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1 Abstract

This research examines how online collaboration in video conferences can be supported
with the help of Information and Communications Technology (ICT). It evaluates how
teamwork can be improved by reflecting communication patterns. This follows the
underlying assumption, coming from communication theory, that patterns are key in
understanding communication. To that avail, a framework for computer-generated
analysis and visualization of communication was created. Structural information
regarding communication in video conferences was visualized and then discussed with
the teams in so-called digitally supported coaching (DSC) sessions. The DSC framework
also features the possibility to infer a social network based on the interaction taking
place in video conferences. This was used in mixed methods approaches as a second
perspective on group interaction compared to the subjective view of the participants.
The subjective views were gathered through the answers to questionnaires, which were
then processed by means of qualitative content analysis. Several multiple case studies
situated in different contexts, using different research designs, evaluated how this
approach contributed to the teams’ reflection of collaboration. The results show that
meaningful insights both on structural and individual level of team interaction were
found. These findings range from better understanding of leadership in a team through
generalinsights on how collaboration can be improved to adapting individual behaviour
to better serve the discussion flow. This shows the potential of analyzing and visualizing
metadata of video conferences to make patterns visible - patterns, that are highly
relevant for team collaboration but might otherwise go unnoticed. The convergent
findings of the overall twelve cases examined were used to postulate some criteria on
how ICT tools and processes that use structural metadata of video conferences can be
created to support teams in reflecting and learning from their online collaboration.
Furthermore, this thesis examined what kind of frame can be helpful for online learning
settings for large student groups. Conducting a case study led to insights how
gamification can be used to that end. The students’ feedback aggregated through
qualitative content analysis showed promising feedback to this approach. The answers
to the scaling questions how well it supported learning on a content and on social level
both resulted in a median of 8 (1 being worst and 10 being best). Based on this
qualitative content analysis, some guiding criteria was deducted on how to successfully
implement an online environment, that supports the idea of self-organized learning. In
this, it emphasises to carefully set the learning frame in terms of organizing
communication within teams and in between teams. The gamification adapted for this
purpose and used in this study can serve as a basis to that end.



2 Zusammenfassung

Diese Forschungsarbeit widmet sich der Frage, wie die Online-Zusammenarbeit in
Videokonferenzen mit Hilfe von Information and Communications Technology (ICT)
unterstutzt werden kann. Konkret wird untersucht, wie die Teamarbeit durch die
Reflexion von Kommunikationsmustern verbessert werden kann. Dies folgt der aus der
Kommunikationswissenschaft stammenden Grundannahme, dass Muster der Schlussel
zum Verstdndnis von Kommunikation sind. Zu diesem Zweck wurde ein Framework fur
die computergenerierte Analyse und Visualisierung von Kommunikation geschaffen.
Strukturelle Informationen Uber die Kommunikation in Videokonferenzen wurden
visualisiert und anschlieBend mit den Teams in so genannten digital supported coaching
(DSC) Sitzungen reflektiert. Das DSC-Framework bietet auch die Moglichkeit, aus der
Interaktion in den Videokonferenzen auf ein soziales Netzwerk zu schlieBen. Dies wurde
in Mixed-Methods-Ansatzen als zweite Perspektive auf die Gruppeninteraktion im
Vergleich zur subjektiven Sicht der Teilnehmer genutzt. Die subjektiven Ansichten
wurden durch die Beantwortung von Fragebdgen erhoben, die dann mittels qualitativer
Inhaltsanalyse verarbeitet wurden. In mehreren Fallstudien in verschiedenen Kontexten
und mit unterschiedlichen Forschungsdesigns wurde untersucht, wie dieser Ansatz zur
Reflexion der Zusammenarbeit in den Teams beitragt. Die Ergebnisse zeigen, dass
sowohl auf der strukturellen als auch auf der individuellen Ebene der Teaminteraktion
aussagekraftige Erkenntnisse gewonnen wurden. Diese Erkenntnisse reichen von einem
besseren Verstandnis der FUhrung in einem Team Uber allgemeine Erkenntnisse darUber,
wie die Zusammenarbeit verbessert werden kann, bis hin zur Anpassung des
individuellen Verhaltens, um die Diskussion besser in Gang zu bringen. Daruber hinaus
wurde in dieser Arbeit untersucht, welche Art von Rahmen fur Online-Lernumgebungen
fur groBe Student:innengruppen hilfreich sein kann. Die Durchfuhrung einer Fallstudie
fuhrte zu Erkenntnissen, wie Gamification zu diesem Zweck eingesetzt werden kann.
Das durch die qualitative Inhaltsanalyse aggregierte Feedback der Studierenden zeigte
ein vielversprechendes Feedback auf diesen Ansatz. Die Antworten auf die
Skalenfragen, wie gut es das Lernen auf inhaltlicher und sozialer Ebene unterstltzte,
ergaben beide einen Median von 8 (mit 1 als der schlechtesten und 10 der besten
Bewertung). Auf der Grundlage dieser qualitativen Inhaltsanalyse wurden Kriterien
abgeleitet, wie eine Online-Umgebung, welche die Idee des selbstorganisierten Lernens
unterstutzt, erfolgreich umgesetzt werden kann. Ein wesentlicher Punkt dabei ist, den
Lernrahmen sorgfaltig festzulegen, um die Kommunikation innerhalb der Teams und
zwischen den Teams zu organisieren. Der flr diesen Zweck angepasste Gamification-
Ansatz, der in dieser Studie verwendet wurde, kann als Grundlage fur diesen Zweck
dienen.



3 Introduction

3.1 Motivation and Context

The research presented in this thesis aims to contribute to improvements in online

collaboration conducted via video conferences. It seeks to assist teams across various

contexts in reflecting on and improving their online collaboration processes supported

by Information and Communications Technology (ICT):

e In business contexts, by helping teams to identify and reflect more and less helpful
patterns in their communication,

o forself-organized teams in non-profit organizations, to help discern and improve
their (often informal) structures in leadership and self-moderation,

e inthe field of education, by investigating how lectors can create online learning
environments that foster both learning and effective and inclusive social interaction
among students.

Supporting teams that collaborate online has become increasingly important over the
past years. Communicating online through video conferences has become a prevalent
mean in education, business and private life - a process that had been strongly
accelerated by the COVID-19 pandemic. The Internet and various communication tools
based on it have brought together many people that would have otherwise been more
disconnected. But the switch from personal contact to getting in touch with one another
through the displays of computers, mobile phones and tablets, came with downsides
for the people involved. This includes detrimental effects on productivity as well as on
the social fabric of the company and their employees, even stretching to their private
lives.

Research prior to the Covid-19 pandemic has already shown that the experience of
working in virtual offices can be socially isolating (Cooper & Kurland, 2002; Mulki &
Jaramillo, 2011). This may come as no surprise. However, the social impact of online
collaboration goes beyond the boundaries of the organizations the respective people
work in. A comparison between working in home-office and co-working spaces in
Germany has shown that “advantages of the coworking space were found to be very
pronounced with regard to productivity, the ability to concentrate, and self-
organization.” (Robelski et al., 2019). Among other things, this study shows, that,
paradoxically, self-organization seems easier when amid colleagues, than when being at
home. Another study conducted in Germany showed that extensive online collaboration
at work also had an impact on the private life of the employees. Their “relationship
satisfaction turned out to have decreased, almost irrespective of whether respondents
experienced changes in their employment situation during the COVID- 19 crisis or not”
(Schmid et al., 2021). A study conducted in Luxembourg formed the hypothesis that the
use of digital tools “appears to generate too much information flow to deal with and



teleworkers may suffer from information overload that increases their stress and
reduces their job satisfaction and job productivity.” (Martin et al., 2022).

Virtual communication can become more disrespectful compared to people working on
site together. A phenomenon that has been termed “cyber incivility”. A study in
Singapore has defined cyber incivility as “communicative behavior exhibited in
computer-mediated interactions that violate workplace norms of mutual respect.” (Lim
& Teo, 2009). This study also found that such behavior has reciprocal effects as it
“engenders different negative attitudes and behaviors from the victims.” Effects, that
can have immediate impact on the health of the victims of cyber incivility, such as
increased blood pressure (Taylor et al., 2005).

While the conclusions of these studies vary, they clearly indicate that there is room for
improvement in online collaboration, both in terms of effectiveness and social
interaction. But for all its apparent shortcomings on the social level, online
communication has one advantage compared to on-site communication: it produces
data. More specifically, it provides precise measurement of what could be framed as
communication metadata. Metadata in this understanding comprises the interactions
between the people involved, the length of speech and the number of contributions
each participants had, but not the content of what is being said. This leadsto a core
research proposition of this work: ICT can provide support for online collaboration by
discerning and visualizing patterns in communication metadata. These visualizations
can serve as a basis for reflection and improvement for teams as a part of a coaching
process specifically tailored for this purpose. To that avail, the author has developed
and evaluated a framework as part of this thesis: the Digitally Supported Coaching
(DSC). The DSC aims to provide social as well as business benefits for the teams using
it. It is meant to contribute a piece of remedy to the current shortcomings of online
collaboration that have been noted by the research mentioned above.

This core research proposition is founded on one side by the high number of methods
and tools to discern patterns in data structures that data science has to offer. On the
other side itis founded in communication theory, for discerning patterns in
communication can be considered as key to understanding and improving
collaboration. Watzlawick, Bavels and Jackson state in their communication theory that
“the search for pattern is the basis for all scientific investigation. Where there is pattern
there is significance - this epistemological maxim also holds for the study of human
interaction” (Watzlawick et al., 2011). Their communication theory is rooted in several
scientific fields: Besides previous theories and research in psychology, it uses
cybernetics to define a model of interaction between human beings. This aspect of the
communication theory could be referred to as a structural view of communication:
Communication is seen as a system of feedback loops between subsystems that has its
inherent rules. Watzlawick’s, Bavels’ and Jackson’s use the game of chess as a simile for
interaction patterns. An observer, who does not know the game of chess could deduct
the rules being followed by the players. All the observer would have to do is to watch a
sufficiently long series of games being played for all inherent rules to become apparent.
In this theory, communication, when seen as interaction between players and the
inherent lawfulness of their interaction, is defined as a stochastic process. “Stochastic
process refers to the lawfulness inherent of symbols or events”, for instance, “the



patterns of tonal and orchestral elements by a composer”. (Watzlawick et al., 2011). A
stochastic process implies that in each context, some events are more likely to happen
than others. In Mozart’s piano sonatas, an adagio is likely to be followed by a faster
format. Had he an Adagio written to be followed by an Andante, a listener familiar with
Mozart would be surprised, even if he or she had never studied the formal structure of
Mozart’s compositions. The participants, however, are typically oblivious to their own
communication patterns, as the authors argue: “we are particularly unaware of the rules
being followed in successful, and broken in disturbed, communication” (Watzlawick et
al., 2011).

This understanding of communication focusing on the interaction between people
shows remarkably propinquity to the definition of social network analysis (SNA): “The
objective of social network analysis is the description and analysis of relationships
between different actors” (Huber & Froehlich, 2020). An actor in SNA definition could be
a person or a social subsystem, depending on the scope and aim of the analysis.
Understanding relationships and patterns in social systems is at the core of SNA. The
interest in SNA “can be attributed to the appealing focus of social network analysis on
relationships among social entities, and on the patterns and implications of these
relationships.” (Wasserman & Faust, 1994).

These similarities between SNA and Watzlawick’s, Bavels’ and Jackson’s
communication theory provides a good basis to operationalize and measure relevant
aspects in human communication, as will unfold in this thesis. The structural view on
communication serves as a well-suited basis for the DSC. Firstly, because discerning
patterns is considered key in understanding and improving communication. Secondly,
patterns, as defined here, can be operationalized and measured by means of the current
video conferencing solutions with the suitable add-ons being developed. A patternin a
series of video conferences could for instance be the dominant role of a person within a
group. Something that can become apparent when viewing the centralities of the group
members provided by the SNA. The DSC also aims to shed light on other types of
patterns, such as the communication sequences typically occurring before good or bad
decisions are being made. Does a team fare better, when only few team members
speak, and one person has the proverbial last word? Or do good decisions arise from a
sequence of dense, short interactions, that slowly evolves into a common sense of the
group? Aspects in communication that are not easily discernible in SNA-like
visualizations such as sociograms. Therefore, the communication report featured by the
DSC offers different types of visualizations. They all have in common that they are solely
based on the communication metadata, not heeding the content of what is being
spoken in a video conference. This has the added benefit that the DSC or any similar
framework is per se language independent, which widens it applicability.

Furthermore, all visualizations are based on data measured by an algorithm and not the
subjective perspectives of human observers. In that respect, the communication report
represents a view on communication that is complementary to traditional coaching
methods that rely on the internal views of the team members or the outside view of a
coach.



A key part of the work leading to this thesis was the development of the coaching
process combined with a matching software tool that evolved into the DSC. The DSC,
combined with existing methods, was used as a framework for answering the research
questions.

Summarizing, the key motivation for this research is to leverage the potential of
combining communication theory with data science to help teams to improve their
online collaboration. The approach is based on a humanistic understanding of applying
ICT, as expressed in the Vienna Manifesto of Digital Humanism: “Decisions with
consequences that have the potential to affect individual or collective human rights
must continue to be made by humans.” (https://caiml.org/dighum/dighum-manifesto/).
In the spirit of that ethical principle, the approach aims to support humans in making
better decisions on how to improve their collaboration based on the available data. It
intends to do so by broadening the understanding of their collaboration rather than by
pre-selecting decision options, as any pre-selection would limit the decision-making
horizon instead of increasing the understanding that leads to the decision.

Key parts of this thesis cover the evaluation of the DSC approach in different contexts
and by means of different scientific methods. Further research done as part of this
thesis evaluates how video conferences can be framed in a way to provide a helpful
learning environment.



3.2 State of the art

3.2.1 ICT based analysis and support for online communication

Previous research addresses in how far visualizing communication in video conferences
can help improve online team collaboration. (Samrose et al., 2018) evaluated ways of
analyzing and visualizing online video communication. The tool evaluated there featured
a communication analysis including emotional expressions and turn taking from the
individual perspectives of each participant.

So called “temporal patterns” were analyzed in global virtual project teams (GVPTs) by a
research team (Massey, 2003). Temporal patterns were defined as the flow of
interactions over time that influence communicative, decisional, and interpersonal
behaviors in teams. The aim of the study was to explore “the nature of team interaction
and the role of temporal coordination in asynchronously communicating GVPTs”
(Massey, 2003). Temporal patterns could be seen as similar in some respects to what
Watzlawick’s, Bavels’ and Jackson’s describe as communication patterns.

More recent research has measured “the intensity of various aspects of users’
communication activity in periodic manner” (Muszynska & Swacha, 2021). In this
research, factors like discrepancies in project activities and variations in user activity
levels were illustrated to identify different types of team communication challenges.

Commercial applications exist to coach individual participants on their behavior in
online meetings. The Revenue Accelerator by Zoom" analyses specific interactions, for
instance the frequence in which customers answer questions or how concise the
dialogues between a sales agent and a customer are. It is meant to provide sales staff
with tools to optimize their sales meetings. The Speaker Coach by Microsoft? provides
feedback to a participant based on the spoken content. Arecommendation by this tool
might for instance be to use a more inclusive language. This solution uses voice
recognition and large language models to process audio tracks of speakers and derive
recommendations from it.

3.2.2 Communication patterns and team performance

As previous research shows, communication patterns as defined here, can be relevant
for team performance. As early as 1950, Bavelas explored communication patterns
within task-oriented groups (Bavelas, 1950). Preliminary conclusions from a series of

1 https://www.zoom.com/en/products/conversation-intelligence/?_ics=1715786948776&irclickid=~4-
b70290YRZ340UJIJQXNEFLPHyzyrlbd8bhi~-
7ZYWPOKIFAgne&_ga=2.150623414.1271705200.1715786544-650308465.1715786543

2 https://support.microsoft.com/en-us/office/preview-speaker-coach-in-microsoft-teams-meetings-
30f50d15-5f62-4e09-b3bf-cadeb806386a
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https://www.zoom.com/en/products/conversation-intelligence/?_ics=1715786948776&irclickid=~4-b70290YRZ340UJIJQXNEFLPHyzyrlbd8bhi~-7ZYWPOKIFAqne&_ga=2.150623414.1271705200.1715786544-650308465.1715786543
https://www.zoom.com/en/products/conversation-intelligence/?_ics=1715786948776&irclickid=~4-b70290YRZ340UJIJQXNEFLPHyzyrlbd8bhi~-7ZYWPOKIFAqne&_ga=2.150623414.1271705200.1715786544-650308465.1715786543
https://support.microsoft.com/en-us/office/preview-speaker-coach-in-microsoft-teams-meetings-30f50d15-5f62-4e09-b3bf-cadeb806386a
https://support.microsoft.com/en-us/office/preview-speaker-coach-in-microsoft-teams-meetings-30f50d15-5f62-4e09-b3bf-cadeb806386a

experiments suggested that both group performance and social dynamics could
correlate with the information flow within the group. Social dynamics included factors
such as leadership roles and group members’ satisfaction. Bavels’ work is widely
regarded as the foundation for subsequent experiments linking communication patterns
to group performance (Sodeur, 2019).

More recently, the relevance of communication patterns for team performance has been
investigated in a joint research project by MIT, Carnegie Melon and other universities.
The aim of this study was to investigate whether there is evidence for collective
intelligence (Woolley et al., 2010). The study introduced an intelligence test for groups,
measuring the performance in solving work-related tasks. The study measured the
individual intelligence as well as many aspects of the team communication of randomly
assembled teams in several hundred experiments. The research found evidence
supporting the thesis that a general collective intelligence factor exists in groups. The
study found two factors with significant correlation to collective intelligence. Firstly,
collective intelligence was higher when females were part of the group. This was
attributed to higher levels of empathic behaviour by female team members. The second
insight was that collective intelligence “negatively correlated with the variance in the
number of speaking turns by group members.” (Woolley et al., 2010). Turn taking refers
to the number of times a person spoke within a conversation. The more balanced turn
taking was in a team, the higher the collective intelligence was bound to be. Similar
results were found by the company Google in their Aristotle project, on the quest to find
out what marks the company’s best performing teams (Duhigg, 2016).

Alex Pentland conducted extensive research on human interaction and its impact on the
performance of teams and organizations. By using ICT to gather detailed
communication data over large periods of time, he arrived at the following conclusion:
'In studies of more than two dozen organizations, | have found that interaction patterns
typically account for almost half of the performance variation between high- and low-
performing groups." (Pentland, 2014)

3.2.3 Social network analysis

In this thesis, social network analysis serves as one mean (among others) to discern
patterns inherent to online team communication. Traditional strengths of SNA lie in
measuring and visualizing positions of team members and the relationships between
them. Team positions and relationships and how they change with context and over time
reflect some aspects of communication patterns as defined here: SNA can be derived
solely from communication metadata, revealing patterns such as recurring balances in
the centralities of two team members. SNA has a several decades long tradition both in
scientific research as well as in practical application, including team coaching. It can
therefore serve as a meaningful resource for the DSC.

SNA has been applied to social systems of different scale:

1. Sociological analysis of groups: Starting with J.L Moreno in the mitd-20" century,
the field of sociometry has opened a then new scientific field. Moreno initially



described sociometry as “Sociology of microdynamic processes” (Moreno,
1996). Moreno’s original intent was to use it to analyze small social systems like
school classes or work teams, as his early work reflects (Moreno, 1941).

2. Using SNA for larger organizations or informal networks: Both scientific research
as well as commercial applications exist on applying SNA to larger networks. As
far as can be assessed from the outside, Google and Facebook use SNA (among
other things like personal data of the user) for their ranking algorithms (Pariser,
2011).

As this research focuses on the analysis of team communication, mostly the first point
is of relevance: Using SNA to analyze groups. When analysing groups, it is useful to
differentiate between analyzing the whole structure of a social network vs. analyzing
individual positions within a group (Huber & Froehlich, 2020). The former concerns
aspects such as the reciprocity of relationship patterns, while the latter focuses on how
central or prestigious a person’s position is within a group. It has been argued that “in
practice, the analysis of networks is most productive when a sociogram or individual
sociogram is used to analyze the particular structural situation of a person in the group
and its possible dynamics”? (Stadler, 2013).

To assess a position of a person in a group, various centrality metrics have been
established. The degree centrality measures the number of relationships to other group
members (sometimes weighed by the intensity of the respective relationship), while
other measures like in-between- or closeness-centrality focus on specific aspects of the
position within a group. A broad scientific discourse among mathematicians,
sociologists, and psychologists explores which metrics are most appropriate for
different social contexts (Bonacich & Lloyd, 2001; Landherr et al., 2010; Majeed et al.,
2020; Opsahl et al., 2010; Rousseau & Zhang, 2008).

3.2.4 Data visualization

Human communication is multi-layered and complex. Even when just focusing on
metadata of communication, there are infinite ways of visually representing the
conversation of an online team meeting. Fortunately, extensive work exists that provide
guidance on how to adequately represent data in graphs and illustrations. General
guidelines have been provided (Kirk, 2019; Midway, 2020; Tufte & Graves-Morris, 2014)
as well as particular criteria for visualizing data of social systems (Healy & Moody, 2014;
Kennedy & Hill, 2018).

A key question in this research is to what extent visualizations should reflect the
complexity of the communication they represent. The paradox lies in preserving enough
information to accurately reflect a meeting conversation while ensuring that recipients
are not overwhelmed by excessive detail - allowing them to see the bigger picture
without getting lost in the details. (Kirk, 2019) suggests that “to overcome chart types
that are unfamiliar a viewer must be provided with the means to learn how to perceive
and interpret a chart.” Following that guidance, we need not only consider the form in

3 Translation form German by the author of this thesis



which communication metadata is represented, but we also can and should influence
the frame and the manner it is conveyed to the recipients. It is therefore relevant to
understand the previous knowledge of the participants of a DSC: How familiar they are
with sociogram-like visualizations, or how well they are used to discern commonalities
and differences in visualizations of different meetings, to name two examples. That way,
the explanations provided to the team members can be adjusted accordingly, thus
increasing the chance meaningful insights can be gained.

The empirical findings regarding the eligibility of visualization types in the DSC as well as
criteria for creating communication reports are elaborated in paper 4.

3.2.5 Team coaching

To recognize and change patterns is not only relevant from an epistemological
perspective. To understand and work with them is also considered to be key in some
coaching and therapeutical approaches. Symptoms can be seen as an “over-stability of
patterns inadequate to solve new tasks” (Kriz, 2013). The actualizing tendency in the
person-centered-approach as well as the phase transition in systems theory both deal
with the delicate question on how a transition to new patterns can be accomplished.
Old patterns are appreciated as having been helpful at some pointin time but now
deserve an update. The aim is to find patterns that are more adequate to the today’s
reality of a person or ateam.

Various approaches for team coaching exist. For the DSC and this thesis, those
approaches are of particular interest, that make use of a structural view on
communication. There is one branch of coaching, referred to as constructivist-systemic
coaching, that is based on the communication theory by Watzlawick, Bavels and
Jackson (De Shazer, 1988, 1991; Tomm, 1988, 2014). A particular focus in DeShazer’s
work is to look for “differences that make a difference”. A term that was used by Gregory
Bateson as definition for information (Bateson, 2000). The aim in this approach to team
coaching is to “facilitate movement toward desired team positions as defined by the
team” (Pavlovi¢, 2021).

In a constructivist-systemic understanding, it is the perspective of the coachee (or the
coachees in a multi-person setting) on a subject that matters. The coach guides the
coachees towards finding solutions for themselves through questions, hypotheses and
other interventions, all coming from an inner stance of benevolence and open-minded
supportiveness.

Clearly there are further relevant aspects in successfully navigating a transition to new
patterns than covered in this thesis. First of all, the trustful relationship between coach
and the team should be mentioned here. Fortunately, there is ample research covering
this (Adkins, 2010; Andersen & Katz, 1990; Dierolf, 2013; Drath, 2012; Edding &
Schattenhofer, 2020; Stober & Grant, 2010; Zumbkeller, 2010), providing learnings
relevant for team coaching, including the DSC.
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The communication report and the DSC coaching process are explained in depth in
paper 1.

3.3 Research gap

Various aspects of online communication have been analyzed and visualized to
understand team collaboration. However, a team coaching process using online
visualizations of communication metadata represents a novel approach. There is no
previous research on how data driven visualization of communication patterns can help
teams to reflect and improve their collaboration. Neither is there an algorithm published
on how to use communication metadata to infer a social network analysis from online
video conferences.

This leaves room for new possibilities for analyzing and visualizing team
communication. The potential benefits for teams and organizations in filling this gap
include improved social well-being and more effective collaboration.

A further potential benefit lies in providing a basis for new mixed method research
designs. Such designs could enable comparisons between the subjective perspectives
of team members or external observers and the quantitative social network analysis.

