shallow and
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deep text comprehension. Each question consisted of four answer
options, with only one option being correct. Since retest effects can
arise in pre-post-test designs, the multiple-choice format was only
used in the posttest while the open response task format was used
in the pretest.

The shallow comprehension subtest included twenty questions
that could be answered by either restating an information explicitly
provided in the learning material or by combining information
which were explicitly given across several sentences of the learning
material. The average item difficulty was 0.59 (SD = 0.14) and
ranged from 0.40 to 0.90.

To correctly answer the 10 questions forming the deep
comprehension subtest, learners had to transfer the text
information to issues not directly addressed within the sentences
contained in the learning material. That is, answering this kind
of questions required that the learners had integrated their prior
knowledge with the text information and formed a proper mental
model of the circulatory system (Chi et al., 2001). The average item
difficulty was 0.42 (SD = 0.21) and ranged from 0.16 to 0.75.

Examples of the items and answer options are provided in
Appendix B in the Supplementary material. For each participant
we computed percentages of correctly answered questions per
subtest. Please note that the focus of this work is on learners’
deep comprehension. Therefore, the results of the shallow
comprehension test are only included in the descriptive statistics
for overview purposes.

2.5 Data analysis

Since subjects were nested in dyads, we conducted linear
mixed regression analyses for dyadic data (Kenny et al., 2006),
using the restricted maximum likelihood method (REML) for
effect estimations and the maximum likelihood method (ML) for
assessment of model fit changes in terms of likelihood ratio tests
(e.g., Campbell and Kashy, 2002).

As some of our research variables revealed deviations from a
normal distribution, we performed bias-corrected and accelerated
bootstrap analyses with 5,000 resamples to estimate the standard
errors and confidence intervals for all regression coeflicients (e.g.,
Puth et al,, 2015; Scharkow, 2017). To be considered significant at
the 5% significance level, an effect must not include zero in the 95%
bootstrap interval. We centered all continuous predictors before
analyses. Unstandardized regression coefficients are reported.

2.5.1 Research question 1

RQI investigated the effects of three individual preparation
tasks differing in their generativity, as well as the moderating role
of actor’s and partner’s prior knowledge in view of the number
of constructive preparation activities, constructive and interactive
collaboration activities as well as deep comprehension posttest
achievement. Moderated mixed regressions were performed for
each dependent variable applying a two-step approach: In a first
step, experimental condition as well as the actor’s and partner’s
prior knowledge were entered into the regression. Experimental
condition was dummy-coded so that the compare-contrast task
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condition and the explanation task condition were each compared
with the note-taking task condition as the reference group. In a
second step, we entered the two-way interaction terms between
condition and prior knowledge variables.

In order to also capture the effect of the explanation task
condition in relation to the compare-contrast task condition, this
two-step procedure was repeated using sequential coding. That
is, this time the explanation task condition was compared with
the compare-contrast task condition and the latter again with the
note-taking task condition.

A moderator effect was assumed if the addition of the
interaction terms in step 2 resulted in a significant improvement in
model fit and the corresponding interaction term had a significant
regression weight. In such a case, the simple slopes for the effects
of task type were calculated at different values of prior knowledge
as a follow-up analysis: at the 10th, 25th 50th 75th 4ng the 9oth
percentile of the sample distribution (e.g., Hayes, 2013), which
correspond to prior knowledge scores of 4.00, 7.00, 11.50, 17.00,
and 22.00.

2.5.2 Research question 2

Research question 2 was concerned with potential indirect
actor and partner effects of constructive preparation activities
(independent variables) on deep comprehension outcomes
(dependent variable) through constructive and interactive
collaboration activities (mediators) as well as the moderating
role of prior knowledge for such indirect effects. In addition, we
considered the direct actor and partner effects of constructive
preparation activities on deep comprehension outcomes that were
explicitly not transmitted through the mentioned mediators.

To investigate research question 2, moderated mediation
analyses were conducted (e.g., Hayes, 2013; Song, 2018). Thereby
we applied the procedure for estimating an Actor-Partner-
Interdependence model for indistinguishable dyads (Kenny et al,
2006).

To assess the occurrence of indirect effects we followed the
approach of Yzerbyt et al. (2018). The authors recommend testing
three effects in sequence, all of which must be statistically significant

TABLE 1 Descriptives (N = 122).

Experimental condition Low:

10.3389/fpsyg.2024.1335682

to conclude that there is an indirect effect. These include a-path
analysis, b-path analysis, and a*b-path analysis, with the latter
being used to estimate the actual indirect effect (e.g., Hayes, 2013):

First, in the course of the a-path analyses we examined
the actor and partner effects of constructive preparation
activities (independent variables) on constructive and interactive
collaboration activities (mediators) and whether these effects are
moderated by the actor’s and/or the partners prior knowledge.
Within the a-path analyses, moderation was assessed following the
two-step procedure already described regarding the analyses for
research question 1. If neither a significant (moderated) actor nor
a partner effect was found in view of a mediator, the latter was not
further subjected to the following b-path analyses.

Second, in the course of the b-path analysis, while controlling
for actor and partner effects of constructive preparation activities
(independent variables), we examined the actor and partner effects
of the mediators not excluded during a-path analyses on deep
comprehension posttest achievement (dependent variable) and
whether these effects are moderated by the actor’s and/or the
partner’s prior knowledge. If neither a significant (moderated) actor
nor a partner effect of a mediator on a dependent variable was
found, the mediator was not further subjected to the following a*b-
path analyses. Within the b-path analysis model, also the direct
actor and partner effects (¢’) can be obtained in terms of the effects
of the constructive preparation activities controlled for the effects
of the potential mediators.

Third, potential mediators not excluded during the previous
steps were subjected to the a*b-path analyses. To this end, the
respective a-path and the b-path coefficients as well as their
bootstrapped standard errors were used to calculate the indirect
effects (a*b-paths) along with 95% Monte Carlo confidence
intervals based on 100,000 replications, using the SPSS macro
MCMED (Hayes, 2013). If an indirect effect included an a-
path and/or b-path coefficient for which the previous analyses
indicated significant moderation, the respective a-path and/or b-
path coefficients at different moderator values (10th, 25t 50th)
75t and 9oth percentile) were used to calculate the indirect effect,
resulting in a total of five estimates of the respective indirect effect
(e.g., Hayes, 2013).

Moderate: High

-(n =44)

(task generativity) note-taking (n = compare-contrast (n = 42) explanation
Age: M (SD) 22.19 (3.11) 22.52 (3.47) 23.59 (4.85)
Prior knowledge: M (SD) 13.08 (6.69) 11.50 (6.18) 13.05 (8.39)
Shallow comprehension 61.53 (16.60) 60.71 (18.10) 54.77 (13.47)
post-test*: M (SD)

Sex: percentages

Female 75% 66.7% 77.3%
Male 25% 33.3% 22.7%
Subject of study: percentages

Psychology 58.3% 50.0% 40.9%
Educational Sciences 41.7% 50.0% 59.1%

 Percent of MC items answered correctly.
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FIGURE 3

Follow-up-analyses of the significant interaction effects between task type and actor’s prior knowledge on self-performed constructive preparation
activities. The respective effects are visualized and reported in terms of simple slopes, consonant with the actor’s prior knowledge at the 10, 25%,
50t, 75 and 90" percentile of the distribution. Unstandardized regression weights are reported. All continuous predictors were centered prior to
the analyses. Asterisks indicate significance at the 5% level as determined by the 95% bias corrected and accelerated bootstrap confidence intervals.

3.3 RQ2: indirect and direct actor and
partner effects of constructive preparation
activities and the potentially moderating
role of prior knowledge

The results of the a-path and b-path analyses are provided in
detail in Appendix D in the Supplementary material. An overview
is given in Figure 4 together with the results of the final a*b-
path tests for (moderated) indirect effects. In the following, results
are addressed separately for the different mediators and the
direct effects.

3.3.1 Constructive collaboration activities as
potential mediator

Constructive collaboration activities were excluded as potential
mediator already during a-path analyses since neither actor nor
partner effects, whether unmoderated or moderated by the actor’s
or the partner’s prior knowledge, were observed (see Appendix D
in the Supplementary material).

Frontiersin Psychology

3.3.2 Interactive collaboration activities as
potential mediator

First, an indirect actor-actor effect moderated by the actor’s
prior knowledge was found: mediated via self-performed
interactive collaboration activities, learners with relatively low
prior knowledge (10th and 25th percentile) benefitted from
performing constructive preparation activities in terms of
deep comprehension outcomes while learners with relatively
high prior knowledge (90th percentile) suffered losses from
performing constructive preparation activities (see Figure 4
lower part). Consulting the results of the a-path and b-path
analyses (Figure 4 upper part) helps interpreting this effect:
self-performed constructive preparation activities fostered the
learner’s execution of interactive collaboration activities when their
own prior knowledge was relatively low (10™ and 25 percentile)
but reduced the execution of interactive activities when prior
knowledge was relatively high (90th percentile; see Figure 5A).
The self-performed interactive activities in turn promoted own
deep comprehension outcomes for all learners irrespective of prior
knowledge (Figure 4 upper part). Hence, for learners with relatively
high prior knowledge the execution of constructive preparation
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Individual preparation activities

Collaboration activities

Learning outcomes (Posttest)

1 Actor effect (a-path) moderated by actor‘s
! prior knowledge (see Fig. 5a)

Direct actor effect (¢*-path): .63*

Actor effect (b-path): 1.75%

Independent variable:

Constructive
preparation activities

Interactive collaboration

A A

Mediator: Dependent variable:

activities

Deep comprehension
A 3

: Partner effect (a-path) moderated by partner*s (see
Fig. 5b) and actor*s prior knowledge (see Fig. 5¢)

Direct partner effect (¢*-path): -.69*

Partner effect (b-path): -.86

Indirect effects (a*b-paths)

Actor-Actor effect as function of

Prior knowledge actor’s prior knowledge

.. partner’s prior knowledge

Partner-Actor effect as function of...

...actor’s prior knowledge

. B MC C195% B MC CI95% B MC CI95%
..10% percentile 53% [.16,1.01] 9% [30, 1.41] 04 [-.29,.38]
...25% percentile 39% [.11, .75] 67% [26,1.17] 18 [-.06,.48]
..50% percentile 18 [-.03, 44] A6* [16, .85] 37% [10,.73]
..75% percentile -.09 [-.33,.12] 21 [-.03,.52] 61% [-20,1.16]
..90% percentile -32% [-.69, -.03] .00 [-33,.33] 84% [-27.1.60]

FIGURE 4

Summary of the moderated mediation analyses (RQ 2). Only interactive collaboration activities are presented as mediator and included in tests for
indirect effects, as constructive collaboration activities have been excluded as potential mediator during the preceding a-path and b-path analyses;
see Appendix D in the Supplementary material for details. Unmoderated paths are indicated by solid lines and labeled with the according main effect.
Moderated paths are indicated by dotted lines with the respective effects being detailed in Figure 5. Since all to be estimated a*b-paths include an
a-path coefficient which has been indicated to be moderated by the actor's and/or the partner’s prior knowledge, each indirect effect is reported in
terms of simple slopes consonant with prior knowledge at the 10", 25, 50", 75™ and 90" percentile of the distribution. Unstandardized regression
weights are reported. All continuous predictors were centered prior to the analyses. Asterisks indicate significance at the 5% level as determined by
the 95% bias corrected and accelerated bootstrap confidence intervals or, in case of indirect effects, the 95% Monte Carlo confidence intervals.

activities was detrimental to their deep comprehension outcomes
as far as these activities prevented them from enacting interactive
collaboration activities.

Second, we obtained an indirect partner-actor effect which was
moderated by the partner’s prior knowledge. Mediated via self-
performed interactive collaboration activities, learners benefitted in
terms of deep comprehension from the constructive preparation
activities of their co-learners, but only if the latter’s prior knowledge
was relatively low to moderate (10th, 25t and 50 percentile;
Figure 4 lower part). Consulting the a-path and b-path analyses
results shows relatively low to moderate (10th, 25t and 50th
percentile) but not higher prior knowledge co-learner’s constructive
preparation activities fostered one’s own interactive collaboration
activities (Figure 5B). The latter in turn promoted one’s own deep
comprehension outcomes regardless of prior knowledge (Figure 4
upper part). Put another way, the self-performed constructive
preparation activities of learners with relatively low to moderate
prior knowledge had a positive indirect effect on their co-learner’s
deep comprehension outcomes mediated by their co-learner’s
interactive activities.

Third, we found the indirect partner-actor-effect just described
to be also moderated by the actors prior knowledge. Mediated
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via their own interactive collaboration activities, learners with
moderate to relatively high prior knowledge (50™, 75, and 90t
percentile) benefitted from their co-learners enacted constructive
preparation activities in terms of deep comprehension (Figure 4
lower part). Consulting a-path and b-path analyses reveals
moderate to relatively high (50th, 75t and 90t percentile) but not
relatively low prior knowledge learners’ performance of interactive
activities was positively affected by their co-learners previously
executed constructive preparation activities (Figure 5C). Executing
interactive activities in turn promoted own deep comprehension
outcomes irrespective of prior knowledge (Figure 4 upper part).

3.3.3 Direct effect of constructive preparation
activities

Constructive preparation activities were also found to have
direct actor and partner effects on deep comprehension that
are not mediated by interactive collaboration activities (Figure 4
upper part): The performance of constructive preparation activities
had a positive direct influence on the learner’s own deep
comprehension in the sense of an actor effect. In contrast,
co-learners’ constructive preparation activities directly impaired
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FIGURE 5

Follow-up-analyses of the significant interaction effects between constructive preparation activities and prior knowledge on self-performed
interactive collaboration activities. (A) Actor effect of constructive preparation activities on interactive collaboration activities as function of actor’s
prior knowledge. (B) Partner effect of constructive preparation activities on interactive collaboration activities as function of partner's prior
knowledge. (C) Partner effect of constructive preparation activities on interactive collaboration activities as function of actor’s prior knowledge. The
respective effects are visualized and reported in terms of simple slopes, consonant with prior knowledge at the 10", 25%, 50t, 75t and 90t
percentile of the distribution. Unstandardized regression weights are reported. All continuous predictors were centered prior to the analyses.
Asterisks indicate significance at the 5% level as determined by the 95% bias corrected and accelerated bootstrap confidence intervals.

learner’s deep comprehension in terms of a negative partner effect.
No indications of moderation through prior knowledge were
obtained in either case.

4 Discussion

The aim of this study was to investigate whether performing
constructive activities during individual preparation can help
learners to subsequently exploit the potential benefits of
digital collaboration in terms of using co-learners externalized
knowledge as resource for own inferencing processes (interactive
activities) in the service of in-depth knowledge acquisition
(deep comprehension outcomes). To address this aim, we firstly
investigated on a more general level whether more rather than
less generative tasks intended to induce constructive preparation
activities are suited to increase the execution of interactive
activities and deep comprehension achievement (RQ1L). We
secondly examined on a more detailed level the direct and indirect
(via interactive activities) effects of the actor’s and partner’s
constructive preparation activities on deep comprehension
outcomes (RQ2). Prior knowledge was considered as potential
moderator in both cases.
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Overall, the results in response to RQ1 suggest increasing
the preparation task generativity to be an effective way to raise
the number of constructive preparation activities executed by the
individual learning-dyad members prior to collaboration. However,
the results further indicate that this per se is not sufficient to
lead learners to better utilize subsequent collaboration in terms
of in-depth knowledge acquisition. The analyses conducted in
the course of addressing RQ2 provided some insights into the
possible reasons for this pattern of results. These findings suggest
that the execution of constructive activities during an individual
preparation yields not only advantages but also disadvantages in
view of subsequent collaborative learning: though self-performed
constructive preparation activities had direct benefits for own
deep comprehension outcomes, they promoted deep learning from
subsequent collaboration only for learners with relatively low
prior knowledge while they were ineffective or even detrimental
in this regard for learners with relatively high prior knowledge.
Co-learners’ constructive preparation activities fostered one’s own
deep learning from collaboration under specific conditions of own
and partner’s prior knowledge, but negatively affected one’s deep
comprehension outcomes on the direct path. In other words,
given the present findings, the answer to the question of whether
constructive preparation activities can promote deep learning from
subsequent collaboration seems to be an “it depends.” In the
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following we discuss the results related to RQl and RQ2 in
more detail.

4.1 The antecedents and consequences of
constructive preparation activities

Concerning RQ1, our results revealed that more generative
tasks led the learners to execute more constructive preparation
activities during individual preparation: the number of constructive
preparation activities significantly increased from the note-taking
task (low generativity) over the compare-contrast task (moderate
generativity) to the explanation task (high generativity). This is in
line with previous generative learning research on the effectiveness
of these different tasks in terms of inducing deep learning processes
(e.g., Grabowski, 2004; Sidney et al., 2015; Chin et al., 2016; Ponce
et al., 2020). Furthermore, in reference to the low generative task,
the positive effects of the more generative tasks (i.e., compare-
contrast and explanation) were the more pronounced, the higher
the learners’ prior knowledge which has been also expected in the
face of previous research on text comprehension and cognitive load
(e.g., Kintsch, 1998; Best et al., 2005; Chen et al., 2017). Taken
together, a higher preparation task generativity consistently led all
learners to enact more constructive preparation activities, although
the effects were stronger for more knowledgeable learners.

This positive task generativity effects did, however, not transfer
to the number of interactive (or constructive) collaboration
activities and deep comprehension outcomes. We even observed
participants in the compare-contrast task condition to perform
significantly worse than the subjects in the note-taking and the
explanation task conditions in terms of deep comprehension
outcomes as indicated by the transfer posttest. As a possible
explanation, the compare-contrast task may have focused the
learners too much on single comparisons between the circulatory
system components, thus preventing them from developing a
more comprehensive understanding of how the system works as
a whole, resulting in poorer transfer achievement (e.g., Chin et al,
2016). As a related explanation, the deep comprehension posttest
primarily captured learners understanding of the functioning of
the circulatory system in terms of cause-effect-relations. Thus, the
fit between the preparatory compare-contrast task and the posttest
was relatively low compared to the other conditions.

To summarize, in the present study, a higher preparation task
generativity led learners to execute a greater number of constructive
preparation activities. However, consistent with previous studies
(e.g., Lam and Kapur, 2017; Lam and Muldner, 2017; Lam, 2019),
we found no evidence that tasks of higher generativity are better
suited than tasks of lower generativity to help learners take
advantage of the potential benefits of subsequent collaboration for
in-depth knowledge acquisition.

This invites a closer look into the mechanisms involved and
the conditions relevant for the effects of constructive preparation
activities enacted by oneself and one’s co-learner (RQ2). To first
give a general overview: both, ones own and one’s partner’s
constructive preparation activities were found to have significant
direct as well as moderated indirect effects on one’s own deep
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comprehension outcomes. These indirect effects all included
self-performed interactive collaboration activities as mediator.
Specifically, learners own interactive activities positively affected
their own deep comprehension outcomes irrespective of prior
knowledge. Moderated indirect effects of one’s own as well as
the partner’s constructive preparation activities occurred because
each affected the execution of interactive activities differently in
dependence of own and/or the partners prior knowledge. In
the following we discuss these indirect effects along with the
direct effects.

To begin with, self-performed constructive preparation
activities in themselves already fostered own deep comprehension
outcomes directly, that is, not mediated by interactive (or
constructive) collaboration activities. This could be expected in
light of previous findings on the positive effects of constructive
activities on deep learning (e.g., Chi and Wylie, 2014). Extending
previous research, our results also show that executing constructive
activities during an individual preparation can, in the sense
of an indirect effect, promote but also hinder one’s execution
of interactive activities and, in turn, deep comprehension
outcomes depending on own prior knowledge (actor-actor effect
moderated by actor’s prior knowledge). More specifically, our
findings suggest that self-performed constructive preparation
activities promote one’s own subsequent execution of interactive
collaboration activities at relatively low prior knowledge levels,
have no effect at higher levels, and even lead to less interactive

activities at the highest level considered (i.e., goth

percentile).
This is in line with the assumptions of benefit-cost approaches
on the role of prior knowledge on collaborative learning (e.g.,
Nokes-Malach et al., 2012, 2015; Janssen and Kirschner, 2020):
building relevant knowledge structures first through constructive
preparation activities seems to have helped learners with little
prior knowledge to deal with the costs associated with taking up
and integrating externalized knowledge from co-learners (i.e.,
performing interactive activities) during collaboration while
still leaving enough room to experience benefits from doing so,
for instance, in terms of further developing or differentiating
own initial conclusions and ideas together with the co-learner
during discussion. Learners who already possessed a larger body
of relevant prior knowledge were possibly more capable to deal
with the costs of interactive activities from the outset, so that the
execution of constructive preparation activities had no added value
for them in this regard. Moreover, the higher the prior knowledge,
the more likely the execution of constructive activities might have
led learners to come to a comprehensive understanding of the
instructional material already at the end of the preparation. This
might have reduced the expected potential benefits of interactive
activities and, thus, their execution. The results indicate, however,
that self-performed interactive activities were conducive to deep
comprehension outcomes irrespective of prior knowledge. That
is, also high prior knowledge learners benefitted from enacting
interactive activities in the present study.

The described prior knowledge dependency of the effects
of one’s own constructive preparation activities on one’s own
interactive activities seems to have consequences for the co-learner
with respect to his or her usage of the potential collaboration
benefits in terms of in-depth knowledge acquisition as well. More
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specifically, constructive preparation activities executed by learners
at relatively lower levels of prior knowledge did not only had a
positive indirect effect on their own deep comprehension outcomes
via their own interactive activities (actor-actor effect moderated by
the actor’s prior knowledge) but also a positive indirect effect on
their partner’s deep comprehension via their partner’s interactive
activities (partner-actor effect moderated by the partner’s prior
knowledge). Both indirect effects became smaller with increasing
prior knowledge. However, while the actor-actor effect became
even significantly negative at relatively high prior knowledge,
the partner-actor effect only decreased to a non-significant level
(compare Figures 5A, B). This pattern of results seems reasonable
when considering that the actor’s constructive and interactive
activities together form the input that goes beyond the instructional
material and that the partner can use for his or her interactive
activities during collaboration (e.g., Chi and Wylie, 2014). Thus,
if the effect of one’s own constructive preparation activities on
one’s own interactive collaboration activities is initially positive,
then non-significant, and finally negative with increasing own prior
knowledge, it seems plausible that this also applies in a weakened
form to the interactive activities of the partner.

Our results further revealed the indirect effect of the co-
learners’ constructive preparation activities on one’s own deep
comprehension outcomes via own interactive activities to not only
depend on the co-learner’s but also one’s own prior knowledge
(partner-actor effect moderated by actor prior knowledge). This
is because the partner’s enacted constructive preparation activities
fostered one’s own execution of interactive activities only when
own prior knowledge was at relatively higher levels (starting from
the 50™ percentile). This suggests that taking up and integrating
the externalizations resulting from the co-learner’s constructive
preparation activities in the sense of own interactive activities
requires at least some prior knowledge to deal with the associated
costs (e.g., Kalyuga, 2009; Janssen and Kirschner, 2020). Since
the co-learner’s constructive preparation activities per definition
contain conclusions, ideas, and perspectives not already presented
in the instructional material, the benefits seem to have prevailed the
costs thereby, despite an already advanced own knowledge about
the instructional material.

While the partner’s constructive preparation activities had
a positive indirect effect on one’s own deep comprehension
outcomes under certain conditions of own and partners prior
knowledge as described, the direct effect was negative, which
seems somewhat counterintuitive. Recall, however, that a direct
effect is the influence that remains after taking into account the
indirect effect: accordingly, the negative direct partner effect could
be interpreted in terms of the impact of constructive activities
externalized by the co-learner, which are not used as a learning
resource in the course of one’s own interactive activities in the
service of deep comprehension. Thus, as a possible explanation, the
negative direct partner effect could be understood as the impact
of information that makes the learning situation more complex
and increases the demands on one’s own cognitive resources while
not contributing to one’s own learning (Kirschner et al., 2018; cf.
Janssen and Kirschner, 2020).

To conclude, our results suggest that executing constructive
activities during individual preparation seems to yield advantages
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as well as disadvantages in view of the learners personal profit
from subsequent collaboration in terms of in-depth knowledge
acquisition. Whether the advantages or disadvantages prevail seems
to depend on whose constructive activities we are asking about and
who brings how much prior knowledge to the table. The outlined
insights provide hints as to where approaches might be taken in
order to optimize the design of the individual preparation and the
subsequent collaboration phase so that learners could be better
and more reliably supported in benefitting from their own and
each other’s executed constructive preparation activities in view of
deep learning from subsequent collaboration. Among others, this is
addressed in the next section.

4.2 Limitations and future directions

This work is subject to several limitations, pointing at the need
for further developments and investigation in future studies. These
concern (a) the instructional design choices, (b) the study variables
considered, and (c) the design of the present study.

4.2.1 Instructional design choices

The findings of the present study must be seen in the light
of the instructional design choices applied in the study. First, the
preparation tasks were provided without any further support or
guidance. Numerous practicable approaches are available in this
regard, which can be implemented easily and flexibly thanks to
digital technologies. For example, structuring scaffolds such as
prompts pointing at important information or guidelines on how
to decompose a complex problem may especially support learners
with low prior knowledge in performing (more) constructive
activities in response to highly generative tasks (e.g., Reiser, 2004;
Kalyuga, 2009). Future studies should therefore investigate whether
the interaction between prior knowledge and the generativity of
preparation tasks demonstrated here still holds when the latter
are provided with additional support. However, it is an open
issue for further research whether such support for learners with
higher prior knowledge would be redundant and, thus, ineffective
or even detrimental to their learning process (e.g., Kalyuga et al,
2003; Chen et al., 2017). Hence, it deserves further attention
how the interplay between task generativity, prior knowledge, and
supporting scaffolds might affect learners’ execution of constructive
preparation activities. Respective insights could inform adaptive
support strategies which help to streamline generative preparation
task effectiveness.

Second, within the individual preparation phases, after
completing the individual externalization task, learners received
each other’s individual task responses (awareness induction), with
these responses being presented exactly as written by the co-
learner and without specific instructions on how to process the
response in order to further prepare for collaboration or using them
during collaboration. In addition, a relatively general instruction
was intentionally used for the subsequent collaboration phase: to
work together to help each other improve their understanding
about the instructional material. Future work could examine
how the awareness induction and collaboration phases could
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be optimized so that the benefits of constructive preparation
activities can be enhanced and the disadvantages mitigated. For
instance, data mining techniques could be applied to filter and
(graphically) organize the co-learner’s task responses received
during awareness induction, which could facilitate their processing
and comparison with one’s own response (e.g., Erkens et al,
20165 Bodemer et al., 2018). This might reduce the costs imposed
on oneself through the externalized constructive preparation
activities of co-learners, so that their negative direct effect on
one’s own deep comprehension outcomes could be reduced in
favor of a greater positive indirect effect via one’s own interactive
activities (cf. Janssen and Bodemer, 2013). In addition, this
could also allow learners with little prior knowledge to use and
benefit from their partner’s externalized constructive preparation
activities. As another example, learners could be scripted to
go through their preparation products with each other step
by step during collaboration, with the task of reaching explicit
consensus at each step (e.g., Kollar et al., 2014; Lam and Muldner,
2017). Among other things, this could stimulate also learners
with high prior knowledge to progress from their previously
externalized constructive preparation activities to more (rather
than less) interactive activities because they have to explicitly
discuss their individually prepared thoughts and conclusions with
their co-learner.

Third, considering the ubiquitous use of digital technologies
in all areas of human life, the relevance and ecological validity
of this work is very high. Computer use yields many advantages
over analog solutions, especially in synchronous learning (e.g.,
Jeong and Hmelo-Silver, 2016): digital technologies facilitate the
collection, distribution, presentation, and graphical organization of
group awareness information such as individual task solutions or
dialogue protocols (e.g., chat histories). Further, learners can be
presented with virtual environments or interfaces tailored to the
collaborative task at hand as well as their individual prerequisites
and, thus, allow for the ergonomic and effective implementation of
collaboration scripts. In addition, realizing synchronous learning
via chat rooms allows many groups to interact in the same
physical room without disturbing each other. Last but not least,
computer techniques facilitate researcher’s data collection since
the results of learners’ activities can be logged automatically. An
interesting question for future research would be, whether the
present results could be replicated in an asynchronous digital
learning setting.

4.2.2 Study variables

As a first issue, in contrast to the (potential) benefits, we
considered the costs of collaboration not explicitly in the form of
process measures. This is also indicated in the results: Regarding the
effects of actor’s and partner’s constructive preparation activities on
deep comprehension outcomes, we found not only indirect effects
via the interactive activities, but also direct effects. In the literature
on mediation analysis (e.g., Zhao et al., 2010), this is typically seen
as a reason to search for hitherto unaccounted mediators in future
studies. In our view, this applies less to the direct positive actor
effect, since the latter can be interpreted reasonably as the learning
effect of performing constructive activities, so that the question of
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mediating variables does not necessarily arise here. With regard to
the negative direct partner effect, on the other hand, the search for
previously omitted mediators seems more advisable. One candidate
would be, for example, the mental effort invested by the learners
during the collaboration (e.g., Janssen et al., 2010; Zambrano et al.,
2019). Future studies should include also such or similar mediators
to not only capture processes associated with the benefits (such
as interactive collaboration activities) but also with the costs of
collaboration more explicitly. This could add to the picture of
the mechanisms underlying the advantages and disadvantages of
constructive preparation activities in view of deep learning from
subsequent collaboration.

Secondly, the coding of the preparation and collaboration
activities according to ICAP could be further differentiated
according to other available coding schemes. Though the ICAP
framework provides clear criteria concerning the quality an activity
must have to be coded, for example, as a constructive activity
(i.e., must contain an inference), these classes are quite broad
and domain general. In future studies constructive and interactive
activities could, for instance, each be assessed with respect to
whether they have the structure of more or less complete arguments
or explanations.

Thirdly, this study considered the effects of constructive
preparation activities on subsequent

deep learning from

collaboration exclusively through a cognitive lens. Future
studies could expand the picture by also taking into account
metacognitive and motivational variables as mediators and/or
learning outcomes. For example, confidence judgments measured
between preparation and collaboration phases (e.g., Schnaubert
and Bodemer, 2019) could be examined as a possible mediator
of the effect of one’s own constructive preparation activities on
one’s own interactive collaboration activities, thus providing more
insight into the possible reasons for the effects dependence on
own prior knowledge. Alternatively, or in addition, experienced
curiosity could be a motivational mediator candidate here (cf.
Glogger-Frey et al., 2015).