3.4 Research objectives

The research objectives -aimed at supporting teams that collaborate through video
conferences in improving their communication by means of ICT and the targeted
application of human-centered design principles- are divided into the following areas:

1. How do ICT tools and processes have to be constructed to effectively help teams to
improve their communication by reflecting their communication patterns?

2. How canteams learn about their team positions and about their leadership by
reflecting their communication patterns in a digitally supported team coaching
process?

3. What are necessary criteria for a university course to support self-organized online
learning?

These research objectives were addressed in the papers listed in Table 1. Each paper

contributes findings that either highlight different aspects of the objectives or examine
them within distinct social contexts.
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Paper | Research Title Publication Research-focus and -methods

objectives Venue

1 1and 2 Developing Teams Multimodal Explaining both DSC and
by Visualizing Their | Technologies communication report, providing
Communication and Interaction theoretical basis and research
Structures in Journal context, showing the findings of
Online Meetings. evaluating the DSC in business

context. A multiple case study
using a replication logic for
teams in three different contexts
is used to identify convergent
findings. Mixed methods are used
in all of the cases to triangulate
quantitative and qualitative
findings.

2 1and 2 Digitally supported | Human- In-depth analysis of a case study
coaching and its Intelligent in which the DSC is used with a
application to Systems self-organizing team, with
developing self- Integration particular focus on what can be
organizing teams. Journal learned about leadership and

moderation with help of the DSC.
Mixed methods are applied,
where quantitative data is used
to help the team identify relevant
findings. The quantitative data is
also used to discern which of the
subjective team findings can be
corroborated by the social
network analysis.

3 1,2and 3 Using digitally EdMedia + Showing the results of two case
supported Innovate studies, on how digitally
communication Learning 2023 supported coaching can be used
analysis to Conference to support group work in
facilitate university courses. Here,
constructive conventional coaching and DSC
discourse in are applied sequentially to find
educational out what relevant insights the
Courses. teams found in the DSC that had

not come up previously.

4 1 Unveiling 2024 8th Showing how graphical

Communication
Patterns: Helpful
Visualizations of
Communicationin
Online Video
Conferences.

International
Symposium on
Multidisciplinary
Studies and
Innovative
Technologies
(ISMSIT)

visualizations of synchronous
online communication can be
formed to enable insightful
reflection. The results of the
design science research
featuring six case studies are
combined with findings of
previous research to postulate
criteria for the design of online
communication visualizations
that are used for the purpose of
team reflection.
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Framing self-
organized online
team collaboration
in a higher
education course
on Informatics and
Society.

2021 IEEE
Frontiersin
Education
Conference
(FIE)
Conference

Researching how online
education can be framed to
facilitate both learning and social
interaction. A novel online
gamification approach is
evaluated based on the
qualitative content analysis of a
survey among participants of a
university course.

Table 1: List of Papers

13



4 Reference framework Digitally Supported Coaching

Large parts of the research covered in this thesis were conducted using the DSC as
reference framework. The DSC was developed in a design science approach. Itis a
framework that features a tool that analyses and visualizes video conference metadata
as part of a coaching process. The separate audio tracks of video conference meetings
serve as input for this tool. To be able to evaluate the DSC in multiple case-studies, the
participating teams used the tool Zoom (https://www.zoom.com) for their video
conferences. This tool was chosen, as it allows to store recordings of video conferences
in separate audio tracks. The DSC software was written by the author in Python. Python
was chosen, as it provides a rich variety of libraries in the fields of data science.

The processing of the audio tracks in the DSC follows these steps (as is explained in
more detail in paper 1):
1. Reading the audio data from the files,
2. Conducting a diarization for all meeting participants, capturing it in a multi-
layered data-structure,
Inferring the social network from the diarization,
4. Visualizing the communication in various diagrams based on the diarization,
compiled into the so-called communication report.

@

Step 3 introduces a way how a social network can be inferred from the interactions of a
team throughout a series of video conferences. The algorithm and the underlying
mathematical equations are published in paper 1. The resulting network can be the
basis for a social network analysis (SNA).

Embedded in constructivist-systemic coaching such as the DSC, the communication
report, like a hypothesis, serves as a purely observational outside view on a
conversation. It is always the coachees who decide what they consider as relevantin
the visualizations they are provided with. It is also entirely up to them to decide what to
take away from a DSC session. Differences that make a difference in the DSC may for
instance be changes in positions of team members over time or the change of the
rhythm in conversations depending on whether the supervisor is present in the meeting
or not. That way, a coach can use questions to guide a team through a communication
report, thus potentially increasing the yield of relevant information found by team
members. Through these insights, learning can be fostered, and concrete take-aways in
terms of reinforcing or changing behaviour can be agreed upon by the team at the end of
the DSC.
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5 Methods

5.1 Preamble

A large part of this doctoral thesis makes use of the Digitally Supported Coaching. A
framework that the author himself invented. In four out of five papers, the DSC is used
and evaluated in different contexts regarding different aspects. The author is aware that
this poses an inherent risk: A creator is typically positively biased towards his or her
creation. A natural sentiment and probably a prerequisite to perseveringly drive an idea
forward, overcome obstacles and deal with the innate uncertainty of any innovation
process. On the other hand, any bias is detrimental to sound scientific evaluation. Itis
the firm belief of the author that the value of this doctoral thesis is hot the invention
itself, but it’s scientific evaluation and the learnings that can be taken and generalized
from that. Therefore, the research designs were crafted to take the inevitable creators
bias into consideration and to effectively mitigate it through a bundle of measures.

Measures taken for this purpose included:

e Having independent co-researchers and -authors for the papers that are part of
this thesis.

e Using mixed methods, where possible, to increase the validity of the findings.

e Tryingto select and apply scientific methods meticulously to the best of the
abilities of the authors to limit the influence of the researcher. E.g. using
standardized questions in the DSC coaching session and for the questionnaires.
That way, no case-specific questions could be asked that might convey
unwarranted information by the coach.

Furthermore, as this is a cumulative doctoral thesis, all publications have undergone
rigorous external peer review.

5.2 Case Study Design

Case studies were selected as main method for the empirical part of this doctoral
thesis. This follows Yin’s criteria for the choice of methods (Yin, 2018), as the research:
1. mainly pursues research questions asking “how” something can work,
2. focuses on contemporary events,
3. aimsto examine events in real life as they unfold, not requiring control over
behavioral events in the teams examined.

Furthermore, case studies provide the possibility for an in-depth analysis that helps to
thoroughly examine the impact of a new framework such as the DSC.
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Yin stresses the need for “spatial, temporal and other explicit boundaries” in defining a
case (Yin, 2018). The cases in the different studies presented here are bound:

1. Socially, by representing a defined social system, in specific a certain team being
part of a certain organization. Teams can be seen as “closed autopoietic
systems—i.e., communication systems with rules that perpetuate themselves by
constantly seeking new players who follow these rules.”* (Kriz & Simon, 2019)

2. Temporally and spatially, by analyzing meetings that are conducted in a
predefined timeframe in an also predefined (virtual) space.

Itis of key importance to be aware of the context the cases are embedded in. This
maxim is set both from the perspective of case study design as well as organizational
system theory, as introduced by Luhmann (1978). The relevant context for the teams
analyzed here first of all includes the organization surrounding it. This context can be
described through its organizational culture in terms of shared values and beliefs
(Schein, 2010). Values and beliefs are bound to influence how team members interact
and will therefore make a difference for their communication. The organizational context
is also relevant in terms of communication patterns: It is natural to assume that ateam’s
communication patterns are not uninfluenced by the organization surrounding it. An
assumption that is coherent with the social identity theory that approaches group
phenomena from a psychological perspective, intending to “explain organizational
phenomena and the dynamics of language and speech style as identity symbols” (Hogg,
2016). This assumption is also at the core of organizational system theory coming from a
sociological perspective (Simon, 2021). A theory that clearly distinguishes between
organization and its members. In that view, all persons serving in an organization,
employees and leaders alike, are seen as context of the organization. Person and
organization are defined as strongly coupled but separate systems. In that view, the
individual personalities of the team members are also relevant contexts for the case
studies examined here.

To take this into account, the research presented here features multiple cases studies in
different contexts. Paper 1 analyzes three cases in different commercial organizations.
Paper 2 analyzes group interaction in a self-organized team that is part of a non-
hierarchical organization. Paper 3 and 5 are conducted in educational environments.
Paper 4 analyzes three cases that are set in a hierarchical organizational context and
three cases that are set in non-hierarchical environments. This setup allows to A)
identify commonalities in the results across different contexts, and B) identify
differences in the results between hierarchical and non-hierarchical contexts.

To this avail, papers 1,3 and 4 feature multiple case studies. All of them are designed
following a replication logic. While each case represents a separate unit with clearly
defined boundaries, the same methods in collecting and analyzing evidence are used in
all cases. First the results of the cases are reported separately, then convergent
evidence is sought, following the approach suggested by Yin (2018).

Another key question in case study design is how to achieve a high validity of the
findings. To this end, mixed methods were applied in the majority of the studies.

4 Quote translated from German to English by the author.
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5.3 Mixed Methods

5.3.1 On the origin and purpose of mixed methods

It has been argued that “research methodology, and the teaching of research, has faced
strong pressures toward polarizing into a qualitative and quantitative dichotomy”.
(Tashakkori & Teddlie, 2003). In the 1950s a path out of this supposed dichotomy was
introduced: To combine different methods, “utilizing a matrix of intercorrelations among
tests representing at least two traits, each measured by at least two methods”.
(Campbell & Fiske, 1959). Since then, a variety of mixed methods have occurred that try
to combine qualitative and quantitative methods in different ways. They have been
attributed as “direct descendants of classical experimentalism and the triangulation
movement of the 1970s” (Denzin, 2012). Broad scientific discourse exists regarding
these different mixed method approaches and their pros and cons.

Mixed methods rely on triangulation. The name of the method is inspired by geological
studies, where the distance to a point can be calculated by viewing it from different
perspectives. As in this simile, this scientific method aims to better assess research
objects by examining it with different methods. Every method necessarily needs to
reduce the complexity of reality to a manageable degree. Reality may appear uniform
and consistent when seen from a certain perspective, something that can easily lead to
reductionism. Triangulation aims to mitigate this risk. It can be seen as an “entrance to
different levels or dimensions™®. (Flick, 2010). Receiving different results from such
different levels, potentially forces the researchers to confront themselves with very
different ways of answering the same research question. That way, the inherent
simplifications of any model are challenged by a second, different model. But it also
raises fundamental epistemological questions, as qualitative methods are often rooted
in hermeneutic or constructivist epistemology, where else quantitative methods often
follow a (neo-)positivistic understanding.

A main thinker on triangulation was Norman K. Denzin. As a result of decades-long
scientific discourse, he adapted his concept of data triangulation to seek “multiple sites
and levels for the study of the phenomenon in question. It is erroneous to think or imply
that the same unit can be measured. At the same time, the concept of hypothesis
testing must be abandoned. The interactionist seeks to build interpretations, not test
hypotheses.” (Denzin, 2017). The idea proposed here is to broaden the understanding of
a research object by using different methods. And to lay open and discuss the
underlying assumptions that led to the respective findings.

5 Translated from German by the author.
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5.3.2 Applying mixed methods to analyze group interactions

Mixed methods have been used to analyze group interactions. In one example, critical
discourse analysis (CDA) and social network analysis have been combined to assess
changes in role positions within a school class and to better understand how these
group dynamics affect the learning process of the class (Huber & Froehlich, 2020). Here,
mixed methods are used to create knowledge, “as something that evolves over time
through participation in disciplinary practices.” In this case, the CDA, as a qualitative
method conducted by outside observers, was used to better understand the learning
process. The SNA was used to understand changes in structures and interactions within
the group. In the interpretation of the authors of this study, the SNA could thus
strengthen or question the results of the CDA.

Another study used a custom-built text-classification model to measure social presence
in student groups collaborating in online forums (Zou et al., 2021). This was considered
as an indication for social prestige following the framework for social presence
introduced by Shea et al. (2010). As a second perspective on social positions, a social
network analysis was conducted measuring in-degree centrality and the authority score
of all students. This was considered to reflect the learners’ prestige of a person within
that social system. Then a statistical analysis sought to detect a correlation between
social presence and learners’ prestige. In this research, two different quantitative
methods, with different underlying conceptual models were used. Both measured the
social positions of team members, with the aim to “explore how much of the variance of
learners’ prestige (both in-degree and authority scores) can be explained by social
presence” (Zou et al., 2021).

5.3.3 Mixed methods used in this doctoral thesis

In this doctoral thesis, mixed methods are used for two purposes:

Firstly, to increase the validity of the findings. Following Denzin, they aim to broaden the
understanding of interactions in groups by providing different perspectives. And in paper
1, they are used to strengthen the construct validity of the case studies, using the
concept of triangulation.

Secondly, to best support team coaching processes with the help of ICT. Coming from a
synergetics point of view, Juergen Kriz argues that in psychotherapy, both the subjective
understanding of the context and the objective system-environment as perceived by an
outside observer are relevant (Haken et al., 2017). The synergy of these views helps in
understanding the condition of a patient, even if the two perspectives sometimes do not
correlate. Kriz uses the example of asthma patients, where medical parameters and
subjective feeling of the patients often draw a very different picture. Transferring this
idea to team coaching, it can be proposed that a synergy of the subjective views of a
team and objective information on a group process can be helpful. In case of this thesis
the first view is gathered through questionnaires, the second perspective is represented
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by the data received from analyzing the audio tracks. The combination of these views
can help the coach and the team to better see what control parameters (in the meaning
of the term as used in synergetics) can be adjusted to improve team collaboration.
Control parameters in team coaching could for instance be to involve introverted
persons more actively or to be more empathic in listening to one another. The first
example would adjust a parameter of the group as a whole; the second parameter would
adapt individual behaviour.

The research presented in paper 1 uses a mixed methods approach to increase the
construct validity of the case studies conducted. In these case studies, team members
deduct findings regarding their team positions from the visualizations they are presented
with. The SNA provides a second, quantitative source for team positions. This allows to
check how accurately team members discerned their team positions in the DSC by
reflecting their communication report. The common data basis for both methods is the
diarization of the group interaction. The diagrams in the communication report featured
in the DSC are created out of this diarization, as is the SNA. From a methodological
point of view, two different views on this data are used to examine the research
proposition that “studying a team’s communication patterns can help team members to
learn about their roles and their interactions within a team”: On one hand the
mathematical calculations of the group interactions resulting in quantitative figures for
team positions and relationships; and on the other hand the cumulative subjective
interpretations of the communication reports by the team members. The latter was
gathered by questionnaires and then aggregated using reflexive thematic analysis. When
both views come to the same result, we can see this as indication that the research
proposition can hold true. However, the reverse conclusion cannot be drawn: When
both views are not coherent, it might be that the research proposition does not hold
true, but it might as well have other reasons, for instance, that the process wasiill-
facilitated.

In paper 2, qualitative and quantitative methods were used to examine leadershipin a
self-organized team. The qualitative findings were gathered by means of a questionnaire
at the end of a DSC session, after the team members had seen and reflected upon the
communication report. The answers to the questionnaires were then processed using
reflexive thematic analysis. The quantitative analysis provided metrics for team
positions (through the SNA) and their change (or stability) over the course of several
meetings. In the subsequent analysis, these two different views on communication were
used to show in what aspects the perspective of the team members were backed up by
the quantitative data.

In paper 3 mixed methods were applied in a different way. Two cases, each representing
a student group’s discussion of a controversial subject in a video conference were
examined. For each case, two methods of coaching were then applied sequentially to
reflect the discussion. At first, a conventional team coaching was conducted. This was
followed by a second phase featuring visualizations of the communication based on
quantitative data. To this end, the interactions and the discussion flows were visualized
in communication reports using the tool developed for the DSC. Comparing the
outcomes of the two coaching phases showed what insights the teams could find in the

19



Digitally Supported Coaching that had not previously been recognized in the
conventional team coaching.

To provide a realistic assessment, the study aimed to provide a coaching settingon a
high standard in the first phase. Measures taken included:
e Each group had the chance to review the video of their group interaction at the
beginning of their respective coaching process,
e silent observers were part of the video and shared their observations in the
coaching process,
e eachteam coaching was facilitated by a lector, who was experienced in
facilitating team discussions,
e these lectors prepared by reviewing and analyzing the video beforehand to
provide helpful questions and other interventions.

In both phases, the answers to the predefined coaching questions were captured during
the coaching process using sticky notes. That way, everything that was said was visible
for all team participants and could be used for further reflection.

5.4 Quantitative Analysis

5.4.1 Data collection

Quantitative analysis in this thesis is done by analyzing the audio tracks of recorded
video conferences with the help of computer science. The audio tracks were available in
Moving Pictures Experts Group (MPEG)-4-Format encoded with the Advanced Audio
Codec (AAC). In the DSC, these files are processed with the open-source software
ffmpeg. This software package has been developed and finetuned over many years to
provide a broad set of audio features. It has been chosen for the DSC as it allows to
detect the speaking times within an audio track. Speaking times are annotated by giving
the timeframes when a speech occurs on a given audio recording. The accuracy of this
feature was tested by the author of this thesis by doing three test video conference
recordings with different level of background noises. To increase the variety of the test,
participants were using different microphones. The speaking times of these recordings
were then calculated both manually with the help of a digital audio workstation (DAW),
and by means of the ffmpeg algorithm. The deviation in the speaking times annotated
between the two methods was less than 5% in all three cases.

The datasets derived from ffmpeg, one per participant, is then used within a python
program to create a so-called diarization dataset. This dataset contains the list of
meeting participants, each containing the list of speaking times for the respective
participant.

The flow of this diarization process for one participant is illustrated in Figure 1. The
ffmpeg algorithm first isolates the frequency band most indicative of human speech. It
then derives the magnitude, i.e. the indication how strong this frequency band is per
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time interval. It then selects those time intervals, where the magnitude is above a
predefined threshold (indicated by the red line on Figure 1). This list was then analyzed
by a python program, custom-built by the author, using standard python libraries, to
create the diarization datasets (illustrated by the blue boxes at the bottom of Figure 1)
for the social network analysis and the data visualizations.
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Figure 1: The diarization process (from top to bottom). VAD refers to Voice Activity Detection.

5.4.2 Social network analysis

The social network was inferred according to the algorithm introduced and published in
paper 1. The diarization dataset was a sufficient basis to do so, as the speaking times of
the meeting participants allowed to detect who was speaking after whom. Based on the
premise derived from communication theory, such subsequent communications
indicate an interaction between two persons. The choice of the mathematical formulas
to compute the relevant social positions out of these interactions is discussed in depth
in paper 1.
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5.4.3 Data analysis

The diarization data also allowed for statistical analysis. This included analysis of
individual behavior, such as speaking times of individuals. It also provided a basis to
look for structural information on communication in team meetings. This included the
balance of speaking times of participants (as in paper 2) over several meetings, or
recurringly strong relationships between some players and weak ones among others (as
in paper 1). Such recurring phenomena were indications of potential communication
patterns from this quantitative perspective.

5.4.4 Data visualization

Data visualization was partly automated using standard python libraries, partly done
manually:
e The airtime diagram was automatically created using the method to create pie
charts from the python pandas library.
e The communication sequence diagram was automatically created as a scatter
plot using the python pandas library.
e The communication interactions were calculated in python by an algorithm
developed by the author, exported as CSV files, and then manually plotted as
interaction diagrams in Microsoft PowerPoint.

5.5 Qualitative Methods

For the purpose of this doctoral thesis, the subjective views of meeting participants
were captured using questionnaires in all of the five papers. This provided an internal
view of the team members on their communication, which was used as one source of
evidence.

To analyze the answers of these questionnaires two different branches of qualitative
methods were pursued:
1. Reflexive thematic analysis as outlined by Braun and Clarke (Braun, 2022; Braun
& Clarke, 2019)
2. Summative qualitative content analysis (Kuckartz, 2018).

The former method was used in papers one to three. The focus of these research
designs was to discern the themes of the reflection of a team’s communication,
particularly those themes that might refer to patterns in team communication. The
summative qualitative content analysis was used in paper 4 and paper 5. These
research designs led to datasets of replies with more complex structures. Therefore, in
these papers, codebooks, with codes and subcodes, were created to accurately reflect
the structure of the dataset under examination.
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The codes were created inductively as recommended by Mayring (2022). The author is
aware that choosing adequate codes in qualitative content analyses is to some extent
subject to individual interpretation. Therefore, in both studies the codebooks were
created iteratively by two researchers. The researchers discussed and aligned their
coding structure after each iteration. The results were then peer-reviewed by a third,
external researcher, and adapted according to the feedback.

5.6 Design science approach

5.6.1 Why using design science research?

Research objective 1 asks how “ICT tools and processes have to be constructed to
effectively help teams to improve their communication by reflecting their
communication patterns”. One aspect in the construction of these ICT tools and
processes is the visualization of online video conferences. Paper 4 asks how the
artifacts for such visualizations can be designed in a way that is helpful for teams in
discerning their communication patterns. A design science approach was used in this
research to pursue this question. Design science can be seen as a “research paradigm
in which a designer answers questions relevant to human problems via the creation of
innovative artifacts, thereby contributing new knowledge to the body of scientific
evidence. The designed artifacts are both useful and fundamental in understanding that
problem” (Hevner & Chatterjee, 2010).

This approach was chosen as it can be used to discern what is relevant in the design of
artifacts from the perspective of those who know best: the users of the DSC. To that avail
the design artefacts in question should be “analysed as to their use and performance as
possible explanations for changes (and hopefully improvements) in the behavior of
systems, people, and organisations” (Venable et al., 2016). This supports the objective
of paper 4 to find out what types of visual representations are most helpfulin leading to
changes in a team’s perceptions of its communication. Furthermore, it is used as one
source to propose a first set of criteria in designing and conveying visualizations of
metadata of synchronous online communication.

5.6.2 Applying design science research to visualization artifacts

The diagrams that compose the communication report were the artifacts investigated in
paper 4. The research process was split into three phases based on the work of Osterle
et al. (2011): analysis, design, and evaluation. The first two phases were done iteratively
to continuously improve the artifacts: The design was adapted after each evaluation
based on the feedback received. The initial iteration was based on the feedback of
fellow-researchers, which led to the first version of the communication report that was
then used in DSC sessions. The feedback on this version was evaluated in a second
iteration, which formed the basis for the empirical research in paper 4.
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This evaluation was based on the answers given to questionnaires to the participants of
the DSC, immediately after they had seen and used the artifacts for the first time.

The questionnaire asked the following questions:
1. What reportis most helpful to learn about and improve your team
communication?
2. What could be added / removed / changed to make this report more valuable to
us?
3. Doyou have other comments, suggestions, or ideas?

To address question 1, each participants had 10 voting points to distribute among the
four different diagrams. The answer to this question was analyzed using quantitative
methods, in specific the average percentages given per report. This was done for all six
case studies together, as well as separately for the three case studies featuring
hierarchical and the three case studies featuring self-organized teams. That way,
commonalities and differences between the two contexts could be identified.

The answers to questions 2 and 3 were aggregated using summative qualitative content
analysis as described in chapter 5.5.
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6 Synopses of Publications

This chapter gives an overview of the published research conducted within this thesis by
outlining the publications it contains. The complete papers are provided in Appendix A:
Publications.

6.1 Paper 1: Developing Teams by Visualizing Their Communication
Structures in Online Meetings

Authors:
Thomas Spielhofer (T.S.), Renate Motschnig (R.M.)

Status:
Published

Published In:
Multimodal Technologies and Interaction, 7(10), 2023

Bibliographical reference:

Spielhofer, T., & Motschnig, R. (2023). Developing Teams by Visualizing Their
Communication Structures in Online Meetings. Multimodal Technologies and
Interaction, 7(10), 100. https://doi.org/10.3390/mti7100100

Contributions:

Conceptualization, T.S.; methodology, T.S. and R.M.; software, T.S.; validation, T.S. and
R.M.; formal analysis, T.S.; investigation, T.S.; resources, T.S. and R.M.; data curation,
T.S.; writing—original draft preparation, T.S.; writing—review and editing, R.M.;
visualization, T.S.; supervision, R.M.; project administration, T.S.

Summary:

This paper lays the groundwork for the research related to the DSC framework. It
introduces the idea that communication patterns in online video conferences can be
measured and visualized to the benefit of the teams who regularly collaborate online. It
draws on systemic communication theory, foremost the work of Watzlawick et al. to
illustrate the relevance of understanding communication patterns for teams. Based on
this, it introduces a way to operationalize and measure communication patterns in video
conferences. Itthen shows different ways to visualize these communication patterns,
how to assemble them into a communication report and embed them in a team
coaching process. This team coaching process is framed as a systemic-constructivist
coaching process based on the work of Steve DeShazer and others. The paper further
elaborates how a communication report can be used as an outside perspective on team
communication. This is put in line with the epistemological understanding of DeShazer,
based on Wittgenstein’s work, that the meaning given to any insight is the result of a
conversational team process. Following that approach, the DSC, as introduced here,
uses the communication report as one additional perspective on communication,
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based on metadata rather than on subjective views, for the team. It is offered as a
chance for the team to discern for themselves what they might have previously been
oblivious to and draw conclusions from it as they see fit at that point in time in that given
context.