4.2.3 Design

As a first issue, we excluded students of medicine, biology etc.
Though this decision was made to avoid ceiling effects, it limits the
generalizability of the results to learners with low prior knowledge
with regard to the learning domain. At the same time, when
interpreting the present results, it should be taken into account that
the learning topic (i.e., circulatory system) did not play a role in the
education program of the subjects studied, which may have limited
their learning motivation.

Secondly, it is possible that the effects of constructive
preparation activities (also) depend on prior-knowledge related
dyad composition (i.e., homogeneous or heterogeneous; cf. Janssen
and Kirschner, 2020). However, the analyses we conducted in
response to RQ 2 did only allow for conclusions about the effects
of constructive preparation activities in dependence of the actor’s
or the partner’s prior knowledge. A proper investigation of this
issue would require the analysis of higher-order interactions (e.g.,
actor constructive activities x actor prior knowledge x partner prior
knowledge). To this end, future studies should employ a larger
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sample size and/or a priori grouping by prior knowledge to ensure
that a wide range of value combinations of own and partner prior
knowledge are each present in sufficiently large numbers of cases
(i.e., dyads).

Thirdly, the findings concerning the deep comprehension
results must be seen in the light of the delay of 1 week at which the
posttest was administered. More concretely, the missing benefits of
the explanation and compare-contrast as compared to the note-
taking conditions might be (in part) a result of the noise caused
by the delay. Thus, it is an open question for further research if
potential benefits of more rather than less generative tasks would
be more apparent in an immediate posttest.

5 Conclusion

This study contributes in several ways to our understanding
of how more or less generative preparation tasks can influence
learners’ individual execution of constructive preparation activities
and later collaborative learning. It also highlights aspects which
should be taken into consideration in future investigations and in
the instructional design of CSCL arrangements.

First, our findings suggest that is not so much the preparation
task itself but rather what learners actually do with it that
is critical to the subsequent collaboration quality and deep
comprehension outcomes. This indicates that researchers should
not only manipulate learning conditions involving different
preparation tasks and then capture the desired collaborative
learning activities and outcomes. They should also consider the
activities learners actually execute in response to the tasks during
individual preparation (cf. Chi and Wylie, 2014).

Second, this study highlights that data analyses should not
only include deep comprehension as a collaboration outcome but
also interactive activities as a mediating process in order to obtain
information about whether constructive preparation activities
indeed foster deep learning from rather than irrespective of
subsequent collaboration. We argue that this analytical procedure
should be generally applied in investigations concerned with
assessing whether a certain intervention qualifies as effective means
in fostering deep collaborative learning.

Third, considering prior knowledge as a moderator in
conjunction with the distinction between actor and partner effects
provided new insights into how the learners personal benefit-
cost ratio of performing interactive collaboration activities may
be affected by previous constructive preparation activities. More
specifically the present findings suggest that one’s own and one’s co-
learner’s constructive preparation activities (a) related differently
to these personal benefits and costs, (b) both yield potential
advantages and disadvantages in this regard with, and (c) prior
knowledge being critical to what prevails.

Taken together, this study indicates that increasing the
generativity of individual preparation tasks fosters the learner’s
execution of constructive preparation activities. However, it
also shows that this alone is not sufficient to subsequently
promote deep learning from collaboration. To this end, the
results of our detailed analyses provide concrete starting points
for future research that should investigate how instructional
design around generative preparation tasks can be optimized
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for whom, so that the disadvantages of own and co-learner’s
constructive preparation activities are mitigated and the advantages
can unfold.
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Enhancing doctoral learning
through virtual communities of
practice: an autoethnographic
perspective

Hsin-Chi Huang*

School of Education, University of Bristol, Bristol, United Kingdom

This article explores the role of virtual communities of practice in enhancing
the doctoral experience, particularly in the contemporary digital era. The author
emphasizes the multifaceted benefits, including elevating academic networking,
optimizing knowledge management, and supporting the mental well-being of
remotelearners. Theestablishmentofclearshared objectives, dynamicleadership,
and a conducive environment for collaborative innovation are identified as key
prerequisites for building successful virtual communities of practice. As remote
doctoral education becomes more prevalent, virtual communities of practice
not only facilitate academic engagement but also foster mutual support and
advocacy among doctoral students. The researcher, as a final year PhD student
employed autoethnography as a research method to offer an intimate and
reflective exploration of her personal experiences within virtual communities
of practice. This unique insider perspective adds depth to the discussion on
elevating academic networking, optimizing knowledge management, and
supporting the mental well-being of remote learners. Furthermore, her ongoing
doctoral research focuses on the socialization process and the development
of a sense of belonging among doctoral students. Motivated by her research
topics, she commenced her doctoral studies during the epidemic and cultivated
the practice of consistently maintaining a researcher’s reflection diary. This
perspective article examines her diary, elucidating her experiences, opinions,
and feelings. The researcher utilized a thematic approach to thoroughly analyze
the author's research diaries covering the period from December 2020 to August
2023. The article concludes by calling for further research into the professional
identity development of doctoral students within virtual learning communities,
exploring potential challenges and effective coping mechanisms to achieve
inclusive practices in the complex and diverse digital era of academia.

KEYWORDS

doctoral experience, virtual communities of practice, networking, knowledge
management, mental well-being, remote learning

1 Introduction

We all belong to some communities of practice as they are an integral part of our daily
lives. A community of practice defines itself along three dimensions: its joint enterprise as
understood and continually renegotiated by its members; the relationships of mutual
engagement that bind members together into a social entity; and the shared repertoire of
communal resources that members have developed over time (Wenger, 1998a, b). Concerning
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doctoral learning, communities of practice may enhance the
experiences of doctoral students (Lahenius, 2012; Coffman et al., 2016;
Cai etal., 2019). In this study, doctoral experience refers to the journey
and process of obtaining a doctoral degree, and it encompasses various
aspects, including academic study, research, teaching, professional
development, and personal growth. Doctoral learning experience is a
trajectory of becoming a researcher, negotiating new identities and
reconceptualizing themselves both as people and professionals
(Mantai, 2017).

In the digital era, virtual communities of practice use the Internet
and technology to facilitate their construction, applying contemporary
media and platforms to create attractive and conducive online
environments. Not all website spaces are considered virtual
communities of practice. They must conform to the original definition
of offline communities of practice, which consist of three basic
elements: domain, community, and practice. The social learning space
has moved online, but it still emphasizes that a group of people with
common enthusiasm and interests gather voluntarily and regularly to
discuss a specific knowledge or technical field, thereby achieving dual
growth of individuals and organizations (Hanisch, 2006; Sibbald
etal., 2022).

Despite the existence of the community of practice concept for
over two decades, there remains a dearth of holistic investigations into
their role within doctoral education contexts in the contemporary
digital era. Presently, doctoral students, positioned as emerging
researchers, engage in research activities utilizing a distinct approach,
wherein their educational experiences are intricately interwoven with
technological advancements, leading to a profound immersion in
online academic environments. This article commences by elucidating
the advantageous implications of virtual communities of practice for
doctoral students. Following this, the author articulates her viewpoint
on the key attributes that contribute to the effectiveness of a virtual
doctoral community of practice. Ultimately, the article concludes with
a synthesis of conclusions and proposes avenues for prospective
research endeavors in this domain.

2 Literature review

2.1 Virtual communities of practice for
doctoral candidates/studies

The cultivation of virtual communities of practice holds
substantial promise in enriching the doctoral experience through
multifaceted advantages. Firstly, the establishment of such
communities augments the professional networks available to doctoral
candidates, fostering an environment conducive to meaningful
collaborations, information exchange, and interdisciplinary discourse.
Secondly, the optimization of knowledge management processes
within these virtual communities facilitates the seamless dissemination
and acquisition of scholarly insights, thereby contributing to the
intellectual enrichment of participating doctoral candidates.
Moreover, the supportive and collaborative nature of these
communities plays a pivotal role in promoting the mental well-being
of doctoral candidates, offering a platform for shared experiences,
encouragement, and the mitigation of the isolation often associated
with the doctoral journey. In essence, the integration of virtual
communities of practice serves as a holistic enhancement to the
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doctoral experience by addressing not only academic aspects but also
the social and emotional dimensions of doctoral candidates’
endeavors.

2.2 Elevating academic networking and
optimizing knowledge management

The advent of the internet and digital technology affords doctoral
students expanded opportunities to engage with academically akin
peers and to establish enduring collaborative relationships with them.
The inherent worth of any body of knowledge or specific domain is
underscored by the recognition that individuals possessing requisite
knowledge and skills can be considered social capital. The concept of
social capital proves valuable when contemplating collaborative
virtual learning environments and dispersed communities of practice.
Facilitated by technological interventions, the processes of knowledge
exchange, dissemination, and evolution have accelerated, thereby
refining the overarching landscape of knowledge management within
the context of doctoral education (Daniel et al., 2003; Chiu et al., 2006;
McLoughlin et al., 2018). Accordingly, doctoral students must accrue
this form of social capital as a strategic imperative for the advancement
of their professional development and subsequent level of career
preparedness upon the attainment of their degrees. In practical
applications, there are many types of doctoral virtual communities of
practice. Platforms that can be used include the school’s Black Board
platform, Microsoft Teams and Zoom meetings organized by students
themselves, as well as various practice groups privately established by
students based on their majors, cultural and linguistic backgrounds,
etc. Groups typically use application software on portable technologies,
such as WhatsApp, Telegram, etc. These practice groups can effectively
extend and supplement what they learn in formal classes and
seminars. Further, online space such as Google documents, for
example, provides a convenient place for doctoral students to write
together, allowing co-journaling to become an online collaboration
among researchers.

2.3 Support for the psychological
well-being of remote learners

Numerous doctoral students grapple with feelings of alienation
and an inadequate sense of belonging. Consequently, they encounter
heightened challenges and impediments that exert adverse effects on
their socialization processes and the formation of their identities
(Schmidt and Hansson, 2018; Waight and Giordano, 2018; Jackman
et al,, 2022). Nevertheless, various technologies can help solve these
issues. Technology can aid doctoral students in overcoming alienation
and enhance members inclusion by providing avenues for
communication and collaboration through online platforms and
virtual meetings (Carroll and Mallon, 2021; Hammond et al., 2021).
For example, access to digital libraries, online courses, and workshops
enables flexible learning, while social media and virtual communities
offer peer support. Collaborative tools facilitate remote research
collaboration, and technology provides mental well-being support
such as regular consulting through telehealth services. Flexible
learning environments, virtual conferences, and global collaboration
opportunities break down geographical barriers. Apparently, as
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remote doctoral education has gained prevalence in the aftermath of
the pandemic, virtual communities of practice emerged as valuable
platforms for fostering mutual psychological support among
remote learners.

The pressures placed on doctoral students are unique since the
work and leisure boundaries of doctoral students are blurry.
Compared to the structured curriculum-based undergraduate or
Master’s, doctoral experience is an intensive research practice and it is
characterized by a ‘plurality of practices’ and ‘lack of structure’(Elliot,
2023). In addition, many of them were formerly professionals who
suddenly found themselves back to being students, often with added
pressures such as family financial and caregiving responsibilities at the
same time. These stressful doctoral experiences might cause well-
being issues and increase attrition rate (Laufer and Gorup, 2019;
McCray and Joseph-Richard, 2020). For relatively young doctoral
students, they also face various psychological pressures and burnout.
These pressures may come from developing independent research,
publishing, and future employment considerations. In addition, unlike
a master’s program, a doctorate takes several years to earn, which is a
great test for remote learners’ physical and mental health. Online
practice communities can relieve the inner tension of doctoral
students, allowing them to regularly share the difficulties encountered
along the way, by providing opportunities to study with their peers
and other scholars, solve problems together, and share the joy
of success.

3 Research questions and research
method

3.1 Research rationale, aim, and research
question

Considering the transformative impact of virtual communities of
practice on doctoral education, there exists a research gap that
warrants investigation. The current body of literature acknowledges
the importance of in doctoral learning experiences. However, there is
a noticeable lack of in-depth exploration regarding doctoral learning
within the context of post-pandemic academia. As the landscape of
academic learning undergoes dynamic changes in the wake of global
events, understanding and documenting these strategies become
imperative. Therefore, this research aims to fill this gap by
systematically examining the strategies to optimize doctoral learning
experiences in the post-pandemic era. The research seeks to provide
valuable insights into effective practices for building and sustaining
communities of practice online, thereby contributing to the
enhancement of doctoral education in contemporary digital academic
environments. The research question in this study is: What are the key
strategies employed by virtual communities of practice in enhancing
doctoral students’ learning experiences in the digital era?

3.2 Autoethnography

This autoethnographic study was conducted by the researcher, a
current doctoral student immersed in the digital era of academia, who
delves into the transformative role of virtual communities of practice
in enhancing the doctoral experience. Autoethnography emerges as a
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robust qualitative research approach, particularly when applied to
scrutinizing a reflective diary. This method facilitates a thorough
exploration of personal experiences, embracing subjectivity and
emotions, and offering valuable insights often overlooked by
conventional research methods. By accentuating the cultural context
in which these experiences unfold, autoethnography enables
researchers to position their reflections within broader societal
patterns and historical influences. This contextualization enhances the
understanding of the studied phenomenon, fostering a nuanced
examination of the researcher’s positionality and biases through
reflexivity. Furthermore, this approach acknowledges the importance
of emotions and embodiment in the research process. Examining a
reflective diary through autoethnography allows for a deeper
investigation into the emotional dimensions of personal experiences
and how these emotions are embodied within the cultural context. In
addition, as a form of advocacy, autoethnography empowers
researchers to assert their voices, challenging dominant narratives and
contributing to a more inclusive comprehension of the studied
phenomenon. In essence, employing autoethnography to analyze a
reflective diary offers a distinctive pathway for researchers to
authentically engage with their own experiences, establishing a
profound connection with the subject matter while simultaneously
enriching the broader academic discourse (Russell, 1999; Cunningham
and Jones, 2005; Marak, 2015; Chang, 2016).

The researcher possessed fluid and dynamic narrative voices
during her doctoral trajectory. To deconstruct the competing tensions
within the personal self and the social context, the researcher adopted
‘multivocality’(Tilley-Lubbs, 2016) that reflects on her subjectivity.
The evocative mode was used, and the focus was evoking emotional
experiences. The researcher wrote in a descriptive and detailed
manner about her experiences in virtual doctoral communities of
practice, paying attention to how these experiences shape her learning
and identity. The focus was exploring the connections between these
experiences and her doctoral learning journey. Some prompts or
questions were used for her reflective journals on a weekly or monthly
basis: (1) What were the key activities I have engaged within virtual
communities of practice recently? (2) How did these interactions or
activities contribute to my understanding of doctoral research and
learning? (3) What obstacles did I encounter in participating in virtual
communities of practice, and how did I navigate them? (4) How did
my participation in virtual communities of practice influence my
perspectives, beliefs, or practices related to doctoral research
and learning?

3.3 Analysis techniques

Going beyond the surface-level content is essential in
autoethnographic research. In this study, thematic analysis was chosen
to interpret the data, aligning with the narrative review’s goal of
synthesizing information from various studies. The researcher
followed six phases: getting acquainted with the data, creating initial
codes, identifying themes, reviewing themes, defining themes, and
documenting the findings (Braun and Clarke, 2006). This method is
particularly effective in identifying recurring themes or ideas across
different studies, aiding the researcher in discerning patterns, trends,
and commonalities within the literature. The thematic analysis allows
for a more nuanced exploration of broader themes and meanings
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emerging across studies, going beyond a simple summarization of
individual research findings. To align with the reflective diary
prompts, the author began by thoroughly reviewing each entry to
identify recurring themes specific to each question. After that, key
themes were summarized with supporting excerpts.

Moreover, the flexibility and adaptability inherent in thematic
analysis are especially valuable in the context of narrative review. This
open-minded approach lets themes emerge organically from the data,
avoiding the imposition of preconceived categories and contributing
to a comprehensive understanding of diverse perspectives within the
literature. By applying the thematic method to her research diaries, the
author systematically identifies recurring themes, patterns, and
insights related to academic networking, knowledge management, and
mental well-being. The thematic analysis serves as a robust framework,
offering a nuanced understanding of the multifaceted benefits derived
from virtual communities of practice. This method allows for a deeper
exploration of the transformative role of these communities in the
author’s doctoral journey, emphasizing the significance of academic
engagement, mutual support, and advocacy. The utilization of
thematic analysis enriches the article’s discussion by delving into the
specific dynamics and evolving nature of the virtual communities over
the specified time. Through this introspective approach, the author
enhances the scholarly discourse on elevating academic networking,
optimizing knowledge management, and supporting the mental well-
being of remote learners within the context of doctoral education in
the digital era.

4 Findings and discussions

After analyzing monthly research journals, the researcher
identified certain useful strategies to create, maintain, and develop a
sustainable virtual doctoral community of practice. The strategies
resonate with the essence of ‘competence, autonomy, and relatedness’
in self-determination theory (Ryan and Deci, 2020, p. 5), which are
closely aligned to advanced scholarly experience such as in the
doctoral and post-doctoral contexts (Elliot, 2023, pp. 39-40).
Establishing a thriving virtual doctoral community of practice
necessitates several key prerequisites. Foremost among these is the
imperative for members to collectively embrace a shared and well-
defined objective, acting as a unifying force and guiding beacon for
the community’s cohesion and efficacy. Dynamic leadership is crucial,
not just in appointing leaders but in cultivating a culture where
leadership roles can be assumed by various members, thus fostering a
fluid exchange of ideas and collaborative spirit. Active contribution by
each member is pivotal for the community’s vitality, extending beyond
participation to a commitment to sharing expertise, experiences, and
resources to which doctoral students can obtain equal access.

4.1 Define shared objective goals

The researcher noted that her involvement in self-organized
online research conferences, seminars, and workshops, particularly
those facilitated by small, informal student practice groups, posed
challenges in sustaining community longevity due to a lack of shared
objectives. She and her fellow researchers frequently encountered
numerous WhatsApp and Zoom discussion groups that lacked clear
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distinctions between academic and social purposes. Devoid of
explicitly defined shared objectives and enterprises, the utilization of
advanced technologies alone would not suffice to establish a
meaningful and productive virtual community of practice (Wenger,
1998b; Ardichvili, 2008; Barnett et al., 2012). Accordingly, without
explicitly defined shared objectives and common undertakings,
relying solely on advanced technologies would fall short of establishing
a meaningful and productive virtual community of practice for
doctoral students. The efficacy of technological tools hinges on a
foundation of collective purpose and well-defined goals. It is the
harmonization of these shared objectives that gives purpose to the
utilization of advanced technologies within the virtual community,
transforming them from mere tools into enablers of collaborative
scholarship. In the absence of a clear and shared direction, even the
most sophisticated technological platforms would struggle to foster
the depth of engagement and intellectual exchange necessary for a
thriving doctoral community.

Therefore, the synergy between technological infrastructure and
a collectively embraced mission becomes integral, forming the
essential groundwork for a virtual space where doctoral students can
collaborate meaningfully, share insights, and collectively advance their
scholarly pursuits. For example, if an online dissertation writing
community is established specifically for students of the Faculty of
Education, it is first necessary to stipulate who can participate (such
as final year students of the same faculty), the platform used for each
online meeting, and the gathering time. More importantly, the
organizers should also set plans and goals at the outset, so that
members can understand which aspects of academic writing can
be explored and discussed at each gathering, exchange online journals
and specific books, as well as conduct research with their links that
can be shared with group members. Over time, this online writing
community will form a rich and substantial reservoir of shared
knowledge, transcending the barriers of time and geography.

4.2 Implement distributed leadership

In 2021, the researcher, along with four to six other doctoral
students, initiated the establishment of an online reading club. The
group consistently exchanged journal articles, organized progress
panels, shared ongoing research, and delved into each other’s
methodologies. Within these virtual communities, there is not a
designated leader; instead, everyone takes turns serving as the meeting
chair. This shared purpose and recognition foster a supportive
environment, encouraging mutual support among peers and
contributing to the student’s professional development. Ultimately, the
engagement in shared goals and collaborative initiatives creates a
sense of belonging, especially during the pandemic and fully online
programs in post-pandemic.

Cyberspace offers the potential for dynamic leadership in virtual
doctoral communities of practice, where participants are categorized
as core or partial members. Doctoral students, with varying levels of
engagement, include individuals who assume leadership roles by
actively contributing to events, planning, discussions, and decision-
making processes. Leaders enhance the cognitive progress of the
community of practice by offering members a steady and unified
vision of its goals. Yet, depending solely on the leader to guarantee the
success of a virtual community of practice can be precarious. Leaders
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may lack experience in their roles, and even the most enthusiastic ones
may benefit from seeking advice. Engaging in a model of distributed
leadership plays a significant role in building strong communities of
practice, and this type of effective leadership could play a crucial role
in the success of online doctoral learning (Bourhis and Duba, 2005;
Muller, 2006; Clarkin-Phillips, 2011). For example, when doctoral
students from various research societies and practice groups, they can
invite prestigious scholars in the field to participate, or school
institutions can support students with financial and human resources.
However, the long-term operation within the community must
achieve the spirit of centralization, social responsibility, and collective
learning, rather than being controlled by a few top faculty or specific
senior students, who are likely to move on once they graduate leaving
a void that needs to be filled. That may, in turn, lead to the collapse of
the community.

4.3 Building a conductive collaborative
environment

In 2023, the author commenced her contributions to her research
center’s blog at her university, employing an informal writing style to
disseminate research insights to the school’s faculty and peers.
Furthermore, she established a collaborative Google Document file
space for co-editing and writing, engaging in online co-authoring
endeavors with fellow doctoral students. Finally, she found that: to
build, maintain, and develop a successful virtual community of
practice, doctoral students must be provided with a conducive
environment to collaboratively cultivate innovative approaches that
foster a high level of engagement. These virtual platforms ensure equal
opportunities for all participants to articulate their perspectives,
promoting an inclusive and participatory atmosphere. This learning
model offers doctoral students an unconventional approach to
innovation by diverging from traditional top-down methods, creating
a supportive environment that accommodates uncertainty and fosters
constructive partnerships, and mitigating the impact of power
imbalances (Brandon and Charlton, 2011; Botha and Kourkoutas,
2016; Mortier, 2020). The overarching objective is to empower
doctoral students to take proactive initiatives in shaping their own
learning journeys, concurrently fostering a sense of passion and
advocacy within their respective academic institutions.

5 Limitations and future suggestions
5.1 Limitations

The temporal scope of the research diaries, covering a specific
period from December 2020 to August 2023, could potentially miss
evolving trends and changes in virtual communities of practice. A
more extended and continuous observation period is suggested to
provide a more comprehensive understanding of the dynamics at play.

Additionally, autoethnography itself is an ethical practice (Ellis,
2007). The main limitation of the autoethnographic study is its
individualized and introspective nature. The use of autoethnography
may introduce subjectivity and potential bias into the findings, posing
a challenge to the study’s overall validity. Future research could
address this limitation by combining the autoethnographic approach
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with other research methodologies or triangulation methods to
strengthen the credibility of the study. Furthermore, the absence of a
comparison group or alternative research approach makes it
challenging to assess the unique impact of virtual communities of
practice on the doctoral experience compared to traditional methods.

The article predominantly highlights the positive aspects of
virtual communities of practice, potentially overlooking challenges
or negative experiences that some participants might face. A more
balanced exploration of both positive and negative dimensions is
recommended to provide a comprehensive view of the
intricacies involved.

5.2 Future suggestions

Future research should consider including a more diverse range
of participants, representing different disciplines, demographics, and
stages of doctoral studies. This would not only enhance the
generalizability of findings but also ensure that the benefits and
challenges of virtual communities of practice are understood across a
broader doctoral student population. Further, conducting longitudinal
studies that span the entire duration of doctoral programs is suggested
to offer a more in-depth understanding of how virtual communities
of practice evolve and impact the overall doctoral experience
over time.

Additionally, comparative studies between virtual and
traditional communities of practice are recommended to enable a
clearer assessment of the unique advantages and disadvantages of
virtual platforms in fostering academic networking, knowledge
management, and mental well-being. Lastly, the call for further
exploration into the professional identity development of doctoral
students within virtual learning communities provides an avenue
for valuable insights into the long-term impacts on participants’
careers and academic trajectories.

6 Conclusion

To encapsulate the main points, three key strategies are identified
to enhance doctoral learning by virtual/online communities of
practice. To begin with, establishing explicit and shared objectives and
common undertakings is crucial for the success of virtual communities
of practice. This involves clearly defining the purpose, goals, and
direction of the community, particularly in the context of doctoral
studies. The synergy between technological infrastructure and a
collectively embraced mission is essential for transforming advanced
technologies into enablers of collaborative scholarship.

Moreover, dynamic leadership in virtual doctoral communities of
practice plays a vital role, with participants categorized as core or
partial members. Leaders contribute to events, planning, discussions,
and decision-making processes. Depending solely on a single leader
may be precarious, so a model of distributed leadership is advocated.
This involves engaging individuals with varying levels of experience
and expertise to contribute to the success of the community.
Distributed leadership can involve inviting scholars to participate,
obtaining support from institutions, and ensuring a balance between
centralized guidance and collective responsibility to avoid dependence
on a few individuals.
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Lastly, providing a conducive environment for collaborative
learning is essential for building, maintaining, and developing
successful virtual communities of practice. Virtual platforms should
ensure equal opportunities for all participants to express their
perspectives, creating an inclusive and participatory atmosphere. This
approach diverges from traditional top-down methods, promoting
innovative approaches, accommodating uncertainty, fostering
constructive partnerships, and mitigating power imbalances. The goal
is to empower doctoral students to take proactive initiatives in shaping
their learning journeys. These three strategies collectively emphasize
the importance of clear objectives, distributed leadership, and a
supportive collaborative environment in enhancing the effectiveness
of virtual communities of practice for doctoral learning.

In essence, this article sheds light on the crucial role of virtual
communities of practice in enhancing the doctoral experience,
particularly in the contemporary digital era where technology
intertwines with academic pursuits. The exploration underscores
the multifaceted benefits of such communities, ranging from
elevating academic networking and optimizing knowledge
management to supporting the psychological well-being of remote
learners. It emphasizes the importance of clear shared objectives,
dynamic leadership, and a conducive environment for collaborative
innovation in building successful virtual communities of practice.
As remote doctoral education gains prominence, these virtual
platforms emerge as valuable tools not only for academic
engagement but also for fostering mutual support and advocacy
among doctoral students.

Moreover, with an increasing number of doctoral students
embracing an academic nomadic lifestyle, the significance of the social
situational learning model within virtual communities of practice
becomes noteworthy. The author contends that further investigation
into this subject is warranted, particularly concerning the professional
identity development of doctoral students within virtual learning
communities. There is a need to delve into the potential challenges
such scholars might encounter during this process and explore
effective coping mechanisms. The aspiration is to gain a deeper insight
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In the future of higher education, student learning will become more virtual and
group-oriented, and this new reality of academic learning comes with challenges.
Positive social interactions in virtual synchronous student learning groups are
not self-evident but need extra support. To successfully support positive social
interactions, the underlying group processes, such as collaborative group
engagement, need to be understood in detail, and the important question arises:
How can collaborative group engagement be assessed in virtual group learning
settings? A promising methodological approach is the observation of students’
non-verbal behavior, for example, in videoconferences. In an exploratory field
study, we observed the non-verbalbehavior of psychology studentsinsmallvirtual
synchronous learning groups solving a complex problem via videoconferencing.
The groups were videorecorded to analyze possible relations between their
non-verbal behaviors and to rate the quality of collaborative group engagement
(QCGE). A rating scheme consisting of four QCGE dimensions (Behavioral,
Social, Cognitive, and Conceptual-to-consequential QCGE) was applied, and
non-verbal behaviors during the task were coded based on related research
literature. We quantitatively and qualitatively analyzed non-verbal behaviors as
indicators of QCGE. The results show that groups use a wide range of non-
verbal behaviors. Furthermore, certain non-verbal behaviors are significantly
related to specific dimensions of QCGE. These results help to identify relevant
indicators of QCGE in virtual synchronous learning settings and thus promote
the development of advanced methods for assessing QCGE. Furthermore, the
indicators can be discussed as possible anchors for supporting collaborative
learning in virtual synchronous groups.

KEYWORDS

CSCL, non-verbal behavior, virtual synchronous learning, quality of collaborative
group engagement, virtual learning groups, higher education

Introduction

The future of learning in higher education will have to meet the new demands of future
workplaces and changes in society as well as the new corresponding demands of students
(Pelletier et al., 2023). Universities must evolve as organizations alongside current global trends
and challenges in a complex world (Pelletier et al., 2023). In the time since the COVID-19
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pandemic, trends in higher education include hybrid and remote
learning settings as an emerging new normal or mainstream, with
some universities now even offering purely remote programs (Pelletier
et al., 2022). Furthermore, as collaboration is one of the key future
skills in the workplace and therefore in higher education (Dishon and
Gilead, 2021), group learning is becoming increasingly important. As
a result of these current trends, students’ future learning will be more
virtual (i.e., supported by digital tools) and group-oriented, and thus,
computer-supported learning groups are becoming increasingly
important in today’s higher education. Previous research on computer-
supported collaborative learning (CSCL) has shown, on the one hand,
that CSCL is a tool for improved learning of content and learner
attitudes (Chen et al., 2018) and, on the other hand, a goal in its own
right regarding the twenty-first-century skills of the future (Dishon
and Gilead, 2021). This new reality of academic learning poses
challenges. Although virtual group learning environments can
sometimes be inspiring and stimulating, they may also be tedious.
Solving study problems or writing or preparing for examinations
together in groups can be socially challenging. Wilson et al. (2018)
report, for instance, that students collaborating in groups may
experience stress, interpersonal conflict, and unequal distributions of
effort. Ferri et al. (2020) identified the challenge in virtual synchronous
CSCL groups that the settings may reduce the social presence and the
quality of social interactions between students. This is partly due to
the reduced social cues in computer-mediated communication (e.g.,
Kiesler et al., 1984), resulting in uncertainties on the socio-emotional
level. Adding to the problem is a certain neglect of social interaction
quality at the higher education level in the sense that positive and
productive social student interactions are often mistakenly taken for
granted (Kreijns et al., 2003) and thus underrepresented in academic
teaching concepts or lesson planning. Yet, positive social interactions
in student learning groups are not self-evident as many failures in
daily practice suggest. Or, to put it in other words, group dynamics
need to be considered explicitly and supported actively in academic
learning. This includes both socio-cognitive and socio-emotional
process regulation (Jirveld and Hadwin, 2013), and success depends
on complex regulatory processes, as was found in CSCL research (cf.
Jarveld et al., 2019). In sum, there is a need and an opportunity to
explore CSCL-relevant group processes in virtual synchronous
environments. One important group process is the students’
collaborative engagement. This collaborative engagement is related to
the group’s shared regulation (Lee et al., 2015) and based on their
collaboration and social interaction (Sinha et al., 2015). More
precisely, collaborative group engagement is a key element for CSCL,
as it is central to the regulation process (Jarveld and Hadwin, 2013)
and plays an important role in academic success (Liu et al.,, 2022). In
consequence, to successfully support positive social interactions, the
underlying group processes, such as group engagement, need to
be understood in detail. From this, an important question arises: How
can group engagement be assessed and supported in virtual
synchronous group learning settings? One approach to assessing this
multidimensional latent construct could be to explore different
indicators on the behavioral level (e.g., non-verbal behavior and verbal
communication). Within CSCL, the research concerning the
multidimensionality of this construct has been limited (Sinha et al.,
20155 Rogat et al., 2022; Xing et al., 2022), while to our knowledge
approaches to using behavioral markers like non-verbal behavior
are scarce.

Frontiers in Psychology

10.3389/fpsyg.2024.1347073

Sinha et al. (2015) first introduced an approach to assess the
construct of quality of collaborative group engagement (QCGE). The
researchers defined collaborative group engagement as a multifaceted,
shared, and dynamic core group process mediating group-level
relationships between motivation, effort, and learning success (Sinha
etal., 2015). They assessed QCGE using an observational approach,
in which learning groups were rated at multiple time points during a
collaborative learning task. Sinha et al. (2015) present a theoretical and
methodological framework that distinguishes four dimensions: (1)
Behavioral QCGE is conceptualized as the level of the groups
participation and effort invested in the ongoing task. Behavioral
QCGE is necessary, but by itself, it does not ensure overall engagement,
as students may complete activities without being engaged at the social
and cognitive levels. Free riders (Salomon and Globerson, 1989) can
reduce the quality of behavioral engagement by failing to cooperate
and disengaging other group members. Thus, low Behavioral QCGE
would be indicated by being disengaged from the task. (2) Social
QCGE is conceptualized as the quality of the socio-emotional
interactions, which can be observed by indicators of respectful and
inclusive conversation as well as group cohesion and their degree of
collaboration. High-quality Social QCGE, which frames tasks as joint
efforts, enhances group cohesion, and facilitates task coordination,
thereby increasing other dimensions of engagement (Sinha et al,
2015). High-quality Social QCGE also promotes shared understanding
within the group (e.g., Dillenbourg et al., 2009). Low-quality Social
QCGE, however, can lead to conflict and inequality (Salomon and
Globerson, 1989). (3) Sinha et al. (2015) derived Cognitive QCGE
from earlier frameworks on multidimensional school engagement
(Fredricks et al., 2004). However, there is ambiguity in the naming
convention for this dimension in previous research. The term
“Cognitive engagement” in this framework could also be referred to
as “Meta-cognitive engagement” as it consists of meta-cognitive
processes such as task monitoring and socially shared regulation of
cognition. More recent approaches to collaborative group engagement
use dimensions such as “Meta-cognitive” rather than “Cognitive
engagement (Rogat et al., 2022) or “Meta-cognitive engagement” as an
additional dimension (Xing et al., 2022). In this study, we based our
methodology on Sinha et al’s (2015) QCGE framework, which is
nuanced and theoretically sound. Therefore, we adopted the terms of
the dimensions accordingly, which was useful for our purposes. Sinha
et al. (2015) conceptualized Cognitive QCGE as the regulation of
cognition and tasks in a collaborative group task. Reflecting the
collaborative aspect of Cognitive QCGE, the active use of socially
shared regulatory strategies (Jarveld and Hadwin, 2013) is central to
this dimension. Thus, high Cognitive QCGE is evident in groups
jointly regulating their task (i.e., planning and monitoring), whereas
low Cognitive QCGE may show a focus on superficial aspects of the
shared task. (4) Conceptual-to-consequential (CC) QCGE defines the
groups’ indication of progressing toward the overarching task goal and
how they achieve their learning goals by using evidence or sharing
knowledge. As conceptualized by Sinha et al. (2015), CC QCGE is
described as student groups that use subject-matter content to solve
meaningful problems. High-quality CC is evidenced by groups that
provide justifications for their solutions after critically considering
alternatives and that connect their ideas to prior knowledge and the
larger context of the problem. This can contribute to the development
of conceptual understanding in computer-supported collaborative
learning (CSCL) situations. The quality of these different dimensions
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determines the success of the group (Sinha et al.,, 2015). It is further
emphasized that collaborative group engagement is dynamic within
groups; hence, there are no “successful vs. failing learning groups” but
rather high or low QCGE phases within groups collaborative
processes that can (and must) be regulated (Isohitild et al., 2020).

Although Sinha et al. (2015) originally applied their construct to
a face-to-face setting, it was applied to a setting with virtual
collaboration in higher education as well (Altebarmakian and
Alterman, 2017). In their article, Altebarmakian and Alterman (2017)
report that the virtual learning groups they observed over the course
of a semester indicated a fluctuation of collaborative engagement
during the stages of their group work, namely, that students showed
higher content-based and individual engagement by the end of the
semester. The authors argue that this rather individual engagement
pattern may be related to the virtual nature of collaboration, which can
be “difficult, unnatural, and awkward” (Altebarmakian and Alterman,
2017, p. 8). A possible explanation for this shift from collaborative to
individual engagement may be reduced social presence. Social
presence can be defined as the “feeling of togetherness” in computer-
mediated communication (Hauber et al., 2005, p. 2). Even though
modern computer-mediated communication offers high-quality
audio-visual remote communication for virtual learning groups, the
social presence of peers is still reduced (Hauber et al., 2005), and
important social cues are missing concerning non-verbal behaviors
(Mottet, 2000). For example, group members can only see their upper
body or even only the face, fewer hand gestures, or whole-
body movements.

In this context, research on non-verbal behavior has been
considered important in both human-computer interaction (e.g.,
Turan et al., 2022) and CSCL research (e.g., Zahn et al., 2010; Rogat
et al., 2022). This research often focuses on kinesics—the non-verbal
language of the body, such as head movements, facial expressions, and
posture (Burgoon and Dunbar, 2018)—as well as coverbal behavior,
which is defined as gestures (e.g., hand gestures or eye contact) that
follow speech (Kendon, 2000; Kong et al., 2017). To date, research has
also focused on facial expressions (e.g., smiling or gaze direction) as a
specific classification of non-verbal behavior that has served as the
basis for many of the studies of non-verbal behavior (cf. Ekman,
2017). Systems have been developed that theoretically and empirically
assign facial expressions to different affective states of people (e.g.,
FACS, Ekman and Rosenberg, 1997) as well as systems that link facial
expressions to cognitive processes (FEC, Turan et al., 2022). In this
paper, we refer to non-verbal behavior to include both coverbal
behavior and facial expressions. Non-verbal behavior is important in
collaborative group processes because it has several socio-cognitive
and affective functions. It is part of a dynamic system of interactions
within a social setting, and it underlies social processes such as social
evaluations (Patterson, 2019). In addition, members of social groups,
including learning groups, have a need to feel verbally and
non-verbally validated by others (as conceptualized in social presence
theory; Short et al., 1976). Furthermore, non-verbal actions such as
head nodding, eye contact, and gestures can be used to communicate
group engagement, participation, interest, and mutual reinforcement
(e.g., Dunbar and Burgoon, 2005). Technological improvements have
allowed researchers to successfully collect and analyze non-verbal
behaviors, such as gestures and body posture, thereby increasing
knowledge about group processes and collaborative behaviors
(Schneider et al., 2021). For example, recent research has found that
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affirmative non-verbal behaviors associated with technology
interactions, such as avatar nodding, have been shown to improve
learning motivation and communication processes (Allmendinger
et al., 2003), while eye-tracking technology has demonstrated the
benefits of joint visual attention (i.e, mutual gaze at specific
information on the screen in computer-mediated collaboration) on
collaborative problem solving (Schneider and Pea, 2014). In particular,
research has also shown that some non-verbal activities, such as hand
gestures, smiling, eye contact, and nodding, are positively associated
with learning outcomes as well as student and group engagement (e.g.,
Behoora and Tucker, 2015; Schneider et al., 2021; Paneth et al., 2024).

In other words, non-verbal behaviors provide important
information about the emotions of the learners and the quality of their
social relationships (e.g., Burgoon and Dunbar, 2018) and can
therefore be valid indicators of important group processes such as the
quality of collaborative group engagement (QCGE), as recent research
suggests (Paneth et al., 2024). It is still open whether future virtual
scenarios could be improved by automatic coding of such indicators
during collaborative learning, e.g., for tailoring interventions to
current processes. Therefore, the construct of QCGE, especially in
virtual learning contexts where social cues are not so easy to discover
(Ishii et al, 2019), and in relation to non-verbal indicators of it, needs
more explanation and clarity from a theoretical viewpoint and new
original empirical research. The goal of the study presented in this
contribution is to provide new, original results to close this research
gap. Precisely, the following two research questions are investigated:
(1) How do student groups communicate non-verbally in a virtual
synchronous learning setting? (2) Which non-verbal behaviors are
indicative of which dimension of QCGE?

Methods
Sample and pilot study

The sample consisted of seven groups of three to four
undergraduate students, resulting in N=23 students. The participants,
all psychology students, indicated a mean age of M=27.36 and
consisted of a majority of female participants (N=19). Half of the
participants indicated that they already knew all of the other group
members. Twenty seven percent indicated that they knew one other
group member, while 27% did not know anyone beforehand. Before
conducting the main study, we carried out a pilot study to pre-test the
instructions and the technical setup. Therefore, we invited two groups
consisting of three members each. The pilot study was satisfying, and
we proceeded with the main study.

Context

The study took place in a realistic field setting during an online
undergraduate course in applied psychology at a Swiss university.
Adhering to common ethical standards (approved by the university
ethics committee), students were free to participate in the study
without any consequences related to their course performance (like
course credits) or to any other factors when they decided not to.
Participation in the study did not directly influence course success,
and the teacher did not know who participated because the study was
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conducted independently by research staff (the teacher was not
present at any time during the study). The students were recruited as
part of the online course. In this online course, which was titled
“Cooperation and New Media,” the students would learn about the
hidden-profile task. Thus, students who signed up for the study could
learn about the hidden-profile task by experiencing it themselves. For
this study, we used a hidden-profile task that consisted of a
“murder mystery”

Murder mystery task

The murder mystery task can be classified as a complex problem
and hidden-profile paradigm. Problem-solving and the hidden-profile
paradigm are popular methods in CSCL and group research. In such
a task, groups are presented with general information (shared
information), while each member of the group is provided with
additional information (unshared information), that the other group
members are not provided with. Thus, the groups need to share their
knowledge to optimize their decision-making (Sohrab et al., 2015).
The learning objectives of the task consisted of two aspects: First,
students could learn about success factors and barriers to virtual
cooperation, which contribute to their professional competencies in
work and organizational psychology. Precisely because they had to
gather individual and group-related experiences in exchanging
information and making decisions in virtual groups, then they could
reflect on their experiences and integrate this new experiential
knowledge with aspects of psychological theory. Second, they learned
about the core statements of the theoretical model behind the hidden
profile through a practical application, which makes the theoretical
and practical implications easier to understand.

Procedure

Participants who signed up for the main study were first informed
about the study, its contents, and its objectives by the lecturer. They
were informed that they would have the choice to participate in a
study on virtual cooperation in the upcoming course. As the task was
related to the course content (“learning by doing”), participation in
the study was a voluntary learning opportunity. Students who chose
to participate in the study (i.e., N=23 out of a total of 85 students) had
2h of the following regular course available to them; students who
chose not to participate could use these 2h for themselves or for
studying. Study participants then received further instruction from
academic staff. They first received an informed consent form with all
relevant information about the study, the voluntary nature of
participation in accordance with current ethical guidelines (see above
approved ethics vote), and the fact that participation was independent
of performance assessment in the module. Because the study was
conducted online using a videoconferencing tool, students provided
consent via a secure online form. After completing the consent form,
they were given detailed instructions on how to proceed with the
study. To this end, students were first given extensive instructions on
how to proceed in the study and were given the opportunity to ask
questions. In addition, group members were assigned different roles
during the task: breakout room manager (i.e., securing the gallery
view within the breakout session and video recording the online

Frontiers in Psychology

10.3389/fpsyg.2024.1347073

collaboration), whiteboard manager (i.e., ensure the functioning and
order within the digital whiteboard), and discussion leader (i.e.,
keeping track of time and leading the discussion if it gets stuck). As
part of the individual preparation phase within the breakout sessions,
the students were given detailed instructions on how to carry out their
specific roles. The purpose of these roles was to meet the technological
requirements of collaborating with the digital whiteboard and video
conferencing tool, to ensure time management, and to avoid diffusion
of responsibility (Tosuntas, 2020). We did not explicitly include
collaborative roles for the purpose of scripting and scaffolding (Fischer
etal, 2013; Vogel et al., 2017), as this was not the main scope of our
study. Students were then divided into random breakout groups and
asked to solve the “murder mystery” task. Within the breakout rooms,
groups were provided with shared and non-shared information about
a fictitious murder case and were given 20 min to individually set up
their workstations and read the instructions as well as the (partially
non-shared) information about the “murder mystery.” Then, the group
task and the actual information exchange in the virtual group started,
and they were given 30min to reach a consensus and find the
“murderer” This part of the study was video recorded, as it was the
focus of our observation. As they worked on a solution, they used a
digital whiteboard to take notes and document their progress. Finally,
the groups were instructed to decide who the murderer was, based on
the evidence they had gathered. After completing the task, student
groups were instructed to finish and save the video recording
independently. They were then given a short online questionnaire to
complete individually, asking for demographic information,
acquaintance with group members, previous experience with virtual
collaboration, and other variables such as enjoyment and interest
(IMIL, Ryan, 1982), subjective satisfaction with group outcome and
learning success, and self-rated collaborative group engagement
(QCGE, Paneth et al., 2023). Subsequently, the groups reconvened in
plenary, and the study guides solved the “murder mystery” As part of
the regular post-study course, students were then debriefed and given
the opportunity to reflect on their learning gains from the hidden-
profile tasks.

Instruments and materials

The units of interest in this study were the 1-min sequences of
collaboration that resulted in N=197 sequences that were observed,
rated (QCGE), and coded (non-verbal behaviors). We used a coding
scheme for coding the non-verbal behaviors of the study participants
in the learning groups and a rating scheme to rate the QCGE in the
groups. The schemes will be described in the following sections.

Non-verbal behavior coding scheme

To collect non-verbal behavior data like students’ gestures and
facial expressions during video conferences, a non-verbal behavior
coding scheme was developed and applied. We developed the coding
scheme based on an iterative method consisting of a deductive and an
inductive approach. In the initial deductive approach, we inferred
non-verbal indicators of engagement based on literature about
non-verbal communication and social interaction (e.g., Husebo et al.,
2011; Mahmoud and Robinson, 2011; Schneider and Pea, 2014;
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Behoora and Tucker, 2015; Burgoon and Dunbar, 2018; Rack et al,,
2018; Noroozi et al., 2021). For instance, Behoora and Tucker (2015)
found that propping the head can signal boredom and therefore
presumably disengagement. Subsequently, we scanned the video data
for additional frequently occurring non-verbal behaviors of
participants completing the study to inductively enhance the coding
scheme. The coding scheme was then tested by two trained raters,
applying it to a video recording of one learning group from our study.
To yield interrater reliability, we calculated intraclass correlation
coefficients (ICC) for each non-verbal behavior in the coding scheme
following the instructions from Koo and Li (2016). The ICC estimates
and 95% confidence intervals were calculated by applying the R
package irr (Gamer et al., 2019) based on a single-rating (k=2),
absolute-agreement, two-way fixed-effects model ICC (2, 1). The ICC
was calculated for each code in the coding scheme, and the results are
presented in Table 1. The two raters indicated moderate-to-excellent
ICC for all but one code. We excluded that code (i.e., scratching of the
head or neck area), as that specific ICC indicated poor interrater
reliability (ICC=0.433). The final coding scheme consisted of seven
codes (see Table 1). As the QCGE rating scheme was divided into
1-min sequences (see below), we aligned the coding of non-verbal
behaviors by also creating 1-min sequences and then asking the
trained coders to provide their behavior codes following the
instructions. The frequencies of the codes were then counted for each
person in each group. This resulted in a dataset with N=636 rows,
consisting of aggregated frequencies of non-verbal behavior for each
person within each 1-min sequence, as well as the group ratings of
QCGE for each dimension within each 1-min sequence.

Quality of collaborative group engagement
rating scheme

To measure QCGE, an observation-based rating scheme was used,
originally developed by Sinha et al. (2015), based on their definitions
of the four dimensions of collaborative group engagement (Behavioral,
Social, Cognitive, and CC). As demonstrated by Sinha et al. (2015) in
their study, this rating scheme distinguishes between three levels of
QCGE (low, moderate, and high) on each dimension. The rating
procedure consists of segmenting transcribed student group

10.3389/fpsyg.2024.1347073

conversations into short sequences (time-based) and then asking
trained raters to rate QCGE in each of these sequences as low,
moderate, or high for each QCGE dimension (see Table 2). In our
study, the transcript was segmented into 1-min sequences, resulting
in a total of N=193 sequences over all groups. Our rating scheme thus
adheres to the original QCGE definitions by Sinha et al. (2015), on the
one hand, and, on the other hand, was adapted to the task the students
were working on. The rating instructions are presented in Table 2. The
rating scheme was tested by two raters applying it to the transcripts of
one group. For interrater reliability, we followed the same approach as
described above concerning the non-verbal coding scheme. The ICC
was calculated for all four QCGE dimensions and is presented in
Table 3. The two raters indicated good to excellent ICC for all
four dimensions.

Quantitative and qualitative data analysis

In order to answer the research questions, we analyzed our data
according to the following mixed-method approach: To get a general
insight into our data and answer the first research question, we visualized
the variation of the data for the frequencies of non-verbal behavior (see
Figure 1). To answer the second research question, we visualized the
QCGE ratings and compared the frequencies of non-verbal behavior
with the fluctuations of QCGE by visualization (see Figure 2) and
statistical modeling. Since the data was based on repeated measures of
frequencies of observed non-verbal behavior and hierarchical (ie.,
participants were nested in groups), we calculated mixed-effects models
with the ratings of each QCGE dimension for each minute as the
dependent variable. As the QCGE rating scheme produced an ordinal
structure, we ran cumulative-link mixed models with the R package
ordinal (Christensen, 2019). We fitted the data with four models, one for
each dimension of QCGE. For each model, we defined all the non-verbal
behavior frequencies as fixed effects. Since we repeatedly assessed the
frequencies over each 1-min sequence and aimed at controlling for
sequence effects, we added the sequence as a random intercept. We also
modeled the participants and groups with random intercepts and nested
the participants in each group to control for individual- and group-level
random effects. To counter convergence problems, the approach
recommended by Bates et al. (2015) was followed by calculating the

TABLE 1 Coding scheme of non-verbal behavior, mean frequencies and standard deviation per sequence, intraclass correlation coefficients, and
confidence intervals.

95% CI
Description
Propped-up head Face or chin must be propped on hand 2.02 (1.34) 0.937 0.903 0.959
Hand in front of face Hand in front of face but no propping 1.70 (1.36) 0.856 0.784 0.905
Head nodding Vertical nod, no horizontal shake 4.54 (3.28) 0.661 0.515 0.769
Leaning forward Moving the upper body toward the screen 1.84 (1.26) 0.550 0.375 0.686
Gesturing All movements with hands, including 0.82 (1.02) 0.855 0.783 0.905
pointing
Laughing Smiling and laughing with and without 2.00 (2.34) 0.902 0.852 0.936
sound
Changing of the seating Moving the seating position in any 2.23 (1.59) 0.619 0.445 0.744
position direction
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most complex model first and iteratively simplifying and comparing the
models. For each dimension, we initially calculated the full model,
namely with each frequency of non-verbal behavior per sequence as a
fixed effect. From there on, to simplify the model, we removed
insignificant (a-level =0.05) non-verbal behavior fixed effects. We then
compared the initial model with the simplified one and continued with
the better fit. From there on, we tested the random effects for each model
and removed random effects with no variance.

To highlight and further explore the relationships between QCGE
and non-verbal behaviors, we conducted a qualitative analysis based on
video analysis methods (Zahn et al., 2021) and case analysis methods
(Koschmann and Schwarz, 2021). For this purpose, we scanned
qualitative data (i.e., transcripts, QCGE ratings, and non-verbal behavior
codes) for illustrative sequences (i.e., cases) in which the relationships
found between non-verbal behaviors and QCGE dimensions were
significant for the purpose of case illustration. More specifically,
we selected 10 sequences with the most frequent correlated non-verbal

TABLE 2 Definition and rating instruction by QCGE dimension, adapted
from Sinha et al. (2015).

Dimension Rating instruction

Behavioral High: No off-task behavior
Moderate: One member is off-task

Low: More than one member is off-task

Social High: Equal contribution, respectful tone
Moderate: One or two members dominate the discourse,
respectful tone

Low: One member dominates discourse, disrespectful tone

Cognitive High: Group indicates a thorough plan which represents
the solution to the task (i.e., how to find the murderer) and
task monitoring (i.e., timekeeping)

Moderate: Group indicates an incomplete plan or only task
monitoring (i.e., timekeeping)

Low: Group indicates no structure in their task approach

and no task monitoring

Conceptual-to- High: Evidence is used in discourse; knowledge is shared;

consequential discourse is on finding the murderer

(CC) Moderate: Discourse is about connecting knowledge; use of
evidence is inconsistent

Low: Discourse is based on declarative knowledge (facts, no

interpretation and sharing of knowledge); use of evidence is

inconsistent

10.3389/fpsyg.2024.1347073

behaviors and 10 sequences with the least frequent correlated non-verbal
behaviors. For example, for the positive correlation between high CC
QCGE and head nodding (see Results section), we selected 10 sequences
in which CC QCGE was of high quality and in which head nodding
occurred most frequently. Conversely, for this dimension, we selected
10 sequences in which CC QCGE was low quality and head nodding
occurred least frequently. We then carefully reviewed these selected
sequences within the recorded video material and made notes on them.
This allowed us to fully describe and analyze the narrative within the
sequence in terms of the relationships between the QCGE dimensions
and the corresponding non-verbal behaviors. Finally, we prepared them
as case illustrations, highlighting and describing the interplay between
the non-verbal behaviors and the quality of the QCGE dimensions to
enhance the results found by our quantitative analysis. Exemplary
sequences were then selected for each QCGE dimension to be illustrated
in the results section.

Results

The following analyses were conducted with version 4.2.1 of R (R
Core Team, 2023) in the R Studio environment (RStudio Team, 2023).

Non-verbal communication

We counted the total frequencies across all non-verbal behaviors
(cf. Table 1) and plotted the mean frequencies per non-verbal behavior
and QCGE as well as the QCGE rating level (1=low, 2=moderate,
3=high) in Figure 1. We also present the mean frequencies and standard
deviation per 1-min sequence in Table 1. Figure 1 shows the differences
in mean frequencies between the non-verbal behaviors, the four QCGE
dimensions, and the rated QCGE levels. Results show, on a descriptive
level, that head nodding occurs more frequently than gesturing. All
other non-verbal behaviors occurred in a similar quantity per sequence.

Non-verbal behavior as indicators of
QCGE

Figure 2 illustrates the distribution of the QCGE ratings for each
group and QCGE dimension. The results suggest that the groups
received similar ratings of QCGE for the dimensions of Behavioral
and Social QCGE. Across groups, the mean ratings (low=1,

TABLE 3 Quality of collaborative group engagement (QCGE) rating scheme, mean rating and standard deviation per sequence, intraclass correlation

coefficients, and confidence intervals.

Description

95% ClI

Behavioral On-task/off-task behavior 2.91(0.29) 1 NA NA

Social Inclusion, respectful interaction, 2.84(0.37) 0.792 0.591 0.900
collaboration

Cognitive Planning, structuring, task monitoring 1.37(0.52) 0.853 0.701 0.931

CC Use of evidence, connection of shared 2.00 (0.79) 0.751 0.520 0.880
knowledge, working on task goal

For Behavioral QCGE, the agreement between the two raters was perfect; therefore, the confidence intervals and F-test results indicate not applicable (NA).
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FIGURE 1
Mean frequencies per 1-min sequence for each QCGE dimension level and non-verbal behavior.

moderate=2, and high=3) for Behavioral and Social QCGE are
higher than Cognitive and CC QCGE (see Table 3). Furthermore, the
standard deviations over all groups for Behavioral and Social QCGE
are smaller than Cognitive and CC QCGE (see Table 3). The lower
standard deviations in the ratings are apparent in Figure 2 for
Behavioral and Social QCGE, where it is indicated that for both
dimensions there were no low ratings, and in general, low variance
with a skew to high ratings.

The results of the descriptive statistics and statistical modeling
answered our question about whether the coded non-verbal behavior
is indicative of QCGE. In Figure 1, the changes in mean frequencies per
rating level show the direction of the relationship between non-verbal
behavior and the QCGE rating. For instance, the mean frequency of
head nodding increases with higher ratings for CC QCGE. On the
other hand, the mean frequencies of the hand in front of the face do not
follow a linear relationship with CC QCGE ratings, as the frequency
for the sequences with a moderate rating (M = 1.44) was lower than for
the high (M= 1.67) and low (M= 2.03) ratings. Further findings are
described below in the sections regarding indicators of QCGE.

The results of the cumulative-link mixed model for each of the
four dimensions suggest that both random effects of the group and
sequence level turned out to enhance the fit of the model. For all four
QCGE dimensions, the random intercept term of the individual
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participant that was nested in the group indicated no variance, and
we therefore removed it.

Indicators of behavioral QCGE

The results of the cumulative-link mixed model for Behavioral
QCGE (cf. Table 4) suggest that groups where participants were more
likely to prop their heads indicated lower Behavioral QCGE than
groups with less head propping. The odds ratios indicate a 36%
increase in the odds of being rated lower on Behavioral QCGE for
each one-unit increase in head propping. Moreover, the random
effects seem to explain parts of the variability of the model, supporting
the inclusion of random intercepts of the group and the sequence.

A qualitative exemplification of the negative relationship between
Behavioral QCGE and a propped-up head is presented in Table 5. In
the sequence at minute 17 of Group 4, members indicate higher
frequencies of propped-up heads and only a moderate rating of
Behavioral QCGE. This sequence was rated moderate on Behavioral
QCGE quality, as evidenced by the fact that only two of three group
members are on-task and that longer pauses occur during which
group members do not appear to be on-task. At the beginning of this
sequence, only Group Member 1 participates actively in the
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QCGE rating distribution categorized by group and QCGE dimension.

TABLE 4 Cumulative-link mixed model for behavioral QCGE.

Predictors Odds ratios

Propped-up head 0.64 0.45-0.91 0.013
Random effects

o’ 3.29

T00 Sequence 291

T00 Group 1.51

ICC 0.57

CI, confidence interval; 67 overall random effect estimated variability; T, random intercept
variability for group and sequence; ICC, intraclass correlation coefficient.

conversation and thus seems to be on-task, sharing information about
the murder case. Only after a break and in the second half of the
sequence, Group Member 2 joins the conversation by adding
information about the murder case. All three group members propped
up their heads, appearing either bored or overwhelmed by the task,
which seems to highlight the moderate-quality Behavioral QCGE.

Indicators of social QCGE

The results of the cumulative-link mixed model (cf. Table 6)
suggest that no non-verbal behavior relates significantly to Social
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QCGE. However, from all non-verbal behavior, head nodding
indicates a similarly high odds ratio compared to other models
we present. Moreover, the qualitative analysis indicates face validity
of the relationship between head nodding and Social QCGE. Thus,
we included this model in the results. The odds ratios indicate a
20% increase in the odds of being rated higher on Social QCGE for
each one-unit increase in head nodding. Moreover, the random
effects seem to explain parts of the variability of the model,
supporting the inclusion of random intercepts of the group and
the sequence.

For example, during a sequence of Group 2 (cf. Table 7), Social
QCGE was high, and the group indicated high frequencies of head
nodding. As can be seen in the conversation among group members,
the group gathers information about the murder case, each reinforcing
the other verbally (i.e., “mhm,” “yes,”
(i.e., head nodding). What is further noticeable in this sequence is that
group members tend to complete the sentences started by other group

correct”) as well as non-verbally

members (see the sequence from min. 02:19.0). This shows
responsiveness and thus a high-quality Social QCGE (Sinha et al,,
2015). This responsiveness is subsequently supported by frequent
nodding. Moreover, a nod from one group member is often followed
by nods from the other group members (see min. 02:27.2; 02:43.0;
02:49.6). This also seems to have a reinforcing effect, and the nod is
often automatically perceived as a “yes” and thus as confirmation of
one’s own statement, whereupon conversation continues.
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TABLE 5 Section of action transcript of Group 4.

10.3389/fpsyg.2024.1347073

Time Group Member 1 Group Member 2 Group Member 3
17:13.8 [propped-up head]

and then... so that would be a motive somehow, and also that they always

have arguments... and with Mr... Hélscher, the money would simply be the

motive, or rather he probably did not want to kill him, maybe he just

wanted to steal his wallet, but... it then degenerated to an extent....
17:23.1 [propped-up head]

PAUSE PAUSE PAUSE
17:26.5 [propped-up head]
17.38.1 I still have the statement of Marion

Schmidt

17:38.4 [propped-up head]
17:40.3 mhm...
17:41.2 She said she heard noise at 6.40a.m.

TABLE 6 Cumulative-link mixed model for Social QCGE.

Predictors Odds ratios Cl fo)

Head nodding ‘ 1.20 ‘ 0.99-1.46 ‘ 0.070
Random effects

o’ 3.29

T00 Sequence 1.07

T00 Group 3.31

(oo 0.57

CI, Confidence Interval; 67, overall random effect estimated variability; T, random intercept
variability for group and sequence; ICC, intraclass correlation coefficient.