One section of the paper addresses how interaction in online video conferences can be
used to infer a social network analysis that reflects the interaction of the participating
team members. This undertaking is situated within the decades-long discourse on the
meaning and significance of various SNA metrics, as discussed by mathematicians,
sociologists, and other experts. Following that rich source of knowledge, definitions for
centrality and relation are proposed for teams that collaborate via video conferences.
The mathematical formulas for these definitions are presented and algorithms to
measure them are described. The ability to have a quantified view on team positions and
relationships based on the interaction in online meetings opens additional possibilities.
For one, it allows to enrich the communication report by sociogram-like diagrams.
Furthermore, it allows for a triangulation in the research design. In this case, it is used to
compare the inner view of the team on relationships and team positions with the
metrics for relations and centralities of the SNA.

Following the theoretical part, three case studies featuring the DSC are presented. The
methods sections describe the setup of these case studies, and how convergent
conclusions can be derived due to the replication logic they follow. It elaborates how
qualitative findings are drawn from the questionnaires of team members after each
DSC. It further shows how the quantitative and qualitative findings are combined in a
mixed method approach to strengthen the robustness of the cases studies.

The results show that the three teams covered in the case had different focuses and
findings in their DSC sessions:

e Case 1: Ateam of four had a leader who had most of the airtime and handled
most interactions, especially with one other person in the team. The team
recognized this dynamic and proposed including quieter members more actively.

¢ Case 2: Another four-person team showed balanced airtime and high interaction,
particularly from the moderator. The team appreciated open communication and
proposed improving efficiency and involving less-active members.

e Case 3: Alarge 19-member team displayed a hierarchical pattern dominated by a
supervisor and moderator. Most communication flowed through these roles, with
peripheral members minimally involved. This created substantial food for the
discussions in the DSC. Suggestions taken from this reflection included
balancing airtime and better integrating latecomers into the discussion flow.

The initial evaluation presented in this paper indicates that DSC-like coaching
approaches, as a novel way of online team coaching, have the potential for leveraging
digital tools in fostering team development in virtual environments. The research shows
the benefit of visualizing communication for improving online team dynamics. It opens
pathways for exploring advanced applications, such as measuring the predictors of
group intelligence.
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6.2 Paper 2: Digitally supported coaching and its application to
developing self-organizing teams

Authors:
Thomas Spielhofer (T.S.), Renate Motschnig (R.M.)

Status:
Published

Published In:
Human-Intelligent Systems Integration, Volume 6, (2024)

Bibliographical reference:
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developing self-organizing teams. Human-Intelligent Systems Integration, 6, 91-101.
https://doi.org/10.1007/s42454-024-00056-6

Contributions:

Conceptualization, T.S.; methodology, T.S. and R.M.; software, T.S.; validation, T.S. and
R.M.; formal analysis, T.S.; investigation, T.S.; resources, T.S. and R.M.; data curation,
T.S.; writing—original draft preparation, T.S.; writing—review and editing, R.M.;
visualization, T.S.; supervision, R.M.; project administration, T.S.

Summary:

The research covered in this paper examines how and to what effect the DSC can be
applied to self-organized teams that collaborate online -further referred to as self-
organized online teams (SOOTSs). It features the case-study of a self-organized team that
leads a non-profit organization. This team differs from the case studies presented in
paper 1, as there is no hierarchical leadership, neither within the team itself nor in the
organization that it is part of. In this context, the focus of the research was on
communication patterns that can shed a helpful light on the particularities of self-
organization. There is broad discourse on communication and leadership in non-
hierarchic social systems. They range from the visions of new forms of self-governance
in society as introduced in sociocracy (Czekaj et al., 2020; Ward, 1892) through ideas of
organizational designs for commercial companies in Holocracy (Robertson, 2015) to the
idea of self-organized learning as a new educational paradigm (Harri-Augstein &
Thomas, 2008). It was also named a core principle in agile software development,
stating that “the best architectures, requirements, and designs emerge from self-
organizing teams.” (https://agilemanifesto.org/). This research examines the potential of
the DSC in bringing a new perspective to the discussion on how self-organization can
work in practical day-to-day life. A perspective thatis not only based on than on
subjective views but also uses communication metadata. Given this context, questions
regarding leadership were of particular interest of this case-study. The DSC can
contribute here by visualizing certain aspects of leadership in meetings, that for
instance reflect who is moderating the communication process and how centralities of
team members evolve over time.
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The research questions were:

1.1 What can SOOTs learn through the reflection of their communication structure
during a DSC?

1.2. What can SOOQOTs learn about their roles within a team with the help of DSC?
1.3 What can SOOTs learn about their moderation with the help of DSC?

The method section of the paper elaborates how the case study was set up. Two sources
of evidence were used: The quantitative metadata of the communication on one hand
and the subjective views of the participants on the other. The latter was gathered by
means of a questionnaire at the end of the coaching session, after they had seen and
reflected upon the communication report. The answers to the questionnaires were then
processed using reflexive thematic analysis. In this case, two different phases of the
team collaboration were examined: three meetings that took place in 2023, and one
meeting that took place in 2021. Accordingly, the team coaching session was conducted
in two parts covering the different phases.

The data of the meetings in 2023 show a high variance in relative speaking times and
interactions. A fact that was also discerned by the team members in their reflection in
the DSC. Coherently, the social network analysis shows, that there is no single person
that continuously has the highest centrality throughout all meetings. Instead, in each
meeting there was a different person at the centre of the communication flow. This was
further underlined by the SNA, showing that there was always only one person that had
dense interactions with all other team members. This leads to the hypothesis that while
there was always a clearly distinguishable leader in every meeting, this leadership role
was not fixed to one person within the time period observed. Instead, leadership seems
to have switched between persons, depending on the context of the meeting.
Understanding these context factors would be a valuable aim for further research. Is it
rather the meeting agenda or social factors, or a combination of both, that determine
which team member takes the lead?

There were other findings of the teams, including the surprisingly precise balance of
airtime by two specific team members across all meetings in 2023. No matter what the
topics of a meeting was, each of the two took quite precisely 25% of the overall speaking
time. This served as a basis to reflect what led to this stable pattern. To this avail, group
dynamic models were used to from hypotheses whether this could be a strive for team
positions (Schindler, 1957) and/or two different value areas represented by the two team
members seeking to have their adequate recognition by the team (Sparrer, 2009).

This case shows the potential for self-organized teams to learn about certain aspects in
their communication by reflecting upon their communication patterns. In this context,
the DSC particularly proved as a helpful basis to reflect meeting moderation and
leadership as well as team positions. Further research could show whether there are
meta-patterns that distinguish self-organized from hierarchically led teams.
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6.3 Paper 3: Using digitally supported communication analysis to
facilitate constructive discourse in educational courses

Authors:
Thomas Spielhofer (T.S.), David Haselberger (D.H.)

Status:
Published
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original draft preparation, T.S.; writing—review and editing, D.H.; visualization, T.S.; final
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Summary:

This paper pursues the question how student team communication can be facilitated in
online learning contexts by digitally supporting them in reflecting their communication
patterns. The communication report of the DSC is used in a different context (a
university course) and a different manner than in papers 1 and 2: Two groups of students
participated in controversial discussions that were held via online video conferences.
The discussions were recorded with the consent of all participants. The groups had the
chance to then reflect their conversations in two phases: First without and then with the
help of the communication report. This research design, featuring reflection in two
separate steps, allows to show what additional insights groups can gain from studying
the communication report on top of the insights coming from a traditional coaching
process. To make a realistic assessment, the first reflection aimed to provide a well-
conceived traditional team coaching setting featuring a variety of established
techniques. This included viewing the video recording and combining the internal views
of the participants with input of outside observers.

In specific, the following research questions were examined:
RQ1: How can student team communication be facilitated in university online learning
contexts by reflecting their communication patterns?
RQ1.1: How can constructive communication patterns be discerned in
controversial online group discussions held via video conferences?
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RQ1.2: how can visualizing intra-group communication help to recognize helpful
and less helpful aspects in controversial online group discussions held via video
conferences?

To increase the likeliness of a controversial discussion and therefore provide more food
for the subsequent reflection process, each group was formed by selecting participants
of opposite sides of the opinion spectrum. Each of the two discussions was silently
observed (but not moderated) by a university lector, who had the camera turned off and
the microphone muted. Each lector also facilitated the subsequent group reflection he
monitored. To prepare for this reflection (which was held onsite), the two lecturers
reviewed both videos. An interaction sequence that appeared significant to both
researchers from a group dynamics perspective was selected for further detailed
analysis. The purpose was to form hypotheses regarding the intentions, motivations and
reciprocal reactions of the group members. This discussion among the lecturers helped
to further understand the group processes and prepare adequate questions and other
interventions for the team reflection.

The method section of the paper describes the scientific approach: The quantitative
metadata of the online discussions formed the basis for the communication report. In
this research setting, the report was used as a tool to provide additional insights for the
team reflection. These insights were collected as answers to the coaching questionsin
the team coaching process and stuck on a board, thus making them visible to all group
members. They were then documented and analyzed using reflexive thematic analysis
by the researchers. This composed the qualitative part of the research. Answers to the
research questions were found by comparing the results of the reflexive thematic
analysis of phases 1 and 2. So in this research design, the quantitative data served as a
basis for coaching phase 2. The research findings were deducted from the qualitative
analysis.

The results showed that that several aspects of the discussion were only discerned by
the team members in phase 2 of the reflection, upon viewing the communication report.
This included insights regarding the overall team communication, such as the
detrimental impact of long monologues to fruitful team discussions. Furthermore, the
value of a (self-chosen) moderator and the stimulating effect of an introductory round
where everyone has the floor for an initial statement were noted. Insights also
concerned individual behaviour, for instance expressing that viewing the
communication report “changes the perception of one owns behaviour in the
discussion”.

The communication report was also a fruitful discussion ground for one group where a
group dynamic of a storming-like pattern occurred. The communication sequence
diagram clearly showed drastic shifts in the communication during the meeting. This
was discussed in the reflection leading to several insights: The group appreciated the
value of a person taking a position that is strongly contrary to the rest of the group. It
recognized how that energized the group discussion. But the group also acknowledged
the downside of such an open omega role (Schindler, 1957), in so far, as this person
became dominant to the discussion and others remained silent.
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Based on these results, the paper concludes that viewing the communication report
made a difference that made a difference for the reflection process in this educational
setting. It could be insightful to monitor the group dynamics of student teams over
several meetings with the help of the communication report in further research. That
way, it could be assessed how regular digitally supported reflection can potentially
improve collaboration in educational formats that feature longer-standing teams.
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Summary:

This paper turns to the question on how communication metadata of team collaboration
in video conferences can be visualized in a way to effectively support team reflection.
More specifically, it examines structural visualizations of communications, as are used
by the DSC. It strives to propose an initial set of criteria for creating helpful visualizations
of communication for teams that are (at least partly) collaborating online. It is based
both on general guidelines taken from previous work, and findings specific to digitally
supported team coaching gathered from participatory design science research. This
research was conducted with six case studies, partly using the same online meetings
that were featured in previous publications but with different data, specifically collected
for this research.

Insights on how structural metainformation on team communication can be visualized
was found in various sources. Most fundamentally in Ludwig Wittgenstein’s early work,
the Tractatus Logico Philosophicus (Wittgenstein, 2014), in which he attempted no less
than an epistemological framework for describing the world. Even though he
acknowledged that this attempt necessarily had to fail in the absoluteness of its
aspiration, he points out, that it is in this very failure where advancement of
understanding can be found in his so-called Ladder Metaphor (“Leitermetapher”). One
of the lasting elements that Wittgenstein provided us with is his Picture Theory of
Language (“Abbildtheorie der Sprache”). It sets fundamental criteria that any visual
representation should comply with to compose an accurate reflection of real-world
phenomena. Following these thoughts can help in finding a form of visualization that
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preserves the real-world structure it seeks to represent. Guidelines more pertinent to
this research were found in the often-cited works for data visualization such as (Tufte &
Graves-Morris, 2014) and (Kirk, 2019). Given the richness of information inherentto a
one-hour meeting between human beings, guidelines on how to visualize complex data
structures were of particular interest. These works (and others) formed one source for
the criteria for visualizing communication metadata.

The second source was the feedback to the visualizations given by participants of DSC
sessions. This input was gathered as part of the participatory design science research,
aiming to learn about and improve the visualizations involving beneficiaries of the DSC.
The artifacts investigated in this research were the diagrams that composed the
communication report. As these artifacts were both complex and innovative, case
studies were chosen as a method to provide a mean for in-depth analysis. Six case
studies from different organizational contexts were selected. Of these, three worked in
hierarchical organizations, the other three were self-organized teams. The visualizations
were evaluated using questionnaires that were filled out anonymously by the team
members after the DSC team coaching. The questions were designed to assess which of
the four visualization types the communication report features was considered to be
most helpful. Furthermore, it was asked what changes could be made to improve the
diagrams from the perspective of their users.

The results showed that the perceived value of each diagram strongly varied with the
team members and their context. Each diagram was rated highly by some teams and
less highly by others. In their combination, they were found to be helpful both on group
level and for the reflection of individual behaviour. The most complex diagram in terms
of information and structure is the “the pattern in interaction diagram”. It has the
potential to show patterns in the social network over the course of several meetings.
This diagram was significantly considered as more helpful by self-organized than by
hierarchically led teams. This led rise to the hypothesis that this sociogram-like
visualization is of special interest to self-organizing teams, as their leadership is strongly
subject to a group-dynamic process. Therefore, information that helps to reflect this
process might be of particular value to any team that has no defined formal leader.

These findings indicate that it does make sense to provide a variety of different views on
communication in reports used for team coaching. Each visualization can represent
different aspects of communication, such as the rhythm of communication or the roles
and interactions of the team members. That way the innate complexity of
communication can be mastered by looking at communication from different
perspectives. Complexity can also be found in the variety of social contexts in which
these reports may be used as well as the individual personalities and knowledge of the
recipients. Therefore, another key finding of the paper is that the process of conveying
the report to the recipients should be tailored to the organizational context and the
previous knowledge and needs of the respective participants.
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Summary:

This paper was the first research done in this doctoral thesis. It means to explore helpful
frames for online collaboration before researching tools and processes as was done in
the subsequent papers. In specific, paper 5 examines what kind of framework can be
helpful to support online learning in university courses. It sets a particular focus on the
social level of learning, as this is bound to suffer when teaching is moved from onsite to
online formats. An effect that many experienced in the wake of the Covid-pandemic in
the year 2020, the time-period in which this research was conducted. It applies the
ideas of self-organized learning, a concept that stems from the 1970s, to the context of
undergraduate university teaching in online video conferences. This approach follows
the underlying assumption that self-organized learning, with a high degree of student
interaction in different group-settings, has the potential to provide fruitful grounds for
the social fabric to develop. An assumption that is based on research conducted from
the 1970s to the present (Coombs & Smith, 1998; Harri-Augstein & Thomas, 2008;
Hulshult, 2019; Magana et al., 2018). The research goal was to find out how a university
course can be framed to support such self-organized-online-learning (SOOL).

The research questions were:
RQ1: How can a university course be arranged to support self-organized online learning
(SOO0L)?
RQ1.1: What are the relevant factors in the frame of the course to enable SOOL?
RQ1.2: What infrastructure is necessary for successful SOOL?
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The case was composed by a university course with 38 students. This course was
conducted by adapting a gamification format that relies on self-organized team-work to
this context: the epic bedtime story (https://tastycupcakes.org/2014/06/epic-bedtime-
story/). A game that is designed to let teams work together on a common outcome, in
case of this university course a document on one of the topics of the course. To achieve
this result, students need to collaborate within their teams as well as in between teams.
It for instance requires clarification of roles and how to divide work within teams. It also
needs alignment between teams on overall aspects to provide coherent content
throughout the chapters and a consistent styleguide. The researchers and authors of the
paper transposed the game to an online format to make it suitable for teaching based on
video conferences.

The container-differences-exchange (CDE) model (Eoyang, 2012) served as further
guidance on how self-organized work could be framed. In combination with other
research, it provided an understanding what was important in the role of the lectors
facilitating SOOL. This, among other things, included providing a suitable balance of
different communication settings: working in teams in breakout sessions, where the
teams can iteratively evolve their results, as well as communication between the teams.

The students’ experience was then evaluated. Students were invited to give individual
feedback on their perceptions of this time-constrained online teamwork. questionnaires
were sent to the students, which were answered by 36 out of the 38 students. The seven
questions asked included scaling questions to assess how well this format enabled
students to learn the content of the course as well as getting to know the other students.
Further questions focused on certain aspects, such as video conferencing infrastructure
or what helped and hindered the students in their collaboration.

The answers to the questionnaire were then aggregated using summative qualitative
content analysis. A code book was created based on thematic categories, featuring the
codes, their counts as well as anchor examples. The code book was iteratively refined by
the authors, and the reports were coded accordingly. This resulted in 91 codes, of which
29 had more than one occurrence and 127 subcodes.

The answers to the scaling question “how well did the way we worked together in these
two sessions enable you to learn about the content of the course?” from 1 (worst) to 10
(best) resulted in a median of 8. The other scaling question “how well did the way we
worked together in these two sessions enable you to better get to know your fellow
students?” also resulted in a median of 8. This indicated that the learning format met its
targets. The other questions provided specific hints on what mattered for the students
most in finding a suitable learning environment. The most often mentioned answers
related to breakout rooms being helpful in getting to know one another. Others
emphasised the need for clear assignments or to consequently have the cameras of all
participants turned on in group work.

Based on these results and the students’ strong participation throughout the course, the
paper sees clear indication that this format can be helpful to learn course contents in
online university settings. Even more noteworthy is the high appreciation of the ability of
this format to facilitate social contact making among students. The paper concludes by
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stating the key factors to create a successful SOOL course based on these findings. They
include an adequate communication design to allow for a well-balanced discussion
flow and the selection of a suitable gamification approach. This should allow both for
continuity in the teamwork in breakout sessions, as well as repeatedly providing room
for communication in between teams.
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7 Discussion

The following subchapters show the convergent findings of the 5 papers. They are
structured according to the three research objectives of this doctoral thesis followed by
considerations on their overall impact and effect.

7.1 Learning from communication patterns with the help of ICT

Regarding research objective 1 “How do ICT tools and processes have to be constructed
to effectively help teams to improve their communication by reflecting their
communication patterns?” the accumulated research presented in this doctoral thesis
finds insights regarding different aspects in different contexts.

Paper 1 shows the concrete findings three teams in the context of commercial
organizations had by using the DSC. The team in case 1 for instance quicky recognized
that most interaction was carried out through their leader with a strong interplay
between him and participant 1. Participant 3 was seen as less involved, and she
considered herself as “careful to interfere”. These findings were consistent with the
outcome of the social network analysis, in particular the centralities and the weight of
the relations. The findings for improvements derived from that included social aspects,
like bringing a certain person more into play, striving for more balanced airtimes as a
moderator, as well as practical issues like preparing an agenda prior to the meeting or
focusing on topics that are relevant to all participants.

Case 3 seems particularly noteworthy from an outside observer’s perspective. This case
covered a DSC process with a team of 19 senior managers, all of them experienced
members of the company. In the three observed meetings only two roles were of
continuous relevance to conveying information, participating in discussions and making
decisions: The supervisor and the moderator. Together, they consumed around two
thirds of the overall airtime in every meeting. Furthermore, the highest level of
interactions was between these two. This was confirmed by the SNA, showing that the
strongest relation was between moderator and supervisor, being more than 50%
stronger than the second strongest relation in the group. These facts were conveyed to
the team by the interaction diagrams as part of the DSC. From the observer’s
perspective, this first led to consternation followed by a heated discussion. Outcomes
of this discussion were, among others, for the moderator to take “more care to have
balanced airtimes”.

Insights regarding research objective 1 were also gained in paper 1 when looking for
differences across teams. Cases 1 and 2 both covered teams of Austrian startup
companies with 4 persons. Comparing the communication reports of these teams
reveals structural differences in the teams’ communication. As the quantitative data
shows, team 1 had one dominant speaker with more than 50% speaking time in every
meeting. Speaking time in team 2 was more balanced, with an overall number of
interactions seven times as high as inteam 1. This is a difference, that is likely to affect
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group intelligence. As previous research shows, collective intelligence in groups is
strongly correlated with balanced communication (Duhigg, 2016; Woolley et al., 2010).

Paper 2 explores the same research objective in a self-organized context. In the case
study covered here, many of the teams’ insights were related to their group dynamics.
They for instance reflected upon the surprising balance of communication in terms of
airtime between two participants. A balance that was continuously held with
astonishing precision throughout different meetings covering different topics. That
raised the question what kept this pattern alive. A question that was pursued by the
team finding their answers as part of the DSC. This example shows that the
communication report can inspire relevant discussions on group dynamic level.

Paper 3 examines how team communication can be improved in educational context
through the reflection of communication patterns. This research compared the
outcomes of conventional coaching and the subsequent DSC. The convergent findings
of the two case studies were that several aspects of the discussion were only noted by
the team after viewing the communication report. This for instance included the insight
that long discussions are detrimental to the discussion flow. It also included insights
regarding the social structure of the group, such as identifying a group within the group
thatis interacting a lot and other participants who are mostly standing on the side-line.

Paper 4 approaches the question how ICT tools need to be constructed from the
perspective of designing the visual artifacts. Results firstly showed that all four diagram
types were valued for the purpose of reflecting their collaboration by some of the teams.
Secondly, that teams in different contexts rated the value of diagram types quite
differently. A tendency among the six case studies showed self-organized teams
appreciating the sociogram-like interaction diagram far more highly than hierarchically
led teams. This particularly occurs when the Interaction Diagrams of several meetings
are shown beside one another. This so-called Patterns in Interaction Diagram was given
an average of 47% of the votes for being the most helpful diagram by self-organized
teams. In comparison, this diagram type was given only an average of 27% of votes by
hierarchically led teams. Together with the findings of paper 2, this gives rise to the
believe that these sociogram-like visualizations are particularly helpful in discerning
patterns regarding (informal) leadership.

These results indicate that (organizational as well as individual) context play a significant
role in how visual artifacts are perceived. Paper 4 therefore advocates to provide a
variety of communication visualizations for the purpose of reflecting team collaboration.
It also recommends to custom-tailor the process in which these artifacts are conveyed
to the respective social context. In this, the paper appreciates the richness and
complexity of human communication. Following previous research (Kirk, 2019), it
encourages to not shy away from the complexity some diagram types might impose on
some recipients (from their perspective). Because this might be the very diagram type
that is most useful to others. Instead, the team coaching process should take context
factors such as the hierarchy of an organization or the individual prior knowledge of the
participants into consideration. That way, adequate emphasis can be put on explaining
the background and meaning of diagrams in each context.
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7.2 Learning about roles and leadership

Regarding research objective 2, “How can teams learn about their team positions and
about their leadership by reflecting their communication patterns in a digitally
supported team coaching process?” papers 1, 2 and 3 provided meaningful insights.

The third case in paper 1 showed that communication patterns in a team can prevail
even when the moderation role switches from one person to another: The same distinct
communication pattern occurred in separate meetings with different persons serving as
moderator. In every meeting, having an average of 11 senior managers as participants,
moderator and supervisor jointly had more than half of the airtime. Furthermore, the
main interaction was between the two of them. The visualization of this pattern in the
communication report also shows in striking clarity that the moderation pattern appears
to be independent from the individual personality who acts in this role. An aspect that is
in line with Luhmann’s organizational system theory (Luhmann, 1978).

Paper 2 examines what SOOTs can learn about their roles within a team with the help of
DSC. The results show that meeting moderation was a recurring topic. When asking
what team members noticed about their roles, one theme was “Moderation role
changes as reflected in the communication report”. This switch of role between persons,
was keenly discussed in the reflection part of the DSC, as the thematic content analysis
shows. Apparently, this was an important subject for the team. It formed two out of three
themes in answering the question what could improve the teams’ collaboration: Firstly,
to keep the habit of rotating the moderation role and secondly, to define this role more
clearly. This supports the hypothesis that leadership can be associated with
moderation, particularly in self-organized teams. In absence of a formal captain at the
helm, this could be the most apparent form of leadership in a self-organized-online-
team: to steer the discussion process.

Paper 3 examined a self-organized group setting as well, this time in an educational
context. Case 1 showed that studying the communication report can help in reflecting
one’s own role in the process. One theme of the qualitative analysis stated that “one’s
own speaking behaviour (length, concise style, degree of participation) becomes overt”.
Another, being more specific, pointed out that “long monologues are detrimental to the
discussion flow”.