Indicators of cognitive QCGE

The results of the cumulative-link mixed model for Cognitive
QCGE (cf. Table 8) suggest that groups where participants were
more likely to laugh or lean forward received significantly higher
ratings on the Cognitive QCGE dimension, than groups with less
laughing or leaning forward (cf. Figure 1). The odds ratios
indicate a 64% increase in the odds of being rated higher on
Cognitive QCGE for each one-unit increase in laughing and a 42%
increase in the odds of being rated higher on Cognitive QCGE for
each one-unit increase in leaning forward. Concerning head
nodding, the results suggest that there is a negative relationship to
Cognitive QCGE (cf. Figure 1). The odds ratios indicate a 16%
increase in the odds of being rated lower on Cognitive QCGE for
each one-unit increase in head nodding. Moreover, the random
effects seem to explain parts of the variability of the model,
supporting the inclusion of random intercepts of the group and
the sequence.

The relationship between laughing and Cognitive QCGE is
exemplified in Table 9. In this sequence of Group 6, we found high
frequencies of laughing as well as a high Cognitive QCGE. It is evident
here that the four group members are consistently engaged in task
monitoring and planning. When Group Member 1 checks whether the
group have gathered all relevant information at the beginning, Group
Member 4 reacts by reading her information again, Group Member 3

Frontiers in Psychology

53

reminds the group about the remaining time, and Group Member 2
proposes a plan of action, all of which can be characterized as task
monitoring activities. In addition, they seem to get along well with
each other, as evidenced by multiple laughing from all group members.
Here, laughing seems to have a trust-building and loosening function
in the sense of an icebreaker. This trust-building seems to motivate all
group members to make suggestions for the further planning of the
solution of the task and also to critically question the previous task
monitoring and to adapt it (see sequence from minute 23:21.2). Group
Member 2 expresses that she finds it difficult to collect information
because of its arrangement and Group Member 4 responds with a
self-critical and reflective statement that she could have done a better
job of writing down the information on the shared whiteboard.
Furthermore, the relaxed atmosphere in this sequence of Group 6
allows for jokes about working together, which in turn builds trust.
The relationship between laughing and Cognitive QCGE could
be explained here by the fact that task monitoring is usually a rather
serious matter, and, depending on the group constellation, group
members do not always courageously integrate this element into
group work. One does not always make oneself popular if one strictly
monitors and corrects the processing of tasks. However, if there is a
lot of laughing and thus a development of trust and compassion, this
can encourage the group members to also include somewhat more
such as

serious and perhaps more unpleasant elements,

task monitoring.

Indicators of CC QCGE

The results of the cumulative-link mixed model for CC QCGE (cf.
Table 10) suggest that groups where participants were more likely to
nod their heads received significantly higher ratings on the CC
Engagement dimension than groups with less head nodding. For head
nodding, Figure 1 corroborates this linear relationship. The odds
ratios indicate a 14% increase in the odds of being rated higher on CC
QCGE for each one-unit increase in head nodding.

Concerning laughing or leaning forward, the results suggest that
there is a negative relationship to CC QCGE. The odds ratios indicate
a20% increase in the odds of being rated lower on CC QCGE for each
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TABLE 7 Section of action transcript of Group 2.

Time Group Group Group
Member 1 Member 2 Member 3
02:19.0 mhm... And then
it’s also about the
tire tracks....

02:27.2 [head nodding]

02:27.3 [head nodding]

02:28.1 mhm...

... that were found.

02:29.9 mhm...

02:30.0 ... which were not
yet there on Friday
because it was
raining....

02:33.4 correct

02:36.3 right

02:39.4 and he left after

informing Mrs.
Schmidt...

02:43.0 [head nodding]

02:44.4 [head nodding]

02:47.2 mhm...

02:47.3 ... about and um

he left then, where
the emergency
doctor came

02:49.6 [head nodding]

02:50.1 [head nodding]

02:54.0 [head nodding]

TABLE 8 Cumulative-link mixed model for cognitive QCGE.

Predictors Odds ratios (@] p
Head nodding 0.84 0.72-0.99 0.033
Leaning forward 1.42 1.08-1.88 0.013
Laughing 1.64 1.31-2.05 <0.001
Random effects

c? 3.29

T00 Sequence 1.59

T00 Group 1.09

1cc 0.45

CI, confidence interval; 67, overall random effect estimated variability; T4, random intercept
variability for group and sequence; ICC, intraclass correlation coefficient.

one-unit increase in laughing. Concerning leaning forward, the odds
ratios indicate a 24% increase in the odds of being rated lower on CC
QCGE for each one-unit increase in leaning forward. Moreover, the
random effects seem to explain parts of the variability of the model,
supporting the inclusion of random intercepts of the group and
the sequence.
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The relationship between nodding and CC QCGE is exemplified
in Table 11. In the activity transcript, there were high frequencies of
nodding. For this group, the initial phase seems to have been
successful in terms of high Social QCGE, and trust has been built,
which can foster Cognitive and CC QCGE, as stressed by Sinha et al.
(2015) and described above (section Indicators of Social QCGE). The
group conversation shows a high-quality CC QCGE: group members
link individual pieces of information together in such a way that an
overall picture emerges. In this way, an attempt is made by the group
to find an answer to the overarching question, namely, who the
murderer was (see the sequence from min. 07:24.5). Group Members
1 and 2 gather and link pieces of information, and Group Member 3
helps them by asking questions and confirming their statements.
These confirmation activities of Group Member 3 occur verbally
(“mhm”) as well as non-verbally (head nodding).

Discussion

In this study, the non-verbal behaviors of virtual synchronous
student groups completing a complex problem-solving task in a CSCL
setting were analyzed based on video recordings. Moreover, the
quality of collaborative group engagement (QCGE) in these virtual
groups was sequentially rated. Using a mixed-methods approach,
we investigated two research questions: First, how do the student
groups communicate non-verbally in the virtual synchronous learning
setting? Second, which non-verbal behaviors are indicative of which
dimension of QCGE?

Concerning the first research question, we found that a variety of
non-verbal behaviors were displayed with different frequencies (see
Table 1; Figure 1): In sum, the non-verbal behavior coded most
frequently was group members' head nodding. The non-verbal
behavior coded least frequently was gesturing. Other non-verbal
behaviors include laughing, head propping, leaning forward,
gesturing, putting one’s hand in front of the face, and changing seating
positions. These were coded at similar frequencies across the behavior
categories. Results thus indicate that nodding is a non-verbal behavior
that occurs more often in the online-videoconference situation than
other non-verbal behaviors, which reflects the synchronous CSCL
setting at hand with group members sitting in front of their PCs and
cameras and talking about the problem they want to solve while only
their upper body parts are shown. Yet, results show, too, that despite
the limitations of the camera setting not only head nodding but also
other behaviors did occur. This indicates that the groups interacted
non-verbally in complex ways besides talking. On this empirical basis
with the variety of non-verbal behaviors at different frequencies
we found, it is possible to search for non-verbal behaviors that could
differentiate regarding QCGE.

Concerning the second research question, we searched for
non-verbal behaviors that indicate QCGE, focusing on all the
non-verbal behaviors that were found in our study, including nodding,
laughing, head propping, leaning forward, gesturing, hands in front
of the face, and changing seating positions. To model the relationship
between non-verbal behaviors and QCGE, we first descriptively
explored QCGE. We found that the groups show different variances
in their levels of QCGE. Moreover, dimensions such as Behavioral and
Social QCGE indicate a skew toward higher levels, whereas Cognitive
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TABLE 9 Section of action transcript of Group 6.
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TABLE 10 Cumulative-link mixed model for CC QCGE.

(€17e]0] ) Group (€17e]0] ) Group Predictors Odds ratios Cl P
:II\-/lember glember gllember Tember Head nodding 1.14 1.00-1.29 0.048
23105 (laughing] Leaning forward 0.76 0.60-0.96 0.021
: . aug mg
3141 [laughing] Laughing 0.80 0.64-0.99 0.042
:14. aughing
Rand flect:
23:14.8 [laughing] andom effects
o’ 3.29
23:15.2 We have
exactly 3min T00 Sequence 2.59
left... T00 Group .06
23:15.2 [laughing] 1cC 0.53
23:17.8 [Confused CI, confidence interval; 67, overall random effect estimated variability; 7o, random intercept
chatter] variability for group and sequence; ICC, intraclass correlation coefficient.
23:18.3 Come on now . X -
st propping with boredom (Behoora and Tucker, 2015). However,
just say . . . .
i in our virtual synchronous CSCL setting, head propping on the
something . T
table in front of the webcam may also indicate that an
23:18.3 [laughing] PENETI .
individual is focused on the screen. The group members may
23:14.8 (laughing] be reading something, and in combination with leaning
23:19.1 I did not write forward, head propping could be misinterpreted as off-task
down that behavior. Nevertheless, the results of our analysis suggest that
much either. .. head propping is associated with lower-quality Behavioral
23212 (laughing] QCGE. However, as the Behavioral QCGE ratings indicate a
large ceiling effect, this finding should be taken with caution.
23:25.8 It's just . oL .
o Head propping may indicate moderate Behavioral QCGE
difficult now, Propping Y
. ? ratings. However, it is not clear what non-verbal behavior may
ecaus; ) indicate higher levels of Behavioral QCGE other than lower
everyt mgdls frequencies of head propping.
ttered, . .
80 scattere 2) Regarding Social QCGE, we found that no non-verbal
ou know, it & &
¥ u ’ behaviors relate significantly to this dimension. However, the
won odds ratio for head nodding at least suggests that more frequent
be more & 58 q
L instances of head nodding relate to higher quality. Moreover,
praciicatt the qualitative analysis suggests a certain face validity of this
ou could put 1 Y 58 Y
Y P relationship as illustrated in the activity transcript (see Table 7).
it down and P Y p
Therein, the group members ended each other’s sentences
23:32.6 mhm... accompanied by frequent head nodding. Nevertheless,
p y lreq g
23:34.2 but this way compared to a parallel study we ran investigating CSCL groups
it's slide by in a face-to-face setting (Paneth et al, 2024), the missing
slide... significance of the results in this study here is surprising. In the
g y prising,
23:38.3 wmm I could face-to-face setting of the other study, we found that head
P nodding relates significantly and positively to Social
have written it g g Y p Y
down a little QCGE. Therefore, it is relevant to discuss what could be the
bit better reason for the lack of significance in our present study here.
yeah.... First, the low variance in Social QCGE and rather limited data
could explain why the analysis does not suggest a relationshi
23406 (laughing] P y Y 88 P
:40. aughing

and CC QCGE indicate a more uniform distribution. We then applied
statistical modeling to explore the relationship between the non-verbal
behaviors and QCGE. The cumulative-link mixed models suggest that
certain non-verbal behaviors significantly relate to QCGE:

(1) For Behavioral QCGE, results show that more frequent
instances of head propping indicate a lower quality. This can
be interpreted by the assumption that head propping may
signal boredom and thus a greater tendency to be distracted or
off-task. This is consistent with literature that associates head
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here. Second, the results may be due to reduced social cues in
the virtual CSCL setting, similar to virtual synchronous
communications described by Kiesler et al. (1984) in the theory
of reduced social cues. This theory postulates that social cues
like head nodding would be less easily perceived under virtual
conditions than in face-to-face settings. In theory, one could
argue that nodding relates to responsiveness, which is a
criterion for high Social QCGE. As a consequence, in our
study, group members might have felt less mutual
reinforcement and responsiveness even though there was a

» <«

verbal confirmation (e.g., “mhm,

» «

yes,” “0k”). According to
recent literature (Hardwig and Boos, 2023), trust in groups
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TABLE 11 Section of action transcript of Group 2.

Time (€17e]0] ) Group Group
Member 1 Member 2 Member 3
07:24.5 So, they have
confirmed that
he was at the
tennis court at
7a.m.

07:30.1 [head nodding]

07:31.2 Did they confirm
that, or did he just
say that?

07:32.4 No, they confirmed

that, but it’s the
cause of death, or
the time of death
could have been
already at half past
six, that means

he could have
killed him before
he went to the
tennis court...

07:37.0 [head nodding]

07:40.4 [head nodding]

07:47.7 mhm... I read that

Schmidt and Mr.

Meier live only

10 min away from

each other, by

car...
07:47.7 [head nodding]
07:51.6 [head nodding]

decreases with increasing virtuality. In this respect, it may
be particularly important in virtual synchronous learning
group settings to build trust, which, in turn, can be supported
by head nodding, especially regarding the reduced social
presence that students experience in virtual synchronous
settings (Ferri et al., 2020). Once “virtual trust” is established,
group members can reach their full potential (Kazemitabar
etal, 2022), and learning groups are more successful (Gerdes,
2010). This, in turn, is a good basis for the high quality of the
other facets of engagement (i.e., cognitive and CC QCGE),
which is in line with Sinha et al. (2015), who state that high-
quality social QCGE at the outset of a group learning task can
support other engagement facets as the task progresses. Even
though there may be a lag between utterances, non-verbal
behavior such as nodding still accompanies verbal
communication, as used in a face-to-face setting. However,
there is no evidence that the participants were looking at the
videoconference or, therefore, at the non-verbal information
the other participants would be signaling. Hence, the question
is whether nodding is only a habit from face-to-face interaction
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and is still used even though the nodding may not be received
by the other group members who do not observe the
videoconference window. This aspect would be interesting to
further investigate in future research.

Concerning Cognitive QCGE, results show that groups that
exhibited more frequent laughing or leaning forward have
significantly higher levels of QCGE. However, more frequent
head nodding indicates lower Cognitive QCGE. Laughing as
an indicator of Cognitive QCGE seems counter-intuitive.
However, it seems that laughing can function as a facilitator to
enhance joint regulation and monitoring. According to the
action transcripts, during a task, when a group experiences a
comical situation that triggers laughing, afterward the group
jointly regulates the emotional outburst. This joint regulation
may lead to a “restart” of the group processes and reorientation
in the task progress. Therefore, an instance of frequent laughing
may be indicative of subsequent higher-quality cognitive
QCGE. In addition, as humor helps CSCL groups to lighten
serious learning topics and thus make them more manageable
(Hovelynck and Peeters, 2003), laughing can serve as a
facilitator for the use of regulatory strategies such as planning
and monitoring and thus for high-quality cognitive
QCGE. Laughing could also be a form of social QCGE. As
Sinha et al. (2015) also point out, good group cohesion or a
high-quality social QCGE, which can be facilitated by laughing,
is an important premise for high QCGE as it is also related to
positive socio-emotional processes (Huetal, 2021). However,
laughing could also just be an indicator of off-task
communication. Therefore, the subsequent regulation may just
be the consequence of the disengagement from the task, which
is identified by the laughing of the group members and not
facilitated by it. In general, the direction of this laughing-to-
joint relationship effect must be further explored and
confirmed. In contrast to this result, the positive relationship
between leaning forward and Cognitive QCGE is more
intuitive. Leaning forward could be understood as a general
form of engagement and interest in virtual synchronous
settings, as is pointed out by related literature (Behoora and
Tucker, 2015). Be it, to spend more focus on what is happening
on the computer screen or, in a fashion, to be more rooted in a
face-to-face setting, where the signalization of leaning forward
could imply the direction of focus for a person in a group, or in
this case the video conference window. Finally, head nodding
relates negatively to Cognitive QCGE. This result is rather
surprising, as one could argue that the nodding behavior could
be indicative of co-constructive processes in relation to the
regulation effort that is Cognitive QCGE. Thus, nodding would
appear to be a function of socially shared regulation (Hadwin
et al, 2017; Jarveld et al., 2018). Moreover, in a face-to-face
setting, the relationship seems to be indeed positive (Paneth
et al., 2024). Therefore, the nodding behavior seems to have a
different function in a virtual synchronous environment.
Furthermore, it could be argued that during instances of joint
regulation and task monitoring, there is more need for verbal
discussion than for non-verbal agreement through nodding.
Moreover, participants may also engage in task-related
behaviors such as overlooking current progress, monitoring the
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time left to accomplish the task, or making notes of the
discussion. Especially in this virtual synchronous setting, a
sequence of higher focus may lead to a higher focus on the task
at hand and therefore away from the video conference, leading
to less head nodding.

(4) Finally, for CC QCGE, more frequent head nodding goes along
with significantly higher ratings. The positive relationship
between head nodding and CC QCGE may stem from the
higher intensity of discussion during instances of high CC
QCGE, which is consistent with related literature suggesting
that head nodding fosters a smooth communication process
(Allmendinger et al., 2003). The group is attempting to connect
and share information to find the answer to the overarching
question. In this case, the discussion leads to the formation of
a thesis, which is confirmed by the other group members
through verbal (e.g., “mhm, “ok”) and non-verbal (ie.,
nodding) statements. It seems that the head nodding has a
reinforcing effect on CC QCGE in the sense that the group
members feel confirmed and encouraged in their statements
and thus have enough trust built to further elaborate their
collaboration and deepen the conversation about the murder
case. Finally, leaning forward and laughing negatively relate to
CC QCGE. One could argue that high CC QCGE occurs more
frequently closer to the finalization of the task, where
information is shared and a conclusion will be made, which
requires a lot of concentration. At the same time, there may
be little time left for funny situations, and therefore, less
laughing occurs. Over all four QCGE dimensions, the results
suggest that different types of non-verbal behaviors have
different indications of the four dimensions of QCGE. Most
prominently, the non-verbal indicators for Cognitive and CC
QCGE are the same, but with opposite directions of the
relationship. Specifically, laughing is an indicator of higher
cognitive QCGE and lower CC QCGE. Furthermore, leaning
forward and head nodding indicate higher CC QCGE and
lower Cognitive QCGE. Thus, the combination of these three
non-verbal behaviors may distinguish between CC and
Cognitive QCGE. Moreover, head nodding can indicate higher
Social QCGE but may also indicate lower Cognitive
QCGE. From there, different combinations of non-verbal
indicators could be used to more reliably indicate the different
dimensions of QCGE.

Limitations

This study has its limitations. The sample size would be low for the
investigation of group-level differences. However, the use of repeated
measurements for both QCGE and non-verbal behavior facilitates that
limitation. Nonetheless, the results of this exploratory study should
be confirmed, optimally with a larger sample size. Moreover, our
correlational analysis restricts us from interpreting the causality of the
relationships we have found between non-verbal behavior and QCGE
dimensions. Future research could apply a more experimental
approach to investigate causality. Based on this research, directed
hypotheses could be formulated and tested to confirm the relationships
we found exploratively.
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Regarding Behavioral QCGE, the rating of the on-task behavior
was additionally challenged because the raters were not able to fully
deduce from the transcripts whether the participants were on- or
off-task. Presumably, some participants were just reading something
on the screen while still being on-task. This limits the validity of the
Behavioral QCGE rating and may also explain the low variance and
skew toward higher ratings. Moreover, for Social QCGE, the study
setting may incentivize pro-social behavior and social desirability
effects and therefore fewer instances of low or moderate Social QCGE
scores, which could also impede the study of this variable. Concerning
the QCGE framework, in other research we report issues with the
QCGE rating scale, which can lead to skewed Behavioral and Social
QCGE (Paneth et al., 2023). We assume that the rating scale may not
be optimal for standardized study settings where groups are
incentivized to consistently be engaged during the task. This resulted
in a lower variance for Behavioral and Social QCGE, making it
difficult to model this variable.

Implications

In general, the results of this study show how student groups
communicate non-verbally in a virtual CSCL setting through a set of
complex non-verbal behaviors, and they show that certain non-verbal
behaviors are related to different dimensions of QCGE. Similar
findings were reported in a prior study by our research group,
conducted in a face-to-face setting (Paneth et al., 2023, 2024). What
are the implications of the results?

Regarding theory building, the results on the non-verbal behavior
of CSCL groups in videoconferencing add to our understanding of
QCGE as a complex construct in need of further theory development
(see also Rogat et al.,, 2022). The results from our study show that
QCGE “in the field” and even in a virtual setting is not only located in
the thinking and verbal communication of learners but manifests itself
in their bodily communication (non-verbal behaviors, e.g.,
differentiating between Cognitive and CC), and this extends and
substantiates the construct of QCGE in line with both theories of
social interaction (e.g., Burgoon and Dunbar, 2018) and embodied
cognition (Varela et al., 2017; Gallagher, 2018). This, in turn, is
important for further theory building, future research on QCGE, and,
generally, investigations aiming at better understanding and assessing
group processes.

Regarding methodology, we present potential new measures for
QCGE (i.e., non-verbal indicators) in line with our prior multimethod
approach (Paneth et al., 2023). Moreover, based on our findings,
we can suggest that certain non-verbal indicators for QCGE could
be potentially automatically measured to assess collaborative
engagement more accurately. Head nodding has already been
established as a non-verbal behavior that can automatically
be classified (Nguyen et al., 2012). The authors successfully applied a
multimodal approach based on a combination of visual and auditory
signals. In addition, leaning forward and laughing would presumably
also be feasible to automatically detect in video recordings. With
modern open-source frameworks like MediaPipe (Lugaresi et al.,
2019), models can be trained to identify smiling faces and body poses
from video recordings. With the combination of laughing, leaning
forward, and head nodding, an automatic differentiation between
Cognitive and CC is promising. Regarding Social and Behavioral
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QCGE, more research should be conducted to generate more data and
variance to explore the intricacies of these two dimensions. Then,
non-verbal behavior could be identified that would differentiate
between the QCGE dimensions and the levels within. Combined with
automatic transcription of verbal communication, verbal indicators of
QCGE (Jeitziner et al., 2023, In preparation)' (Zheng et al., 2023)
could add more information to build a holistic measure of QCGE.

This leads to practical implications of our findings for educational
use. This granular multimethod measurement and possibly automated
measurement processes would increase the chances of applying targeted
and effective interventions for virtual synchronous CSCL groups. While
we are careful not to overgeneralize and overinterpret our findings (see
section Limitations), we do suggest supporting the design of virtual
learning environments in line with related research. As suggested by
CSCL researchers (e.g., Jarveld and Hadwin, 2013), students need
regulation in CSCL, either through teacher or lecturer feedback to
groups to support socially shared regulation of learning or “from the
outside” through CSCL tools, e.g., in the form of scripting or scaffolding
(Vogel et al., 2017). A detailed knowledge of QCGE and how it is
expressed in non-verbal behaviors could support this, e.g., through real-
time analysis and feedback systems (Decva et al,, 2021; Zheng et al,
2023) that automatically analyze and mirror groups’ QCGE and allow
students and teachers to become more aware of group processes and
thus regulate them (Hmelo-Silver and Jeong, 2023). Our results could
lead to important original insights for the design of such feedback
systems. Some initial, more far-reaching implications include that
practitioners who use virtual group learning settings are aware of the
QCGE dimensions (Behavioral, Social, Cognitive, and CC) and the
importance of non-verbal indicators. If practitioners knew more about
the complexities of collaborative group engagement, for example,
through teacher education or training, they could differentiate what
student collaborative engagement is and how it manifests and develops
their own interventions.

In conclusion, this study contributes to the development of the
assessment of QCGE in virtual synchronous CSCL groups and could
serve as a basis for real-time feedback to promote QCGE during
virtual synchronous courses at universities. The analysis suggests that
the non-verbal behavior of CSCL groups in videoconferencing may
be a promising aspect for further investigation to understand and
assess group processes.

Data availability statement

The anonymized data and analysis scripts supporting the findings
of this study are available at the Open Science Framework (OSF)
repository via the following link: https://osf.io/kngdx/.

1 Jeitziner, L, Paneth, L., Rack, O., Zahn, C., and Wulff, D. U. (2023). Exploring
Linguistic Indicators of Social Collaborative Group Engagement. In: Proceedings
of the 16th International Conference on Computer-Supported Collaborative
Learning—CSCL 2023. International Society of the Learning Sciences. Eds.
C. Damsa, M. Borge, E. Koh and M. Worsley. 364-365. doi: 10.22318/
cscl2023.813595.

Frontiers in Psychology

58

10.3389/fpsyg.2024.1347073

Ethics statement

The studies involving humans were approved by Ethics committee,
School of Applied Psychology, University of Applied Sciences and Arts
Northwestern Switzerland. The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in
this study.

Author contributions

LJ: Data curation, Formal analysis, Methodology, Visualization,
Writing - original draft, Writing - review & editing, Investigation,
Software. LP: Conceptualization, Methodology, Writing — original
draft, Writing - review & editing, Investigation, Project administration,
Resources, Visualization. OR: Conceptualization, Funding acquisition,
Supervision, Writing - original draft, Writing - review & editing,
Resources. CZ: Conceptualization, Funding acquisition, Project
administration, Supervision, Writing - original draft, Writing - review
& editing, Resources.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This research
was supported by the Swiss National Science Foundation in the
National Research Program 77 (Project No. 407740_187258) and by
the University of Applied Sciences Northwestern Switzerland, School
of Applied Psychology.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1347073
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://osf.io/kngdx/

Jeitziner et al.

References

Allmendinger, K., Troitzsch, H., Hesse, E. W., and Spada, H. (2003). “Nonverbal Signs
in Virtual Environments” in Designing for Change in Networked Learning
Environments. Computer-Supported Collaborative Learning. eds. B. Wasson, S.
Ludvigsen and U. Hoppe (Dordrecht: Springer), 2. doi: 10.1007/978-94-017-0195-2_52

Altebarmakian, M., and Alterman, R. (2017). A study of engagement and
collaborative learning in a virtual environment. IEEE Frontiers in Education
Conference (FIE) 2017, 1-9.

Bates, D., Kliegl, R., Vasishth, S., and Baayen, H. (2015). Parsimonious mixed models.
arXiv:1506.04967. doi: 10.48550/arXiv.1506.04967

Behoora, I, and Tucker, C. S. (2015). Machine learning classification of design team
members body language patterns for real time emotional state detection. Des. Stud. 39,
100-127. doi: 10.1016/j.destud.2015.04.003

Burgoon, J. K., and Dunbar, N. E. (2018). “Coding nonverbal behavior” in The
Cambridge handbook of group interaction analysis. eds. E. Brauner, M. Boos and M.
Kolbe (Cambridge: Cambridge University Press), 104-120.

Chen, J., Wang, M., Kirschner, P. A., and Tsai, C.-C. (2018). The role of collaboration,
computer use, learning environments, and supporting strategies in CSCL: a Meta-
analysis. Rev. Educ. Res. 88, 799-843. doi: 10.3102/0034654318791584

Christensen, R. H. B. (2019). Ordinal - regression models for ordinal data. R package
version 2019.12-10. Available at: https://CRAN R-project.org/package=ordinal.

Deeva, G., Bogdanova, D., Serral, E., Snoeck, M., and De Weerdt, J. (2021). A
review of automated feedback systems for learners: classification framework,
challenges and opportunities. Comput. Educ. 162:104094. doi: 10.1016/j.
compedu.2020.104094

Dillenbourg, P, Jarveld, S., and Fischer, E. (2009). The Evolution of Research on
Computer-Supported Collaborative Learning. In: Technology-Enhanced Learning Eds. N.
Balacheff, S. Ludvigsen, T. de Jong, A. Lazonder and S. Barnes (Dordrecht: Springer). doi:
10.1007/978-1-4020-9827-7_1

Dishon, G., and Gilead, T. (2021). Adaptability and its discontents: 21st-century skills
and the preparation for an unpredictable future. Br. J. Educ. Stud. 69, 393-413. doi:
10.1080/00071005.2020.1829545

Dunbar, N. E., and Burgoon, J. K. (2005). Perceptions of power and interactional
dominance in interpersonal relationships. J. Soc. Pers. Relat. 22, 207-233. doi:
10.1177/0265407505050944

Ekman, P. (2017). “Facial expressions” in: The science of facial expression. eds. J.-M.
Fernandez-Dols and J. A. Russell (Oxford University Press), 39-56. doi: 10.1093/acpro
£:080/9780190613501.003.0003

Ekman, P, and Rosenberg, E. L. (Eds.) (1997). What the face reveals: Basic and applied
studies of spontaneous expression using the Facial Action Coding System (FACS). USA:
Oxford University Press.

Ferri, E, Grifoni, P,, and Guzzo, T. (2020). Online learning and emergency remote
teaching: opportunities and challenges in emergency situations. Societies 10:86. doi:
10.3390/50c10040086

Fischer, E, Kollar, I, Stegmann, K., and Wecker, C. (2013). Toward a script theory of
guidance in computer-supported collaborative learning. Educ. Psychol. 48, 56-66. doi:
10.1080/00461520.2012.748005

Fredricks, J. A., Blumenfeld, P. C., and Paris, A. H. (2004). School engagement:
potential of the concept, state of the evidence. Rev. Educ. Res. 74, 59-109. doi:
10.3102/00346543074001059

Gallagher, S. (2018). “Building a stronger concept of embodiment” in The Oxford
handbook of 4E cognition, 353-364.

Gamer, M., Lemon, J., and Singh, I. E. P. (2019). Irr: various coefficients of
interrater reliability and agreement. Available at: https://CRAN.R-project.org/

package=irr.

Gerdes, A. (2010). Revealing preconditions for trustful collaboration in CSCL. Int. J.
Comput.-Support. Collab. Learn. 5, 345-353. doi: 10.1007/s11412-010-9090-8

Hadwin, A., Jarvel4, S., and Miller, M. (2017). “Self-regulation, co-regulation, and
shared regulation in collaborative learning environments” in Handbook of self-
regulation of learning and performance. eds. D. H. Schunk and J. A. Greene. 2nd ed
(New York, USA: Routledge), 83-106.

Hardwig, T., and Boos, M. (2023). “The surge in digitalization: new challenges for
team member collaboration” in Handbook of virtual work. eds. L. Gilson, T. O’Neill
and M. Maynard (Cheltenham, UK; Northampton, MA, USA: Edward Elgar
Publishing), 257-277. doi: 10.4337/9781802200508.00023

Hauber, J., Regenbrecht, H., Hills, A., Cockburn, A., and Billinghurst, M. (2005).
Social presence in two-and three-dimensional videoconferencing. In: Proceedings of
8th Annual International Workshop on Presence.

Hmelo-Silver, C. E., and Jeong, H. (2023). “Synergies among the pillars: designing
for computer-supported collaborative learning” in Handbook of open, distance and
digital education. eds. O. Zawacki-Richter and I. Jung (Singapore: Springer Nature
Singapore), 1357-1372.

Frontiers in Psychology

10.3389/fpsyg.2024.1347073

Hovelynck, J., and Peeters, L. (2003). Laughter, smiles and grins: the role of humor in
learning and facilitating. J. Advent. Educ. Outdoor Learn. 3, 171-183. doi:
10.1080/14729670385200351

Hu, W, Huang, Y, Jia, Y., and Ma, N. (2021). “Exploring the relationship between
socio-emotional process and collaborative problem solving” in Proceedings of the 13th
international conference on education technology and computers, 437-443.

Husebo, S. E., Rystedt, H., and Friberg, F. (2011). Educating for teamwork - nursing
students’ coordination in simulated cardiac arrest situations: educating for teamwork. J.
Adv. Nurs. 67, 2239-2255. doi: 10.1111/j.1365-2648.2011.05629.x

Ishii, K., Lyons, M., and Carr, S. (2019). Revisiting media richness theory for today
and future. Human Behav. Emerg. Technol. 1, 124-131. doi: 10.1002/hbe2.138

Isohitild, J., Naykki, P, and Jarveld, S. (2020). Convergences of joint, positive
interactions and regulation in collaborative learning. Small Group Res. 51, 229-264. doi:
10.1177/1046496419867760

Jarveld, S., and Hadwin, A. E (2013). New Frontiers: regulating learning in CSCL.
Educ. Psychol. 48, 25-39. doi: 10.1080/00461520.2012.748006

Jarveld, S., Hadwin, A., Malmberg, J., and Miller, M. (2018). “Contemporary
perspectives of regulated learning in collaboration” in International handbook of the
learning sciences (New York, USA: Routledge), 127-136.

Jarveld, S., Jarvenoja, H., and Malmberg, J. (2019). Capturing the dynamic and cyclical
nature of regulation: methodological Progress in understanding socially shared
regulation in learning. Int. J. Comput.-Support. Collab. Learn. 14, 425-441. doi: 10.1007/
s11412-019-09313-2

Kazemitabar, M. A., Lajoie, S. P, and Li, T. (2022). A classification of challenges
encountered in complex teamwork settings. Int. J. Comput.-Support. Collab. Learn. 17,
225-247. doi: 10.1007/s11412-022-09370-0

Kendon, A. (2000). “Language and gesture: Unity or duality?” in Language and
gesture. ed. D. McNeill (Cambridge: Cambridge University Press), 47-63.

Kiesler, S., Siegel, J., and McGuire, T. W. (1984). Social psychological aspects of
computer-mediated communication. Am.  Psychol. 39, 1123-1134. doi:
10.1037/0003-066X.39.10.1123

Kong, A. P-H., Law, S.-P, and Chak, G. W.-C. (2017). A comparison of Coverbal
gesture use in Oral discourse among speakers with fluent and nonfluent aphasia. J.
Speech Lang. Hear. Res. 60, 2031-2046. doi: 10.1044/2017_JSLHR-L-16-0093

Koo, T. K., and Li, M. Y. (2016). A guideline of selecting and reporting Intraclass
correlation coefficients for reliability research. J. Chiropr. Med. 15, 155-163. doi:
10.1016/j.jcm.2016.02.012

Koschmann, T., and Schwarz, B. B. (2021). “Case studies in theory and practice” in
International handbook of computer-supported collaborative learning. eds. J. N.
Lester, C. Rosé, A. E. Wise and J. Oshima, vol. 19 (New York, USA: Springer).

Kreijns, K., Kirschner, P. A., and Jochems, W. (2003). Identifying the pitfalls for social
interaction in computer-supported collaborative learning environments: a review of the
research. Comput. Hum. Behav. 19, 335-353. doi: 10.1016/S0747-5632(02)00057-2

Lee, A., O'Donnell, A. M., and Rogat, T. K. (2015). Exploration of the cognitive
regulatory sub-processes employed by groups characterized by socially shared and
other-regulation in a CSCL context. Comput. Hum. Behav. 52, 617-627. doi: 10.1016/j.
chb.2014.11.072

Liu, S., Liu, S, Liu, Z.,, Peng, X., and Yang, Z. (2022). Automated detection of
emotional and cognitive engagement in MOOC discussions to predict learning
achievement. Comput. Educ. 181:104461. doi: 10.1016/j.compedu.2022.104461

Lugaresi, C., Tang, J., Nash, H., McClanahan, C., Uboweja, E., Hays, M., et al. (2019).
Mediapipe: a framework for building perception pipelines. arXiv:1906.08172. doi:
10.48550/arXiv.1906.08172

Mahmoud, M., and Robinson, P. (2011). “Interpreting hand-over-face gestures” in
Affective computing and intelligent interaction. eds. S. D’Mello, A. Graesser, B. Schuller
and J.-C. Martin, vol. 6975 (Berlin, Heidelberg: Springer), 248-255.

Mottet, T. P. (2000). Interactive television instructors' perceptions of students'
nonverbal responsiveness and their influence on distance teaching. Commun. Educ. 49,
146-164. doi: 10.1080/03634520009379202

Nguyen, L., Odobez, J. M., and Gatica-Perez, D. (2012). Using self-context for
multimodal detection of head nods in face-to-face interactions. In Proceedings of the
14th ACM international conference on Multimodal interaction (pp. 289-292).

Noroozi, E, Corneanu, C. A., Kaminska, D., Sapinski, T., Escalera, S., and
Anbarjafari, G. (2021). Survey on emotional body gesture recognition. IEEE Trans.
Affect. Comput. 12, 505-523. doi: 10.1109/TAFFC.2018.2874986

Paneth, L., Jeitziner, L. T., Rack, O., Opwis, K., and Zahn, C. (2024). Zooming in: the
role of nonverbal behavior in sensing the quality of collaborative group engagement. Int.
J. Comput. Supp. Collab. Learn. 19, 187-229. doi: 10.1007/s11412-024-09422-7

Paneth, L., Jeitziner, L., Rack, O., and Zahn, C. (2023). “A multi-method approach to

capture quality of collaborative group engagement” in Proceedings of the 16th
international conference on computer-supported collaborative learning—CSCL 2023.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1347073
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1007/978-94-017-0195-2_52
https://doi.org/10.48550/arXiv.1506.04967
https://doi.org/10.1016/j.destud.2015.04.003
https://doi.org/10.3102/0034654318791584
https://CRAN.R-project.org/package=ordinal
https://doi.org/10.1016/j.compedu.2020.104094
https://doi.org/10.1016/j.compedu.2020.104094
https://doi.org/10.1007/978-1-4020-9827-7_1
https://doi.org/10.1080/00071005.2020.1829545
https://doi.org/10.1177/0265407505050944
https://doi.org/10.1093/acprof:oso/9780190613501.003.0003
https://doi.org/10.1093/acprof:oso/9780190613501.003.0003
https://doi.org/10.3390/soc10040086
https://doi.org/10.1080/00461520.2012.748005
https://doi.org/10.3102/00346543074001059
https://CRAN.R-project.org/package=irr
https://CRAN.R-project.org/package=irr
https://doi.org/10.1007/s11412-010-9090-8
https://doi.org/10.4337/9781802200508.00023
https://doi.org/10.1080/14729670385200351
https://doi.org/10.1111/j.1365-2648.2011.05629.x
https://doi.org/10.1002/hbe2.138
https://doi.org/10.1177/1046496419867760
https://doi.org/10.1080/00461520.2012.748006
https://doi.org/10.1007/s11412-019-09313-2
https://doi.org/10.1007/s11412-019-09313-2
https://doi.org/10.1007/s11412-022-09370-0
https://doi.org/10.1037/0003-066X.39.10.1123
https://doi.org/10.1044/2017_JSLHR-L-16-0093
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/S0747-5632(02)00057-2
https://doi.org/10.1016/j.chb.2014.11.072
https://doi.org/10.1016/j.chb.2014.11.072
https://doi.org/10.1016/j.compedu.2022.104461
https://doi.org/10.48550/arXiv.1906.08172
https://doi.org/10.1080/03634520009379202
https://doi.org/10.1109/TAFFC.2018.2874986
https://doi.org/10.1007/s11412-024-09422-7

Jeitziner et al.

eds. C. Damsa, M. Borge, E. Koh and M. Worsley (Montréal, Canada: International
Society of the Learning Sciences), 91-98.

Patterson, M. L. (2019). A systems model of dyadic nonverbal interaction. J. Nonverbal
Behav. 43, 111-132. doi: 10.1007/s10919-018-00292-w

Pelletier, K., McCormack, M., Reeves, J., Robert, J., and Arbino, N. (2022). 2022
EDUCAUSE horizon report: teaching and learning edition. EDUCAUSE.

Pelletier, K., Robert, J., Muscanell, N., McCormack, M. H., Reeves, J., Arbino, N., et al.
(2023). 2023 EDUCAUSE horizon report: Teaching and learning edition.

R Core Team (2023). R: a language and environment for statistical computing.
Available at: http://www.R-project.org/.

Rack, O., Zahn, C., and Mateescu, M. (2018). “Coding and counting: frequency
analysis for group interaction research” in The Cambridge handbook of group
interaction analysis. eds. E. Brauner, M. Boos and M. Kolbe (Cambridge, UK: Cambridge
University Press), 277-294.

Rogat, T. K., Hmelo-Silver, C. E., Cheng, B. H., Traynor, A., Adeoye, T. E, Gomoll, A.,
et al. (2022). A multidimensional framework of collaborative groups’ disciplinary
engagement. Frontline Learn. Res. 10, 1-21. doi: 10.14786/flr.v10i2.863

RStudio Team (2023). RStudio: integrated development environment for R. Available
at: http://www.rstudio.com/.

Ryan, R. M. (1982). Control and information in the intrapersonal sphere: an extension
of cognitive evaluation theory. J. Pers. Soc. Psychol. 43, 450-461. doi:
10.1037/0022-3514.43.3.450

Salomon, G., and Globerson, T. (1989). When teams do not function the way they
ought to. Int. J. Educ. Res. 13, 89-99. doi: 10.1016/0883-0355(89)90018-9

Schneider, B., and Pea, R. (2014). Toward collaboration sensing. Int. J. Comput.-
Support. Collab. Learn. 9, 371-395. doi: 10.1007/s11412-014-9202-y

Schneider, B., Worsley, M., and Martinez-Maldonado, R. (2021). “Gesture and gaze:
multimodal data in dyadic interactions” in International handbook of computer-
supported collaborative learning. eds. U. Cress, C. Rosé, A. F. Wise and J. Oshima (New
York, USA: Springer International Publishing), 625-641.

Short, J., Williams, E., and Christie, B. (1976). The social psychology of
telecommunications. London, UK: Wiley.

Frontiers in Psychology

60

10.3389/fpsyg.2024.1347073

Sinha, S., Rogat, T. K., Adams-Wiggins, K. R., and Hmelo-Silver, C. E. (2015). Collaborative
group engagement in a computer-supported inquiry learning environment. Int. J. Comput.-
Support. Collab. Learn. 10, 273-307. doi: 10.1007/s11412-015-9218-y

Sohrab, S. G., Waller, M. J., and Kaplan, S. (2015). Exploring the hidden-profile
paradigm: a literature review and analysis. Small Group Res. 46, 489-535. doi:
10.1177/1046496415599068

Tosuntas, $. B. (2020). Diffusion of responsibility in group work: social loafing. J.
Pedagogical Res. 4, 344-358. doi: 10.33902/JPR.2020465073

Turan, C., Neergaard, K. D., and Lam, K.-M. (2022). Facial expressions of
comprehension (FEC). IEEE Trans. Affect. Comput. 13, 335-346. doi: 10.1109/
TAFFC.2019.2954498

Varela, E. J., Thompson, E., and Rosch, E. (2017). The embodied mind, revised edition:
Cognitive science and human experience. Cambridge, MA, USA: MIT Press.

Vogel, E, Wecker, C., Kollar, I, and Fischer, F. (2017). Socio-cognitive scaffolding with
computer-supported collaboration scripts: a Meta-analysis. Educ. Psychol. Rev. 29,
477-511. doi: 10.1007/s10648-016-9361-7

Wilson, L., Ho, S., and Brookes, R. H. (2018). Student perceptions of teamwork within
assessment tasks in undergraduate science degrees. Assess. Eval. High. Educ. 43, 786-799.
doi: 10.1080/02602938.2017.1409334

Xing, W,, Zhu, G., Arslan, O., Shim, J., and Popov, V. (2022). Using learning analytics
to explore the multifaceted engagement in collaborative learning. J. Comput. High. Educ.
35, 633-662. doi: 10.1007/s12528-022-09343-0

Zahn, C., Pea, R., Hesse, E W., and Rosen, J. (2010). Comparing simple and advanced
video tools as supports for complex collaborative design processes. J. Learn. Sci. 19,
403-440. doi: 10.1080/10508401003708399

Zahn, C,, Ruf, A., and Goldman, R. (2021). “Video data collection and video analyses in
CSCL research” in International handbook of computer-supported collaborative learning.
eds. U. Cress, C. Rosé, A. Wise and J. Oshima (Cambridge, MA, USA: Springer).

Zheng, L., Long, M., Niu, J., and Zhong, L. (2023). An automated group learning
engagement analysis and feedback approach to promoting collaborative knowledge
building, group performance, and socially shared regulation in CSCL. Int. J. Comput.-
Support. Collab. Learn. 18, 101-133. doi: 10.1007/s11412-023-09386-0

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1347073
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1007/s10919-018-00292-w
http://www.R-project.org/
https://doi.org/10.14786/flr.v10i2.863
http://www.rstudio.com/
https://doi.org/10.1037/0022-3514.43.3.450
https://doi.org/10.1016/0883-0355(89)90018-9
https://doi.org/10.1007/s11412-014-9202-y
https://doi.org/10.1007/s11412-015-9218-y
https://doi.org/10.1177/1046496415599068
https://doi.org/10.33902/JPR.2020465073
https://doi.org/10.1109/TAFFC.2019.2954498
https://doi.org/10.1109/TAFFC.2019.2954498
https://doi.org/10.1007/s10648-016-9361-7
https://doi.org/10.1080/02602938.2017.1409334
https://doi.org/10.1007/s12528-022-09343-0
https://doi.org/10.1080/10508401003708399
https://doi.org/10.1007/s11412-023-09386-0

& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Henrik Bellhauser,

Johannes Gutenberg University Mainz,
Germany

REVIEWED BY

Geok Imm Lee,

Putra Malaysia University, Malaysia
Margarete Imhof,

Johannes Gutenberg University Mainz,
Germany

*CORRESPONDENCE
Tugce Ozbek
tugce.oezbek@uni-a.de

RECEIVED 31 March 2024
ACCEPTED 21 August 2024
PUBLISHED 09 September 2024

CITATION

Ozbek T, Greisel M, Wekerle C,

Gegenfurtner A and Kollar | (2024) How do
different goals affect students’ internal
collaboration script configurations? Results of
an epistemic network analysis study.

Front. Psychol. 15:1410152.

doi: 10.3389/fpsyg.2024.1410152

COPYRIGHT

© 2024 Ozbek, Greisel, Wekerle,
Gegenfurtner and Kollar. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Psychology

Frontiers in Psychology

TYPE Original Research
PUBLISHED 09 September 2024
pol 10.3389/fpsyg.2024.1410152

How do different goals affect
students’ internal collaboration
script configurations? Results of
an epistemic network analysis
study

Tugce Ozbek!*, Martin Greisel®, Christina Wekerle?,
Andreas Gegenfurtner? and Ingo Kollar!

!Department of Educational Psychology, University of Augsburg, Augsburg, Germany, ?Department of
Methods in Learning Research, University of Augsburg, Augsburg, Germany

Introduction: Research has suggested that how learners act in CSCL
environments is considerably influenced by their internal collaboration scripts.
These scripts are knowledge structures that reside in an individual's memory
and consist of play, scene, scriptlet, and role components. In its “internal
script configuration principle,” the Script Theory of Guidance suggests that as
learners work in a CSCL environment, these components are dynamically (re-)
configured, and that this (re-)configuration is influenced by the goals of the
individual learner. However, this principle has not yet been tested empirically.

Methods: In this study, upon entering a CSCL environment, we therefore
experimentally manipulated the goals that students pursued while learning.
In one condition, we induced learning goals while in the other condition, no
goals were induced. A total of 233 pre-service teachers collaborated in dyads
on the task to analyze an authentic, problematic classroom situation by aid
of educational evidence. We measured their internal scripts both at pre-test
(i.e., before collaboration and before goal induction) and post-test (i.e., after
collaboration and goal induction), focusing on the scriptlet level.

Results: Results show that goal induction had no effects on the kinds of scriptlets
participants selected during collaboration. However, results from Epistemic
Network Analysis show that learning goal induction led to significantly different
combinations of scriptlets (especially to more relations between scriptlets that
are indicative of pursuing learning goals) than no goal induction. Furthermore,
participants from the learning goal induction acquired significantly more
knowledge about educational theories and evidence than students from the
control condition.

Conclusion: This study is among the first to provide direct evidence for the
internal script configuration principle and demonstrates the effectiveness of
inducing learning goals as a scaffold to support students’ knowledge acquisition
processes in CSCL.

KEYWORDS

computer-supported collaborative learning, script theory of guidance, achievement
goals, epistemic network analysis, higher education
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1 Introduction

A vast amount of research over the past 30years has
demonstrated that computer-supported collaborative learning
(CSCL) can be a powerful method to facilitate learning in
different educational contexts (Chen et al., 2018; Radkowitsch
et al., 2020; Stahl and Hakkarainen, 2021; Vogel et al., 2017; Yang,
2023). During CSCL, learners are encouraged to actively
participate in the learning process through negotiating and
discussing ideas with peers (Roberts, 2005). That this really is the
case is corroborated by meta-analytic findings that demonstrate
the effectiveness of CSCL across a broad range of disciplines (e.g.,
Jeong et al., 2019; Xu et al., 2023) and digital technologies (e.g.,
Sung et al.,, 2017), yielding positive effects of CSCL both on
domain-specific knowledge and cross-domain competences (for
an overview, see Kollar et al., 2024).

The way learners actually learn and collaborate in CSCL
environments can be considered as being influenced by two factors
that mutually interact with each other: (a) the design of the learning
environment and (b) the individual group members’ learning
prerequisites. With respect to (a), research on CSCL has accumulated
a considerable number of insights (Miller and Hadwin, 2015; Vogel
etal., 2017), for example on the effects of different kinds of scaffolds
on the quality of learning processes and outcomes. Yet, with respect
to (b), empirical research seems to be scarce (Hsu et al., 2008; Prinsen
et al., 2007). In this article, we therefore focus especially on this
latter topic.

One prerequisite that has received attention in CSCL research is
the learners’ internal collaboration script (Kollar et al., 2006). Internal
collaboration scripts are cognitive structures of individuals that guide
them in the way they understand and act in collaborative learning
situations (Fischer et al, 2013). They are assumed to consist of
different knowledge components (play, scenes, roles, and scriptlets)
that are dynamically configured in learners’ memory. This assumption
has been formulated in the Script Theory of Guidance (SToG) by
Fischer etal. (2013), which also is concerned with how external scripts
(scaffolds that structure a group’s collaboration process through
specifying, sequencing, and distributing learning activities and roles
among its members) affect collaboration and learning. In total, the
SToG proposes a total of seven principles that describe the roles of
internal and external scripts during CSCL. With respect to learners’
internal scripts, one central principle of the SToG refers to the
assumption that the configuration of internal script components that
learners (typically unconsciously) select to make sense of a given
CSCL situation is influenced by the current goals of the learners
(internal script configuration principle).

Surprisingly though, this principle has hardly been tested
empirically so far. In fact, learners can have very different goals when
collaborating, and it is not clear how exactly these different goals affect
the configuration of their internal collaboration scripts and subsequent
knowledge acquisition (Pintrich, 2000a). Following a well-known
distinction from Achievement Goal Theory (Dweck and Leggett,
1988; Elliot, 2005), some learners may engage in learning and studying
with the goal to arrive at a deep understanding of the learning material
(learning goal). Other learners, in contrast, may rather engage in
learning and studying because they pursue the goal to demonstrate
how competent they are (performance goal). For this reason, in this
paper, we investigate how different goals, respectively their induction,
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are related to learners’ internal script configuration and knowledge
acquisition in the context of CSCL.

2 Literature review

2.1 Components of learners’ internal
collaboration scripts in CSCL according to
the script theory of guidance

The term CSCL covers many different instructional methods, all
of which have in common that “peers interact [...] with each other for
the purpose of learning and with the support of information and
communication technologies” (Suthers and Seel, 2012, p. 1). Based on
recent meta-analyses, CSCL offers a vast potential to support learners’
academic achievement, for example, because it promotes students’
knowledge acquisition or skill development (Chen et al., 2018). From
a theoretical point of view, there are many potential benefits of
collaborative learning, even without the support of digital
technologies, which include academic (e.g., fostering knowledge
acquisition and critical thinking), social (e.g., developing social skills)
or affective-motivational aspects (e.g., reducing anxiety; see Johnson
and Johnson, 1989; Laal and Ghodsi, 2012).

However, there may also occur problems during collaborative
learning, such as individual learners contributing little to collaboration
or learners not actually working together but rather splitting the tasks
among themselves (Roberts, 2005; Salomon, 1992). Especially under
such circumstances, the collaborative learning process may
be supported by the use of digital technologies, for example by
providing tools to organize learners ideas and contributions, to
provide resources, or guidance to structure the collaboration process
(Stahl et al., 2006; Suthers and Seel, 2012).

A theoretical approach that conceptualizes such guidance is the
Script Theory of Guidance (SToG; Fischer et al., 2013), which focuses
on one particular kind of guidance that has received very much
attention in CSCL research: so-called “external collaboration scripts.”
External collaboration scripts provide group learners with guidance
on the kinds and sequence of activities and roles they are supposed to
take over during collaboration, often supporting their execution via
prompts or sentence starters. SToG, however, assumes that what
actually happens during collaboration is not only influenced by such
external collaboration scripts, but also by the learners internal
collaboration scripts.

According to the SToG, internal collaboration scripts are
configurations of knowledge components in the learner’s cognitive
system that determine their understanding and acting in a given
collaborative situation. Based on Schanks (1999) dynamic
memory approach, a basic tenet of the SToG is that internal scripts
consist of configurations of four different kinds of script
components (see Figure 1): (a) The “play” component includes
knowledge about the kind of the situation an individual
experiences, e.g., a discussion held in a chat forum or the joint
writing of a blog post. Once a learner has (consciously or
unconsciously) selected a specific “play,” this “play” then connects
a set of (b) “scenes.” Scenes refer to the person’s knowledge about
the different situations that typically make up the play. In a
discussion, for example, a learner’s “discussion play” might include
a scene in which the group collects information to develop
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Play Discussion
state a first find reach a
Scenes ;
argument counterarguments compromise
Scriptlets repeat repeat find common comment on the
arguments counterarguments ground common ground
Roles Role A Role B
FIGURE 1
Example of an internal collaboration script of a learner during a discussion. Only a few examples of possible scriptlets are shown. Theoretically, every
scene is connected to a specific set of scriptlets

arguments, while another scene might be to exchange arguments.
Once a certain scene is activated, the person also has expectations
on what kinds of activities are typically part of that scene.
Knowledge about the kinds and sequence of the activities that are
likely to occur during that scene, are then represented in so-called
(c) “scriptlets” Therefore, scriptlet components describe the
learners’ knowledge about sequences of activities within particular
scenes (Schank, 1999). In the scene “reaching a compromise,” for
an exemplary learner, the first scriptlet might refer to the activity
“summarize the most important arguments,” while for another
learner whose internal script might include the same scene, the
first scriptlet in that scene might refer to the activity “define what
would count as compromise.” Finally, learners hold knowledge
about different kinds of (d) “roles,” i.e., about the question what
kinds of activities are likely to be taken over by what person in the
given collaborative situation. Similar to a theatre play, roles may
extend over several scenes and include several activities.

2.2 The internal script configuration
principle within the script theory of
guidance

A central assumption of the SToG is that through experience,
learners acquire a range of different plays, scenes, scriptlets, and roles,
and that these knowledge components are dynamically combined in
each new situation, depending on the individual’s perception of the
current situation, and on the goals they pursue in that situation. This
idea lays the foundation of the so-called configuration principle of the
theory. Literally, this principle states that “How an internal
collaboration script is dynamically configured by a learner from the
available components to guide the processing of a given situation, is
influenced by the learner’s set of goals and by perceived situational
characteristics” (Fischer et al., 2013, pp. 57-58).
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As described, the internal collaboration script consists of different
knowledge components that refer to collaborative learning situations
that are considered. These components are assumed to be very flexible
in the way they are combined with each other. This means that in any
situation, a learner may select different plays, scenes, scriptlets, and
roles available in memory that — from their subjective perspective —
are promising to make sense of the current situation. Even small
changes in the situation and changing requirements can result in a
quick (and very often subconscious) adaptation and reconfiguration
of the internal collaboration script components. For example, certain
tool features such as a flashing cursor might indicate an opportunity
to enter a text, making learners’ selection of a scriptlet “enter text”
more likely than if there was no such flashing cursor (Fischer et al.,
2013; Kirschner et al., 2008; Schank, 1999).

Yet, not only situational characteristics (i.e., external factors) may
influence a learner’s internal script configuration, but also personal
characteristics may do so (i.e., internal factors). As formulated in the
internal script configuration principle, this refers in particular to
learners’ goals. Thus, learners’ current set of goals can, on the one
hand, influence the selection of script components, i.e., plays, scenes,
scriptlets, and roles. This means that the learner is likely to choose or
act out those script components that appear as most useful to pursue
their current goals, resulting in an engagement in activities that are
conducive to reaching those goals. Simultaneously, scriptlets that refer
to activities that are not in line with the current goals are inhibited. For
example, if a learner notices that their learning partner does not seem
to exert effort during collaboration, and if they have the goal to get the
task done anyway, they may de-activate scriptlets that would guide
them to ask their learning partner for input and replace this scriptlet
by a scriptlet “solve the task alone” On the other hand, goals may also
influence the order of the scriptlets of a learner’s internal script (i.e.,
how these different activities are sequenced). For example, if a learner’s
dominant goal is to do well on a subsequent multiple-choice exam,
they might first select a scriptlet “solve items of the test exam,” and
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only later select scriptlets that might help them reach a deeper
understanding of the learning material (e.g., “discuss how the different
concepts relate to each other” or “jointly develop examples for the
application of the information” In contrast, a learner who is in the
same situation, but whose primary goal is to arrive at a deep
understanding of the learning material might select the reverse order
of scriptlets and start with more deep-level learning activities and use
the scriptlet “solve items of the test exam” only afterwards.

As Fischer et al. (2013) point out, a study by Pfister and Oehl
(2009) provides (indirect) evidence for the influence of goals on the
configuration of learners’ internal collaboration scripts. This study
investigated how goal focus, task type, and group size influence
synchronous net-based collaborative learning discussions. For this
purpose, they varied the goal focus of the learners: in one condition,
participants should take on an individual focus (i.e., they received
rewards based on their individual performance), while in a second
condition, they should take on a group focus (i.e., they received
rewards based on their group’s performance). Results indicated that
learners with the group focus used more supporting functionalities of
the tool (e.g., the possibility to mark what previous chat message one’s
own message refers to) than learners with the individual focus. Fischer
etal. (2013) interpret this finding in a way that the different foci of the
learners led to a (re-)configuration in their internal scripts, as
represented in learners’ use of different tool functions.

However, a couple of limitations of this study and of Fischer et al’s
(2013) interpretation need to be noted here. First, the (re-)
configuration of the internal script is only inferred indirectly (from
the use of a certain feature by the learners), rather than measured
directly. To do that, it would be necessary to apply methods that
indicate the kinds of internal script components and provide insight
into their sequential nature. Second, the authors of the study did not
examine how the internal script of the learners was structured.
Therefore, it is also not possible to assess to what extent this script and
its components actually reconfigured during collaboration. Third,
“goal focus” was experimentally manipulated by providing rewards
either for individual or for collaborative performance. In addition, the
SToG does not offer an in-depth conceptualization of the concept of
learners’ goals (Stegmann et al., 2016). While a “goal focus” is certainly
one way to think about goals, research on Achievement Goal Theory
(e.g., Elliot and Fryer, 2008) has focused on goals that have been
shown to have even tighter relations to learning processes and
outcomes. This research will be discussed in more detail in the
next section.

2.3 Learners’ goals during CSCL

Goals influence students’ learning processes. From a theoretical
perspective, they describe a standard by which learners can assess
their learning progress and initiate regulatory processes accordingly
(Pintrich, 2000b). Goals that a learner pursues in learning and
performance contexts are referred to as achievement goals. They
describe the reasons why learners engage in competence-related
behavior (Elliot, 2005; Elliot and Fryer, 2008). Even though more
nuanced goal typologies have developed over the years (e.g., Bardach
etal., 2022), at a global level, achievement goal theory distinguishes
between two types of goals. Firstly, in a given situation, learners may
pursue so-called learning goals, which means that learners engage in
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learning because they are motivated to improve their competence.
Secondly, they may also have performance goals; for learners with
these goals, it is particularly important to engage in learning in order
to demonstrate their performance or to outperform others (Heyman
and Dweck, 1992). With respect to the dichotomy of learning goals
and performance goals, empirical research has often shown positive
relations between learning goals with various favorable learning
processes and outcomes (Hulleman et al., 2010; Payne et al., 2007). For
example, students who pursue learning goals have been reported to
be likely to persist on difficult tasks, to use deep level instead of surface
level learning strategies, and (though not consistently, see Darnon
et al., 2007) reach high levels of achievement (Meece et al., 2006).
When learners pursue performance goals, in contrast, they typically
rather use surface-level learning strategies (Payne et al., 2007), which
in turn can be helpful to solve easy academic tasks but can
be detrimental when more difficult tasks are posed (Utman, 1997).
These findings indicate that different achievement goals may lead to
different learning processes and outcomes.

In terms of CSCL, research also investigated strategies specifically
using social interaction as means to learning. It found that the more
students have mastery goals, the more they tend to seek help
(Karabenick and Gonida, 2018; Ryan and Pintrich, 1997) and ask for
feedback (Cellar et al., 2011; Payne et al.,, 2007; VandeWalle and
Cummings, 1997). Students with strong mastery goals also prefer
other students with mastery goals as teammates (Barrera and Schuster,
2018). Therefore, we can expect students to engage the more in
regulating collaborative learning, the more they pursue mastery goals.
And indeed, Greisel et al. (2023) found that students intended to
execute more different strategies directed at the self-, co-, and socially
shared level during collaborative learning, the more mastery goals
they had. In contrast, performance goals were not related to help-
seeking and asking for feedback (Cellar et al.,, 2011; Payne et al., 2007;
Senko and Dawson, 2017). Instead, students with high performance
goals engage more in self-handicapping (Senko and Dawson, 2017),
and feedback seems to diminish their performance (VandeWalle et al.,
2001). Thus, they seem to be more concerned with their impression
than their learning in social circumstances. However, in small
collaborative learning groups at least, they do intend to engage in
socially shared regulation but not co-regulation (Greisel et al., 2023).
Furthermore, a study by Giel et al. (2021) also suggests that the
compatibility of learners’ achievement goals affects collaborative
learning outcomes. For example, the results indicate that the degree of
compatibility of group members mastery goals is linked to
engagement, whereas the degree of incompatibility is related to
performance, highlighting the importance of examining students’
achievement goals in collaborative learning processes (Giel et al.,
2021). From these findings, we conclude that different achievement
goals prepare students for different behaviors during
collaborative learning.