Case 2 showed the impact a “game maker” (as one participant termed it) can have on
the discussion: A participant that takes most of the airtime in some phases of the
discussions. The group emphasised this when studying the visualizations of airtime
distribution and interaction diagram. In their refection, they found both the upsides and
downsides such a “game maker” can have on the group discussion: On one hand the
value of taking a position contrary to the group consensus and expressing this opinion
openly and vehemently; On the other hand, that such behaviour contributed to others
staying more passive. Furthermore, the group in case 2 appreciated the value of the
(self-instated) moderator. “Moderator ensures flow of discussion”, occurred as one
theme. They also recognized the importance of the moderator staying neutral. From an
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outside perspective it comes as no surprise that a moderator is particularly appreciated
in heated discussions, as case 2 apparently was. And that it was of less concern to the
group in case 1.

Most noteworthy in the light of the research objective seems the fact that all these
insights in paper 3 were only found after studying the communication report. The prior
sessions of reliving the discussion by viewing the video and reflecting it with the help of a
facilitator and external observers did not yield such results in either of the cases. This
shows the difference such a communication report as part of a structured coaching
session can make in effectively reflecting roleplay in educational group work.

Following the concept of SNA as defined by Huber & Froehlich (2020), the convergent
findings of these papers can be clustered into a structural and individual level:

1) Aspects of the structural level, referring to the roleplay of the entire group. For
instance:

1. The interplay between supervisor and moderator. The strong dominance of
the axis of moderator and boss in the jour fixe of a management team. Out of 19
persons, of which 11 attended on average, they managed to keep most of the
airtime to themselves. Studying the interaction and communication sequence
diagrams, the team could quickly discern that the moderator mostly interacted
with the supervisor. Following this insight, the team also found ideas how to
mitigate this dominance.

2. The interplay of informal roles in self-organized teams. The balance of airtime
between persons, who each represent different (informal) roles within a self-
organized team. Resulting into a reflection what each of these roles stand for and
why they keep each other’s presence in the team meetings at bay.

3. Therole of an omega in teams. For example, a game-maker (as the team called
in the reflection) in a controversial discussion among students. When reflecting
the communication report, the group exchanged their thoughts regarding the
effect of this role.

4. Moderation. Identifying and reflecting moderator roles was a relevant topic in
several cases.

Il) The individual level, particularly including:

e The function a person has for the group. In case 2 of paper 1 for instance the
team found that one person “acts like a hub between different people with
different areas of responsibility”.

e The effect of one’s own behaviour on a group discussion. This for instance
includes the finding of group 1 in paper 3 that long monologues are detrimental to
the discussion flow.

We can therefore see the ability of a DSC-like framework to identify relevant aspects of
roleplay both on group and individual level as a main convergent finding of the twelve
case studies. Apparently, and perhaps not surprisingly, the pattern in interaction
diagram serves as a particular good basis for reflection regarding roles. It is inspired by
the sociogram created by Moreno (1941), which by now has more than 80 years of
tradition in the analysis of team positions as well as in different coaching formats. Itis
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also worth noting that, as far as can be concluded from six of the case studies presented
here, self-organized teams value this diagram type more than hierarchically led teams
do. Given that SOOTs do not have a formal leadership, it does not seem far-fetched to
surmise that they are particularly focused on understanding their informal leadership
dynamics. This is supported by the themes of the DSC discussions in paper 2 and the
rating of visualization types in paper 4.

7.3 Supporting self-organized online learning

Research objective 3 focuses on the necessary criteria for a university course to support
self-organized online learning.

Paper 3 pursues this question with focus on reflecting and learning from students’ group
work. In specific, this research examines how their collaboration can benefit from
reflecting their communication patterns. The cases examined here cover group
discussions in a self-organized online learning setting. In these cases, group
discussions that were reflected with the help of the communication report as part of a
DSC specially tailored for this context. The results show that students found meaningful
insights in both case studies, both on group and individual level. This is an indication
that digitally supported coaching is one effective way to support regular reflection in
student-teams to improve collaboration.

Paper 5 examines this research objective by asking what kind of frame can be helpful to
support online learning in university courses. The gamification approach examined in
this case study allowed learning in small groups as well as interactions between these
groups. The evaluation showed promising feedback to this approach. The answers to the
scaling questions “how well did the way we worked together in these two sessions
enable you to learn about the content of the course?” and “how well did the way we
worked together in these two sessions enable you to better get to know your fellow
students?” both resulted in a median of 8 (1 being worst and 10 being best). These
results indicate that the approach presented here can be an adequate frame for online
teaching. This goes for university courses having too many participants to workin a
single group the entire time, as evaluated here.

The potentially most relevant finding of this research might be the high ability of this
format to facilitate social contact making among students. Given the shortcomings of
online collaboration mentioned in the introduction, this might be an approach worth
pursuing in learning environments where personal attendance is difficult.

7.4 Impact and effects

This research shows technology enhanced ways to improve online collaboration of
teams collaborating in video conferences. It further shows the potential of analyzing and
visualizing metadata to use it as basis for reflection and improvement of the online
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collaboration of teams. The altogether twelve case studies examining the DSC in
different contexts with different research designs lead to several convergent findings:
First of all, that a communication report, in reflecting the structure of communication
based on quantitative metadata, can inspire meaningful discussions about team
collaboration. Secondly, that these discussions have the potential to yield tangible
findings both on group and on individual level. That indicates that, as the research
proposition suggests, discerning communication patterns in ateam can help the team
to improve their communication. This can also be relevant for team performance, as
previous research has shown that certain communication patterns correlate with
collective intelligence (Duhigg, 2016; Woolley et al., 2010).

The evidence at hand provides indication how ICT tools and processes can be
constructed to achieve such team learnings. The participatory design research
published in paper 4 sheds light on what can be helpfulin conveying communication
patterns through reports from a visualizations point of view. It takes the innate
complexity of human communication into regard and suggests meeting this complexity
with complexity: To provide a bouquet of alternate visualizations, each providing
different views on communication. It also encourages to take time to understand and
prepare for the social context in which a communication report is presented. That way,
the process of explaining the different diagrams and their background can be tailored to
the respective needs. Furthermore, it provides criteria on how to select and structure
visual artefacts. These criteria also help to distinguish what diagram types tend to be
more helpful to self-organized and hierarchically led teams, respectively.

To understand the effect a tool and a process can have on social systems such as
teams, sociopsychology is certainly one relevant perspective. Coming from that view, it
is remarkable what one participantin a DSC said: The report reflects and confirms
feelings team members already had, but which they were too uncertain of to openly
express them in a group. This is coherent with the observations of the DSC facilitators.
We may therefore surmise that a communication report can help to express relevant gut
feeling that might otherwise remain unheard. Transferring the underlying ideas to
Denzin’s Triangulation 2.0 (Denzin, 2012), to coaching, we could say that DSC is a form
of mixed-method team coaching. According to this understanding, the findings in a
coaching that are most worthy to be considered are those, where subjective views of
team members match the quantitative analysis of the metadata.

Another related concept that is helpful to further understand the value a DSC can bring
is the so-called psychological safety. This term was initially introduced by Edgar Schein
and discussed in the (then new field) of organizational psychology (Aram, 1965; Schein,
1980, 2015). It was further refined and evaluated in a multimethod field study by Amy
Edmondson. Edmondson understands psychological safety as a “shared belief held by
members of a team that the team is safe for interpersonal risk taking” (Edmondson,
1999). Psychological safety can be considered as highly relevant for teams and
organizations, not only in term of the well-being of their members, but also in terms of
performance. Google, for instance, found in its project Aristotle that “research on
psychological safety pointed to particular norms that are vital to success” (Duhigg,
2016). Based on this understanding, we may assume that a DSC is the more helpful, the
higher psychological safety in ateam is. Further research could address a potential
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reciprocal effect: In how far the DSC can contribute to increase psychological safety, by
providing safer grounds to express what would have otherwise been unspeakable.

7.5 Limitations

This research was conducted with a limited nhumber of case studies, all taking place in a
Western-dominated culture. The author would be excited about broadening his horizon
by exploring a culturally more diverse setting and its effects in future research.
Furthermore, only two persons have facilitated DSC sessions so far. More research with
different DSC coaches would help to find out more about the potential influence of the
coach and their relationship with the respective team on the participants’ learning
outcomes and social effects.

8 Conclusions

8.1 What we can learn from this research

The convergent findings show that the process used in the DSC led to meaningful
insights in the different contexts examined. Therefore, we can cautiously and with
confidence propose that this process can serve as a good basis for different
applications of digitally supported coaching. Adaptations to different cultural and
organizational contexts would be necessary when applying it. As elaborated in chapter
3.2.5,the DSC is an approach that straightforwardly follows established constructivist-
systemic coaching principles. Following the underlying epistemological principles of
constructivist-systemic coaching, it does not entice participants to regard the
communication reportin the DSC as the reality. Instead, it is regarded as an additional
view on reality. A view that is constructed with a different kind of complexity-reduction
than the one innate to human perception. In this perspective, ICT serves by providing a
complementary feature to a team coaching process. This is in line with the Vienna
Manifesto of Digital Humanism, as the communication report in the DSC strives to
enrich the understanding of team communication, while leaving it to the human beings
involved to decide what to make of it.

Another perspective on how online collaboration can be well supported by ICT is taken
by papers 3 and 5. The convergent findings show the relevance of properly framing
online collaboration in education. A key success factor was the interactive gamification
approach that encouraged self-organized learning. Different communication formats
that were designed to support the workflow were also considered as very helpful by the
students. In addition, the research shows how DSC-like frameworks can be used as a
tool to support the online collaboration of student teams, particularly when analyzing
and learning from heated discussions.
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8.2 Outlook

There are several potentially rewarding avenues to build on and extend this research.
Based on the results of the DSC case studies and the feedback received in the
participatory design research, the following seem particularly promising:

1.

Extend this research. Future studies should expand the sample size, explore
different cultural settings, and assess long-term impacts of the approach.

Team performance. The studies mentioned in chapter 3.2.2 point out that
certain communication patterns correlate with team performance. Research
beyond this thesis could explore how the DSC could contribute to recognizing
and improve performance-relevant aspects in communication.

Team coaching. Providing a quantitative view on the structure of team
communication can be used in further ways to support team coaching. For
example, by helping to make group conformity visible and debatable. Recognizing
even simple facts in groups is typically subject to some degree of group
conformity. This has been shown in psychological studies such as the Asch
experiment (Larsen, 1974). Providing a quantitative, hard to dispute view on the
communication dynamics in the group can make a difference in making this
social phenomenon discernable and debatable. The current version of the
communication report would have to be extended for that purpose.

Supporting online education. The approaches evaluated in paper 3 and 5 only
explore a small set of possibilities how to frame and support online learning at
universities. Further research could explore various tangents on how to adapt this
baseline to different cultural contexts, learning formats, or learning levels of the
students.

Inclusivity of teams. Previous research has shown that “inclusivity promotes
unity (by decreasing modularity), efficiency and robustness” in organizations
(Moore et al., 2021). The research in this study was based on social network
analysis conducted on organizational level. The doctoral thesis presented here,
on the other hand, features an algorithm how to infer a SNA from a video
conference (as published in paper 1). This could be used in further studies to
examine whether the method applied by Moore et al. can be transferred from
organizational to team level. If successful, this could potentially find broad
application, as the SNA of online team meetings is fully automatable, if the
algorithm developed for this thesis is extended accordingly.

Exploring group dynamics. In further research, analyzing roleplay could also be
conducted with additional mixed method approaches: Outside observers could
be included to provide an additional perspective. Providing their subjective
outside observations might be valuable as a third view in the analysis of group
dynamics. Another option would be to use observers trained in critical discourse
analysis or other relevant qualitative methods. This could potentially shed further
light on how social interaction in online team collaboration correlates with the
topics discussed. That way, a more comprehensive view on team communication
can arise, examining both communication levels as defined by Watzlawick et al.
(2011): The content and the relationship levels.
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8.3 Personal conclusions

The author of this doctoral thesis hopes to provide a small contribution on how ICT can
be used in a way that supports collaboration and social cohesion in teams. It comes
from the desire to add to the many ways in which computer science can serve in an
ethically and socially sound way. To do this is personally particularly rewarding at a time
where the Internet is seen by some as fathering social divide and where dystopian
visions occur of how artificial intelligence will drive us into a post-humanistic world.

What better way in such a situation, than to establish a digitally-humanistic alternative,
as some great minds have begun to do. To evaluate possibilities to support human
collaboration in online settings as done in this research intends to further this cause - be
it by using the DSC or by combining standard tools with gamification approaches for
online education. Aspiring to evaluate these ideas in a scientifically prudent way
seemed and seems like the right approach. Particularly at a time where “truth”, as
conveyed by some new forms of media outlets, seems to be increasingly disconnected
from the evidence at hand.

This contribution would have been entirely impossible without the kind and unwavering
support of the people mentioned in the acknowledgements.

We cannot choose the time we live in. All we have to decide is what to do with the time
that is given us.
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11.1 Paper 1: Developing Teams by Visualizing Their Communication
Structures in Online Meetings

This is the published version of the paper by Spielhofer T. & Motschnig R., in Multimodal
Technologies and Interaction, October 19, 2023.

This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license
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Abstract: This research pursues the question of how the computer-generated analysis and visual-
ization of communication can foster collaboration in teams that work together online. The audio
data of regular online video meetings of three different teams were analyzed. Structural information
regarding their communication was visualized in a communication report, and then, discussed with
the teams in so-called digitally supported coaching (DSC) sessions. The aim of the DSC is to improve
team collaboration by discerning helpful and less helpful patterns in the teams’ communication.
This report allows us to recognize individual positions within the teams, as well as communication
structures, such as conversational turn taking, that are relevant for group intelligence, as other
research has shown. The findings pertaining to the team members during the DSC were gathered
via questionnaires. These qualitative data were then matched with the quantitative data derived
from the calls, particularly social network analysis (SNA). The SNA was inferred using the average
number of interactions between the participants as measured in the calls. The qualitative findings
of the teams were then cross-checked with the quantitative analysis. As a result, the assessment of
team members’ roles was highly coherent with the SNA. Furthermore, all teams managed to derive
concrete measures for improving their collaboration based on the reflection in the DSC.

Keywords: online communication; team coaching; visualization

1. Introduction
1.1. Purpose and Approach of This Research

Supporting online collaboration becomes more and more relevant as communication
has significantly shifted from personal to virtual meetings in the wake of the COVID-19 pan-
demic. This has affected professional, educational, and private life. The tool and the method
of digitally supported coaching introduced here aims to improve team online collaboration.
It does so by analyzing and visualizing patterns of communication, such as participants’
interactions as well as the social structure of the team, reflected by the relative positions of
team members. This approach is based on the experience that visualizing communication
patterns and structures can be helpful in understanding team dynamics, as explored in the
field of sociometry [1] The visualization of social interplay to support learning is also a
common concept in some team coaching approaches [2]. The approach presented in this
paper provides a seamless and efficient technique of capturing data through extensions of
the video conferencing tool Zoom™. The generated set of visualization is integrated into a
digitally supported coaching (DSC) scenario. The current paper describes all components
of the DSC along with three case studies aimed to validate our approach and envisage its
further development.

From the viewpoint of Watzlawick’s communication theory, understanding the pat-
terns of communication is key to understanding the underlying social system: “The search
for pattern is the basis for all scientific investigation. Where there is pattern there is

Multimodal Technol. Interact. 2023, 7, 100. https:/ /doi.org/10.3390/mti7100100

https:/ /www.mdpi.com/journal /mti

59



Multimodal Technol. Interact. 2023, 7, 100 20f 16

significance—this epistemological maxim also holds for the study of human interaction” [3].
From this theoretical perspective, it seems worthwhile to use the possibilities of computer
analysis to help detect and visualize patterns in online communication to support the
reflection of team collaboration. The approach examined in this analysis seeks to make
teams more aware of the unwritten rules of their communication by helping them to discern
constructive and less constructive patterns in their communication.

To this avail, the author has developed a tool that analyses recorded online video
meetings and visualizes the communication that took place. Once three to four meetings of
the same kind with the same team have been visualized and compiled into a communica-
tion report, this report is discussed with the team as part of a digitally supported coaching
session. The objective of the DSC is for the team to gain insight into their communication
patterns and to learn how to conduct their meetings more constructively. Conversational
turn taking can be viewed in the interaction and airtime diagrams; the “rhythm” of the
conversation, for instance, whether there are long monologues or dense interactions, can be
seen in the communication sequence diagrams, as Figure 1 illustrates. Qualitative informa-
tion gathered right after each meeting provides insight into which meetings participants
perceived as more constructive or efficient than others.
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Figure 1. Excerpt from a sample communication report.

As illustrated in Figure 1, the interaction diagram shows the number of interactions
between the meeting participants. The interaction data are also used to conduct a social net-
work analysis (SNA) between the players, with each node representing one team member,
and the ties between actors representing the interaction between these team members. The
thickness of the tie represents the number of interactions. This allows us to compute the cen-
trality metric of each team member. The quantitative data form a basis for cross-checking
the internal subjective views of the team members in the DSC, thus providing different
views on team communication: model-based quantitative data and the perceptions of the
team members.

This research investigates to what extent teams can learn from this approach employing
a multiple-case study. The focus is on two aspects of online team collaboration: the roles
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and the interaction within teams. Other aspects of communication and team coaching
could be pursued using this approach in further research.

1.2. Theoretical Foundation

Watzlawick’s communication theory is the foundation for understanding the term
communication pattern and its significance for team communication used in this research.
Watzlawick uses the game of chess as a simile for human communication [3]. An outside
observer, who does not know the game of chess, could deduct the rules by watching a
series of games played. Communication, when seen as interaction between players and
the inherent lawfulness of this interaction, is defined as a stochastic process in this theory.
“Stochastic process refers to the lawfulness inherent of symbols or events”, for instance,
“the patterns of tonal and orchestral elements by a composer”. A stochastic process implies
that in each context, some events are more likely to happen than others. In Mozart’s piano
sonatas, an andante is likely to be followed by an allegro. When a certain team approaches a
decision, it might be that many remain silent while there is intense staccato-like interaction
by two or three people followed by a certain person having the last word. For the purpose
of this research, Watzlawick’s concepts are followed in defining communication patterns
as the inherent lawfulness of interaction within a certain group. It is a lawfulness that we
tend to be oblivious to, as Watzlawick argues: “we are particularly unaware of the rules
being followed in successful, and broken in disturbed, communication”. It is a lawfulness
that can be brought to light by observing the communication of several meetings, as the
first proposition of this research states: discerning communication patterns in a team can
help the team to improve their communication.

Gregory Bateson introduced the idea of metapatterns, which he called symmetrical and
complementary dynamics. A team where members strongly compete would be an example
of a symmetrical communication dynamic. An example of a complementary dynamic
would be team members taking different roles that complement each other. Bateson
argues that either pattern, when taken to the extreme, would lead to the breakdown of the
social system: “On the one hand, various sorts of symmetrical rivalry among individuals
were observed and it was evident that such rivalrous sequences of interaction could be
progressive [i.e., self- reinforcing] and therefore ultimately pathogenic” [4].

Reflecting communication patterns can also be key to improving group intelligence.
As empirical research has shown, the equality of conversational turn taking was the largest
factor in predicting group intelligence [5]. Group intelligence in this research was defined
by the performance groups showed in work-related tasks like brainstorming, judgement,
and planning. Patterns of conversational turn taking are a type of communication pattern
that can be measured by analyzing the interaction between participants without analyzing
the content of what has been spoken.

The team coaching approach followed in the DSC is based on constructivist-systemic
coaching. This approach “encourages incremental changes in terms of small steps toward
the desired position on a particular topic” in seeking to “facilitate movement toward desired
team positions as defined by the team” [6]. Constructivist-systemic coaching has roots in
constructivist therapy [7]. One basic assumption of constructivist therapy is that “reality
arises from consensual linguistic processes” [8]. In this view, the distinction between what
is helpful and what is detrimental to good team communication emerges during the team
discussion when reflecting the communication report. This is incorporated in the second
research proposition: studying their communication patterns can help team members to
learn about their roles and their interactions within a team.

All findings in these team coaching processes are specific to the context of the respec-
tive team. This follows another fundamental assumption of De Shazer, that “the meaning
of words is determined by how they are used by the various participants within a spe-
cific context”. De Shazer shows an understanding of language that is rooted in Ludwig
Wittgenstein’s philosophy as expressed in his later work [9]. Therefore, which communica-
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tion patterns are deduced from a communication report and whether they are considered
helpful is highly context-specific.

2. Related Work

Extensive work exists on the relevance of communication patterns in therapy and
coaching. Here, “questions are formulated to bring forth the ‘patterns that connect’ persons,
objects, actions, perceptions, ideas, feelings, events, beliefs, contexts, etc., in recurrent or
cybernetic circuits” [10].

Sociograms and the value of visualizing social systems were widely explored by J.L.
Moreno [11]. His initial empirical study of a New York School, including the methods
employed there, has become a reference for sociometry until today and has been further
elaborated on [1].

Samrose and colleagues evaluated ways of analyzing and visualizing online video
communication [12]. As early as 2003, Anne Massey analyzed and visualized temporal
patterns in global virtual project teams to explore “the nature of team interaction and
the role of temporal coordination in asynchronously communicating GVPTs” [13]. In
this research, temporal patterns are defined as the flow of interactions over time that
influence communicative, decisional, and interpersonal behaviors in teams. Other research
has covered the graphical analysis of indicators “which measure the intensity of various
aspects of users’ communication activity in periodic manner” [14]. Here, aspects such as
variances in the project activity or differences in users” activity levels were visualized for
the identification of various types of team communication issues, for instance, when a
“user only asks for information but does not provide any”. Research has supported that in
distributed online team work, “synchronous communication encourages social interaction
and expressions of different views” [15].

Various pieces of work exist on the use of social network analysis. As in this research,
some work used SNA as part of a mixed-method approach. Mixed-method approaches
can be defined “as research in which the investigator collects and analyzes data, integrates
the findings, and draws inferences using both qualitative and quantitative approaches or
methods in a single study or a program of inquiry” [16]. The use of SNA in combination
with critical discourse analysis (CDA) in a mixed-method approach was used to explore
the social dynamics in a classroom [17]. Here, CDA and SNA were combined to detect
the change in informal leadership in a group of pupils in a classroom from one person to
another over time. Another mixed-method study was conducted to explore social systems,
aimed at discerning so called guanxi circles in Chinese organizations. Guanxi circles are
“pseudofamilies in a person’s working life and at work usually develop from ego-centered
social networks around one focal person” [18]. A mixed-method approach combining
SNA and Natural Language Processing was used to analyze Massive Open Online Courses
(MOOCs). [19]. Text obtained from the MOOC was analyzed and mapped to social presence
using the theoretical framework of Shea et al. [20], thus creating information regarding the
social position of the students. This was then cross-checked with the results of the SNA,
particularly regarding the in-degree centrality and the authority score.

Research on sociological phenomena that involved digitally measuring human in-
teractions was carried out by Alex Pentland, who called this branch of research social
physics [21]. In his research, Pentland, for instance, found that the “rhythm” of interaction
of the highest-performing teams consisted of “many short contributions rather than a
few long ones” [21]. Pentland further stated that “in studies of more than two dozens of
organizations I have found that interaction patterns typically account for almost half of all
the performance variation between high- and low-performing groups” [21].

3. Research Questions and Propositions

This research pursues the following questions for teams that collaborate online through
video meetings:
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RQ1: What can teams learn about their communication from reflecting upon its visualiza-
tion in interaction diagrams?

RQ1.1: How well can the individual positions of team members be recognized by the team
through this approach?

RQ1.2: How well can the interplay within the team be recognized by the team through this
approach?

This research is based on the following propositions:

1.  Discerning communication patterns in a team can help the team to improve their
communication.

2. Studying a team’s communication patterns can help team members to learn about
their roles and their interactions within a team.

3. Visualizing patterns is a helpful way to convey them to the team.

4. Methods
4.1. Research Design

This research is designed as a multiple-case study following theoretical replication
logic as outlined by Yin [22]: the same research questions are pursued with the same re-
search design for three selected cases. Two of the cases are IT companies of similar size oper-
ating in the same geographical region. One organization is a large international company.

Each case is bound by encompassing a specific group in a specific organizational
context. The sessions recorded are all part of the same online meeting series serving a
specific function for the respective teams, e.g., a weekly jour fixe. The meeting invitees
of all cases remained constant in the period observed, the actual participants per meeting
varied in some instances due to sick leave or other absences.

To increase the construct validity of the study, each case has two sources of evidence:
quantitative and qualitative data.

4.2. Quantitative Data

Quantitative data were obtained through the meeting recordings. The meetings were
conducted using the video conferencing tool Zoom™ (https:/ /zoom.us, accessed on 30
October 2021, Version 5.7). This tool was chosen as it allowed us to store separate audio
files for each participant when recording the meeting. From these audio files, the so-called
diarization of each speaker was derived automatically through the software written for this
research, including the point in time and length of each time this participant spoke in the
meeting. Further (aggregated) data were then automatically calculated by combining the
diarization data of all speakers:

1. The “airtime”: the percentage of speaking time each speaker had overall.
2. The number of times each specific speaker spoke after another speaker (interaction).
3. The sequence of speaking events throughout a meeting.