At a cognitive level and in the context of the SToG, these
differences should be represented by differences in the configuration
of learners’ internal collaboration script, i.e., the knowledge they
activate regarding the kinds and sequences of activities that are likely
to occur during collaboration. While hypothetically, learners have
different internal script components (in this case, scriptlets) available
in their dynamic memory that would enable them to engage in the
collaboration process, they (consciously or unconsciously) select those
scriptlets that fit their personal goals the best and disregard those that
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do not (Stegmann et al., 2016). For example, a pronounced learning
goal might encourage learners in a collaborative situation to select
scriptlets that lead them to ask more questions or ask for feedback
from their peers. Thus, these learners could select scriptlets leading
them to engage more actively in the collaboration process in order to
acquire more knowledge, and omit or postpone others, for example,
the scriplet “agree with learning partner” In contrast, learners with
pronounced performance goals might be more likely to select
scriptlets that are related to impression management techniques as
they might want to only appear competent, for example by using
subject-specific language very deliberately (Greisel et al., 2023). In
turn, they might, for instance, omit the scriptlet “ask for feedback,” in
order to avoid being perceived as incompetent. This, in turn, might
also imply that (the induction of) different achievement goals within
CSCL could influence students’ knowledge acquisition. Yet, empirical
evidence on these issues seems to be missing so far.

2.4 Research questions and hypotheses

In sum, evidence from the field of CSCL, but also from research
on achievement goals, indicates that different goals of learners may
influence how learners act in collaborative learning. On this basis, the
SToG argues that learners’ goals in CSCL lead to specific configurations
of different script components (plays, scenes, scriptlets, roles) in the
learners’ cognitive systems, both with respect to the kinds of scriptlets
that are selected, and with respect to the sequential organization in
which they are combined with each other. However, so far there has
been little research investigating this configuration and the actual
change in the internal script as a function of the presence or absence
of different achievement goals. Moreover, to date, there is a scarcity of
research examining the impact of such goals on knowledge acquisition
within the context of computer-supported collaborative learning.
Therefore, in the present study, we actively manipulated learners’ goals
either in the direction of an actualization of learning goals or of
performance goals or no goal induction and investigated the effects of
this manipulation on their internal collaboration scripts (more
precisely, the scriptlets) when working on a CSCL task.

Our first research question was: Does the induction of different
kinds of achievement goals (no induction vs. learning goals induction
vs. performance goals induction) influence the configuration of the
internal collaboration script? We hypothesized (H1) that learners
from the three conditions would select different scriptlets to guide
their collaboration. Furthermore, we assumed that not only the
selection, but also the sequential organization of scriptlets would differ
depending on whether or what kind of an achievement goal is
induced (H2).

Additionally, to date, there is only limited research on how
prompting specific achievement goals during collaborative learning
within the tool influences students’ knowledge acquisition. Thus,
we wondered whether the induction of different goals would affect
the knowledge students would acquire as an outcome of their
collaboration. For this reason, our second research question was:
Does the induction of learning vs. performance goals vs. no goals
affect students’ knowledge acquisition in a collaborative task? Based
on research on achievement goals (e.g., Hulleman et al., 2010; Meece
et al,, 2006; Payne et al., 2007), we hypothesized that the induction
of learning goals would lead to a higher knowledge acquisition than
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when no goals would be induced (H3). Since previous research on
performance goals indicates a relatively mixed picture, we only
anticipated that the performance goal condition would differ from
the control condition (H4) regarding students’ knowledge acquisition.

3 Method
3.1 Participants and design

A total of N=233 pre-service teachers participated in the study.
They were on average 22years old (Mg =22.3, SD,,.=2.3), mostly
female (72%) and in their fifth semester (Msen=5.0, SDser, = 1.1). They
were enrolled in a teacher education program for elementary school
teachers, middle school teachers, high school teachers, and secondary
school teachers of various subjects. The study was embedded as a
compulsory part of a course in educational psychology for pre-service
teachers. Their task was to analyze an authentic, written case that
described a problematic classroom situation and a teacher’s efforts to
solve those problems. All students within these courses were invited
to participate in the additional scientific data collection. However, the
students were free to decide whether they wanted to participate and
suffered no disadvantages if they decided against it. Students who
decided to participate received no reward for their participation. The
potentially available sample was therefore determined by the sizes of
the courses that were available for data collection.

We conducted a sensitivity analysis with G*Power [3.1.9.7] to assess
the effect size that was realistically detectable with our sample size. Since
one group was later excluded (see Section 4.1) only two groups
remained with 71 and 72 students, respectively. We calculated the
sensitivity analysis with an a-error probability set to 0.05 and desired
power set to 0.80. For an ANOVA with one between-subject factor with
two levels and one repeated measurement with two time points, the
analysis revealed that an interaction effect with Cohen’s f=0.12 could
be detected, indicating a sufficient likelihood to detect small to
moderate interaction effects. For a t-test comparing two independent
groups, the analysis indicated that an effect size of Cohen’s d=0.47 could
be detected, indicating a sufficient likelihood to detect moderate effects.

Students worked on the task in the learning management system
Stud.IP. To support their collaboration, they used a collaboration tool
“coLearn!” This tool serves to structure collaborative learning with
external collaboration scripts by giving instructors the opportunity to
assign, sequence, and distribute learning activities and roles, to specify
prompts, and to provide tasks and learning materials. To investigate
how different achievement goals impacted their internal collaboration
script configuration, we established a 1 x 3 between-subjects design
with the conditions “induction of learning goal,” “induction of
performance goal,” and a control group (no goal induction). The
conditions differed in that the instructions within coLearn! included
prompts that highlighted the respective goal. More specifically, for
example, participants in the learning goal conditions were told that
completing the learning task would be very important in order to
expand their skills. In contrast, participants in the performance goal
condition were told that their performance would be evaluated by
their instructor (see Table Al). Lastly, participants in the control
condition did not receive any such information about the goals that
were to be pursued. Participants were randomly assigned to dyads and
to one of the three conditions mentioned before.
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3.2 Procedure

During pretest, we measured students’ initial internal collaboration
scripts and knowledge of the theoretical concepts that would
be addressed during case analysis (i.e., the Cognitive Load Theory by
Sweller, 2011, and the ICAP framework by Chi and Wylie, 2014). For
three weeks, the students then worked in pairs using “coLearn!” In
week 1, they were instructed to individually analyze a case vignette that
described several problematic teacher actions (e.g., prompting students
to only watch other students recording a video without any other
further instruction; prompting students to integrate items in their
videos that are not conducive to the learning goals) during her lesson,
using one of two scientific educational theories: Cognitive Load Theory
(Sweller, 2011) or the ICAP framework (Chi and Wylie, 2014). The case
vignette was 421 words long and did not contain any information on
the lesson’s content (see Figure 2). The educational theories were
presented as texts explaining central elements of the theories,
supported by examples. The length of the texts was comparable
(Cognitive Load Theory: 806 words, ICAP framework: 800 words). In
week 2, these analyses were swapped between the students within a
dyad, and the students were instructed to evaluate the analysis of their
respective partner and to expand on it with the help of the respective
other theory. In week 3, the students received the evaluation and
elaboration from their peer and were asked to use it to revise their
original analysis. After this three-week collaboration phase,
we conducted a manipulation check by asking the participants whether,
during the use of the tool, (1) it was particularly important to develop
their competencies (learning goal), or (2) to achieve a high
performance (performance goal). Moreover, the students’ internal

10.3389/fpsyg.2024.1410152

collaboration scripts and knowledge about the theories were
measured again.

3.3 Goal induction

As described, the two goal conditions differed from each other
with respect to the presentation of statements in coLearn!. Each week,
a new page with instructions and text fields was displayed in the tool.
In addition to specific instructions regarding the case analysis that were
identically presented in the control group, the prompts highlighted a
specific goal. In the learning goal condition, after instruction, the task
was labeled as “important in order to improve one’s own competencies
and to successfully cope with problems in later professional life” In
addition, working with the tool was explicitly framed as a learning
opportunity in this condition. In contrast, in the performance goal
condition, it was stated that the task was “important in order to achieve
good grades” In addition, working with the tool was framed as an
“important opportunity to prepare for exams,” and it was stated that
tutors would check the assignments later (see Table Al).

3.4 Dependent variables

3.4.1 Internal collaboration scripts

In order to assess the learners’ internal collaboration scripts, prior
to using the collaboration tool, in the pretest participants described
how they would generally carry out a collaborative analysis of a
problematic classroom situation. Based on a synopsis of typical

Case vignette of
fictional teacher
»Mrs. Manzel“
and educational

Plugin coLearn!

Ubersicht
theory (e.g., ICAP Analyse authentischer
framework) Unterrichtsbeispiele (1)
Titteofthe | Phasen
collaboration | Analyse des Fallbeispiels
script ‘

Kooperative Bearbeitung mit Partner/in

Phases of the Uberarbeitung der urspriinglichen

collaboration Analyse
script
Gruppe 3
Names and roles | & - (Role Z:IERP:
of students ‘ T:eorehkcr/m)
- (Rolle 1:

Cognitive-Load-Theoretiker/in)

Actions:
,Show print Aktionen
view* &b Druckansicht
»Request & Hilfe anfragen
assistance”

FIGURE 2

2014).

User interface of the tool “colLearn!”. In the right area, the case vignette, educational theories, and instructions were displayed. Depending on the
specific role of each student, the tool provided either a text about the Cognitive Load Theory (Sweller, 2011) or the ICAP framework (Chi and Wylie,

Unterrichtsbeispiel Frau Manzel

Nachdem die Schule, an der Frau Manzel arbeitet, bisher noch kaum in die digitale
Infrastruktur investiert hat, setzt Frau Manzel in ihrem Unterricht viel auf das BYOD-
Prinzip (,,Bring your own device“). Da in ihrer Klasse alle Schiiler(innen) ein Smartphone
besitzen, versucht sie verstarkt die Moglichkeiten zu nutzen, die sich durch die
Videoaufnahmefunktionen der Gerate ergeben.

Heute mdchte sie mit den Schiiler(inne)n damit starten, ein kurzes Video zu erstellen.
Der Videobeitrag soll Personen fiir das im Unterricht bearbeitete Thema interessieren.
Um allen Schiiler(inne)n die Chance zu geben, sich zu beteiligen (ohne Angst, etwas
Falsches zu sagen), fithrt sie zu Beginn mit Hilfe der Anwendung ,,Etherpad*

Das ICAP-Modell

Kognitive P sind fiir Aul3: hende unsichtbar. Eine Lehrkraft kann somit nicht
»sehen*, ob ihre Schiiler(innen) gerade neues Wissen konstruieren (d.h. neue Schemata
konstruieren oder vorhandene Schemata modifizieren) oder ob sie z.B. gerade iiber
sachfremde Dinge nachdenken. Chi und Wylie (2014) argumentieren allerdings, dass
unterschiedliche sichtbare Lernaktivititen mit einem lernerseitigigen Engagement in
unterschiedlich hochwertigen kognitiven Prozessen mehr oder weniger stark
zusammenhangen. Hierzu haben sie das sogenannte ,,ICAP“-Modell entwickelt, das
zwischen passiven (,passive“), aktiven (,active“), konstruktiven (,,constructive) und
interaktiven (,interactive“) Lernaktivititen unterscheidet.

(AuRerlich) Passiv sind Lernende etwa dann, wenn sie keine sichtbare
Lernaktivitit zeigen. Ein Beispiel hierfiir ist etwa, wenn ein Schiiler im Unterricht dem
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collaborative activities (Csanadi et al., 2018), they were given a list of

»

40 activities (e.g., “asking questions,” “reflecting on the theory” etc.) to
choose from, representing different scriptlets that could be carried out
as part of such a collaboration (see Table A2). The participants were
instructed to drag and drop the activities they would perform from
the list and put them in the order in which they would perform them.
In this way, we captured their internal collaboration scripts regarding
a collaborative case analysis considering the kinds of scriptlets and
their specific sequence. In the posttest, participants were instructed to
select and arrange activities from the same set of activities, again using
drag-and-drop and arrange them according to how they actually
carried them out during collaboration. Afterwards, we conducted an
expert survey to categorize the activities that the students could select.
For this purpose, nine experts from the field of educational psychology
who are well-versed in the area of collaborative argumentation and,
on average, had been working in related research for 4 years
(Mdn=3.5) were asked to categorize the activities. To do this, they
should assess whether they would associate them with a learning goal
orientation, performance goal orientation, both, or neither of them,
in the context of conducting a collaborative case analysis. If over 50%
of the experts indicated that a specific activity could clearly be assigned
to one of the two goal orientations, that activity was categorized
accordingly. In this way, 16 out of the total of 40 activities were
classified as typically related to learning goals and 8 as typically related
to performance goals (see Table A2). For the remaining activities, no
clear consensus was reached, or the researchers assigned the activity
either equally to both or none of the goals. Subsequently, for the pre-
and the post-test separately, we calculated a total score for each
participant by coding whether the students selected a specific activity
(1) or not (0).

3.4.2 Achievement goals

To ensure that there were no pre-existing differences in goal
orientations between the groups, students were surveyed their goal
orientations prior to the intervention (Daumiller et al.,, 2019). They
were required to answer four items each to assess their learning goal
orientation (e.g., “When using the plug-in, developing my
competencies is particularly important to me,” Cronbach’s «=0.92),
and performance goal orientation (e.g., “When using the plug-in,
achieving a good performance is particularly important to me,”
Cronbach’s a=0.80).

3.4.3 Knowledge

During pre- and post-test, students were required to answer a total
of 48 items in the form of multiple-choice questions to assess their
content-specific knowledge about the theories that they were supposed
to apply to the cases. They had to decide whether they agreed with
each of the four options based on a preceding question and received a
point for each correctly selected answer. The items were formulated
based on the theoretical texts that the students were given to use
during their case analysis, thus addressing aspects of the ICAP
framework (Chi and Wylie, 2014; 20 items) and the Cognitive Load
Theory (Sweller, 2011; 28 items). For instance, a question concerning
the Cognitive Load Theory was, “What are potential sources of
extraneous load during the processing of multimedia representations?””
The options for answers below included, for example, “Background
music in animations” (correct) and “Prompts to self-explain the
learning material” (incorrect). Based on the correctly answered
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questions, a percentage was calculated, allowing the students to
achieve a total score between 0 and 1 in the pre- or posttest,
respectively.

3.5 Statistical analyses

To test whether the configurations of participants’ internal
collaboration scripts differed between the selected scriptlet categories
(H1), we conducted a mixed ANOVA for the sum of scriptlets in each
category as dependent variable. The condition represented the
between-subjects factor (learning vs. performance vs. control),
whereas time was used as within-subjects factor (pre- vs. posttest).

Regarding the potential difference in the sequential organization
of scriptlets (H2), we conducted an Epistemic Network Analysis
(ENA; Shaffer et al, 2016). ENA is an innovative approach for
measuring, illustrating and understanding co-occurrences of activities
in sequential data. It describes a body of techniques to detect and
quantify relations between elements of coded data and visualizes them
in network graphs, which display the structure and strength of
connections between codes. For each student, the co-occurrences of
their selected activities were accumulated by using a moving window
that goes through the indicated activity sequences and determines,
which activities in the sequence were occurring in the same temporal
context and are consequently positioned at a close distance in the data
(Shaffer et al., 2016). In the present analysis this window was set to 4
activities, meaning that the algorithm looked for co-occurrences
between an activity and the three activities that preceded it. Since,
overall, participants reported an average of 16 activities (M =15.85,
SD=5.20) in the post-test, we chose a window size as small as possible
which still allowed for meaningful co-occurrences of learning
activities. As we aimed to compare students in different experimental
groups, the analysis further accumulated co-occurrences of activities
for students per experimental group as the unit of analysis. The
resulting cumulative adjacency matrices are converted into adjacency
vectors and normalized to transform frequencies of co-occurrences
into relative frequencies. Using a dimensionality reduction approach
(singular value decomposition), the original high-dimensional vector
space is rotated to identify those dimensions that explain most
variance in the data. The result is a multidimensional network model
that can be depicted as two-dimensional network graphs.

In the two-dimensional network graphs, the activities are
represented as gray nodes, with the relative size of the nodes indicating
the relative frequencies of activities. The nodes are connected by
colored lines (also referred to as edges), with the thickness of the lines
representing the relative frequencies of co-occurrences of activities
(i.e., relative strength of their sequential connection). Accordingly,
instead of interpreting the absolute thickness of lines, it is relevant to
compare the thickness of lines in comparison to the other lines. To
facilitate comparisons between the different experimental groups,
ENA can subtract one group’s network from the other group’s network,
allowing for the identification of the most significant differences
between two networks. The resulting difference in the two networks’
edges are then visualized as a comparison graph, which we will mainly
focus on in our interpretation for the purpose of the group
comparison. In the comparison graph, thicker lines signify larger
disparities in the intensity of a connection, while thinner lines reveal
smaller differences in connection strength. The color of each line
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designates which of the two groups network possesses the
stronger connection.

Additionally, ENA maps what is called a centroid of a network. It
represents the network as a single point in the projection space.
Similar to a center of mass of an object, the centroid of the network
graph is constituted by the arithmetic mean of the edge weights of the
network model that are allocated according to the network projection
in space. Hence, the centroid position can be interpreted similar to a
group mean: closer located centroids indicate similar networks of the
two groups, whereas centroids that are located more distant represent
rather different networks of the two groups.

The calculation of centroids also allows for the statistical
comparison of multiple networks. For this purpose, the network
model is rotated such that systematic variance in the groups’
differences is shifted to the one dimension in the network space, which
is why the two group’s centroids are then aligned with the x-axis. This
enables performing a t-test to evaluate whether there are significant
differences between the two groups’ networks. Subsequently, in the
case of significant differences, researchers can visually inspect the
subtraction network (see above) to identify which connections differ
between the two networks (Shaffer et al., 2016). Before the analysis,
we dropped the four least frequent activities (1 < 10 in pre- or posttest).
Two further activities were dropped after the first analysis which were
not connected to the rest of the network and represented outliers.

To assess whether students in different experimental conditions
gained a different amount of knowledge between pre- and posttest,
we conducted a mixed ANOVA (H3 and H4). Analogously to the first
hypothesis, the condition (learning vs. performance vs. control)
represented the between-subjects factor and time (pre- vs. posttest)
represented the within-subjects factor.

4 Results
4.1 Preliminary analyses

In order to perform a manipulation check, we conducted an
ANOVA to determine whether there were differences between the
groups concerning the perception whether it was particularly
important to develop their competencies or to achieve a high
performance while using the collaboration tool. The manipulation
check revealed that there were only significant differences as expected
between the learning goal condition and the control group regarding
the perception that it was particularly important to develop
competencies when using the tool, F(2, 230) =5.03, p<0.001, *=0.04.
Thus, there were no significant differences between learning goal
condition and performance goal condition or performance goal
condition and control group. Also, there were no significant
differences regarding the perception that it was important to achieve
a high performance between the performance goal condition and
control group or learning goal condition and performance goal
condition, F(2, 230)=1.27, p=0.28. Therefore, in the following
analysis, only the learning goal condition and the control condition
will be compared.

To ensure that these differences do not reflect a priori differences
in students’ achievement goals, we investigated their general goal
orientations prior to the intervention. A t-test demonstrated that there
were no significant differences in terms of learning goal orientation
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(#(152)=0.68, p=0.50) or performance goal orientation
(t(152) =—0.60, p=0.55) between the learning goal condition and the
control condition.

4.2 RQ1: effects on goal induction on
students’ internal script configuration

4.2.1 H1: effects of goal induction on scriptlet
selection

To test H1 regarding the selection of the scriptlets in the pre-
and posttest, we conducted two mixed ANOVAs, one for each
category of activities we had identified based on the expert ratings
described above. There was no significant interaction between time
of measurement and condition with regard to learning goal
associated activities, F(1, 143)=0.17, p=0.68; #°=0.001, or
performance goal associated activities, F(1, 143)=0.32, p=0.57;
7*=0.002. Thus, there were no significant effects of condition on the
kinds of activities (scriptlets) participants mentioned to have used
during collaboration from pre- to posttest. However, there was a
significant main effect of time regarding the learning goal associated
activities, F(1, 143)=122.51, p<0.001, #*=0.46, indicating a
significant decrease of the sum of reported learning goal associated
activities between pre- and posttest, but not in terms of the
performance goal associated activities, F(1, 143) =0.000, p=0.99,
17*<0.01. There was no significant main effect of group, meaning that
both groups did not differ significantly regarding the learning goal
F(1, 143)=0.01, p=93, 7°<0.01, or
performance goal associated activities, F(1, 143)=0.006, p=94,
72 <0.01.

associated activities,

4.2.2 H2: effects of goal induction on scriptlet
configurations

To evaluate H2, we conducted an ENA to compare the networks
of scriptlets in each condition in the posttest (learning vs. no goal
induced). The mean centroid value for scriptlets in the epistemic
network of the learning goal condition was significantly different from
the mean centroid value in the network of the control condition,
#(131.53) =9.56, p<0.001, Cohen’s d=1.67, indicating that the true
difference in means is not equal to 0. Consequently, the results indicate
that there were significant differences with respect to the sequential
organization of the scriptlets selected between participants from the
learning goal induction condition and the control condition.

Subtracting the networks (Figure 3) revealed that the network of
the control condition (red), in comparison to the learning goal
condition (blue), displayed stronger connections between the

» «

scriptlets “read theory;

» .

read case,” “identify problem” and “relate
theory and case” as well as “summarize” In addition, there were
comparatively stronger connections between the scriptlets “set goal”
and “explain case” as well as “read case” and “read instructions.” In
contrast, the learning goal condition showed a much stronger
connection particularly between the “explain case” and “link
knowledge” scriptlets. There were also comparatively stronger
connections between the scriptlets “describe case” and “link
knowledge” Overall, it thus appears that in the control condition, a
variety of different activities were more strongly interconnected,
whereas the learning goal condition showed stronger connections
between a smaller number of activities.
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performance goals).

Epistemic network analysis of the difference between the networks of scriptlets in learning goal condition (1/blue) and control condition (2/red).
Abbreviations following some activities represent their expert ratings (L = activities associated with learning goals, P = activities associated with
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To gain an exploratory understanding of how the activities could
be evaluated in terms of the induced goals, we combined this analysis
with the expert ratings by adding the abbreviation “(L)” for activities
that, according to the expert ratings, are typically associated with
learning goals, or “(P)” for activities that are typically associated with
performance goals. First, it is important to note that the control
condition did not involve any form of goal induction, meaning that
no particular goal orientation was expected to emerge in this
condition. Consequently, in theory, students can be expected to more
or less equally engage in activities related to learning and
performance goals. Furthermore, as described earlier, some activities
could not be clearly attributed to either or any of the mentioned
goals, which is why these activities were not annotated at all (see
Figure 3). Additionally, overall, more activities were identified by the
experts as associated with learning goals than with performance
goals. However, it can be noted that, despite the overall lower number
of strong connections in the learning goal condition, at least with
regard to the link between the scriptlets “explain case” and “link
knowledge,” two scriptlets associated with learning goals were
strongly interconnected in this condition. In contrast, the scriptlets
“read theory,” “read case;” “read instructions,” “identify case” and
“summarize;” for which the results of the ENA show stronger
connections in the control condition, could not be clearly associated
with a specific goal by the experts. Yet, in the control condition, there
also appeared strong connections between the scriptlets “set goal,”
“relate theory and case;” and “explain case,” which are likewise
associated with learning goals. Therefore, it could be summarized
that in the control condition, numerous associations were observed,
involving both learning and performance goal-related scriptlets, as
well as scriptlets that could not be clearly categorized. In contrast, the
learning goal condition appears to feature fewer associations, yet
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these seem to be predominantly linked to learning goal-
related scriptlets.

4.3 RQ2: effects of goal induction on
knowledge acquisition

With respect to RQ3 and H3, respectively, Figure 4 illustrates the
development of students’ knowledge acquisition between pre- and
posttest for the learning goal and control condition. Descriptively,
students in both conditions displayed a slightly higher test score in the
posttest than in the pretest. Moreover, the control group already
exhibited a higher score in the pretest compared to the learning
goal condition.

Regarding H3, a mixed ANOVA revealed that there was a
significant interaction effect between time and condition, F(1,
143)=5.28, p=0.02, 7=0.04, indicating a small to medium effect
(Cohen, 1988). However, there was no simple main effect of condition
in the pretest (7=0.014, p=0.15) or posttest (7*=0.004, p=0.46),
which probably can be attributed to the crossover interaction
(Sawilowsky and Sawilowsky, 2007). For this reason, we additionally
conducted a t-Test with the difference in test scores between pre- and
posttest as the dependent variable to compare the knowledge
acquisition between the two groups. This yielded a significant
difference with respect to the knowledge acquisition between the
groups, with the difference in the test score being approximately 3,52%
higher in the learning goal condition (95%CI [0.005, 0.065]),
£(143)=2.30, p=0.01, Cohen’s d=0.38. The simple main effect of time
was significant in the learning goal condition, F(1, 71)=23.76,
p<0.001, 7*=0.25, but not in the control condition, F(1, 72)=1.08,
=030, 112=0.02.
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Means of students’ test score in pre- and posttest for the learning goal and control condition. The test score is calculated based on the percentage of
correct answers out of 48 items. Therefore, the theoretical minimum and maximum is 0 and 100%, respectively.

5 Discussion

The StoG (Fischer et al., 2013) assumes that learners’ goals affect
the configuration of learners’ internal collaboration scripts. However,
to the best of our knowledge, this principle has not yet been tested
directly empirically. Therefore, we investigated whether the induction
of different achievement goals (Dweck and Leggett, 1988) affects the
selection/change (H1) and sequential organization (H2) of the
scriptlets that pre-service teachers select regarding a specific
collaborative task and their subsequent knowledge acquisition (H3).

Regarding H1, we assumed that the induction of different kinds
of achievement goals would affect the kinds of scriptlets learners select
during collaboration. By means of the expert rating, the activities
could be categorized as to whether they are typically associated with
a learning goal orientation or performance goal orientation.
Subsequently, for each of these two kinds of activities, we calculated a
sum score for both pre- and posttest. Using these scores as dependent
variable, we examined whether there were differences between the
conditions. Based on the manipulation check, which only showed
significant differences between the learning goal condition and the
control condition, we narrowed down the analyses to just these two
conditions and dropped the performance goal induction condition
from the analyses. Our analyses did not indicate significant differences
with respect to the change in the selected activities between the
learning goal and control condition from pre- to posttest. However,
the significant main effect of time indicates an influence of the
collaborative case analysis regardless of a specific condition and might
therefore be attributed to the task and the actual collaboration itself.
Consequently, the hypothesis that the induction of a learning goal (as
compared to no goal induction) would have an impact on the selection
of scriptlets must be rejected, at least on the basis of the evidence
regarding H1. In contrast, previous studies have suggested that
learners engage in different activities (e.g., Pfister and Oehl, 2009) or
strategies depending on their goals (e.g., Greisel et al., 2023). However,
it is important to note that these studies examined the change or
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application of specific activities; in contrast, the present study involved
categorizing a wider range of activities using expert ratings and
investigating the changes within these categories. Therefore, on the
one hand, this may mean that the change regarding the kinds of
selected scriptlets is quite resistant to induced goals (at least with
regard to learning goals). Moreover, a meta-analysis on goal induction
(Noordzij et al., 2021) shows that to induce learning goals, it is
important to relate this goal to a specific task (e.g., “While performing
this task, it is your goal to... by ...”). In comparison to this, the
prompts used in our study may have been too vague. Thus, the goal
induction may have been too weak at this point to have caused a
change in the selection of kinds of scriptlets. On the other hand, these
varying findings also raise the question of whether the assessments of
the experts and learners might differ regarding which scriptlets are
particularly useful for specific goals. For example, it is conceivable that
some scriptlets are not considered particularly conducive to learning
by students (e.g., based on their prior knowledge) and therefore are
not used, whereas experts may categorize them as beneficial for
learning (presumably based on their scientific knowledge). Future
studies could therefore explore if and how the assessments of both
diverge or, moreover, the basis on which learners come to use certain
scriptlets in order to uncover the underlying mechanisms of students’
scriptlet selection.

With respect to H2, however, and in contrast to the selection of
scriptlets, the results of the ENA showed significant differences in the
configuration of the scriptlets between the learning goal induction
condition and the control condition in the posttest. This means that
the participants in the different conditions specified significantly
different sequences of scriptlets they would apply in a new
collaborative case analysis. This partially supports our hypothesis and
can be seen as evidence in favor of the configuration principle, at least
regarding the differing sequence (if not the type; see H1) of scriptlets.
Through ENA, we can see that particular scriptlets were mentioned
more frequently in a specific order by the groups. As described,
learners with pronounced learning goals are particularly motivated to
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engage in learning because they focus on improving their competence
(Heyman and Dweck, 1992). Given this context and the additional
combination of this analysis with the expert ratings, it could
be assumed that especially cognitive and elaborative learning activities
(e.g., “explain case,” “compare solutions,” which were also associated
with learning goals by the experts) are carried out when learning goals
are induced. Such activities imply that learners construct new
knowledge that goes beyond the scope of the existing learning
materials (Chi and Wylie, 2014). In contrast, the ENA revealed that
when no goals are induced, learners display a rather mixed picture
with many different connections, which, nonetheless, also encompass
activities related to learning goals. Yet, it can be noted that a part of
these relatively strong connections among the activities “read theory;,”
“read case” and “read instructions” tends to reflect more superficial
activities, with learners primarily engaged in merely receiving
information. These activities, however, were not clearly assigned to
any specific goal by the experts, likely because they could
be interpreted as an inherent part of the instruction within the
collaboration tool, independent of a specific goal of the learners. After
all, further research is needed to examine which types and
configurations of activities are most beneficial for a case analysis.
However, the results of the ENA might suggest very goal-specific
configurations which seem to largely be in line with results from
research on achievement goals pointing to their context specificity
(Daumiller, 2023).

To answer the second research question regarding the effects of
goal induction on knowledge acquisition, we conducted a mixed
ANOVA with the test score as dependent variable. Again, we excluded
the performance goal condition due to the manipulation check, which
is why the fourth hypothesis cannot be addressed. However, with
respect to H3, we found a significant interaction effect for students’
test scores. In line with our hypothesis and prior research indicating
favorable outcomes of learning goals (e.g., Hulleman et al., 2010;
Payne et al., 2007), the induction of a learning goal had a stronger
positive effect on students” knowledge acquisition than the students
carrying out the same tasks without goal induction. This highlights
the significance of goal inductions not only on the configuration of
learners’ internal scripts, but also on the knowledge they acquire
through collaboration. This is remarkable, especially considering that
the intervention in the current study was relatively simple,
incorporating only relatively few goal-related prompts into the case
analysis process. Although the present study identified only a small to
moderate effect on knowledge acquisition, it is possible that more
frequent and specific prompts could amplify this effect.

6 Limitations

Of course, this study does not come without limitations. First, it
is important to note that in the instrument we used to assess students’
internal scripts, they selected from a range of activities, which means
that they were not free in their choice of scriptlets, as certain activities
were already suggested to them. It is quite conceivable that the
students would also name other or further activities, possibly even
more so if none were specified to them beforehand (Csanadi et al.,
2021). Future studies could therefore include interviews, for example,
to more validly capture script components and elicit their (re-)
configuration more adequately (Marz et al., 2021).
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Second, a type II error might have occurred. The effect sizes
regarding the selection of scriptlets (H1) were very small (*<0.01). In
contrast, the sensitivity analysis indicated that the sample size was
sufficient to detect effect sizes of at least Cohen’s f=0.12 (7°=0.014).
Thus, future studies should use larger samples to ensure greater
statistical power.

In this context, it is also important to emphasize that in the ENA,
the initial internal collaboration script of the learners was not taken
into account and therefore only the differences in the subsequently
reported activities can be determined, but not in comparison to the
initial internal collaboration script. Thus, it would also be worthwhile
considering a more process-oriented approach and, for example,
monitoring activities in real time or using a thinking aloud approach
in order to record the activities carried out as validly as possible.

Furthermore, only scriptlets were examined as internal script
components in this study. Thus, our data did not allow for a separation
of different internal script components beyond the scriptlet level. It is
conceivable that learners already have had very heterogeneously
elaborated scripts and therefore also responded differently to the
external script (Kollar et al., 2007; Vogel et al., 2017). In this regard,
the interaction of learners’ internal script levels and/or prior
collaboration skills and goals might be an interesting research gap to
look at in future studies.

A further potential limitation could be the presence of a selection
bias. Although the study was incorporated into a university course of
a large teacher education program, the decision to participate in data
collection was voluntary and not rewarded. Consequently, the study
may have attracted specifically students with pronounced learning
goals and interest in their own competence development. Conversely,
stronger performance goals could also have been induced because
students felt that participation was still required as the study was part
of the lecture. Nonetheless, it is important to point out that the present
study found no significant differences in students’ learning or
performance goal orientations between the groups that might account
for the differences in the analyses.

Moreover, we only manipulated one type of goal in this study
successfully. This also raises the question of how to effectively induce
performance goals. For instance, it is conceivable that performance-
related goals become particularly decisive when learners are more
clearly aware that they are evaluated by others (Urdan and Mestas,
2006). For this reason, the asynchronous and non-graded case analysis
in this study may not have sufficiently created this impression. Beyond
performance and learning goals, there are many different kinds of
achievement goals learners may have that could also be taken into
account (e.g., avoidance goals; Daumiller, 2023). On top of that,
research on achievement goals not only suggests that goals can be very
situation-specific, but learners can also pursue multiple goals. This
might also indicate that different and multiple goals might
be particularly important in different collaboration scenarios (e.g.,
relational goals). Future research should therefore also include or
control for further goals of the learners.

7 Conclusion
In sum, the results of the ENA indicate that learners internal

collaboration scripts are configured differently depending on the
induction of a learning goal. These results therefore support the StoG’s
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configuration principle that learners’ internal scripts are configured
depending on learners’ current (situational) goals. This constitutes an
important step in the empirical validation of the StoG and contributes
to our understanding of the way internal collaboration scripts are
configured in real situations.

7.1 Implications for theory and research

These findings offer several implications for theory and research.
First, collaborative learners seem to be more likely to adapt only the
sequential organization of their internal collaboration scriptlets to a
goal than to add or omit scriptlets from different categories.
We conclude that from the findings that indicate changes in the
sequential organization, but not in the addition or removal of kinds of
scriptlets. Due to learners’ prior internal collaboration scripts, they
perhaps are more likely to modify the sequence of scriptlets in
response to a goal induction (aligning with their prior internal
collaboration scripts), rather than adding or omitting kinds of
scriptlets they could be unfamiliar with. Future studies could therefore
focus on how learners perceive and navigate the collaboration process
and how prior internal collaboration scripts, external collaboration
scripts, and goal-related prompts interact with each other. Moreover,
this might also indicate the need to examine learners’ internal scripts
on a rather fine-grained level.

Secondly, a closer look at the scriptlets also provided further
insight into how certain activities are configured depending on a
learning goal (e.g., as indicated by the sequential organization of the
scriptlets “explain case” and “link knowledge”). In light of this, it also
seems worthwhile to investigate the underlying mechanisms that
determine why and how specific goals result in a specific
reconfiguration in collaborative learning, that is, why learners (do not)
apply specific activities in a specific manner.

7.2 Implications for practice

Furthermore, a number of practical implications can also
be drawn from our findings. To begin with, teachers should consider
the potential of the induction of goals. The manipulation of a goal
resulting in differences in learners’ internal collaboration scripts and
the subsequently higher knowledge acquisition highlights the
importance of integrating prompts related to learning goals in CSCL
to further tap into its potential for learning. For example, teachers may
want to integrate prompts that target learning goals into the design of
CSCL environments, possibly leading to script configurations and
activities that are particularly conducive to student learning.

Consequently, there are also implications for teacher training
programs. In teacher education, pre-service teachers should acquire
knowledge about the goals of learners that particularly contribute to
students’ collaborative learning, and how these can effectively be fostered
through respective prompts within external scripts. This approach could
also lead to more adaptive designs for computer-supported collaborative
learning processes within higher education in general.

Eventually, this line of research offers the potential to elucidate the
causal mechanisms by which the induction of goals impacts
collaborative learning. In the future, this insight can help educators to
apply new and improved strategies for effectively guiding activities to
support student learning.
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In conclusion, our study provides direct evidence for the SToG
configuration principle and holds important implications regarding
the design of CSCL-environments.
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Appendix

TABLE Al Overview of goal-related prompts for learning goal and performance goal condition.

Prompt learning goal Prompt performance goal

Acquisition of script knowledge

Please read the steps carefully to understand how a case analysis can be carried out. ‘ Please read through the steps carefully to be able to create particularly good case analyses.

Acquisition of theoretical knowledge

This knowledge is very important for you to expand your skills. The cognitive load This knowledge is very important in order to achieve very good results in the state
theory/ICAP framework can be understood as part of the pedagogical-psychological | examination. The cognitive load theory/ICAP model can be understood as part of the
professional knowledge of teachers. Reading the theoretical text and dealing with pedagogical-psychological professional knowledge of teachers. Reading the theoretical
the case studies based on pedagogical-psychological theories represents an text and dealing with the case studies based on educational-psychological theories is an
important learning opportunity for you. Various empirical studies in the field of important way for you to prepare for the exam so that you perform as well as possible in the

psychology (e.g., Syring et al.,, 2015; Zumbach et al., 2008), as well as the experiences | state exam. Various empirical studies in the field of psychology (e.g., Syring et al., 2015;

of practitioners suggest a positive effect of learning with authentic cases on Zumbach et al., 2008), as well as the experiences of practitioners suggest a positive effect
professional knowledge and later coping with problems in the classroom. of learning with authentic cases on exam performance and subsequent performance in
Therefore, take this opportunity to understand the cognitive load theory/ICAP dealing with problems in the classroom. In addition, your performance will be assessed by
framework as deeply as possible and to be able to deal professionally with the course tutors.

problematic teaching situations. Therefore, take this opportunity to demonstrate your knowledge of the cognitive load

theory/ICAP model and your ability to deal with problematic teaching situations to the

tutors and teachers of the course.

Case analysis
Please note that it is very important to complete the tasks conscientiously, as this Please note that it is very important to complete the tasks conscientiously, as this will
will allow you to deepen your knowledge and acquire important skills. greatly increase your chances of being able to reproduce this knowledge later in exam

situations and perform well.

TABLE A2 List of activities with expert ratings.

read theory search literature (L)
summarize search peer mistake
underscore show off complexity

list terms have one’s will (P)

read instructions compare quality (P)

relate theory and case (L) assess competencies (P)
imagine application (L) use technical terms

link knowledge (L) surpass peer (P)

imagine examples (L) ask peer (L)

relate with experience (L) help peer (L)

think of meaning (L) question comprehension (L)
examine evidence imagine importance for performance (P)
scrutinize text (L) compare with peer (P)

solve contradictions (L) explain case (L)

compare solutions (L) solve case

memorize subject matter (P) identify case

repeat notes set goal (L)

memorize terms (P) describe case

memorize content (P) read case

discuss case or theory (L) read peer’s analysis
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Problem perception and problem
regulation during online
collaborative learning: what is
important for successful
collaboration?

Martin Greisel*, Laura Spang, Kerstin Fett and Ingo Kollar

Educational Psychology, University of Augsburg, Augsburg, Germany

Background: University students frequently prepare for exams or presentationsin
self-organized study groups. For this purpose, they often use videoconferencing
software. During their collaboration, they need to regulate emerging problems
to ensure effective learning. We suppose that regulation is facilitated when (1)
the group perceives their regulation problems homogeneously, (2) they choose
regulation strategies that have the potential to solve the problems immediately,
and (3) they execute these strategies with sufficient intensity.

Aims: We investigated which problems occur during online collaborative
learning via videoconferencing and how homogeneity of problem perceptions,
immediacy of the chosen strategies, and intensity of strategy use are related to
regulation success.

Sample: University students (N =222) from two lectures in pre-service teacher
education and educational sciences in 99 study groups.

Methods: Students collaborated in a self-organized manner, that is, without a
teacher present, to study the material of one lecture using videoconferencing
software. After the collaboration, group members rated, individually, the
intensity of different problems during collaboration, reported which strategies
they used to overcome their biggest problem, and rated the success of their
problem regulation, their satisfaction with their collaboration, as well as their
learning gain. In addition, they answered a knowledge test.

Results: We found that most students rated technical issues as their biggest
problem. Multilevel modeling showed that homogeneous problem perception
moderated by problem intensity—contrary to immediate and intensive strategy
use—predicted successful problem regulation and satisfaction with the
collaboration but not knowledge gain. Case analyses illustrate the assumed
mechanism that a homogeneous problem perception facilitates socially shared
regulation.

Conclusion: We conclude that even in only slightly structured learning contexts,
students might only need to jointly identify their problems, whereas the best
possible regulation of these problems seems less relevant. Therefore, training
students to foster regulation competencies might prioritize identifying problems.

KEYWORDS

collaborative learning, socially shared regulation, challenges, homogeneity, intensity,
immediacy, videoconferencing
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1 Problem statement

Many students deliberately form self-organized small study
groups, e.g., to prepare for exams. Taking positive effects of
collaborative learning on knowledge acquisition found in the literature
into account (e.g., Chen et al., 2018; Jeong et al., 2019; Kyndt et al.,
20135 Springer et al., 1999), this is a sensible decision. However,
collaborative learning unfortunately is not always effective
(Al-Samarraie and Saeed, 2018; Nokes-Malach et al., 2015; Weinberger
et al, 2012). In fact, students may be confronted with a variety of
problems during collaboration that may hinder effective learning
(Al-Samarraie and Saeed, 2018; Jarvenoja et al., 2013). Only if the
group is able to regulate these problems successfully, collaborative
learning is effective (Jarveld and Hadwin, 2013).

Yet, which problems occur during collaborative learning might
be affected by how a meeting takes place. When 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),
through
videoconferencing tools such as Zoom or Skype. And indeed, when

collaborative learning typically happens online
collaborating using videoconferencing software, technical issues such
as a low stability of the network connection or difficulties in using the
software functions arise and hinder effective collaborative learning
(Belli, 2018; McCollum et al., 2019; Nungu et al., 2023; Rizvi and Nabi,
2021). This is also reflected in the finding that students’ intention to
use videoconferencing depends on whether students believe that they
have the necessary resources, access to relevant information, and
helpdesk services available (Camilleri and Camilleri, 2022).

Besides mere technical issues, the technically mediated nature of
communication such as a low visibility of non-verbal cues like facial
expressions or gestures (Jeitziner et al., 2024) might complicate the
collaboration further. For example, the phenomenon known as Zoom
fatigue was attributed to the difficulty to keep track of nonverbal
behavior, especially for women (Fauville et al., 2023). Furthermore,
social presence which is known to affect active collaborative learning
and student engagement (Qureshi et al, 2021), should evidently
be lower in online meetings. Also, the extent to which
videoconferencing allows for building trust and getting to know
others is related to basic psychological need satisfaction, which, in
turn, is associated with students behavioral and emotional
engagement (Shi et al., 2024). Regarding, for example, building trust
and the impression of others, eye-contact matters. If the video setup
does not allow for the students to perceive eye contact, trust and the
impression of others are negatively affected (Bohannon et al.,, 2013).
Some of these problems might be mitigated when additional digital
tools such as mapping tools are added to videoconferencing (Park
2023).
videoconferencing carries the risk of additional problems compared

et al, To summarize, collaborative learning through
to learning collaboratively face-to-face.

However, not much is known about how the virtual context
influences how students regulate problems occurring during
collaborative learning, and respective findings were mixed: On the one
hand, Capdeferro and Romero (2012) asked a relatively small sample
of master students enrolled in a distance education university about
their frustrations with online collaboration, which was text-based
through discussion forums and email. Participants often reported to
be frustrated due to various problems such as an imbalance in
commitment, unshared goals, or communication difficulties. This
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frustration might indicate failed regulation of problems related to
online collaboration. On the other hand, Tan et al. (2022) investigated
how students used Microsoft Teams, applying an action research
methodology. They found that students were able to collaborate
relatively similar to face-to-face-settings.

From this state of the literature, we conclude the following
research gaps: First, most of the literature reports students’ responses
at an aggregated level, that is, general problems or satisfaction with
online learning during a whole study semester or course (except Belli,
2018, who have, compared to the current research aim, a very narrow
focus on emotional reactions to technical problems in single
interactional units). It does not report problems at the level of a single
session of collaborative learning. At this level, students might report a
much more accentuated picture of problems which would be typically
averaged out at the general level.

Second, most studies investigating collaborative learning via
videoconferencing did not investigate how students regulated these
problems. Only outcomes such as emotional reactions or satisfaction
were examined, not processes of regulation. However, knowledge
about regulation processes is necessary to inform support measures.

Third, self-organized groups or conditions similar to self-
organized groups were not investigated. All studies collected data
from students that collaborated based on teacher instruction. For
example, the students from the two studies that investigated the
outcomes of regulation (Capdeferro and Romero, 2012; Tan et al,,
2022) collaborated across several weeks on a task that teachers
specifically designed as an effective collaborative task. However, self-
organized study groups differ in this regard by definition. Their
engagement is voluntary, not scaffolded by teachers, and they are on
their own during collaboration. Therefore, it should be only up to the
students how beneficial for learning their meeting will be.

In conclusion, self-organized study groups need the skills to
regulate problems during a session of collaborative learning, but we do
not know yet which problems occur in these sessions and how groups
can regulate them successfully. Addressing these research gaps is
important because it will inform training. As self-organized study
groups are unassisted, they need to be equipped with all necessary
regulation skills themselves. Consequently, they need to acquire these
skills before they enter a self-organized study group. However, for
research to be able to develop adequate training, we first need to know
how self-organized study groups regulate the problems they encounter.
Therefore, this study focuses on which problems occur and how
are in virtual collaborative learning

problems regulated

through videoconferencing.

2 Regulation of problems in
collaborative learning

According to Chen et al. (2018, p. 800), “collaborative learning
[...] emphasizes that knowledge is co-constructed through social
interaction. It is a learning situation in which two or more students
learn together to achieve a common goal or solve the task at hand,
mostly through peer-directed interactions” Usually, collaborative
learning is instructed by a teacher. However, students also self-
organize and form study groups on their own initiative without
teacher support. Therefore, they voluntarily meet outside the
classroom or outside the regular virtual class context to study based
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on their own goals. Most likely, this happens to prepare for exams. In
the present article, we use the conceptualization of “collaboration in
self-organized study groups as an instance of (socially) self-regulated
learning (Jarveld and Hadwin, 2013) that requires groups to make
decisions on their own learning process (e.g., concerning questions
such as when and how long to meet, how to approach comprehension
problems, or what technology to use during collaboration)” by
Melzner et al. (2020, p. 150).

Based on previous research (e.g., Jarvenoja et al., 2019; Melzner
etal., 2020), problems in collaborative learning (and consequently also
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 goals for learning together),
(c) motivation problems (e.g., the learning contents may be perceived
as not useful), and (d) resource-related problems (e.g., a digital tool
might lack a necessary function). For self-organized collaborative
learning to be successful, groups should be able to cope with such
problems successfully.

To conceptualize the processes involved in this problem
regulation, Melzner et al. (2020) developed a heuristic process model
(see Figure 1) following models of (socially shared) regulated learning
(e.g., Hadwin et al., 2018; Winne and Hadwin, 1998). Based on these
models, metacognitive processes are especially crucial for the
successful regulation of problems in collaborative learning. By aid of
such processes, students (1) perceive and classify these problems.
Based on the assessment of a problem, they initiate a reaction 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. Along with Melzner et al.
(2020), we assume that these three processes (problem perception,

10.3389/fpsyg.2024.1351723

choice of regulation strategy, intensity of strategy execution) should
predict success in the regulation of problems that occur during
collaborative learning. The different parts of the model proposed by
Melzner et al. (2020) are more deeply elaborated in the following.

2.1 Homogeneity of problem perception

At the beginning of the regulation process, learners perceive and
classify a given problem (see Figure 1). Different group members may
arrive at different problem assessments. Divergences can basically
refer to two dimensions: On the one hand, students may perceive
problems of varying types (see, e.g., Jarvenoja et al., 2013). For
example, while one learner may perceive a comprehension problem to
be present (e.g., the subject matter is perceived as too difficult),
another learner may identify a motivational problem (e.g., the subject
matter is not useful for practical application). On the other hand, there
may also be disagreement about the social level at which the problem
is located. Using the classification of Jirveld and Hadwin (2013), it can
be distinguished whether a learner is affected themselves (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. The reasoning is
straightforward: From a perspective of regulated learning (Winne and
Hadwin, 1998), students realize that there is a problem if the outcomes
(= products) of learning operations do not match their standards, that
is, learning does not proceed as it should. As a reaction, they modify
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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: IJCSCL. Regulating self-organized collaborative learning:
The importance of homogeneous problem perception, immediacy and intensity of strategy use (Melzner et al.,, 2020).
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their operations (= control) to address this discrepancy. However, if
different students assess different aspects of their collaboration or
employ different standards, they see different problems, and,
consequently, aim to modify their learning in different directions.
Therefore, individual group members are less likely to coordinate their
regulation efforts, just as a group of people walking into different
directions has trouble to agree on a common pathway. If, in contrast,
group members share a similar perception of problems that need to
be regulated, this might help them to regulate the problem (Borge
et al., 2018; Splichal et al., 2018). Indeed, Melzner et al. (2020) found
that the more homogeneous students perceived their problems, the
more satisfied they were with their collaboration.

2.2 Immediacy of regulation strategy use

Next, learners select a strategy for the regulation of the previously
perceived problem (see Figure 1). Models of self-regulated learning
(e.g., Winne and Hadwin, 1998; Zimmermann and Moylan, 2009)
assume that at this point, the choice of a strategy that fits the learning
goal is crucial. Collaborative learning groups that face a variety of
problems need to use different strategies since not every strategy is
supposed to be equally well suited to achieve a particular goal (e.g.,
Engelschalk et al., 2016; Malmberg, et al., 2015). 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
etal., 2016). However, previous research has hardly made statements
about what is meant by fit.

In order to operationalize fit, we have proposed the concept of
immediacy (Melzner et al, 2020): A strategy is considered to
be immediate for a problem if it is in principle possible to actually
solve the problem without further strategies necessary 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 would be if learners make themselves aware
of the importance of the exam they are preparing for in order to
motivate them to continue learning despite the incoming messages.
This strategy would only allow learners to continue learning despite
the presence of the problem. However, it would not eliminate the
source of distraction and thus would not immediately make the
problem disappear.

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 self-organized,
offline groups’ satisfaction with their collaboration. In addition, prior
research often investigated the fit of various strategies for different
learning situations via expert ratings (e.g., Artelt et al., 2009; Baulke
et al,, 2018; Fett et al., 2021; Steuer et al., 2019; Waldeyer et al., 2019).
For instance, Waldeyer et al. (2019) asked experts to rate the
effectiveness of several resource strategies for the regulation of 60
resource demanding situations that learners might face during their
studies. For 36 out of these 60 situations, experts agreed on one
strategy as the most fitting strategy. Further, students who selected the
same strategies as the experts for a given situation performed better in
an exam. In comparison, Fett et al. (2021) asked experts from
computer-supported collaborative learning and self-regulated learning
research to rate how immediate strategies regulate a given problem in
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a collaborative learning setting. As a proof of concept, experts assigned
strategies to problems very selectively and highly agreed on the
immediacy for a large proportion of problem-strategy-pairs.

2.3 Intensity of the execution of the
regulation strategy

To be effective, the selected strategy must be applied in the next step
(see Figure 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 who are bored by the learning
material think only briefly about their goals for the future, this may have
little effect on their motivation to devote effort toward understanding
the material. However, if they work intensively on how the material will
help them 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 using
immediate strategies should be relevant, since also the use of
non-immediate strategies might increase regulation success, even if the
specific problem is not solved that way. In line with this reasoning, it is
not surprising that findings regarding the effects of regulation intensity
on individual and group outcomes are mixed (Eckerlein et al., 2019;
Melzner et al., 2020; Schoor and Bannert, 2012). Thus, more research is
needed to clarify its influence on regulation success.

2.4 Operationalizing regulation success in
collaborative learning

Once the regulation process is executed in accordance with the
process model depicted in Figure 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 and
Moylan, 2009). In this paper, we focus on four different
conceptualizations: (1) successful regulation of the biggest problem
which occurred during the collaborative learning (i.e., the extent to
which the problem is overcome), (2) satisfaction with the
collaboration, and (3) the subjective and (4) objective learning success
resulting from the group learning session. So far, only satisfaction has
been empirically investigated in this context (e.g., Bellhduser et al,
2019; Melzner et al., 2020). For example, Bellhduser et al. (2019)
experimentally examined how group composition regarding group
members’ extraversion and conscientiousness affected their rating of
how satisfied they were with the quality of their collaboration.

Yet, not much is known about how problem perception,
immediacy and intensity of strategy use contribute to further measures
of regulation success. It can be assumed that effects might differ in
strength because the suggested variables differ in how proximate they
are to regulation during collaborative learning: Successfully
overcoming problems could be considered the prime and most direct
outcome of regulation. Satisfaction with the collaboration is probably
based on more variables besides successful problem regulation, for
example task difficulty (Kirschner et al., 2009), task design, or group
members’ preference for group work (Shaw et al., 2000), or their
achievement goals (Greisel et al., 2023), but it should still be linked
closely to the regulation process (Melzner et al., 2020; Bellhduser et al.,
2019). Subjective knowledge gain, in turn, is more distal as it should
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also be affected by the effectiveness of the employed cognitive learning
strategies, the quality of the task and the learning material, the
learning goals, etc. Moreover, objective knowledge is also not
dependent on the quality of the collaboration alone, as students can
memorize learning content also outside of a collaborative setting.
Nonetheless, groups’ successful problem solving has repeatedly been
linked with knowledge gain and performance outcomes empirically
(e.g., Chen et al., 2018; Kirschner et al., 2011).

3 Research questions and hypotheses

We briefly summarize the research gaps mentioned so far: First, it
is unclear which problems students in self-organized study groups
experience when they collaborate using a videoconferencing tool
without teacher guidance. Second, it is an open question to what extent
the three processes proposed by Melzner et al. (2020, homogeneity of
problem perceptions, immediacy of strategy use, and intensity of
strategy use) predict successful regulation in collaborative online
settings. Third, little is known about whether these three processes are
differentially predictive of the four conceptualizations of regulation
success described above. Therefore, our study aims to answer the
following research questions:

I. Which problems do students experience to which extent while

collaborating online via videoconferencing without

teacher guidance?

II. How are homogeneity of problem perceptions, immediacy of
strategy use, and intensity of strategy use associated with
successfully overcoming problems during online collaboration
via videoconferencing, satisfaction with the collaboration,
subjective knowledge gain, and objective knowledge?

The first research question is investigated exploratorily as the
current state of knowledge does not allow for predicting outcomes,
whereas regarding the second research question, we formulated the
following confirmatory hypotheses:

1. The more homogeneously learners perceive problems within
their groups, the more positive are the results on different
measures of regulation success.

2. Learners who use immediate strategies to regulate their
problems achieve more positive results on different measures
of regulation success than learners who wuse only
non-immediate strategies.

3. The more intensively learners apply regulation strategies, the
more positive are the results on different measures of

regulation success.

4 Method
4.1 Sample

University students (N=222) from two basic psychological lectures
in German language within the majors educational sciences (29%) and

teacher training (70%) from a university in Southern Germany learned
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collaboratively and anonymously answered an online questionnaire
afterwards. They had an average age of 22 years (M=21.84, SD=4.39, 83%
female), were on average in the third semester of their current study
subject (M=2.78, SD=1.50) and in their third university semester overall
(M=3.34,SD=2.57). Participating in this session of collaborative learning
was voluntary (i.e., not necessary for being admitted to the exam at the
end of the course). We advertised it as a good chance to learn the subject
matter relevant to the exam. However, students experienced no
disadvantages if they did not participate in the collaborative learning
session or the study. Individual data were not provided to the lecturers of
the courses.

Participants self-assigned into 99 small groups of three persons on
average (M=2.92, SD=0.27, 11 groups with two persons, 88 groups
with three persons, self-reported), but not all members of each group
participated in the study. Therefore, we have data from M=2.24
(SD=0.86) persons per group only. In detail, 26 groups were
represented by one person, 24 groups by two persons, 48 groups by
three persons, and one group by four persons (all rows from the
group with four persons seemed to represent distinct persons,
therefore we decided to keep it though no group reported to have 4
persons). The data from the 26 groups which were represented in our
data by a single person had to be excluded from all analyses that
included the calculation of homogeneity of problem perception as this
is possible only for groups with data of two or more learners.

4.2 Procedure

The study was embedded in two large lectures that mainly
consisted of weekly uploaded recordings of PowerPoint-presentations
(i.e., slides with audio-recorded lecturer voice) that were provided for
individual, asynchronous studying during the summer term 2020 after
the onset of the COVID-19 pandemic. One session of collaborative
learning replaced the regular recorded lecture in the respective week.
The subject matter of this week was not repeated or discussed in a later
session, that is, we employed no flipped classroom pedagogy. Thus,
learners acquired the knowledge only in a self-organized fashion.
Learners were instructed to meet online at a time suitable for all group
members using a videoconferencing software of their choice to study
the lecture content on their own. Students collaborated for M=90.6
(SD=40.6) minutes (self-report). Only three students indicated a
studying time of less than 30 min. As learning material, the regular
presentation slides for this session (without audio) were provided
alongside two excerpts from a textbook, each about one page long.
Topics were the ICAP model of learning activities (Chi and Wylie,
2014) and the multi-store model of memory (Atkinson and Shiffrin,
1968). We did not structure or scaffold students’ collaborative learning
with additional instructions. We only provided them with 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, that is, with
which activities or tools, they wanted to work on the topic. This
instructional design should mimic learning in a self-organized study
group as closely as possible. 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 to accomplish the task.
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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 correct and incorrect 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.

4.3 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 and 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 resource-related problems (see
Figure 2 for a complete list of individual problems). For example, for
the problem of “low value of learning method” (a motivational
problem), a sample item was “Single/multiple group members did not
find group work to be a useful learning method in the given situation.”
Cronbach’s alpha was M=0.79 (SD=0.07; [0.59-0.92]) on average.
After rating all problems, participants selected one of them as the
biggest problem they encountered during the learning session.

To validate the factor structure of this problem scale, we conducted
an extensive series of confirmatory factor analyses. As preparation,
we first grouped items which are theoretically at least somewhat
similar into different sets of similar items. An item could be part of
several sets. This grouping was necessary because a confirmatory
factor analysis with 32 latent variables and 96 indicators would not
have been methodologically sound, given the sample size, the degrees
of freedom, and the number of parameters to estimate. Then,
we conducted multiple confirmatory factor analyses for each of these
groups of similar items. Thereby, we compared the hypothesized factor
structure (3 items per factor) to other theoretical plausible factor
structures. Most of the time, this was a unidimensional model and
models with slightly more or less factors, sometimes also with second
order factors. In the end, we compared the model fits of these models
to decide whether the hypothesized factors with three items per factor
were distinguishable from each other, and whether the hypothesized
factor solutions had the best fit to the data. This was the case for all
problems, hence we decided to keep the intended factor structure with
32 problems and three items each.

To determine the homogeneity of the within-group perceptions
regarding the type of problem, we calculated the deviation of each person’s
rating from the average ratings of the remaining group members. We did
this for each problem separately and then determined the average
deviation across all problems. To transform the deviation into a measure
of homo- instead of heterogeneity, we multiplied it by —1. Thus, a value
of 0 represents perfect homogeneity of problem perceptions, whereas the
more negative the value is, the less homogeneous the perception was. To
determine the homogeneity of within-group problem perceptions 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 1= not at all true to 5= completely true. The items were
“The mentioned problem had effects on my personal learning process”

Frontiers in Psychology

81

10.3389/fpsyg.2024.1351723

(self), “The mentioned problem had effects on single other group
members’ learning process” (co), and “The mentioned problem had
effects on the whole groups learning process” (socially shared). The
ratings for each item were dichotomized by median split (Md,,,=2,
Md,, =2, Mdg,,.a=3), 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’s problem perception 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 socially shared level
in an open answer format (self-level: “What did you think/do/say for
yourself to get to grips with the biggest problem?”; co-level: “What did
you think/do/say for others to get to grips with the biggest problem?”
and “What did others do/say for you to get to grips with the biggest
problem?”; socially shared level: “What did you think/do/say as a group
to get to grips with the biggest problem?”). 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 of two independently coding, trained student research
assistants was sufficient (Gwet’s AC1=0.73). Next, each strategy was
assigned a value which expressed the extent to which experts considered
this strategy to be immediate for the selected biggest problem. The
expert ratings stem from another study which asked experts from
CSCL and self-regulation to rate how immediately different regulation
strategies solve a given problem on a scale from 0 to 4 (Fett et al., 2021).
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 0.96.