Point 2, the interaction, serves as the basis for the social network analysis. Interaction
is regarded as one person speaking after another person. It is based on the assumption
that in most cases, the statement of a person represents an “Anschlusskommunikation”—a
communication that is connected to what has been said before. This creates a margin of
error for communications in which statements are not related to one another and therefore
the communication does not represent an interaction. In non-pathological communications,
as researched here, we assume that this is the exception, not the rule, and therefore does
not interfere with the search for communication patterns.

Based on this interaction diagram, a social network analysis was conducted. “The
objective of social network analysis is the description and analysis of relationships between
different actors” [17]. In this study an actor is defined as one person within the team. Actors
are labeled as Py ... P,. “Actors are connected by ties that are determined, for example,
by behavioral or physical interaction” [17]. In this study, one tie represents the number of
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times a person spoke after the other in one specific meeting, and t;1 is the number of times
A spoke after B in meeting 1.

A relation differs from a tie as it reflects a social aspect between two actors that
is relevant to the entire network. It is “the measurement of different ties in an overall
network” [17]. Relations in this study reflect the interaction between two actors over the
course of all observed meetings. They are weighted as follows: the higher the number of
interactions, the higher the weight of the relation. Accordingly, the relation between P; and
P, is defined as: .

_ Yitnttp
Rpp ===—"——
where 1 is the number of meetings that both P; and P, attended.

Based on this, the degree centrality of each team member can be calculated. As the
social network is constructed using a graph with weighted nodes (with the relation R as
described above), the information of the weights can be taken into account when calculating
the centrality measure. As a suitable way to compute degree centrality for social networks
with weighted nodes, the following definition was chosen [23]:

m
S; = Z w,-]-
j=1

where m is the total number of nodes, w is the weighted adjacency matrix, in which w;; is
greater than 0 if node 7 is connected to node j, and the value represents the weight of the tie.

Various alternate definitions for centrality in social networks with weighted nodes
have been proposed. The centrality definition of “the number of nodes that a focal node is
connected to, and the average weight to these nodes adjusted by the tuning parameter [23],
for instance, takes both the weight of the nodes as well as the number of relations an actor
has into account. This can be advantageous when we have a social network with a very
uneven number of relations between its actors. However, this comes at a price: this metric
requires a parameter alpha to balance the relevance of node weight and the number of
relations. This increases the complexity of the metric and requires empirical work to justify
which value to use for alpha in what context. Another approach is to view role positions
based on the number of incoming ties, seeing a prestigious actor as one to whom many
ties are directed [24]. This forms a concept that has been carried on, for instance, to define
centrality in asymmetric networks [25]. Other centrality measures cater to complex social
networks with subgroups [26].

In the current study, which investigates small social networks, the advantages of more
complex metrics do not seem to outweigh their disadvantages. Following the principle
of Occam’s razor, it seems prudent to apply the least complex model and increase the
complexity of the model as more complex problems (in this case, more complex social
networks) are being investigated using this approach.

The quantitative data are also used to create visual representations of the communi-
cation in each meeting. This process is supported by the software, with the interaction
diagram currently being the only one needing manual composition utilizing the automat-
ically generated data. Together, these visual representations compose a communication
report encompassing the following:

1. The airtime, visualized as a pie chart, as illustrated in Figure 1;

2. The number of times each speaker spoke after another speaker, visualized as an
interaction diagram;

3. The sequence of speaking events throughout a meeting, visualized as a sequence
diagram.

4.3. Qualitative Data

Qualitative input data were collected at a digitally supported coaching (DSC) ses-
sion. At this event, the team members met to reflect their communication based on the
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communication report of their meeting series. The DSC was facilitated by an experienced
constructivist-systemic coach.

Upon reflecting on the communication report, the team could exchange different
viewpoints on the overall communication structure. Furthermore, everybody could check
their own feeling against the real data on how involved they were. Communication patterns
could be discerned when viewing the visualization of several meetings side by side. The
team members could then ask themselves which of their patterns were helpful and what
might be worth changing to attain more constructive communication. This reflection
process was structured in the DSC following a uniform agenda.

The DSC followed the same predefined agenda:

1. Introduction.

Going through the report (communication visualizations) of one meeting.
3.  Team members are asked to reflect on:

N

e  The whole “image” that they see in the interaction diagram and the communica-
tion sequence diagram.
Their own communication behavior that they recognize in the visualizations.
Their particular communication behavior, and what (if anything) surprised them.
Furthermore, they were encouraged to share what they derived from what
they saw.

4. Giving an overview of all recorded meetings: airtimes and interaction diagrams.

5. Looking for recurring patterns, following the question “what is typical for our team
communication?”.

6.  Answering of the questionnaire by all meeting participants.

7. Feedback on the report.

8.  Closing.

In point 6 of the DSC, the participants filled out the following questionnaire:

1. What communication patterns did you detect through this report? (things that are
typical for your communication)

What contributed to constructive communication?

What could you as a team change to achieve more constructive communication?
What contributed to efficient communication?

What could you as a team change to achieve more efficient communication?

ISl

The DSC questionnaire was filled out by all DSC participants in cases 1 and 2. In case 3,
only the moderator found the time to fill out the questionnaire. This case is nevertheless
used in this study as its other data are fully available and provide relevant findings.

These qualitative data reflect what insights were obtained by the participants during
the digitally supported coaching. Researching question 1, the results of the questionnaire
are used to see what teams can learn about their communication through this team coaching
approach. The sentences of the questionnaire served as coding units. They were analyzed
through a reflexive thematic analysis as outlined by Braun and Clarke [27]. Codes were
formed inductively as recommended by Mayring [28], and recurring themes were identi-
fied.

4.4. Mixing the Methods

In this research, qualitative and quantitative data represent two sources of evidence.
Each reflects the communication that took place in the meeting series in a different way.
The social network analysis represents the metrics that can be inferred from the actual
speaking times. The qualitative information obtained from the questionnaires is used to
find out what the participants learned from the DSC as defined in research questions 1.1
and 1.2. These data represent the subjective perspectives of the participants: what they see
and consider noteworthy in the visualizations of the communication they find in the report
after having discussed it with the other team members.
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To answer research questions 1.1 and 1.2 the qualitative data were cross-checked with
the metrics of the social network analysis (which had not been disclosed in the DSC) to see
what similarities and differences the qualitative findings and the quantitative metrics hold.
Regarding RQ 1.1, the degree centrality, as a quantitative measure to assess the centrality
of a person with the team, was compared with what the team members expressed in the
questionnaires. This way, it could be assessed to what extent the insights team members
gained regarding their role within the team matched with the SNA. Regarding RQ 1.2,
the measure of the weight of relations was compared with the internal view of the team
regarding the intensity of their interactions. This way, the results of the qualitative analysis
regarding team interactions could be compared with the results of the quantitative analysis.

4.5. Participant Recruitment

The organizations participating in this research were chosen because they had previous
contact with the author in his work as organizational consultants or through academic
cooperation with the author or the author’s colleagues. All organizations who were willing
and had resources to participate at that point in time were included in this research. Before
starting the research, all members of the participating teams were informed about the
research and how the data would be anonymously used for research purposes. They were
then asked for their consent to participate under these terms. All members of the three
teams agreed.

5. Results
5.1. Case 1
5.1.1. Team and Meeting Series

The team in case 1 consists of four team members, two men and two women. They
meet every week for one hour online in their weekly jour fixe. The jour fixe is of the
operative kind, supported by quantitative data as input prepared prior to the meeting. The
team is part of a company of around 100 people. Team member P2 could not participate in
the DSC; therefore, answers to the questionnaire are only available from P1, P3, and P4.

5.1.2. Analysis of the Roles and Interactions within the Team

The team viewed the communication report, including the airtime and interaction
diagrams of four meetings beside one another, as shown in Figure 2. This graphic is
specifically designed so that teams can detect patterns in their communication more easily.
After the reflection of the communication report, the team members regarded P4 as the
person leading the meeting, as the qualitative analysis shown in Table 1 indicates. This is
coherent with the social network analysis, where P4 turns out to have the highest degree
centrality, as Table 2 shows. One theme of the analysis stated that interaction mainly ran
through the meeting leader, and another theme more specifically pointed out that the
highest interaction was between P1 and P4. This is coherent with the SNA, where the
most intense relation is between P4 and P1, followed by P4 and P2, as Table 3 shows. The
participants nonetheless regarded their communication as “balanced and at eye-level”, as
the qualitative analysis shows.

The team further reflected on the strong centrality of their leader, when asked what
could contribute to achieving more constructive communication. One theme stated that
“More interaction between participants apart from P1” would be helpful, and another
found that P3 could be more involved. This reflects the current situation, where P3 has the
lowest airtime and the lowest degree centrality, as the SNA shows.
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Figure 2. Airtimes and interaction diagrams of four meetings in case 1.

Table 1. Results of the thematic analysis of the three questions in the questionnaire in case 1.

What Communication Patterns Did You
Detect through This Report?

What Contributed to Constructive
Communication?

What Could You as a Team Change to
Achieve More Constructive
Communication?

P4 leads the meeting

Clear roles

Pay attention to topics other than
one’s own

Meetings are structured

Communication was balanced and at
eye-level

Give the team more time to add topics

Interaction mainly takes place between
P1 and P4

Everybody was involved (even if the
parts have a different weighting)

P3 could be more involved in the meeting

Interaction mainly runs through P4

P4 dispatching to all others

More interaction between participants

apart from P1
Thold back in the meeting
Table 2. Degree centralities in case 1.
Team Member Degree Centrality
P1 255.58
P2 169.67
P3 90.33
P4 330.75
Table 3. Relations and their weights in case 1.
Relation Weight of Relation
P1-P2 52.33
P1-P3 33.75
P1-P4 169.50
P2-P3 6.33
P2-P4 111.00
P3-P4 50.25
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14.3.2022

5.2. Case 2
5.2.1. Team and Meeting Series

As in case 1, the team in case 2 consists of four team members, two men and two
women. They meet every week for one hour online in their weekly jour fixe. The jour fixe

is of a more general kind; input is sometimes provided, but is not a meeting prerequisite.

The team is part of a company of around 40 people.

5.2.2. Analysis of the Roles and Interactions within the Team

The team, after viewing and reflecting the interactions as shown in Figure 3, identified
P3 as moderator and the person with the highest number of interactions, as the result of
the qualitative analysis shows (see Table 4). This is coherent with the SNA indicating that
P3 has the highest centrality measure, as shown in Table 5.

28.3.2022 4.4.2022 11.4.2022

spesker3

Figure 3. Airtimes and interaction diagrams of four meetings in Case 2.

Table 4. Result of the qualitative analysis of the questionnaires in the digitally supported coaching
session in case 2.

What Communication Patterns Did You What Contributed to Constructive
Detect through This Report? Communication?

What Could You as a Team Change to
Achieve more Constructive
Communication?

P2 constantly has the fewest, but very
balanced and constant, interactions with

Culture of open and honest . ..
Increase meeting efficiency

others communication
P3 is visibly the moderator, having the .
highest airtime and interactions with others Moderator, who involves everybody Involve P2 more
The communication reflects who has which . .
. . . The meeting frame Ask good questions
task intersections with whom
P1 acts like a hub bet different 1 . . . .
acts ke a hub between ditierent people The regularity of the meeting More fact orientation
with different areas of responsibility
Patterns of the meetings become visible Good meeting focus
Intensity of interactions between P1 and P4 . .
Fact orientation

remain constant across the meetings

Partial interruptions in communication

Occasional long discussions
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Table 5. Degree centralities in case 2.

Team Member Degree Centrality
P1 462.75
P2 184.75
P3 564.00
P4 492.50

P2 was recognized as the person with the lowest speaking time, but the team also
recognized that she continuously had quite balanced interactions with all other participants
throughout the meetings. Both impressions are supported by the quantitative data: P2 has
only 43% of the average number of interactions within the team but keeps her interaction on
a similar level to all team members, with a coefficient of variation of 22%. Accordingly, P2
has very similar weights in her relationships with all the other participants, as Table 6 shows.

Table 6. Relations and their weights in case 2.

Relation Weight of Relation
P1-P2 48.75
P1-P3 235.25
P1-P4 178.75
P2-P3 75.50
P2-P4 6.,50
P3-P4 253.25

P1 is regarded as the “communication hub”, having a high relative airtime and a
high number of interactions with all other participants. This corresponds with the average
actual airtime of 30.34% of the spoken time within these four meetings. The number of
interactions between P1 and the other team members is second only to the moderator.

The team also recognized that their communication behavior reflects “who has which
task intersections with whom”. In their reflection, the team appreciates a lot of its qualities,
such as the communication culture and the value of the moderator. Suggestions for room
for improvement are both on an organizational level (increasing meeting efficiency) as well
as on a relationship level (involve P2 more).

5.3. Case 3
5.3.1. Team and Meeting Series

Case 3 covers a team of middle management, their supervisor, who is part of the senior
management, and the moderator. Altogether, they are 19 people: 10 women (including
the moderator) and 9 men. However, not all of them can attend their weekly jour fixe of
one hour. The average number of attendees was 11 in the three meetings observed. Their
jour fixe is structured into phases featuring a check-in, information and decision phases,
and a check-out. The meeting is supported by a tool in which all issues to be discussed
are entered prior to the meeting. The management team is part of a large international
corporation.

5.3.2. Analysis of the Roles and Interactions within the Team

Here, only the perspective of the moderator could be captured in the qualitative
analysis. She clearly discerns several patterns in the communication of this team: She
states that “the boss always had the highest airtime”, as Table 7 shows. And indeed, the
supervisor (P10), who attends this regular meeting with his employees, always had between
37 and 47 percent of the airtime, as Figure 4 illustrates. Secondly, she recognizes, that the
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highest interaction is between the moderator and the supervisor. Both of these statements
are supported by the quantitative data: the highest number of interactions is between the
boss and the moderator (with the exception of meeting three, where P7 co-moderated with
P1), as Table 8 shows. Thirdly, she discerns, that communication ran mainly through the
moderator. This is also supported by the quantitative data; the moderator has the highest
centrality, as Table 8 shows. In fact, there were hardly any interactions other than with the
moderator. Only the supervisor occasionally had interactions with other persons. All of the
top 10 weighted relations involved either the moderator or the supervisor.

Table 7. Result of the qualitative analysis of the questionnaires in the digitally supported coaching
session in case 3.

What Could You as a Team Change to

What Communication Patterns Did You What Contributed to Constructive . .
. s Achieve more Constructive
Detect through This Report? Communication? o
Communication?
Airtimes were quite unbalanced Humor As moderator, taking more care to have
balanced airtimes
Boss always had the highest airtime Check-in Better including people~ who came late to
the meeting
Late-comers had low interactions Strict time management

Strong interaction between moderator

and boss Tool support to manage variety of tasks

Communication ran mainly through
moderator

\\

///\\ /o

Figure 4. Airtimes and interaction diagrams of four meetings in Case 3.

Remarkably, all three aspects of their communication appear when the moderation
role is taken by another person; in the second meeting, P8, a stand-in for P1 (who was on
vacation at that time), served as moderator. And the airtime of the boss was again by far the
highest (47% in a meeting with 12 participants); the interaction was again highest between
the moderator and supervisor, and the interactions from all participants were mostly with
the supervisor and the moderator. This pattern becomes quite visible when viewing the
interaction diagram illustrated in Figure 4. It resembles a star topology of a network with
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the moderator serving as the hub. This is also reflected by the degree centralities: by far
the highest centrality was held by the moderator (P1), as Table 9 shows. She had a degree
centrality of 400, with the median of all centralities being 55. According to the SNA, by
far her strongest relation was with the supervisor, being more than 50% stronger than the
second strongest relation. (As there were 19 persons in these calls with 171 relations, only
the 10 relations with the highest values are shown in Table 8.)

Table 8. Strongest 10 relations and their weights in case 3.

Relation Weight of Relation
P1-P10 102
P1-P11 66
P8-P10 45
P1-P7 37
P1-P2 34
P1-P17 33
P8-P9 23
P1-P8 22
P8-P13 22
P8-P15 21

Table 9. Degree centralities in case 3.

Team Member Degree Centrality
P1 400
P2 85
P3 55
P4 9
P5 51
P6 25
P7 78
P8 207
P9 64

P10 252
P11 119
P12 42
P13 74
P14 17
P15 33
P16 15
P17 63
P18 44
P19 7

Through the communication report, the moderator also recognized that people who
were late to the meeting and missed the check-in were hardly involved. The moderator con-
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cluded that she would strive to ensure more balanced involvement of meeting participants
and to better integrate those who are late.

6. Discussion
6.1. General Observations Regarding the Cases

Cases 1 and 2 are comparable insofar as they both feature a team of four persons
having a weekly jour fixe meeting of one hour. However, their communication could hardly
be more different. As the data derived using the tool shows, team 1 has one dominant
speaker with more than 50% speaking time in every meeting. Speaking time in team 2 is
more balanced, with an overall number of interactions seven times as high as in team 1. In
light of the empirical research on group intelligence [5], it may be asked what the effect of
this kind of communication is on leveraging the potential of team 1 compared to team 2.
This, however, must consider the nature of the meeting. Group intelligence as measured by
Wolley et al. focused on brainstorming, judgement, and planning tasks. There might be
meetings where a one-to-many communication pattern, as in team 1, is useful.

The third case is special, as it also shows that communication patterns in a team can
prevail even when the moderation role switches from one person to another, as occurred in
meeting 2, with the supervisor having most of the airtime and a moderator through whom
the communication runs. The most interaction occurs between moderator and supervisor,
and together, they capture around two thirds of the airtime of each meeting. If others in the
meeting speak, this occurs almost exclusively as a result of the interaction with this duo—a
pattern that became overt through the communication report. The communication report
of case 3 also unmasked that in this meeting series, several people hardly participated at
all. This could be used to raise follow-up questions: What are these people contributing
to these meetings? Is this in line with the purpose of this meeting series, and if not, what
could be changed?

6.2. Findings Addressing the Research Questions

Regarding RQ1.1, “How well can the individual positions of team members be rec-
ognized by the team through this approach?”, the teams reliably found the leader of the
meeting, and identified people who were central to their communication and those less
involved in cases 1 and 2. Here, the results of the questionnaires matched the analysis of
the SNA. In case 3, the dominant role of the boss in these meetings and how the moderator
supported that communication pattern became visible.

Regarding RQ1.2, “How well can the interplay within the team be recognized by the
team through this approach?”, the team in case 1 quicky discerned that most interaction
was carries out through their leader (P4), with a strong interplay between him and P1. P3
was seen as less involved, and she considered herself as “careful to interfere”. All of this is
coherent with the centrality measures and the weight of the relations. In case 2, the team
also recognized that there was a leader and a second person who increased the interaction.
However, the interaction was more balanced and much higher than in case 1 (by 600%). The
team also found that one person was less involved in the interaction, but her interactions
with others were balanced. Again, this is coherent with the weights of the relations.

Regarding the overarching RQ1, “What can teams learn about their communication
from a mixed-method approach using social network analysis and qualitative methods?”,
the qualitative data show that the discussion of the communication report led to meaningful
discussions in the DSC and to concrete ideas about how to make their communication
more constructive in all three cases. The findings for improvements ranged from social
aspects, like bringing a certain person more into play, striving for more balanced airtimes
as a moderator, and better including late-comers into the meeting, to practical issues
like preparing an agenda prior to the meeting or focusing on topics that are relevant to
all participants.
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This is an initial indication that team members were able to accurately assess their
roles and discern patterns in their interactions and learn from the DSC, as proposed by
this research.

7. Limitations

A limitation of this study is that it only covered three cases. Another limitation might
be that all teams functioned in a Western-dominated culture. Furthermore, the reports were
analyzed by one person only, possibly being biased. This potential bias was minimized by
discussing the qualitative findings with other professionals in the field.

8. Conclusions

In all three cases examined in this research, the visualizations “spoke” to team mem-
bers, as they became more aware of any regularities in their communication behavior. They
identified aspects of their roles and their interactions based on the communication report
that were coherent with the quantitative data. Furthermore, in each case, discussing the
communication report helped the teams to discern which response pattern turned out to be
constructive and which were less so. This indicates that—under proper conditions—the dig-
itally supported coaching approach as described in this work can contribute to improving
the collaboration of teams working together online.

It appears that having a structural view on communication can be a good basis for
reflecting the collaboration within a team. The current study provides initial evidence on
the applicability and promotive effects of the developed tools, visualization, and digitally
supported coaching session structure. Further research across different application contexts
and cultures is needed to confirm or relativize the findings presented in this study.

In this research, the focus was on roles and interactions within teams. Other areas of
research could focus on how a DSC can lead to more efficient meetings or can help to resolve
tensions within a team. Patterns indicating or leading to innovative processes or products
might be explored by adapting the approach presented in this paper. Other lines of research
could use the quantitative data generated by the tool presented here to explore predictors
for group intelligence in teams working together online. A further path would be to use
the visualizations and SNA metrics generated by the tool to monitor the integration of new
members in a team working together online over time. Moreover, it could be investigated
whether predictive machine learning models could be trained to indicate upcoming turning
points in conversations, such as conflicts, based on the diarization data generated using
this tool. This would follow the assumption that the “rhythm” of a conversation changes in
a certain way before a turning point in a conversation occurs.
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Abstract

Digital communication has become mainstream in professional as well as in educational collaboration. While it reduces the
richness of non-verbal interaction, it also opened up novel, accessible, and low-cost opportunities for professional as well
as personal development. This paper presents the findings of applying the framework called digitally supported coaching
(DSC) to a self-organized team that partly collaborates via online video conferences. The DSC features a software tool that
analyzes and visualizes communication data of several meetings and a team coaching process to use these visualizations for
team development. This allows teams to discern helpful and less helpful patterns in their communication and to learn from
that. While DSC has already been evaluated in multiple case studies in different contexts, this study explores the use of DSC
for a self-organized team for the first time. Applying a mixed method approach, the team communication was analyzed from
the subjective perspectives of the team members as well as based on the quantitative data of the meetings and the social
network analysis (SNA) derived from it. Compared to hierarchical teams, the results show a much higher variety in team
centralities and significant differences in the way meetings were led. Learnings by the team in this case included insights
regarding their roleplay, the way they moderated meetings, and their development towards more constructive communication
over time. The case indicates the potentials of DCS for self-organized teams particularly regarding their flexibility in taking
on roles, tasks, and reflective practice.

Keywords Team coaching - Self-organizing teams - Video conferencing - Online collaboration - Digitally supported
coaching

1 Introduction how solutions for problems are found, or how decisions are

made.

Through the rise of agile methods, self-organized teams
have become a more widespread and appreciated way of col-
laboration (Komus 2013). The agile manifesto states “The
best architectures, requirements, and designs emerge from
self-organizing teams” (https://agilemanifesto.org/). Self-
organization implies a new way of leadership, as there is no
hierarchical leader who tells others how work is distributed,
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A special form of self-organizing teams occurs when col-
laboration is partly or entirely conducted via the Internet. We
refer to such teams as self-organized online teams (SOOTs).
Virtual collaboration is particularly challenging for SOOTs,
as self-organized collaboration in an agile understanding was
originally associated with onsite settings. Only then does the
density of individual interaction occur that is at the core of
the agile principles. The agile manifesto rates “individuals
and interactions over process and tools” and further states
that “the most efficient and effective method of conveying
information to and within a development team is face-to-face
conversation” (https://agilemanifesto.org/). By 2001, when
the agile manifesto was created, face-to-face conversation
typically referred to onsite communication. Therefore, col-
laboration in an online setting can be particularly challeng-
ing for teams that self-organize. In light of this challenge,

@ Springer
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one may ask how self-organization can be realized in virtual
communication settings.

The purpose of this case study is to initially assess the
potential of analyzing and visualizing the data generated by
SOOTs in online meetings to support the learning process
regarding their team collaboration. To this avail, a frame-
work called digitally supported coaching (DSC) is used, an
approach that has previously been evaluated in business and
learning contexts (Spielhofer and Motschnig 2023; Spiel-
hofer and Haselberger 2023). This framework uses the audio
tracks generated in online video calls to visualize their inter-
action in so-called communication reports. The communica-
tion report is then reflected by the team in a coaching session
moderated by a professional coach.