Satisfaction with the collaboration was measured by five items
from the German version of the Satisfaction with Life Scale (SWLS;
Glaesmer et al., 2011), which we adapted to the group learning context
(e.g., “Our 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 0.92.

We assessed subjective knowledge gain by using six adapted items
from the Training Evaluation Inventory (TEL Ritzmann et al., 2014).
Knowledge gain with regard to the ICAP model (Chi and Wylie, 2014)
and knowledge gain with regard to the multi-store model of memory
(Atkinson and Shiffrin, 1968) were measured separately by three items
each (e.g., “T 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 0.92.

As a measure of objective knowledge, we mimicked a typical
standardized lecture exam: We constructed eight multiple choice
questions with four dichotomous answer alternatives each (four
questions for each theory). Sample answer options were “The
production of new knowledge could be realized through the exchange
of different perspectives of different learners” (ICAP) and “Sensory
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FIGURE 2

Frequency and intensity of problems selected as biggest problem during collaborative learning. Left panel shows how often participants selected a
certain problem as biggest problem. Right panel displays boxplots of the problem intensities (only for those participants who selected the respective
problem as biggest problem). Single vertical lines without surrounding box result if only one person selected this problem as biggest problem. Empty
lines result if participants did select the respective problem as biggest problem but did not rate its intensity.

80 0 1 2
Intensity

w4
N

information is stored for a very short period of time but is then
overwritten by new information” (multi-store model of memory). To
validate this test, we inspected item difficulties and conducted a
distractor analysis. We removed items which were correctly answered
by more than 90% of the sample as these items did not differentiate
between high and low scorer. In addition, we had to remove one item
which was not clearly correct or false and one item which had an
inverse relation to the total score even after reversing intentionally
inverted items. As the distractor analysis indicated, the remaining
items differentiated well between the upper, middle, and lower
percentile of total scores. Corrected item-scale-correlations indicated

Frontiers in Psychology

that the items measured, as intended and typical for a knowledge test,
different aspects of knowledge regarding the two theories and not a
single homogeneous latent construct. Then, we calculated separate
mean scores (= proportion of right answers) for each theory, and,
finally, we averaged these two scores to get one total test score.

4.4 Analysis strategy

As preliminary analyses, we inspected descriptive statistics of
predictor and criterion variables (see Table 1 and Table 2). In addition,
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we tested whether the nesting of students in courses needed to
be considered. As a MANOVA showed no significant differences
between the two courses in the dependent variables, F(1, 216)=0.73,
p=0.572, we did not consider the course level in the further analyses.
In contrast, the ICCs (see Table 1) indicated that belonging to a
specific study group explained a considerable proportion of the
variance of each dependent variable, thus we had to take the clustering
of students in groups into account.

To answer Research Question 1, we investigated descriptively
which problems participants selected as biggest problems and as how
severe they assessed them. To answer Research Question 2,
we conducted multilevel regression analyses with the REML estimator
to account for the two-level structure (students in study groups) and
covariations between predictor variables. Therefore, we used R [4.2.2]
(R Core Team, 2022) with the package Ime4 [1.1-31] (Bates et al,
2015) and ImerTest [3.1-3] (Kuznetsova et al., 2017). As an inspection
of the scatter plots for the bivariate relations indicated, the relation
between homogeneity regarding the problem type and the dependent
variables described are more quadratic or cubic than linear curve.
Therefore, we added quadratic and cubic terms for homogeneity of
problem type to account for this. As problem intensity logically
determines the possible variance of homogeneity regarding the
problem type within each group, we controlled for the interaction of
problem intensity with homogeneity.

To complement the quantitative analyses, we described the
answers from two groups. This qualitative illustration serves two
purposes. First, it illustrates the interaction effect found in the
quantitative analyses. Second, it sheds light on the theoretically
assumed mechanism how homogeneity of problem perceptions
facilitates problem regulation. Therefore, we chose two contrasting
cases which prototypically represented opposing values in
homogeneity and intensity of the biggest problem.

5 Results
5.1 Descriptives and bivariate correlations

A minority of participants (21%) located the biggest problem at
the same social level within their groups (see Table 2). The problems
where this happened relative to the total number of notions most
frequently were “unclear task definition” and “low value of learning
method” (for a detailed list, see Table 3). 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. Both successful problem
regulation and satisfaction with the collaboration were rated on
average with M=4.12 (successful problem regulation: SD=1.07;
satisfaction: SD=0.84) on a scale from 1 to 5 and consequently
estimated to be rather high, while subjective knowledge gain was
appraised a bit lower (M=3.76, SD=0.89). Of all test questions
measuring objective knowledge, 74% were solved correctly on average
(SD=0.12). Predictor variables were not significantly associated with
each other, except for problem intensity with homogeneity, r=—0.39,
p<0.01, and regulation intensity, r=0.14, p<0.05. In addition,
satisfaction with the collaboration was associated with successful
problem regulation, r=0.53, p<0.01, and subjective knowledge gain,
r=0.33, p<0.01, which were also correlated with each other, r=0.33,
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p<0.01. Consequently, all subjective measures for regulation success
were associated with each other. Correlation analyses between the
predictor and outcome variables showed that only content-related
homogeneity of problem perception was associated with satisfaction
with the collaboration, r=0.46, p < 0.01, successful problem regulation,
r=0.27, p<0.01, and subjective knowledge gain, r=0.27, p<0.01.
Objective knowledge was only related to regulation intensity, r=0.14,
p<0.05.

5.2 Research question 1: Problems

Regarding Research Question 1, most students (n=102) selected
technical problems as their biggest problem during collaboration
(Figure 2; Table 3). These were mostly centered around the
recommended mind mapping-software. Only few students had
insufficient equipment (n=3). However, if this occurred, the problem
was rather severe. Some students (n=9) considered a low value of the
learning method as their biggest problem, which had a medium
intensity most of the time. The same applied to unclear task definition
(n=16; see Figure 2 and Table 3 for a complete list).

5.3 Research question 2: Predicting
regulation success

Regarding Research Question 2, we calculated regression
models (see Table 1). All hypotheses concerning main effects were
not supported: Neither homogeneity regarding the problem type
nor the social level, nor immediacy of strategy us, nor regulation
intensity were associated with regulation success. However,
explorative analyses showed that the interaction of homogeneity
regarding the problem type and the problem intensity was a
significant predictor of successful regulation of the biggest
problem, f=0.25, p=0.002, and satisfaction with the collaboration,
$=0.18, p=0.022. That is, for students who perceived the biggest
problem in their group as severe, the more they perceived the
problems similar to their group, the more successful they regulated
the biggest problem and the more satisfied they were with the
collaboration. However, for students who perceived the biggest
problem in their group as only mild, homogeneity of their problem
perception did not matter for successfully overcoming the problem
and satisfaction (see Figure 3).

5.4 Qualitative analyses

Regarding the qualitative analysis, Group 55 (see Table 4)
indicated a very homogeneous problem perception. All group
members referred to a similar problem as the biggest problem, which
they regarded as relatively severe. Consequently, they reported
matching regulation strategies at different social levels. In the end,
they assessed their biggest problem as solved and considered their
collaboration as satisfactory.

In contrast, group members from Group 74 (see Table 5) perceived
their problems more differently. Furthermore, each member selected
a different problem as the biggest problem. The first two group
members assessed it as relatively weak. Their regulation seemed to
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TABLE 1 Multilevel modeling of four different measures of regulation success.

Successful problem regulation

Satisfaction with collaboration

Subjective knowledge gain

Objective knowledge

Predictors b Cl p std.f std. b Cl fo) std. std. Jo) std. std. Cl Jo) std.
Cl B Cl B Cl B
(Intercept) 4.31 3.58 to <0.001 0.10 —0.05 4.56 4.06- <0.001 0.08 —0.07 4.01 3.36— <0.001 0.03 -0.13 0.75 0.67- <0.001 —0.01 —0.18
5.04 t0 0.25 5.07 to 0.22 4.66 to 0.20 0.84 to 0.16
Homogeneity 0.49 —2.72 0.762 0.58 —0.38 0.55 -1.72 0.633 0.50 —0.40 —0.84 -3.77 0.570 —0.16 -1.17 0.19 —0.19 0.327 0.43 —0.62
t0 3.70 to 1.53 to 2.82 to 1.41 to 2.08 to 0.85 to 0.57 to 1.47
Problem 0.06 —0.21 0.654 —0.32 —0.47 —0.00 —0.18 0.996 -0.27 —0.40 —0.12 —0.35 0.324 —0.26 —0.41 0.01 —0.02 0.574 0.16 0.00 to
intensity t0 0.33 to t0 0.18 to t0 0.12 to to 0.04 0.32
—0.18 —0.13 —0.11
Homogeneity 2.05 —2.61 0.386 0.84 -1.07 0.13 —3.14 0.938 0.07 -1.72 —2.38 —6.60 0.266 -1.13 -3.12 0.24 —0.32 0.396 0.90 -1.19
quadratic t0 6.71 to 2.76 to 3.41 to 1.86 to 1.83 t0 0.87 t0 0.80 t02.99
Homogeneity 0.52 -1.30 0.572 0.31 —-0.78 -0.23 -1.50 0.718 —0.19 -1.20 -1.37 -3.00 0.098 —-0.94 -2.07 0.11 —0.11 0.324 0.59 -0.59
cubic to 2.35 to 1.40 to 1.04 t0 0.83 t0 0.26 t0 0.18 t00.33 to
1.780
Homogeneity 0.10 —0.26 0.589 0.04 —0.10 0.00 —0.26 0.992 0.00 —0.14 —0.09 —0.44 0.586 —0.04 -0.20 —0.03 -0.07 0.188 —0.10 —0.26
social t0 0.46 to 0.18 t0 0.26 to 0.14 to 0.25 to 0.11 t0 0.01 t0 0.05
Immediacy 0.08 —0.05 0.232 0.08 —0.05 0.02 —0.06 0.625 0.03 —0.09 0.01 —0.10 0.870 0.01 —0.12 —0.01 —0.02 0.480 —0.05 —0.19
t0 0.20 to 0.21 to 0.11 to 0.15 to 0.12 to 0.14 t0 0.01 t0 0.09
Regulation 0.03 —0.03 0.290 0.07 —0.06 0.04 —0.00 0.053 0.12 —0.00 0.03 —0.02 0.215 0.08 —0.05 0.00 —0.00 0.348 0.07 —0.08
intensity t0 0.09 to 0.20 to 0.08 to 0.24 to 0.08 to 0.22 t0 0.01 to 0.21
Homogeneity * 0.80 0.29 to 0.002 0.25 0.09- 0.40 0.06 to 0.022 0.18 0.03 to 0.20 —0.24 0.371 0.08 —0.09 —0.02 —0.08 0.600 —0.05 —0.23
Problem 1.30 0.42 0.75 0.33 to 0.64 to 0.24 to 0.04 t0 0.13
intensity
Random effects
62 0.84 0.37 0.59 0.01
700 0.07 GrNr 0.07 GrNr 0.14 GrNr 0.00 GrNr
ICC 0.08 0.17 0.19 0.12
N 74 GrNr 74 GrNr 74 GrNr 74 GrNr
Observations 194 198 198 197
Marginal R*/ 0.195/0.258 0.285/0.403 0.147/0.307 0.048/0.159
Conditional R*

p-values in bold face <0.05.
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TABLE 2 Means, standard deviations, and correlations.

10.3389/fpsyg.2024.1351723

Variable M SD 1 2 3 4 5 6 7 8
1. Homogeneity problem type —0.46 0.30

2. Homogeneity social level 0.21 0.41 0.04

3. Immediacy 1.27 1.09 0.04 —0.03

4. Regulation intensity 3.99 2.39 —-0.02 0.10 0.05

5. Problem intensity 1.86 1.16 —0.39%* —0.08 0.06 0.14%

6. Successful problem regulation 4.12 1.07 0.27%% 0.11 0.08 0.08 —0.38%*

7. Satisfaction with the collaboration 4.12 0.84 0.46%% 0.06 0.04 0.09 —0.42%% 0.53%%

8. Subjective knowledge gain 3.76 0.89 0.27%% —0.01 —0.01 0.04 —0.28%* 0.33%%* 0.33%%*

9. Objective knowledge 0.74 0.12 0.02 —0.11 —0.00 0.14% 0.08 0.03 —-0.06 0.07

#p<0.05; *%p <0.01.

be sufficient to overcome the problems, though the group as a whole
was not engaged in regulating each problem. In comparison, the third
group member reported an intense problem. As the group members’

statements depicted in Table 5 show, this problem was also not
regulated by other group members or the group as a whole, and it was
not regulated successfully. We will interpret these observations in the

next section.

6 Discussion

This study investigated which problems occurred during a
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: The problem
each participant selected as their biggest problem had medium
intensity only, and, at the same time, subjective measures of
regulation success indicated successful regulation of these
problems, high satisfaction and solid subjective knowledge gain.
Overall, students seem to be prepared to successfully collaborate
in this realm. At first glance, this finding contrasts with the results
of Capdeferro and Romero (2012) who found students to report
frustrations about online collaborative learning more frequently.
A closer look at the concrete problems students reported to be the
most intense reveals that technical issues were by far most often
considered to be the biggest obstacles to collaborative learning.
This mirrors findings from the literature which report the very
same obstacles for whole courses or studying online during a whole
semester (Belli, 2018; McCollum et al., 2019; Nungu et al., 2023;
Rizvi and Nabi, 2021). Notions of Zoom fatigue (Fauville et al.,
2023) in the literature might be represented in our data in the
problem low value of the learning method which at least some of
the students perceived. In contrast, problems regarding the
communication, for example due to reduced visibility of non-verbal
cues (Jeitziner et al., 2024) or social presence and trust (Bohannon
etal, 2013; Qureshi et al,, 2021; Shi et al., 2024), were not evident
in our study. Maybe, the use of a digital visualization tool mitigated
these potential pitfalls as Park et al. (2023) reported. Though
lacking functionality or difficulties with using the mind-mapping
software were the most reported problems, students seem to have
regulated them successfully in most cases, for example, through
switching to another tool. In general, the prevalence of problems
specific to digital collaboration via videoconferencing indicates
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that students might indeed be less effective when they collaborate
using a videoconferencing and a mind-mapping tool.

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 successful application of regulation
strategies and satisfaction with the collaborative learning when
moderated by the intensity of the biggest problem. If the problem was
big, then a homogeneous perspective was associated with successful
application of regulation strategies and satisfaction with the
collaboration. If the problem was small, it did not matter how
homogeneously the problems were perceived. This might mean that
groups who have a commonly shared perspective on what their
problems are are more successful in regulating their problems as soon
as these problems become more severe. This finding is similar to the
finding of Melzner et al. (2020).

The qualitative case examples illustrate this interaction effect and
the potential mechanism behind it. In Group 55, an intense problem
was seen homogeneously, regulated as a shared effort, and, therefore,
overcome successfully. In Group 74, perspectives on what the main
problem was differed more strongly. The group overcame the problems
with low intensity nonetheless, but the problem with high intensity
remained unresolved.

The comparison between these groups illustrates the interaction of
homogeneity and problem intensity we found in the quantitative analyses.
Perceiving the problems within a group homogeneously seems to
be necessary to solve severe problems, but groups were able to solve mild
problems without relying on a shared problem view. The case examples
also shed light on the assumed mechanism driving this association
between homogeneous problem perception and regulation success.
We assumed that a homogeneous problem perception facilitates selecting
regulation strategies (no matter if immediate or not) and executing them
because it provides a common ground for all group members and a
shared goal for regulation. This facilitation of regulation should matter
especially when a problem is severe, that is, it challenges students
resources to regulate it. Indeed, in the homogeneous Group 55, students
regulated at different social levels all directed toward the same goal. In
contrast, in the heterogeneous Group 74, students reported that they did
not help each other to overcome the biggest problems they mutually
perceived. There are two possible mechanisms explaining this lack of
mutual help. It might be that the problem view was not shared; thus, no
shared regulation regarding these problems developed because learners
did not know about the problems other group members experienced. The
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TABLE 3 Cross-tabulation of the biggest problem and homogeneity of
within-group problem perceptions regarding the social level.

Biggest problem Social homogeneity = Total
4 0 4
No problem
2% 0% 2%
9 7 16
Unclear task definition
4.5% 3.5% 8%
3 0 3
Unclear procedure
1.5% 0% 1.5%
1 0 1
Deficits in prior knowledge
0.5% 0% 0.5%
2 0 2
Difficult learning content
1% 0% 1%
0 0 0
Too complex learning content
0% 0% 0%
1 0 1
Unstructured learning content
0.5% 0% 0.5%
0 0 0
Inefficient use of time
0% 0% 0%
2 1 3
Lack of time
1% 0.5% 1.5%
0 0 0
Unfair distribution of work load
0% 0% 0%
1 0 1
Lacking procedural fairness
0.5% 0% 0.5%
3 0 3
Differing technical understanding
1.5% 0% 1.5%
1 1 2
Differing goals
0.5% 0.5% 1%
2 0 2
Incompatible working methods
1% 0% 1%
1 0 1
Communication problems
0.5% 0% 0.5%
P 1 h al 0 0 0
oor relationship qualit;
P Y 0% 0% 0%
2 0 2
Lack of information exchange
1% 0% 1%
Unfavorable surrounding 2 1 3
environment 1% 0.5% 1.5%
3 0 3
Distraction
1.5% 0% 1.5%
3 0 3
Undesirable private conversations
1.5% 0% 1.5%
0 0 0
Lack of learning materials
0% 0% 0%
0 0 0
Physical problems
0% 0% 0%
4 5 9
Low value of learning method
2% 2.5% 4.5%
(Continued)
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TABLE 3 (Continued)

Biggest problem

Social homogeneity = Total

Low usefulness of learning 0 0 0
content 0% 0% 0%
3 0 3
High costs of learning content
1.5% 0% 1.5%
Low intrinsic value of learning 4 1 5
content 2% 0.5% 2.5%
Low personal meaning of 0 0 0
learning content 0% 0% 0%
0 1 1
Procrastination
0% 0.5% 0.5%
0 0 0
Negative emotions
0% 0% 0%
3 0 3
Insufficient technical equipment
1.5% 0% 1.5%
21 4 25
Weak technical performance
10.6% 2% 12.6%
62 14 76
Lack of technical functionality
31.3% 7.1% 38.4%
20 6 26
Lack of technical skills
10.1% 3% 13.1%
157 41 198
Total
79.3% 20.7% 100%

low homogeneity values for this group and the statement of Alina that she
is only assuming the other group members’ goals support this explanation.
However, it might also be that the learners actually did know about other
members’ problems but did not care enough to engage in respective
co-regulation or socially shared regulation. Nonetheless, whatever
mechanism was in place here, it resulted in that the severe problem had
not been overcome.

Despite these significant effects regarding successful regulation of
the biggest problem and satisfaction with the collaboration, subjective
knowledge gain and objective knowledge were not associated with
homogeneity of problem perceptions. The reason might be that
students’ task to learn the lecture content was not a “real” group task
including positive interdependence (Johnson and Johnson, 2009): An
individual student could excel in this task even if the group fails to
collaborate. Consequently, homogeneity might be associated only with
variables concerning the collaboration directly, not the, in this case,
very distal measures regarding knowledge gain.

Homogeneity regarding the social level at which the biggest
problem was located was not significantly associated with any outcome
variable. Seemingly, it did not matter for collaborative learning
whether groups agreed on who was affected by the biggest problem.
This might be explained as follows: A homogeneous perspective on
the social localization of a problem means that students are sure who
has a problem and who does not. However, to achieve this clarity, an
explicit conversation about who is affected by a problem and to which
extent might be necessary (Borge et al., 2018; Hadwin et al., 2018). Yet,
to solve this problem, students need to focus on the content of the
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problem and provide solutions for it. Therefore, a conversation about
who is affected exactly might—at least in this case—be a waste of time.
In the end, groups might be better off if they focus on the content of
the problem and thereby ignore the social localization of it. By doing
so, homogeneous and heterogeneous groups (regarding problem
localization) might equally effectively regulate a problem.

Contrary to Melzner et al. (2020), we did 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 it 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
this study and the study by Melzner et al. (2020) 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, learning content, respective
resources and materials, and some aspects of the learning method
were fixed. In other words, in the present study, the instructional
context might have helped to pave the way 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.
In addition, students might have had more than usual practice with
acquiring knowledge through studying digital learning material and
videoconferencing in the first semester of online learning in the
COVID-19 pandemic.

The fact that the instructional support in the present study seemed
to be sufficient is slightly surprising though: When taking
recommendations for instructional design of instances of collaborative
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learning (Straufs and Rummel, 2020) into account, only few principles
were realized here. Straufl and Rummel derived these empirically
supported principles from the literature to guide instructors to
organize effective collaborative learning. “They greatly increase the
probability that students will engage in beneficial interaction (Straufd
and Rummel, 2020, p. 256)” Our realization of collaborative learning
did not contain much learner support that makes a successful
collaboration particularly likely. This was, of course, on purpose
because we wanted to mimic the conditions of self-organized study
groups. For example, we did not support students’ monitoring or
script their interaction. Also, we did not design the task to create
positive interdependence and did not adapt the level of complexity (all
recommendations for effective instructional design from Strauf and
Rummel, 2020). Instead, the task was designed to mirror the goal of
self-organized study groups who usually have the goal to understand
and memorize a given subject matter for an exam. For these reasons,
we had to expect problems to occur similarly to self-organized
collaborative studying and for learning to be less effective than with
optimal instructional support.

The same is true for the technical realization: Only three out of
seven affordances for computer supported collaborative learning that
were proposed by Jeong and Hmelo-Silver (2016) were used here
(video chat as communication means, concept map as
representational tool, and facilitation of group formation). This
constitutes only a basis for an interaction to happen, but it does not
provide technological support for high-quality interaction. For
example, sharing of not commonly shared knowledge was not
encouraged, structuring the interaction was not enhanced, and
monitoring and regulation was not supported by technology (Jeong
and Hmelo-Silver, 2016). Therefore, it was likely that common
problems of ineffective collaboration such as free riding, a lack of
transactive dialogue (Vogel et al., 2016), and, consequently, an only
superficial processing of the subject matter may have occurred.

These concerns are corroborated by considering what we know
for sure regarding which concrete actions students performed
themselves. As the instructional and technological design did not
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TABLE 4 Case example Group 55.

Person Homogeneity Biggest Problem  Biggest problem Self- Co-regulation Co- Socially Successful = Satisfaction
(fictitious problem intensity | description regulation (receiving regulation shared problem with the
name) support) (giving regulation regulation collaboration
support)
Lisa —-0.23 Lack of 4.00 Our group did not We noticed that Nothing, since Since the problem | We noticed that 5 5.0
technical understand the software | we did not get along | we solved the problem | with the software we did not get
functionality (Mind-Meister). The with the Mind- together. We all had wasn't due to the along with the
feature to create new Meister program, so | the same thoughts. group members, Mind-Meister
bubbles and connect we agreed that one we were all program, so
them with others did member of the looking for a we agreed that one
not work. We then group creates the solution together. | member of the
switched to word, one mind map in a word I did not need to group creates the
edited the mind map document while think for others. mind map in a
and shared his screen. sharing his screen. word document
That worked faster and This was completely while sharing his
less complicated. in line with my screen.
opinion.
Carina —0.27 Lack of 1.33 Designing the mind NA NA NA We created the 5 3.4
technical map together was mind map using
functionality complicated and word and only one
complex. person drew and
wrote it.
Vanessa —0.20 Lack of 2.00 As a group we had the I need to talk to the One group member I talked to the One group 5 4.6
technical skills difficulty of not being others about the took over the drawing | others about the member created
able to use the Mind- problem and look of the mind maps, so technical the mind map on
Meister website because | for an alternative that it was easier for difficulties and Word and shared
the website did not offer | together. us as a group to together we found | her screen with us
any operating assistance. continue working an alternative. so that we could
productively and follow and discuss
leave the technical the creation of the
problems behind us. mind map via
Skype.
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TABLE 5 Case example Group 74.

Person Homogeneity Biggest Problem Biggest Self-regulation Co-regulation = Co-regulation Socially Successful  Satisfaction
(fictitious problem | intensity problem (receiving (giving shared problem with the
name) description support) support) regulation regulation collaboration
Sabrina —0.57 Lack of 1.67 The Mind-Meister We wrote down the mind map The others also tried I'tried to understand = We tried to 5 3.2
technical program did not differently than we wanted to. to understand the the program. understand the
functionality work as we had program. program.
imagined.
Nicolas —0.85 Unclear task 1.00 At the beginning, I read through the task step by There was no Not necessary. The Not necessary. 4 3.2
definition the task was not step (before the group work) assistance by my problem was resolved
entirely clear to me. | and formulated it with my own | group members for before the start of the
However, this words. The previous emails better understanding. | group phase.
became clear while | with the instructions for the Didn't explicitly ask
working on it. task were not clear to me at for it either. Because
T only realized what | first, but the problem was then the members
should be on the clarified without disturbing the | understood the task
map and why when = group dynamic. well, I took even
I reread the task. more time to
understand it.
Alina -1.13 Differing 3.00 Some group I thought that I would take a T went through parts | There’s no point in It does not 2 2.8
goals members were only | closer look at the learning of the presentation just making have to
aiming a quick content for myself after the aloud with them, everything quickand | be perfect,
completion of the video conference so that gave own examples, wishy-washy. unnecessary
work assignment, I would at least remember some | asked questions. effort can
which also had a of the content. I would have be spared.

negative impact on
the learning success

of others.

wished for the content to

be talked about and discussed
more intensively, but I also did
not want to hold the group
back, since they—as I assume—
wanted to be finished as quickly
as possible, even though it then

was done sloppily.
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particularly encourage students to engage in high-quality interaction,
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, which the authors recommended
to students for effective learning.

In summary, we provided only very simple instructional and
technical support (basically only initiating the collaboration and
demanding a visualization) that distinguished the current setting
from truely self-organized studying with zero instructional
guidance. Nonetheless and surprisingly, our findings indicated that
students did not need to employ the theoretically most beneficial
regulation (i.e., immediate) strategies and to use strategies with
sufficient intensity to succeed in this collaborative learning. 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.

We conclude that the full model of problem regulation shown in
Figure 1 might only apply to truly self-organized learning contexts
with sufficient prevalence of problems, while problem regulation
might follow a simpler process that involves only relying on a shared
problem perception when problems are low due to effective
instructional support. Yet, further research is needed to test
this interpretation.

7 Limitations

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. In addition to the explanation
regarding the nature of the task discussed above, there are several
further possible 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. Previous research indicated that groups dedicate
only a small amount of a session of collaborative learning to regulation
of problems (Nguyen et al., 2023). The vast majority is available to
focus on the subject matter. Therefore, it is unlikely that regulation has
a large impact on learning gains as long as the problem intensity is
generally low. Furthermore, a lack of validity of the test might also
be responsible for the lack of associations with other variables in this
study. We have no data on validity of the test beyond item analyses and
our careful mapping of learning material content to test items to test
this possibility.

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.

Third, localizing the biggest problem at different social levels
might be difficult for students. Especially, it might be hard to guess
how much others were affected by a problem. Therefore, our
measurement might include a lot of random variation which obscures
any potential effect.
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Fourth, we operationalized regulation intensity using the number
of strategies which students mentioned. However, this represents the
construct of intensity only partly. In principle, learners could have
exhibited a single strategy very intensely, too. Prior research mostly
used only frequency of regulation strategies as indicator of regulation
intensity (Cumming, 2010; Schwinger et al., 2009; Su et al., 2018).
Though, in principle, intensity might be measured by how often and
how long students tried a certain strategy, and how much effort they
invested to try to make that strategy work. Therefore, a more
comprehensive measurement of intensity should include both aspects,
number of strategies and implementation frequency, duration, and
effort for each strategy. Such a measurement of intensity might yield
stronger effects on regulation or learning success.

Fifth, the study took place in the first semester following the onset
of the COVID-19 pandemic. At that time, students might not have
been as familiar with videoconferencing as they are now, although the
study was more at the end of the semester. This might explain some of
the technical difficulties students had, qualifying this part of the
descriptive findings presented in Figure 2.

Sixth, descriptive results of problem intensity might be biased. In
principle, it is possible that groups who encountered severe problems
broke off from the collaboration and did not answer the questionnaire
afterwards. Therefore, especially the most severe problems might not
be represented in the data. Unfortunately, we have no data to check
whether this was the case. We can only say that the available rating
scale was used to full extent (see Figure 2).

Seventh, we do not know how well group members knew each
other or whether they already worked together in other courses. In
other studies, subjective outcomes are fostered by group members
familiarity with each other (Crompton et al., 2022; Janssen et al., 2009;
Zhang et al., 2023a; Zhang et al., 2023b), whereas findings regarding
objective performance are less conclusive and often find no effect
(Crompton et al., 2022; Janssen et al., 2009). As the two lectures were
large and students came from many different subjects, we assume that
a considerable proportion of group members might have been
unfamiliar with each other. However, with our data, we cannot
determine to which extent familiarity with each other moderates
our findings.

Eighth, our findings should not be generalized to other group
sizes. In our study, group sizes ranged from two to three. These group
sizes should reflect typical sizes of self-organized study groups. Larger
groups might suffer from more coordination issues and a higher
likelihood of free-riding and other phenomena indicating a reduced
individual engagement. However, research draws a differentiated
picture of an optimal group size (Wang et al., 2023), favoring either
two, three, or four people per group. Therefore, groups with four or
more students might function differently.

8 Implications

The interpretation of the differences between the findings in the
previous study by Melzner et al. (2020) and the results in the present study
has important implications for theory building: A new theoretical model
of problem regulation during collaborative learning needs to be developed
that (a) includes problem intensity as a moderator of the relations between
problems, their regulation, and learning outcome, and (b) takes the
context regarding its incentive structure (i.e., low vs. high stakes) into
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account. 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 collaboration success.
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