A communication report is composed of:

1. The “airtime”: the percentage of speaking time each
speaker had overall

2. The sequence of speaking events throughout a meeting

3. The number of times each specific speaker spoke after
another speaker (interaction)

Figure[1 shows the communication report for one meet-
ing. The pie chart on the left-hand side depicts the “air-
time,” i.e., the share of the overall speaking time, each par-
ticipant had. The communication sequence in the middle
uses one bubble for every point in time (x-axis) a particular
participant (y-axis) spoke. The size of the bubbles depicts
the speaking time of the respective participant. Thus, the
communication sequence reflects the “rhythm” of the con-
versation, whether, for instance, it is a dense staccato-like
interaction of short contributions or a series of long mono-
logues. It can be interesting to reflect on this “conversation
rhythm” to assess how well this communication pattern is
able to stimulate creativity (Pentland 2014). Moreover, for
moderators, the “conversation rhythm” can serve to reflect
their communication behavior: is it for instance a series of
short interventions stimulating or regulating dialogue of
others, or is it rather a mix of moderation and own (longer)

Airtime Report
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Fig. 1 Communication report of one meeting
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contributions on the content level? The latter would result
in far larger bubbles than the former on the communication
sequence chart. The interaction diagram on the right-hand
side shows how many times one person spoke after another
person. It can be argued that in a non-pathological conversa-
tion this represents interactions between persons (Spielhofer
and Motschnig 2023). It is also the basis to conduct a social
network analysis (SNA) that would provide additional rel-
evant information. The interaction diagram reflects the com-
munication structure showing aspects such as the strength
of the relations between team members or the reciprocity of
relationships. It further provides insight on individual team
positions by providing metrics to calculate the centrality of
team members.

These reports are designed to help teams to discern their
communication patterns in online calls and ask themselves
which of these patterns are helpful and what patterns they
might want to change. A communication pattern in this
understanding is a stochastic concept based on Watzlawick’s
communication theory (Watzlawick etfal. 2011) referring to
recurring interactions among human beings that encompass,
among other interactions, the way teams make decisions,
integrate new team members, or deal with resistance and
criticism. To recognize recurring communication struc-
tures, reports of several meetings, typically three to five, are
inspected and reflected in a DSC session.

1.1 Related work

The idea of learning among self-organizing teams and how
to foster it has already been examined in the 1970s (Harri-
Augstein and Thomas 2008; Thomas and Harri-Augstein,
2001) and has been further elaborated since (Coombs and
Smith 1998). Various practices for coaching self-organized
teams were established in the agile community over the
past decades (Adkins 2010; Kotrba and Miarka 2019).
The so-called Container-Differences-Exchange model
(CDE) provides a theoretical framework for understand-
ing the dynamics of self-organized teams (Eoyang 2012).
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It provides a fundament to understand how self-organized
teams can be led and coached from a systemic point of
view.

An approach to “automate the identification of salient
contributions and patterns in student e-discussions” in self-
organized discussions among students (Mclaren etlal. 2010)
used a machine learning model to classify and tag the con-
tent of discussion. This served (among other things) to iden-
tify particularly salient contributions by students. Communi-
cation patterns in asynchronous online communication have
been researched (Massey 2003). Furthermore, Muszyriska
and Swacha (2021) analyzed structural aspects of online
communication focusing on the reciprocity of interaction.

Several commercial solutions exist that automatically
analyze video online communication to provide insights
for the meeting participants and their leaders: Microsoft’s
online meeting solution MS Teams for instance features a
Speaker Coach (https://teams.microsoft.com/). This solu-
tion mainly uses content analysis to provide recommenda-
tions for meeting participants. Recommendations could for
instance include to use a more inclusive language. Cogito
(https://cogitocorp.com), a spinoff of the MIT MediaLab,
states on its website that it combines the analysis of various
aspects of communication to detect emotional intelligence
and other relevant factors that determine meeting success
and employee satisfaction. This is used to provide recom-
mendations to call center agents to help them in their com-
munication with customers. Due to the confidential nature
of these proprietary technologies, no publications on their
design could be found in our research.

Using SNA and qualitative methods in mixed methods
to understand group dynamics is less widely explored. SNA
was used in connection with critical discourse to explore the
social dynamics in a classroom (Huber and Froehlich 2020).
Chinese organizations were analyzed using a mixed method
approach, in which an SNA was derived from the formal
organization and compared with the informal organization
derived from personal interviews (Fu etfal. 2017).

Analyzing interactions with the help of continuously
gathered quantitative data to gain social insights is the aim
of the so-called social physics. Its founder, Alex Pentland,
came to the conclusion that “in studies of more than two
dozens of organizations I have found that interaction pat-
terns typically account for almost half of all the performance
variation between high- and low-performing groups” (Pent-
land 2014). Two independent large research projects found
that the variance of the so-called conversational turn-taking,
the indicator of how many times someone speaks within
a meeting, is inversely proportional to group intelligence
(Woolley etial. 2010; Duhigg 2016). Group intelligence in
both research projects was measured in terms of team per-
formance at certain given tasks like estimation, decision-
making, or finding solutions to problems.

Several ways of visualizing online communication have
been developed and examined in the past. One research
studied the effect of visualizing individual turn-taking
and emotional reactions (Samrose etldl. 2018). The effect
of visualizing the sequence of communication has already
been analyzed in 2007 using the so-called FlashMeetingTM
videoconferencing system. This application features, among
other things, a “linear visualization of the event, in which the
horizontal bars represent one turn of the named user” (Scott
etfal. 2007). Another tool, called MeetCues, provides inter-
active features for the users, for instance for “tagging points
during the meeting with a like/clarify reaction” (Aseniero
etlal. 2020). It uses this input to create a visualization of
the meeting communication as an interactive timeline that
enables users to see how the meeting’s mood changes over
time. In this interactive approach, the purpose of the tool is
to change the course of the meeting as it happens. By allow-
ing the users to give input that is then visualized, the users
are having a reciprocal interaction with one another and the
tool during their online meetings.

The theoretical foundation of DSC and a multiple case
study showing the potential of applying it in a business con-
text have been reported (Spielhofer and Motschnig 2023).
Another case study examined the potential benefits of apply-
ing DSC in an educational context. Here two university stu-
dent groups engaged in controversial discussions in online
video conferences. The aim was to find out what additional
learnings these two student groups could gain through DSC
after having reflected their communication in a moderated
retrospective featuring external observers beforehand (Spiel-
hofer and Haselberger 2023). In both studies, relevant learn-
ings occurred both on an individual level, such as commu-
nication behavior or level of participation, and a structural
level, such as the balance of conversational turn-taking or
the influence of a moderator on the whole group.

1.2 Research questions

While DSC has been studied in various contexts, its value
for SOOTSs has not yet been investigated. The novelty of this
study lies in understanding the crucial social dynamics in
SOOTs and how they can be further developed with the help
of DSC. Due to the large degree of organizational flexibil-
ity and freedom in SOOTs, it is assumed that DSC has the
potential to offer useful, easy-to-follow hints for improving
communication in SOOTS, in particular. Furthermore, the
communication report can be used to compare differences
in the communication structures of hierarchical and non-
hierarchical teams. Therefore, this research addresses the
following questions:

1.1. What can SOOTSs learn through the reflection of their
communication structure during a DSC?

@ Springer
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1.1.  What can SOOTSs learn about their roles within a
team with the help of DSC?

1.2.  What can SOOTs learn about their moderation
with the help of DSC?

2 Methods

This research is designed as a case study as described by
Yin (2018). The case is bound by encompassing a specific
meeting series of a specific team: the regular online coordi-
nation meetings a core team of a non-profit organization had.
One meeting in 2021 and three meetings in 2023 recorded
within 8[weeks were made available by the team for this
research. Each of these coordination meetings was set to 1.
The meeting invitees changed between 2021 and 2023, as
the participants of the core team changed. Out of the origi-
nal eight team members (6 female, 2 male) in 2021, five
remained in the core team (4 females, 1 male) while three
left to serve in other parts of the organization.

This team was selected, as the first author had previously
worked with it as a team coach and the team was open to
try out a new method. The research started after all team
members were informed about the research and had given
their written consent for their anonymized data to be used.

The DSC team coaching session was done in two parts:
First, the team was shown the visualizations of the meetings
in year 2023, to enable the reflection of their current team-
work. In a second step, the visualizations of the meeting in
year 2021 were shown, to allow the team members to discern
the development of the communication over a longer span
of time and in different team compositions.

A mixed method approach was employed to increase the
construct validity of the study. Two sources of evidence were
used: quantitative data derived from the analysis of the audio
data and qualitative data derived from questionnaires the
team members answered at the end of the DSC.

The following questions were asked in the questionnaire:

e What did you particularly notice on the communication
report?

e What did you notice about your roles?

e What did you notice about the moderation of your meet-
ings?

e What changes have you noticed in your interactions in
the online meetings between 2021 and 2023?

e In your opinion, what has contributed to constructive
communication in your online meetings?

e What could lead to even more constructive collaboration?

A reflexive thematic analysis of the answers to the ques-

tionnaire, as outlined by Braun and Clarke (Braun and
Clarke[2022), was conducted to identify common themes
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in their findings. Braun and Clarke postulate that the find-
ing of good quality codes and themes “result from dual pro-
cesses of: (a) immersion and depth of engagement; and (b)
giving the developing analysis some distance” (Braun and
Clarke2022). To achieve both immersion and distance seems
as paradoxical as accurate. It reflects the need for closeness
of the researcher to the social system to discern its core pat-
terns while maintaining the necessary distance to under-
stand it from a new perspective. Embracing this idea, the
first author of this paper has coached the team prior to this
research and listened to the audio tracks of the meetings to
immerge into the group dynamics. He then took some time
before elaborating the codes and themes to regain a more
distanced perspective. The underlying codes were formed
inductively as recommended by Mayring (Mayring 2022).
The initial themes were derived by clustering these codes.
The result was then reviewed and reflected with a fellow
researcher. In this reflection, some underlying assumptions
of the researcher about what was relevant in the communica-
tion became overt and were discussed. Based on this reflec-
tion, the themes were refined, and the final theme names
were chosen.

The qualitative data reflect the subjective insights of the
participants as expressed in their answers to the question-
naire. The quantitative data reflect the actual “airtimes,”
communication sequences, and interactions of the team
members in the recorded meetings. It is composed of two
steps: First, the audio tracks are used to generate the so-
called diarization lists for all meeting participants. One such
diarization list holds the point in time and length every time
the respective meeting participant spoke. The combined
diarization lists of all meeting participants are then used
to visualize the team communication. The social network
inferred through the interaction was then analyzed and the
weight of the relations and the centralities of team members
in the meetings were calculated.

The qualitative and quantitative data are then compared
to identify commonalities in both views on communication.

3 Results
3.1 Part 1, the meetings in 2023

The themes derived from the qualitative analysis are listed
in Table(1. Each of the column headlines represents one
question asked in the questionnaire. Underneath, the themes
deducted from the answers are listed. Following RQI,
insights of the team regarding their communication struc-
ture comprised the distribution of airtime in the meetings
and how this varied between meetings. Changes in the bal-
ance of speaking times between the 2021 and 2023 meetings
were also noticed. Furthermore, the variance in interactions
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when looking at all meetings was mentioned by the team:
“High variance of speaking times and interactions across
meetings.”

The airtime diagrams of the three meetings in 2023 are
illustrated in Fig. 2. Each of the pie charts shows the rela-
tive speaking times of meeting participants 1 to 5 for one
meeting. While the airtime of all other participants varied
significantly, P1 and P3 together constantly took half of the
airtime in all three meetings. Table 2 shows the airtime of
all team members and their mean and variance across the
recorded meetings. The sum of the airtimes of P1 and P3
ranged in the small span of 48.61 to 50.75% in all three
meetings. The variance in airtime of P1 and P3 was only at
0.09 and 0.47, respectively, while the variance of the others
was significantly higher, ranging from 10.81 to 56.01. In
other words, P1 and P3 always had a constant share of the
meeting airtime, even though the topics of the meetings were
different. This was partly acknowledged in the DSC: “P1 and
P3 continuously take large share of the meeting time,” as the
qualitative analysis shows (Table 1). One theme provided an
interpretation of this data: “The amount of speaking time
also reflects the dominance in the project.” This suggests
that, in reflecting on the communication report, the team
recognized aspects of their role as asked for in RQ1.1. In
particular, they seemed to be interested in the speaking time
of team members and whether they remained in balance with
each other.

The interaction diagrams of the three meetings in 2023
are shown in Fig. 3. The structure varies with each meeting,

Table2 Airtimes (in percent) and their variances of the meetings in
2023

P1 P2 P3 P4 P5
Meeting 1 25 18.04 25.75 23.44 7.77
Meeting 2 24.96 9.07 25.69 23.16 17.13
Meeting 3 24.34 274 24.27 16.33 7.66
Mean 24.77 18.17 25.24 20.98 10.85
Variance 0.09 56.01 0.47 10.81 19.70

and there is no single person serving as the central com-
munication hub in every meeting. Instead, there is “high
variance of speaking times and interactions across meetings”
as the participants reflected (see Table 1). In the view of
RQI.1, this indicates that the team reflection concluded that
there is no person that continuously dominates the discus-
sion in the team.

Figure 4 shows that the centralities of the participants
varied from meeting to meeting. No single person continu-
ously held the position of the most central person in the three
meetings according to this SNA metric. Instead, the position
of highest centrality within the team was one time assumed
by person 3, then person 5, and finally person 2. This might
correspond with the observations of the team that “mod-
eration role changes as reflected in communication report”
and “by whom and how meetings are moderated changes”
(see Table 1), showing the teams’ findings about their team
moderation in the DSC, as was the focus of RQ1.2. Another

Airtime distribution of three meetings

4.8.2023

18.8.2023

2

Fig.2 The airtime diagrams of the three meetings in 2023
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Fig.3 The interaction diagrams
of the meetings in 2023

4.8.2023

Fig.4 The centralities of the
five participants (from left to 600
right) in the three meetings
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aspect in the social network of the team becomes overt when
looking at the interaction diagrams of the three meetings:
Everyone interacts with everyone else sooner or later, except
for participants 1 and 4, who hardly interacted in any of
these meetings (the graphs do not show interactions below
14 to keep them easy to read). However, this aspect was not
mentioned by the team in the questionnaire after the DSC.

3.2 Part 2, comparison of 2021 and 2023

There was only data from one meeting in 2021 available for
this research. However, as it is remarkably different from the
2023 meetings, the communication diagrams from this meet-
ing were shown to the team so that they could draw their con-
clusions. The airtime was even less balanced than in the 2023
meetings, as Fig. 5 shows. There was one speaker who spoke

Interaction diagrams | e

‘/";/.;“

29.9.2023

‘The thicker the line,
the higher the number
of interactions

)
(AN
o I:|=

18.8.2023

18.8.2023 29.9.2023

43% of the time, whereby two others were below 2%. This was
noted by the team members in their reflection. When asked
about the changes over time, they noted “much more balanced
speaking times” in 2023 compared to 2021 as Table 1 shows.

This is also reflected by the interaction diagrams (see
Fig. 6). The meeting in 2021 shows participant 2 as the central
communication hub through which most of the communica-
tion ran. On the other hand, the two participants with low air-
time had hardly any interactions with anybody in the meeting.

4 Discussion
Regarding RQ1.1 “What can SOOTs learn about their roles

within a team with the help of DSC,” this case shows sig-
nificant differences compared to the cases of hierarchically

@ Springer
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Fig.5 The airtime report of the
meeting in 2021

Airtime Report
Overall Call

Date 12.10.2021

Interaction diagrams

4.8.2023

12.10.2021
yd 2

@
=o’
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°I

29.9.2023

Fig.6 The interaction diagrams of the meeting in 2021 and the three meetings in 2023

led teams examined in previous research. Looking at the
quantitative data for indicators of the team positions, the
pattern of the team seems to be that there is no leadership
pattern: the centralities of the team members vary signifi-
cantly from meeting to meeting, as Fig. 4 clearly shows. In
this respect, this case of a self-organized team differs fun-
damentally from the three cases examined in hierarchical
organizations (Spielhofer and Motschnig 2023). There, all
hierarchically led teams continuously showed the highest
centralities for leaders and moderators throughout all meet-
ings. The various interaction diagrams of hierarchical teams
also showed a pattern: the same persons serving as a kind of
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communication hub in the center of the team in all meetings.
No such recurring structure can be observed in the interac-
tion diagrams of this self-organized team. If we consider
centrality in social network analysis as a measure of the team
position, we may come to the hypothesis that positions in
this self-organized team are not as fixed as in hierarchically
led teams.

However, some continuity in the roleplay was identified
in the DSC. The team noticed the remarkably constant air-
times of participants 1 and 3 across the meetings in 2023. As
one theme stated, “P1 and P3 continuously take large share
of meeting time” (see Table 1). This is coherent with the
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quantitative data, which shows that P1 and P3 always have
quite precisely 25% of the airtime in all 2023 meetings (see
Table 2). This is remarkable given that the three meetings
had different agendas and it is unlikely that both P1 and P3
had the same amount to contribute regardless of the topics.
This gives rise to seek hypotheses for the balance between
their airtimes on a social level, for instance in group dynam-
ics. We could for instance assume that the “amount of speak-
ing time also reflects the dominance in the project,” as one
theme in the team reflection did (see Table 1). Following this
hypothesis, Raul Schindler’s team ranking model (Schindler
1973) can be used to understand the balance of airtime of
two players as a leadership dynamic. Accordingly, P1 and P3
would hold or strive for an alpha role, each of them seeking
to balance the participation of the other in order to achieve
equal presence in the team. Another hypothesis could be
derived from a systemic viewpoint, considering P1 and
P3 as representatives of different functions or value areas
within the team. The belief polarities model for instance
states that there are three different value areas in any team:
Bhakti, representing compassion, trust, and social compe-
tence; Jnana, representing knowledge, insight, and search
for truth, and Karma representing order, structure, and the
ability to act (Sparrer 2009). As the Hindu names of the
three value domains indicate, this model has emerged from
a socio-cultural view of organizations and teams, postulat-
ing that this triad of value domains occurs in most societies
and, consequently, in the social systems within those socie-
ties. Following this model, competition and tension between
team members could reflect a tension of the different value
domains they represent. In their reflection in the DSC, the
team in this case study further noticed the strong presence
of P1 and P3 and drew assumptions on their position in the
team as well as differentiated assessments of the roles of
P2 and P5.

Regarding RQ1.2, “what SOOTs can learn about their
moderation with the help of DSC,” the team noticed that
both “by whom and how meetings are moderated changes”
(see Table 1). As a conclusion of the DSC, team members
would find it helpful to define the moderation more clearly.
A development of the team moderation can also be observed
over time. The team members noted that “P2 automatically
took on role of moderator in 2021 but not in 2023 (see
Table 1). As the airtime and interaction diagrams show, the
way moderation was conducted in all three meetings was
very different in 2023 compared to 2021. They were moder-
ated in a way that allowed a more balanced involvement of
all participants. This stark difference in the communication
balance between 2021 and 2023 was also expressed in other
answers to the questionnaire, finding “much more balanced
speaking times” in 2023 (see Table 1). This is corroborated
by the difference in airtimes, as Figs. 2 and 5 show, and the
interactions as illustrated in Fig. 6. In the 2021 meeting, two

participants were hardly actively participating in the discus-
sion and in the decision-making. This is remarkable, given
that this is the core team of an organization, which has the
purpose to make day-to-day decisions to keep the organiza-
tion going. Reflecting this, the team stated that in 2023 “only
those who want to contribute are at the meeting.” This is
consistent with the interaction diagrams, as the core team
reduced to five participants had a much more even level of
airtime and interaction in 2023 (see Fig. 6). This conclusion
should be treated with caution though, as it is drawn from
data of only one meeting in 2021.

Regarding RQ1 “What can SOOTS learn through the
reflection of their communication structure during a DSC?”,
it could be summarized, that in this case study, learnings
occurred regarding the roles within the team, the meeting
moderation, and the changes of communication over time.

4.1 Limitations

A limitation of this study is that it only covered one case
and can therefore only be seen as a basis to form hypoth-
eses regarding the potential outcome of applying the DSC
to SOOTs. The authors also need to share that the whole
research took place in a western-dominated culture, and we
would be excited about broadening our horizon by exploring
a culturally more diverse setting and its effects.

5 Conclusions

This case shows the potential for self-organized teams
(SOOTs) to identify and learn about certain aspects in their
communication under the right circumstances. One such
aspect is team positions and their interaction, which can be
well illustrated by the interaction diagram and further sup-
ported by quantitative indicators of the SNA. The DSC also
proved a fruitful ground to reflect the meeting moderation.
The communication report enabled the team to discern how
much the moderation role varied, both by whom and how
it was done. Examples for improvement included the fol-
lowing: to “define moderation more clearly” and to “rotate
the moderation” (see Table 1). These themes formed the
responses to the question of what could lead to more con-
structive collaboration.

When looking at the change of communication over time,
the DSC and the communication report can serve as confir-
mation of the development course a team has chosen. In this
case, the team found “much more balanced speaking times”
and “more constructive communication” in 2023 compared
to 2021 (see Fig. 1). In a team coaching setting, this can be
used as positive reinforcement to identify and strengthen
the resources that led to the change. It can also be used to
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identify and curb undesirable tendencies if the report shows
otherwise.

On reflection, the visual representation of the communi-
cation structure of SOOTSs has the added value of explaining
a snapshot of the self-organized, real constellation of a team
at certain phases of a project. Unlike hierarchically organ-
ized teams with pre-defined roles, SOOTs members can use
the visualizations to determine their desired structure, so that
members can optimally contribute to the goals they have set
for themselves in each phase of their project. Conversely,
DSC is seen as a framework that is particularly well suited
to SOOTs.

Summarizing, this case shows that the DSC can be a valu-
able, lightweight tool for any self-organized team that partly
or wholly communicates through video conferences. Embed-
ded in an appropriately designed team coaching process, the
communication report can complement the internal view of
team members with a structural view of their communica-
tion. A combination that can lead to new insights—insights
that can make a difference to the team, as this case shows.

In future work, the current approach could be applied
to culturally more diverse team settings. It could also be
extended to learn about other aspects of teamwork. One pos-
sibility would be to extend the DSC to include contextual
information about the cultural backgrounds and language
skills of team members, thus supporting studies that aim
to determine how people from different backgrounds are
integrated into teams. If this approach is applied to many
teams within an organization, it could be used to learn about
and improve the inclusiveness of the organizational culture.
Another research path would be to examine the dynamics of
cross-functional teams. The social network analysis part of
the DSC could for instance help to find out more about the
relationships between software developers and testers in a
cross-functional software development team.
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Abstract: This paper covers the evaluation of a new approach to support students’ reflection of
their communication in online learning settings. Two groups discussed the controversial subject
whether Twitter should allow all messages to be tweeted regardless of the content or whether it
should block messages that are potentially fake news. The video meetings of these discussions were
recorded with the knowledge and consent of all involved persons. The recordings were analyzed by
a software tool developed for this purpose by one of the authors, and the group interactions and the
discussion flows were visualized in communication reports. The communication reports were
designed to help the groups to discern their communication patterns and to enable them to find out
which patterns were helpful for the group discussion. The groups reflected on their discussion in
two steps: at first by viewing the video, and a second time by viewing the communication report.
Comparing the outcome of the first and second reflection shows that additional insights could be
gained in step 2: the individual behavior and how it affected the group discussion, the interaction
within the group and whether subgroups had been formed, and what roles had emerged and the
value they had for the discussion.

Introduction

In the wake of the Covid pandemic online courses have become a more prevalent means of education,
posing new challenges for lecturers and students alike. The available technical infrastructure for online
communication can only partly substitute the richness of onsite communication. The lack of personal interaction has
heavily hampered the social fabric that connects students with each other and with lecturers. This paper introduces a
new approach how constructive discourse between students in online discussions can be supported with a digital tool
that analyses and visualizes certain aspects of intra-group communication. The presented approach is based on
Watzlawick’s communication theory (Watzlawick et al., 2011). According to Watzlawick, communication in a
group can be understood through analyzing the interaction between the group members and discerning
communication patterns therein: “The search for pattern is the basis for all scientific investigation. Where there is
pattern there is significance —this epistemological maxim also holds for the study of human interaction” (Watzlawick
etal., 2011).

Our key research assumption is that visualizing and discussing such communication patterns fosters the
social learning within a group, which is particularly relevant from a perspective on learning which acknowledges the
“interdependence of social and individual processes in the co-construction of knowledge” (Palincsar, 1998). Social
learning is particularly important in self-organized learning within a university course where knowledge is gained
through learning conversations — an approach that aims to “produce personal conversational scientists, life-long
learners, seekers after effective understanding: people prepared to construct their own meanings and then consider,
evaluate and make selective use of other-generated knowledge.” (Thomas & Harri-Augstein, 2001).



This research aims to evaluate to what extent this assumption holds true in two cases examined. The
research questions are:

e RQI: How can student team communication be facilitated in university online learning contexts by
reflecting their communication patterns?

e RQI.1: How can constructive communication patterns be discerned in controversial online group
discussions held via video conferences?

e RQI1.2: how can visualizing intra-group communication help to recognize helpful and less helpful aspects
in controversial online group discussions held via video conferences?

In the evaluation presented here, two groups discussed a controversial topic in an online video conference.
The discussion topic was: Should Twitter allow all messages to be tweeted regardless of the content or should it
block messages that are potentially fake news. During the following on-site meeting, the videos of the discussion
were viewed together within the respective groups. Participants and observers reflected on their communication.
This intra-group reflections were moderated by the lecturers. Then, the communication reports the lecturers had
prepared were presented and discussed within the groups. Comparing the outcome of this second reflection with the
result of the first round indicated of what potential value this communication report holds for the learning process of
teams.

The video calls were conducted and recorded with the digital conferencing application Zoom
(https://zoom.us), as this software allows to save separate audio tracks (one per participant). The audio tracks were
automatically analyzed with software implemented for research purposes by one of the authors to capture the point
in time where each person starts to speak and how long each person speaks. This data was analyzed and visualized
forming the communication report (an example is shown in Fig. 1):

e  Speaking times are aggregated and the percentage of the overall speaking time each person had is
calculated. This is visualized in the so-called “airtime report”.

e The communication sequence is computed, showing who spoke how long at which point in time. The x-
axis on the communication sequence diagram represents time, the y-axis has n discrete rows, one for each
participant. The size of the bubbles in this chart represents how long a participant spoke then. The airtime is
visualized as a pie chart showing the relative speaking time of each participant.

e Aninteraction diagram is inferred counting the numbers of times person 1 spoke after person 2, based on
the assumption that a communication act is typically based on what previously has been spoken
(“Anschlusskommunikation”). An assumption that is in line with Watzlawick’s communication theory for
non-pathological communications. The interaction diagram follows the idea of the sociogram as introduced
by Moreno (Moreno, 1941): It represents the relationship between actors in a group based on their number
of interactions. This can be used both to understand the overall structure of the communication and the
position of individual members within the group.
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Fig. 1: An example communication report

The communication report was complemented with additional information where applicable.
Related Work

Extensive work has been published on how to design self-organized learning and what the role of the
lecturers should be in facilitating the learning process (Coombs & Smith, 1998).

Rapanta et al. (2013) pursued the questions of how to find suitable instructional designs for
interdisciplinary e-learning teams by analyzing patterns in team behavior: ,,We introduced the notion of patterns of
designing to offer ‘smaller chunks’ of observed team designing behavior, which appear to be more adequate to guide
practice. These ‘smaller chunks’ of good practice are more context sensitive and can be reproduced dynamically
throughout the ID process. They do not replace larger models, but provide deeper understanding of the design
endeavor.” (Rapanta et al., 2013)

The factors that help to predict group intelligence was examined in empiric research (Woolley et al., 2010).
Group intelligence in this research was defined by the degree a series of tasks such as analysis, planning and
estimation could successfully be completed by a group. While the study found no correlation with the individual
intelligence of the group members, the strongest correlation was found in the way they interacted, most of all the
conversational turn taking. This research was followed up by what Pentland framed social physics (Pentland, 2014).

Analyzing group interaction is a valuable resource for team coaching for instance in systemic coaching
approaches. One systemic coaching technique is to examine differences in the communication and asking what
differences they make (De Shazer, 1991).

Discerning and visualizing patterns in online discussion and how this “may help instructors and researchers
study, moderate, and/or facilitate group discussions” has been evaluated (Gibbs et al., 2006). Tool-based
visualizations of video communication including turn-taking and emotional reactions have been evaluated (Samrose
etal., 2018).

Quantifying and diagramming social interactions in groups was already introduced and utilized in social
science and practice in the first half of the 20th century (Moreno, 1941). Sociograms were used both for
understanding the structure of group communication as well as the position of individual members within a group
(Stadler, 2013). With increased availability of digital communication metadata, social network analysis (SNA)
provides means to compute metrics regarding the position of members within a group such as centrality or social
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prestige. A broad variety of methodical discussions and case studies have covered social network analysis, such as
(Wasserman & Faust, 1994), (Huber & Froehlich, 2020) and (Majeed et al., 2020).

Method
Overview

This multiple-case study is following a theoretical replication logic (Yin, 2018): The same research design
is applied to two cases. Both cases entail online student discussions regarding the same question in the same
university course with the same given time frame of one hour for the discussion. The video recording of the online
meeting was then viewed and reflected in an onsite meeting in two steps. At first just based on viewing the video
and the personal recollections, then a second time after viewing the communication report of the discussion. Both
reflections were captured, and a reflexive thematic analysis was conducted. The second reflection showed what
additional insights could be gained by viewing the communication report, thus providing answers to the research
questions 1.1 and 1.2.

Context

The participants of this study were master students at the university course social thinking in computer
science, a course open to students of all faculties. Students were initially asked whether they wanted to participate in
this discussion and whether they would consent to the discussion being recorded and used for this research after the
data has been anonymized. Those students who had given their written consent participated in the research.

Binding the cases

To allow for controversy, two groups were formed by selecting representatives from both sides of the
opinion spectrum for each group. Before entering the discussion, students were asked to position themselves on a
scale from 1 to 10: should Twitter allow all messages to be tweeted regardless of the content (1) or should it block
messages that are potentially fake news (10). Each group also had two students who acted as silent observers. Their
video was turned off and their microphone was muted, whereas the others could see and hear each other throughout
the meeting. The discussion and reflection of one group represents one case in this study. Group 1 had 7
participants, 2 female and 5 male students. Group 2 also had 7 participants, 1 female and 6 male participants.

External views

To prepare for the onsite course meeting, the two lecturers (and authors of this paper) reviewed both
videos. After watching the videos, they collected their spontaneous associations regarding the group processes in
both groups. Then, a specific interaction sequence that appeared significant to both researchers for changes in group
dynamics in one of the groups was selected for a micro-analysis. The transcribed interaction sequence was then
discussed sentence by sentence with a focus on assumed intentions, motivations and reciprocal reactions of the
interaction partners. This discussion among the lecturers helped to further differentiate group processes within a
team and framed the structuring of the communication report for each team.

Evaluation units

The group discussion was then reflected separately by each group. The guiding question of this reflection
was: “What contributed to constructive discourse and what hindered it?” The reflection was done in two steps:

1. First, the video of the group discussion was shown, and students were asked to share:

a) their observations and
b) their interpretations of what had happened in the group discussion.

2. After that, the communication report of the meeting was shown, and students were asked what additional
insights they gained from viewing it. For each group those parts of the communication report were selected
respectively, that held the most relevant information for the respective group from the perspective of both
researchers after viewing the recordings of the discussions.
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In each of two steps, students first wrote their answers to the guiding question silently down on sticky notes
and then shared them with the others by posting them to a flipchart.

The sticky notes where then transcribed thus forming three separate evaluation units:
1. The observations by all students of a group
2. The interpretations by all students of a group
3. The additional insights gained by all students of a group after viewing the communication report.

The sequence in which the questions were asked was relevant in this study. Since students already had a
structured reflection of their discussion before viewing the communication report, the third evaluation unit shows
what can be gained from reflecting on the communication report. RQ1.1 and RQ1.2 could be approached by
examining in what way the third evaluation unit provided new insights compared to the first two.

Analysis

The reflexive thematic analysis was conducted following the guideline outlined by Braun and Clarke
(Clarke & Braun, 2021). In the analysis the individual answers of the students, each written down on a sticky note,
served as coding units. As a first step, they were coded following the concepts of Mayring (Mayring, 1994).
Mayring distinguishes between deductive and inductive category definition pointing out that “for qualitative content
analysis the second approach is very fruitful” (Mayring, 2022). Accordingly, the category system in this study was
created inductively. After that themes were defined and adapted in an iterative process. One author provided initial
suggestions, which were then reviewed by the other author and revised accordingly.

Results

Case 1

Fig. 2 and Fig. 3 show the communication report for case 1. Fig. 3 shows the interaction between
participants. Only interactions of 6 or higher are shown. Participants 1, 4, 5, and 6 all interacted with each other at
least 6 times. Participants 2, 3 and 7 did not interact with anyone 6 or more times. Of these three, participants 3 and
2 had the lowest and second lowest airtime of 5.13 and 5.43 percent respectively, while participant 7 had a
significant higher share of airtime of 12.41 percent. The airtime of participant 7 was accumulated in one single
monologue with hardly any interaction as Fig. 2 shows.
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Fig. 2: Communication sequence and airtime distribution of case 1
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The impact of monologues was reflected by the team upon viewing the communication report: One theme
of their reflection was that “long monologues are detrimental to the discussion flow”. They also noted that “speaking
time was unevenly distributed”. One reflection theme delivered an explanation why there was intense interaction
between some and hardly any by the other participants: “interaction mainly between those who knew each other
beforehand”. The result of the reflective thematic analysis is shown in Table 1.

Observations Themes Views Themes Communication Report Themes
precise communication enables
constructive dialogue the discussion was respectful the frame of the discussion played a role
interaction mainly between those who knew each
different opinions foster discourse different opinions other beforehand
monologues were hindering, refeming to introduction round lead to everybody speaking
others helped guidelines would have been helpful |regarding the topic
long monologues are detrimental to the discussion-
mutual respect knowing one another was helpful flow
precise communication enables ones own speaking behaviour (length, concise
constructive dialogue no escalations style, degree of particpation) becomes overt
remarkable ideas stimulated reciprocal effects become visible, how oneselves
the dialogue was not fluent discussion behaviour influcenses others
report changes the perception of one owns
the setting of the discussion matters sometimes nobody took initiative behaviour in the discussion
slow speech speed lead to long speech
speaking time unevenly distributed
the flow and interaction of the discussion become
visible

Table 1: Result of the reflexive thematic analysis of case 1

Case 2

The discussion can be divided into 4 phases as one participant (participant 1) was cut off from the online
call twice. Fig. 5 shows the length of phases 1 and 3 were participant 1 attended, and phases 2 and 4 where he was
absent. For technical reasons, participant 1 is sometimes labelled as 1a and sometimes as 1b in the reports, both
referring to the same person. The communication report shows that the discussion had different phases with
significantly different group interactions. While the airtime distribution is relatively balanced between all
participants when viewing the entire meeting as Fig. 4 shows, each of the four phases has very unbalanced airtimes.
This particularly goes for phase 4, where participant 4 had an airtime of 61.25 percent, mostly accumulated in a long
monologue.
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Fig. 6: All phases of case 2 in detail

Table 2 shows the result of the reflexive thematic analysis of case 2. In reflecting the communication
report, the group found that the “degree of interaction and people involved varied over time and with topics”. They
also reflected the role of participant 1, recognizing that “a game maker energizes the discussion, others stay
passive”. Furthermore, they acknowledged the value of a moderator who “ensures flow of discussion”. Another
theme acknowledged the value of a position contrary to the group as it “energizes the discussion”.
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Observations Themes Views Themes Communication Report Themes

low interaction, everybody focused on own a "game maker" energizes the
position format unsuitable or not clear enough discussion, others stay passive

a position contrary to the rest of the
focus on the extreme opinions (minority), the  [group energizes the discussion, while

controversial discussion without final agreement middle position were lost others stay passive
hurdles for communication due to online format it was a discussion for the sake of discussion |atmosphere of discussion was relaxed
controversial topic makes discussion
inbalanced speaking time moderator was helpful easier and more interactive
degree of interaction and people
low interaction, everybody focused on own involved varied over time and with
position monotonous discussion full of monologues topics
personal mood matters moderator ensures flow of discussion
polarization one against all occured moderator should stay neutral
meeting

the framing of the meeting (no clear goal, no rules,
no moderator preselected) mattered

the positions were balanced due to the
preselection of participants

Table 2: Result of the reflexive thematic analysis of case 2
Discussion

Case 1 shows that several aspects of the discussion were only noted by the team after viewing the
communication report, for instance that long discussions are detrimental to the discussion flow. This is backed up by
empirical research that found that short interaction cycles as opposed to having long monologues in teams are a
strong factor in predicting group intelligence (Woolley et al., 2010) and (Pentland, 2014). Furthermore, the
reciprocal effects of one’s own behavior was noted by the team: the degree to which I participate or whether I
manage to speak concisely influences the entire group. The reflection of the report can adjust the perception of one’s
own behavior: The perceived participation and speaking behavior in the meeting was adjusted after viewing the data
provided by the report. Another theme stated that the flow of the discussion became visible through the report. All
these aspects were only recognized by the students after reflecting the communication report. Regarding RQ1.1 and
RQ1.2 this indicates that a communication report as used here can help to reflect one’s own communication pattern
in the discussion process: whether I tend to speak short and concise, whether I lean more towards monologues or
whether I have more interactive communications, and whether this is helpful to the discussion flow. Furthermore
case 1 shows that viewing the communication report can help reflecting the overall communication structure, in this
case by identifying a group within the group that is interacting a lot and other participants who are mostly standing
on the side-line.

Case 2 shows the impact one “game maker” -as one participant phrased it- can have on the discussion:
participant 1 was only present in phases 2 and 4 but took most of the airtime in these phases. As the sequence
diagram shows, participant 1 had long monologues with little interactions with others, particularly in phase 4. After
viewing the communication report, the value of a person taking a position that is strongly contrary to the rest of the
group was appreciated: one theme was that such a “game maker” energizes the discussion. Another theme was that a
position contrary to the rest of the group energizes the discussion. Both the value of contrary positions on a content
level as well as the behavior of openly and vehemently expressing this contrary position was recognized by the
group after viewing the communication report. The role of player 1 opposing the opinion of the rest of the group
resembles the omega position in Schindler’s sociometric model of rank order in groups (Schindler, 1973).
Furthermore, the role of the moderator became visible in the interaction and sequence diagrams, and it was
appreciated that he ensured the flow of discussion. Regarding research questions 1.1 and 1.2, this indicates that some
role patterns were discerned through reflecting on the report and that this reflection led to an appreciation of these
roles.

Conclusions
The two cases show that teams can recognize certain patterns through viewing the communication report in

a team coaching setting. Insights were on one hand found regarding roles and their impact on teams. Case 2 for
instance showed that the roles of the omega in the group as well as the moderator became more visible. Furthermore,
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the value of these roles to the group discussion were expressed. Team members also started to stronger acknowledge
the effect of their own behaviour on the group and vice versa. Secondly, there were insights regarding the structure
and flow of the communication. Both aspects were intertwined: looking at the flow naturally led to the question
what individual behavioural patterns contributed to constructive team communication and what rather hindered it.

With regard to RQI, these insights found by the students show that university online learning can be
facilitated through digitally supported coaching like introduced in this approach. Viewing selected quantitative data
visualized in reports tailored to the respective meeting made aspects of the communication overt that had not been
recognized even after watching and reflecting on the video of the discussion by the participants and neutral
observers. Using the approach introduced here to let teams reflect their interplay as well as their own behaviour has
a potential both for team coaching and team learning.

Limitations

This research is limited in so far been only tried for two groups, both in the same context, a university
course at the University of Vienna. Further research could explore how useful this approach is in other learnings
settings, languages, and cultures. Researcher bias could come from one researcher being a professional systemic
coach, and that the approach introduced here was developed by the first author.
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Abstract --- Over the past few years, the number of teams
collaborating through video conferences has significantly
increased. The research presented in this paper addresses the
question of how structural information of online communication
can be visualized in a way that enables such teams to learn from
it and improve their collaboration. Structural information
about communication refers to interaction patterns, airtime
distribution, and other data reflecting the communication
dynamics of a conversation. By examining six case studies
conducted using a participatory design science approach and
reviewing previous research, a set of criteria was developed for
creating helpful visualizations in these contexts. The data from
this research shows that more helpful visualizations were also
considered more complex and less easy to read. We, therefore,
propose that the setting in which these visualizations are
presented should be designed to ensure that the purpose and
form of each graphic are adequately explained to the respective
recipients. Additionally, the case studies indicated that self-
organized teams have a higher affinity for more complex
visualizations compared to hierarchically led teams.

Keywords — data visualization, online communication, video
conferences

I. INTRODUCTION

A. Aim and theroretical foundation of the study

This research aims to evaluate the creation of visual
artefacts reflecting synchronous online team communication.
The overarching goal is to help teams to discern their
communication patterns.

Following Paul Watzlawick’s communication theory “the
search for pattern is the basis for all scientific investigation.
Where there is pattern there is significance—this
epistemological maxim also holds for the study of human
interaction” [1]. Communication patterns in this view are
defined stochastically: the likeliness of a particular
communication to occur in a certain context. Watzlawick likes
the patterns to the rules of a chess game with the essential
difference that “we are particularly unaware of the rules being
followed in successful, and broken in disturbed,
communication.”

What can help us to recognize the patterns in our
communication which, according to Watzlawick, are key and
which we are oblivent of at the same time? In this research,
the learnings of a multiple case-study are examined to propose
initial criteria how communication reports can be formed and
presented to that end.
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These case studies made use of a specific visualization
type that is part of the so called Digitally Supported Coaching
(DSC) [2]. In DSC, three to five online video conferences per
team are processed with the help of a software tool specifically
developed for this purpose. Only the audio tracks are used by
the software, creating a diarization: A dataset that captures
who spoke at what point in time for how long. This dataset is
analyzed and used to create different visualizations of the
communication These visualizations are compiled into a
communication report (see Fig. 1) that is then reflected with
the team as part of a structured team coaching process. This
aims to help the team to distinguish between helpful
communication patterns and patterns that they might want to
change in the future.

Airtime Report Interaction Diagram Sequence Diagram
/ \° e oo~
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Fig. 1: A sample communication report.

The communication report features different views on
communication: The airtime report depicts the share of time
each person had for contributing to the communication, the
sequence diagram illustrates who spoke at what point in time
and reflects the rhythm of the communication: Larger bubbles
indicating longer speaking times occur in monologue-like
conversations, whereas many small adjacent bubbles would
mirror dense interactions between the meeting participants.

The Research Questions (RQ) pursued in this research are:

1. What visual representations are considered helpful by
participants of online video conferences to learn about
and improve their communication?

2. What level of complexity in visualization is suitable for
teams to discern patterns in their communication?

3.  What are relevant criteria in designing and conveying
visualizations of metadata of synchronous online
communication?

Authorized licensed use limited to: Vienna University Library. Downloaded on December 26,2024 at 09:39:01 UTC from IEEE Xplore. Restrictions apply.

99



The primary user groups for these visualizations are the
team members and the coach facilitating the team coaching
process. Secondary user groups are managers, executives and
human resources departments of the organizations the teams
are part of.

B. Criteria for designing the initial communication report

It has been argued that Wittgenstein’s work provides an
epistemological basis for information visualization design. In
specific, that “general insights into image theory can be gained
[...] which may be of particular interest for the understanding
of ‘epistemic images’ such as schemata, models or plans and,
in the broadest sense, for a theory of the ‘diagrammatic’." [3]
Wittgenstein in his Tractatus logico-philosophicus [4] defines
images, like sentences, as models of reality: “Das Bild ist ein
Modell der Wirklichkeit.” (“The picture is a model of
reality”!, 2.12). He further states that ,,Jedes Bild ist auch ein
logisches." (,,Every picture is also a logical picture®, 2.182).
In Wittgenstein‘s definition, images are composed of
elements, which need to be concatenated in a way that must
reflect the facts they represent: ,,Dass sich die Elemente des
Bildes in bestimmter Art und Weise zu einander verhalten
stellt vor, dass sich die Sachen so zu einander verhalten.
Dieser Zusammenhang der Elemente des Bildes heifle seine
Struktur und ihre Moglichkeit seine Form der Abbildung."
(,,That the elements of the picture are combined with one
another in a definite way, represents that the things are so
combined with one another. This connection of the elements
of the picture is called its structure, and the possibility of this
structure is called the form of representation of the picture”,
2.15). Concatenations between elements in an image can be
metaphorically seen as links in a chain: ,Im Sachverhalt
hingen die Gegenstinde ineinander, wie die Glieder einer
Kette.“ (“In the atomic fact objects hang one in another, like
the links of a chain”, 2.03) It has also been stated that images
in Wittgenstein’s sense are “essentially ascribed a formal
structure, an ‘implicit pattern’, which Wittgenstein also
identifies as a ‘configuration’, as ‘the changing, unstable’
compared to the ‘fixed forms’ of the world (2.0271, 2.026).“
[3]. For the purpose of this research we can derive from
Wittgenstein’s work that it is not decisive what colors or forms
are used in a visualization type, but that the relationship
between the elements used consistently follow an inherent
logic.

Further criteria specific to this research can be found in the
field of data visualization. Elementary principles on how to
display quantitative information have been defined in [5], for
instance stating: “Graphical excellence is that which gives to
the viewer the greatest number of ideas in the shortest time
with the least ink in the smallest place”. More recently
principles for tool-based data visualization have been stated,
proposing: “before you make a visual, prioritize the
information you want to share, envision it, and design it” [6].
Moreover, guidelines for data visualization in sociology [7]
and psychology [8] have been developed.

One key question in this research (as stated in RQ3) is the
extent to which a visualization should reflect the complexity
of a subject it represents. This has been addressed in [9]: ,,As

well as subject complexity, another issue to consider is
representation complexity. That is, the perceived complexity
of uncommon or unfamiliar chart types. Not every chart we
encounter is familiar. And when something is not familiar, it
is understandable how this exposes a risk of confusion.” It
further concludes that one should not shy away to seek an
accurate reflection of the data, even if this led to more complex
visualization types: “But what if there was good reason to use
that chart? It might be the most astute way to portray the most
relevant analysis about a subject. Sure, it might be visually
complicated, but this might be the only way to show it.
Everything is new once. This is why we learn and why we are
capable of learning.” It suggests that “to overcome chart types
that are unfamiliar a viewer must be provided with the means
to learn how to perceive and interpret a chart [9]. Following
that line of thought, this paper will not only consider the form
in which communication metadata is represented, but also the
context and the manner it is conveyed to the recipients.

C. Related Work

Ways of analyzing and visualizing online video
communication were described in [10]. Temporal patterns in
global virtual project teams were analyzed and visualized to
explore “the nature of team interaction and the role of
temporal coordination" [11].

[12] evaluated, in how far the visualization of patterns in
on- line discussions “may help instructors and researchers
study, moderate, and/or facilitate group discussions”. The
graphical analysis of indicators “which measure the intensity
of various aspects of users’ communication activity in
periodic manner” were examined in [13]. A "visualization
system for playful end-user exploration and navigation of
large-scale online social networks" was built and examined
already as early as 2005 [14].

[15] evaluated a tool that analyzed the online
communication of a web-based collaboration system. It
featured "three distinct forms of visualizations: workspace
network maps, workspace maps, and discussion maps, which
are displayed using a modified form of an animated spring
algorithm."

There is a long-standing tradition of understanding
communication patterns to support therapeutic and coaching
processes. In these contexts, “questions are formulated to
bring forth the ‘patterns that connect’ persons, objects,
actions, perceptions, ideas, feelings, events, beliefs, contexts,
etc., in recurrent or cybernetic circuits” [16].

II. METHODS

This research follows a design science approach. Design
science research can be defined as a “research paradigm in
which a designer answers questions relevant to human
problems via the creation of innovative artifacts, thereby
contributing new knowledge to the body of scientific
evidence. The designed artifacts are both useful and
fundamental in understanding that problem” [17]. The
artifacts investigated in this research are the diagrams featured

! The English versions of the German texts are the author’s
translations.
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in the communication report (see Fig. 1). Based on [18], the
research process was split into three phases: analysis, design,
and evaluation. The analysis phase was conducted as literature
research and led to the criteria for designing the initial
communication report. The design and evaluation phases were
done iteratively: The design was adapted after each evaluation
based on the feedback received by stakeholders. A first
iteration was based on the feedback of fellow-researchers,
which led to the version of the communication report that was
evaluated in a second iteration. Its results are presented in this
paper.

The evaluation was done based on case studies in the
defined research context. “Researchers can use case studies to
develop detailed understandings of interaction techniques and
coping strategies -understandings that might be hard (if not
impossible) to develop through usability studies.” [19]. The
method of case studies was chosen, as the artifacts under
evaluation were both complex and innovative and case studies
can provide the in-depth analysis required here. The research
was designed as a multiple-case study following a theoretical
replication logic as proposed by [20]: the same research
questions are analyzed with the same research design in all
cases. The cases were selected as the authors had access to the
teams and they were willing to contribute to this research.

Cases A, B, and C were teams in hierarchical
organizations, cases D, E, and F were self-organized teams.
Each case was encompassed by the same group of people
working together on shared goals during the observed time
period.

The visualizations were evaluated using a questionnaire
that each team member filled out anonymously after the DSC
team coaching. The questionnaire included the following
questions:

1. What report is most helpful to learn about and
improve your team communication?

2. What could be added / removed / changed to make
this report more valuable to us?

3. Do you have other comments, suggestions, or
ideas?

In addressing question 1, each participants had 10 voting
points to distribute at will among the four different diagrams.
Question 2 could be answered individually for each report.
Question 3 was an open question aiming to invite any kind of
feedback.

The answers to question 1 were analyzed using
quantitative methods. The answers to questions 2 and 3 were
analyzed using a summative qualitative content analysis [21].
We created categories inductively from the answers to the
questionnaire, with one answer by one participant to one
question serving as coding unit. This coding unit was a unit of
thought, usually one written paragraph containing one to five
sentences. The categories were thematic, all categories
referred to some specific aspect of the visualization, such as
depicting all meetings on one slide, labelling speakers with
their names, or using colors consistently. The codes were
further clustered based on reciprocities. Based on that, we
constructed a code book, with each entry having the form:
“code”, “code count” and “report references”. Findings were
sent to a peer reviewer for evaluation and reduction of
researcher’s bias.

III. RESULTS

Table 1 shows the answers to Q1: “what report is most
helpful to learn about and improve your team
communication”. Since the number of participants per case
varied, the answers are aggregated as percentage of votes of
each case given to each report. E.g. 38% of the votes of the
team members in Case 1 were given to the Sequence Diagram
as the most helpful report.

Patterns in
Airtime Interaction Sequence Interaction
Case Report Diagram Diagram Diagram

A 27% 14% 38% 22%
B 20% 17% 40% 23%
C 13% 27% 23% 37%
D 9% 9% 9% 73%
E 20% 28% 8% 45%
F 24% 32% 22% 22%

Table 1. Votes per Report and Case in percentage of total votes.

On average, the reports got 19, 21, 23 and 37 percent of
the votes respectively. The results show that all diagrams are
considered as valuable by at least one team: Every diagram
has a team that voted it to be most helpful with more than 25%
out of the 4 options. All four diagram types also inspired the
participants to share ideas how the visualizations could be
further improved as Table 2 and Table 3 show.

The interaction diagram is similarly popular as other
diagrams representing one meeting, but by far the most
popular when reflecting several meetings, as is done in the
Patterns in Interaction Diagram. Furthermore, the Patterns in
Interaction Diagram has a significantly higher variance in
votes than the other diagrams. It is significantly more
appreciated by the three self-organized teams (giving an
average of 47% of the votes to this diagram), than by the
hierarchically led teams (giving an average of 27% of the
votes).

Airtime Report Sequence diagram
Codes Code Codes Code
Count Count
Label speaker with 2 Show interruptions 3
names
Nothing to add 1 Specify unit of 3
measurement
All meetings on one 1 Add info about 2
slide emotions of
participants
Same colors for 1 Additional overlay of | 2
participant throughout all speaker sequences
all reports

Table 2. Qualitative Analysis of Q2 for Airtime Report and Sequence
Diagram (only the four codes with highest counts are shown).
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Interaction Diagram Patterns in Interaction

Diagram
Codes Code Codes Code
Count Count

Add caption in 4 Diagram not easy to 1
diagram read
Diagram not easy to 3 Add chart with 1
read averages
Nothing to add 1 Can later reactions be 1

shown in diagram?

Add airtime diagram
to interaction diagram

Table 3: Qualitative Analysis of Q2 for Interaction Diagram and Patterns in
Interaction Diagram (only the four codes with highest counts are shown).

The answers to Q2 (as shown in Table 2 and Table 3)
provide some detailed feedback by the teams on how to
improve the visualizations. Particularly interesting statements
regarding RQ3 are:

e  Add caption in diagram

e Use same colors for participant throughout all
reports

e Add chart with averages

e Specify unit of measurement

When also looking at the answers of Q2 and Q3 (see Table
2, Table 3, and Table 4) further reaching suggestions on how
to extend the reports can be found. The current version of the
communication report, reflecting the interaction of a team,
could be combined with:

e Measuring emotions of the participants (“Add info
about emotions of participants”, “Measure mood of
the participants”),

e Meeting content (“Add meeting content summaries
to diagrams”),

e The organizational context (“Correlate individual
behavior with company role”).

Code Code Count

Add meeting content summaries to diagrams 4
Correlate individual behavior with company role 2
Measure mood of the participants 2
Reports helpful for self-reflection 2
Add meeting type 1
Are there differences between digital and real 1
meetings?

Display total length of the recording 1
Have meeting prescriptions 1
Highlight interactions between subgroups 1
Show interruptions on diagrams 1

Table 4. Qualitative Analysis of Q3.

Other feedback in answering Q3 that occurred more than
once stated that the reports are “helpful for self-reflection”.

IV. DISCUSSION AND CONCLUSIONS

A. Contribution, Implications, and Further Work

The perceived value of each diagram examined here
strongly varied with the team members and their context. This
is most significant with the Patterns in Interactions Diagram.
One possible explanation for this might be that this diagram is
more difficult to read, but insightful when properly explained
and understood. This is supported by one feedback to Q2 that
this diagram is “not easy to read” (see Table 3). Another
significant finding is that the Patterns in Interactions diagram
is considered as more helpful by self-organized than by
hierarchically led teams. This might be due to the fact that
leadership in self-organized teams is strongly subject to a
group-dynamic process, as there is no formally defined leader.
A Patterns in Interaction Diagram can be used to understand
the centralities of people and how they change over time, a
relevant indication for reflecting (leadership) positions within
a team. Something that might be more relevant to ponder in
teams where leadership is not formally defined. Regarding
RQ1, we can conclude that for the complex subject of human
communication, it makes sense to provide a variety of visual
representations, each conveying different aspects of human
interaction.

The feedback also shows that the reports are “helpful for
self-reflection” (see Table 4), indicating that these visual
representations of communication reach beyond being helpful
to learn about the communication of the group as a whole.
They can also be used to learn about individual behavior in the
given social context. The sequence diagram for instance is a
way to realize whether one tends to have short contributions
or rather long monologues. The interaction diagram can be
used as a basis for social network analysis (SNA), as has been
previously argued [2]. When used for groups, a SNA allows
for the analysis of the communication structure, as well as
individual positioning of team members [22]. This could be
further supported in future versions of the communication
report by showing SNA metrics, such as centralities, for all
team members on the diagrams. As with any intervention that
creates transparency in a social context this would have to be
weighed against potential downsides, since the positioning
within a team is a sensitive issue. As experience in team
coaching indicates [23], a team member, whom the SNA
shows at the rim of the team, might not want be openly
confronted with this fact.

Regarding RQ2, we can put forward the hypothesis that
among the evaluated diagrams, the Patterns in Interaction
diagram is a particularly good base to discern patterns in
communication. The results of this study only back this up in
so far, as this diagram type received the most votes as being
the most helpful diagram (see Table 1). Further research
would be needed to compare more diagram types and evaluate
which are best suited to detect communication patterns.
However, the nature of this visualization type seems like a
promising base to discern structural similarities in team
communication. Firstly, by concisely showing structural
information about several meetings beside one another.
Secondly, they, like sociograms [24], reflect the relationships
between team members and their positions within the team.
As the Patterns in Interaction Diagram spans several meetings,
it also allows to discern changes in these relationships and
positionings.
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The feedback also shows, that the search for
communication patterns can be further enhanced when for
each meeting the Patterns in Interaction Diagram is
complemented with the Airtime Diagram as suggested in one
of the answers to Q2 (see Table 3).

Another feedback by the teams show that some diagrams
are difficult to read (see Table 3). Therefore, it appears to be
of central importance to cater the way the diagrams are
conveyed to the individual needs of the respective recipients.
Some people might be able to intuitively understand
sociogram-like visualizations, others might need to be first
introduced to it more profoundly.

Further-reaching feedback by the teams in these six cases
provides suggestions on how the reports could be developed
into a more holistic mirror of online communication.
Suggestions reach from measuring the emotions of meeting
participants to using the content level of the communication
and bringing in the organizational context. As with any data
visualization, the purpose should dictate what elements are
selected to be shown.

With regard to RQ3, we propose the following three initial
criteria for designing communication reports for online video
conferences from the feedback. As the DSC and the diagrams
created in its process only make use of the audio data, we
further propose that the scope of this criteria can be extended
for creating visualizations of any kind of synchronous online
communication between humans. The limits to which this
proposition holds yet need to be explored in further research:

1. Homogeneity of the form: All elements used should
consistently follow an inherent logic. E.g. the same
colors for participants should be used throughout all
diagrams.

2. To manage the complexity of visual representations,
it is helpful to distinguish between the layers of
communication that are represented, and choose
them according to the purpose of the visualization:

a. Structural information.

i. Communication of the entire
team, e.g. communication
patterns or structural SNA
metrics, such as the reciprocity of
relations.

ii. Individual communication
behavior, e.g. speaking times,
speaking rhythm, as well as
individual SNA metrics such as
centrality.

b. Content, e.g. word clouds featuring
summaries of meetings or meeting phases.

c. Emotions, as can be deducted by changes
in pitch and volume in audio tracks, by
facial recognition in video feeds or
sentiment analysis of the communication
content.

3. The complexity of the process of conveying the
diagrams should match the complexity of the
subject that is being conveyed. The process of
explaining the form that is chosen to represent a
certain aspect of communication should be tailored

to the recipients, considering their previous
knowledge and their needs.

B. Limitations

The findings outlined here apply specifically to the context
of the case studies. More case studies in different cultural,
organizational, and social contexts would be necessary to
corroborate or refine the findings. In this research, the reports
used are part of the DSC. Other reports featuring different
types of visualizations might lead to new insights.

C. Conclusions

This research provides insights into how human
communication, in its multi-layered richness, can be depicted
in a way that teams can learn from. While established good
practices for data visualization hold true in this context, it is
particularly important to start by considering the purpose and
the target group for which communication is being visualized.
Based on that, the relevant aspects of communication and the
appropriate diagram types can be selected. Lastly, since in
diagrams representing synchronous human communication
complexity cannot always be avoided, it is highly relevant to
consider how the visualizations are conveyed and what
contextual information is provided alongside them.
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Abstract— This Full Paper in the Innovative Practice track
describes a new approach towards online agile teamwork in a
higher education context. The presented learning format is
based on the agile epic bedtime story game and the concept of
self-organized learning. It focuses on time-constrained
teamwork, with the aim to achieve a shared result from the work
of several loosely connected teams through iterative learning
and feedback loops within and across teams. We previously
successfully applied and evaluated this team collaboration
format in onsite learning. In this online adaptation, the
efficiency of this approach is complemented with team-building
exercises, to somewhat compensate for the lack of social
interaction that is inherent to online communication. This
approach combines the idea of agile gamification in education
with previous concepts of self-organized learning (S-O-L) and
the container-differences-exchange (CDE) model to organize
self-organization. The infrastructure prerequisites for this
format are moderate: a tool for video conferencing, a digital
whiteboard and a digital collaborative writing tool. The online
learning format was implemented and evaluated in an
undergraduate University course on Informatics and Society in
autumn 2020 with 36 participating students. We conducted a
summative qualitative content analysis of student reports to
examine the effect this format has both on the learning
experience as well as the social interaction between participants.
Self-organized teamwork appeared viable for learning:
Students rated the question how well it enabled them to learn
the content of the course with a median of 8 on a scale from 1
(worst) to 10 (best) and a standard deviation of 1.5. Students
considered iterative work in the same team productive, while
communication across teams was perceived challenging. Teams
established continuity in their communication, also between
sessions, through freely available communication tools. The
single most important factor to help social interaction
mentioned by students was the use of breakout rooms.

Keywords—Self-Organized Learning, Gamification, Online
Learning, CDE Model

I. INTRODUCTION

The sudden shift in university education from onsite to
online learning in 2020 imposed new challenges to teachers
and students alike. While we prepared an undergraduate
course on computer science and society at the University of
Vienna, Austria, we were seeking ways to mitigate the lack of
personal interaction in an online format. Our goal was to best
enable the online learning experience of students as well as to
create a virtual space for interpersonal interactions. Social
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interactions in universities have starkly suffered with campus
life being supplanted by online learning.

The learning approach we chose makes a basic
assumption: that learning can be greatly improved when
people get in a playful mood, e.g. by framing the course to a
playing field where teams produce something in a game-like
setting. In this approach, learning is enabled by giving teams
a clear learning goal and providing an adequate frame and
support for self-organized team collaboration.

Agile methods have become increasingly prevalent in
software development over the past decades and have spread
to many other business domains, as diverse as the cosmetics
and automotive industries [1]. The agile manifesto [2] which
captures the main principles these methods follow, postulates
(among other points) that self-organized team work, face-to
face communication and the flexibility to respond to changes
are key success factors in solving complex tasks. To convey
agile methods and agile principles and to foster the learning of
self-organized teams, a variety of gamification approaches
have emerged in the agile community.

Building on the positive experience on the gamification
epic bedtime stories approach in previous semesters [3] we
adapted this format to online learning. The original Epic
Bedtime Stories approach is tailored for practical experience
in and to improve scaled agile teamwork. Several teams create
a document together in a time constrained setting. Their
challenge is not only to create a chapter per team, but each
team also has to meet the predefined acceptance criteria within
a timeframe of typically 2 to 4 hours (Fig. 1).

In this gamification approach, one of the lectors takes the
role of the so-called creator. This person explains the objective
and acceptance criteria of the document to the teams and gives
regular feedback on how well this objective is met after each
iteration of the document creation process.

Applying this agile approach to an educational context
provides an interactive format to convey the content of the
course. Additionally, it also creates a learning opportunity for
students to experience time-bound teamwork and to reflect on
what makes collaboration effective in reaching goals.
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This process also mirrors the communication complexity
of (small) organizations in so far as the teams have to
collaborate to ensure that their combined chapters compose a
consistent overall document.

To adequately frame the self-organized learning in this
course we found inspiration in the container-differences-
exchange (CDE) model [4] that the first author had previously
used for team coaching and trainings in business contexts.
This model features the concept of a container for self-
organization, which is composed of organizational and
technical constraints aiming to set an adequate frame for self-
organized collaboration: A frame should not be too wide, to
avoid communication becoming chaotic, and not too narrow
to avoid dampening the creative potential of the participants.
To meet that end, the frame needs to be continuously adjusted
by mindfully observing the verbal and non-verbal signals
coming from the learning group.

At the end of the course, we asked the students to fill out
a questionnaire to learn more about our main research question
(RQ1): How can a university course be arranged to support
self-organized online learning (SOOL)? 36 out of the 38
students who signed up for the course replied. Their answers
were the basis for the summative qualitative content analysis
presented in this paper.

Next, we examine related approaches of applying agile
methodologies and compare current online team collaboration
strategies in University contexts. In Section 3, we outline our
educational approach including the concept of the agile epic
bedtime story process adapted to online higher education.
Subsequently, we present the findings of our qualitative
content analysis on students’ learning experience. Finally, we
discuss students’ feedback in the context of the CDE model
and propose suggestions for enabling learning through online
team collaboration in University courses.

II. RELATED WORK

Collaboration is pivotal in industry and academic work
environments. Several studies highlight that an agile learning
environment can effectively support students’ learning in
collaboration and self-organization [5] [6]. Online

collaborative learning is challenging due to communication
barriers, differing skills or expectations, or trust among team
members [7] [8]. Due to the COVID-19 pandemic, didactical
approaches need to be adapted or introduced to foster
collaborative learning among engineering students in distance
learning [9] [10] [11] [12]. Effective online education may
help in building relationships and to engage students. It is
based on timely personal interaction, clear communication
and organization, appropriate technology, flexibility and high
expectations [13]. An agile approach towards online
collaborative learning can support task management and
group dynamics [8]. In agile learning environments, teams
work iteratively, receive incremental feedback, and discuss
steps to be taken [6]. A preparation phase may support initial
team structuring [14].

Gamification can already be considered an established
approach in business. As far back as 1984, research on
applying gameplay at work was conducted, pursuing the
question “why do people put up to ten times as much energy
and effort into their avocations as in their vocations?” [15]. It
was hypothesized that the answer, among others, can be found
in clearly defined goals, more frequent feedback and the
feeling of participants that they have a higher degree of choice
in games, particularly when it comes to the choice of the
methods they use. All of these principles are incorporated in
agile games such as Lego4Scrum [16] or Epic Bedtime
Stories.

A neuropsychological perspective posits that when
playing, our brains establish a particularly high number of new
synaptic connections that can help unfold new potentials [17].
When we analyze communication as interaction of
individuals, we can view them as “Games people play” [18].
From an organizational perspective, then, communication
patterns in organizations can be seen as game rules [19]. A
further step postulates that the roots and essence of
organizations lie in building and strengthening social
formations through games and rituals [20]. This knowledge
has been extensively applied in business by using gamification
approaches in team building and even organizational
development. It has also been pointed out how social learning
processes on team and organizational level can be fostered
through gamification [21].

Gamification as means for education has increasingly
become a focus of scientific research over the past decade. The
number of articles published between 2010 and 2014 has risen
from 10 to 50 [22]. A study of 754 gamification cases found
that in business contexts, gamification is used for a variety of
purposes, first of all Human Resource Management (HRM),
closely followed by training: “HRM (148/754, 19.7%) had a
relatively large proportion among the categories, followed by
training (143/754, 19.0%), social issue (133/754, 17.7%),
education (127/754, 16.9%), commercialization (108/754,
14.3%), and lifestyle (95/754, 12.6%).” [23].

A systematic mapping study of gamification in education
showed that “the use of educational games as learning tools is
a promising approach due to the games’ abilities to teach and
the fact that they reinforce not only knowledge but also
important skills such as problem-solving, collaboration, and
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communication.” [24]. However, self-organized learning
through gamification, does not appear as a category in this
study, unlike in the business domain.

A well examined example that transfers gamification for
the purpose of education into an online setting is the Crystal
Island Learning Environment [25]. This game features a 3D
virtual environment in which students can collaborate to solve
tasks. This required substantial investment in creating the
computer game itself as well as the computational models
simulating the reaction to the students’ actions. Empirical
analysis evaluating the effectiveness of this approach found
that it “did exhibit learning gains, but that those gains were
less than those produced by traditional instructional
approaches. However, the motivational benefits of narrative-
centered learning, particularly with regard to self-efficacy,
presence, interest, and perception of control, were
substantial” [26].

At the core of agile learning is the principle that self-
organizing teams are best suited to accomplish complex tasks.
Agile coaching and teaching can be seen as ways of
strengthening the ability of a team to continuously learn and
improve in a self-organized way [27]. The idea of self-
organized learning (S-O-L) is even older than agile methods
[28]. There has also been research on suitable environments
for self-organized learning. From a person-based
psychological perspective, it has been argued that “the S-O-L
practice depends on the ability of the learner to self-monitor
and control the learning process.” [27]. It further stated that
“shared meaning is negotiated conversationally from social
networks. Such social networks can be understood as
conversational learning environments that construct their own
viability and validity, resulting in a capacity for creative and
flexible thinking” [27]. The role of the teacher is considered
to be a learning coach who uses appropriate conversational
tools and reflective techniques to facilitate the student’s
learning. His/her task is to build an appropriate environment
that enables meaningful conversation, e.g. through
conversational templates.

The CDE model is “a qualitative conceptual model of a set
of meta-variables that represent a wide variety of constraints
that influence the speed, direction, and outcomes of self-
organizing processes in human systems” [4], This model
distinguishes between:

1. The container in which communication happens

2.  The differences in communication (e.g. from

iteration to iteration) from which the teams can learn

3. The exchange of teams with the outside

The CDE model draws from systemic and complexity
theories including the systems theory by Niklas Luhman [29].
In this view, social systems are complex adaptive systems that
display self-organization if they have no central command and
control structure. The container in the CDE models is meant
to adequately constrain the freedom of self-organization. “We
often complain about constraint. Yet, high levels of agreement
and certainty within a system result from constraints that
reduce the system’s degrees of freedom [30].” It “makes the
emergent patterns manifest, so that everyone involved in the
project is able to see and name them [30].” To make

differences in communication patterns manifest in order to
learn from them is an approach also used in systemic coaching
[31].

III. DIDACTICAL CONCEPT AND EDUCATIONAL APPROACH

The approach introduced in this course combines these
three ideas: It intends to provide (1) an adequate frame for
self-organized online learning (SOOL), with (2) the
gamification approach Epic Bedtime Story providing an
iterative series of collaboration and conversational templates
for reflection and (3) the CDE model as framework how to
organize self-organization.

Adapting the Epic Bedtime Stories approach to a
University setting, we developed the following procedure:
The first three-hour unit is dedicated to getting the participants
to know each other better through various exercises and to
then form teams. In one of these exercises, students rate
themselves on the essential four skills needed for this venture.
This allows them to form teams with a balanced set of diverse
skills. This is followed by a series of random breakout sessions
where students can introduce themselves to one another in
small groups of 4-5 people. Based on that, students build
teams themselves, simply by putting their names into one out
of six team buckets on a digital whiteboard.

As part of the first session, the students also receive short
input on the subject matter. Each team then selects a chapter
and is tasked to prepare an initial draft of this chapter for the
next session. This kind of self-organized team building is
(among others) used by agile methods such as Large Scale
Scrum [32] and has been prevalent in agile business contexts
for several years.

In the second session of 3 hours, the teams then write the
booklet together. This is done iteratively: after half an hour
work, the teams show their results and receive feedback by
other students and the lecturers, which they can incorporate in
the next iteration.

In this case, the students’ objective was to write a
“Survival Guide to Online Education” comprising of the
following chapters:

1. Establishing friendships

2. Team collaboration at university courses

3. Keeping oneself well-informed through online
media

4. Keeping oneself well-informed on happenings at
University

5. How to fail every single exam in spite of putting in
a lot of effort

6. Self-defense against cyber mobbing aka defense
against the dark arts

7. Joker: topic to be chosen freely by the team

Following the idea of self-organization, our main role was
not as knowledge experts but as facilitators to create an
environment for the teams to playfully learn. To establish the
different levels of interventions we had at hand, we used the
CDE model to understand and enable self-organization.
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The container in our course was for one set by the technical
constraints of online collaboration. Our goal here was to
harness the available tools as much as possible, e.g. by
encouraging students to keep video turned on throughout the
session and to provide additional tools such as digital
whiteboards with carefully customer-tailored templates. The
container in the CDE model is also formed by the spoken or
otherwise conveyed organizational rules. In the context of this
course, a grade-point system and other ground rules served as
additional organizational boundaries.

We sought to make clear communication rules by asking
students at the beginning of the course, to participate at any
time, to speak up when anything was unclear or when
something didn't make sense. The intent was to set an example
for an open atmosphere where any constructive participation
was embraced. Furthermore, we provided questions for the
team retrospectives. These questions were based on the
practices in agile coaching [33] and systemic coaching [31].

Facilitating self-organizing also requires providing
various forms of exchange for the teams. In our case exchange
was built into the game: firstly, at the iterative reviews where
other teams and we as teachers gave feedback which could be
incorporated immediately in the following iteration. Secondly,
through so-called guilds, where the settings changed: instead
of the cross-functional teams, where they worked in continuity
in and between the modules, course participants found
themselves in a new social composition: among other experts
with a similar focus e.g., graphics or writing.

This approach creates learning opportunities for students
on three levels:

e On the content of the booklet created: Getting
feedback from the other teams and the lectors and
having the chance to incorporate this feedback
several times, the students can improve their
understanding of the subject matter step by step.

e On teamwork: how to produce valuable results in
teams under time constraints and to experience the
increase in communication complexity when
several teams need to coordinate. These are
situations they will likely encounter in their future
work life as software engineers.

e To learn how to best adapt their university
education to online settings.

To further enhance these learning opportunities, the teams
briefly reflect on their experiences after each iteration, called
retrospective, following the Scrum approach [34].

The final product students created together comprises 30
AS pages available here: https.//rb.gy/6xnuhf.

IV. METHOD

To evaluate the students’ experience in self-organized
learning, we asked them questions about their online agile
team collaboration. In particular:

RQ1: How can a university course be arranged to support
self-organized online learning (SOOL)?

To gain insights on students’ perception of key context
factors supporting SOOL, we differentiate further:

RQI1.1: What are the relevant factors in the frame of the
course to enable SOOL?

RQI1.2: What infrastructure is necessary for successful
SOOL?

After two online collaboration sessions, students were
invited to give individual feedback on their perceptions of the
time-constrained online teamwork answering seven guiding
questions, two of which were scaled:

1. Onascale from 1 (worst) to 10 (best), how well
did the way we worked together in these two
sessions enable you to learn about the content of
the course? (Given the available time and the fact
that online communication was mandatory)
2. Onascale from 1 (worst) to 10 (best), how well
did the way we worked together in these two
sessions enable you to better get to know your
fellow students? (Given the available time and the
fact that online communication was mandatory)
What helped in getting to know fellow students?
What hindered getting to know one another?
What in the way we worked together in these two
sessions could have improved your learning
experience?
6. What infrastructure enhancements (tools, ...)
could have improved your learning experience?
7. In this second session today: how, in your own
words, did communication unfold in your team and
across teams? (Describe in two paragraphs)

Rl

We analyzed student reports in a summative qualitative
content analysis [35]. The sampling unit of our analysis was
the course on “Computer Science and Society” in the winter
term of 2020. Our recording unit is 36 reports (n=36) of 38
course participants in total. Our coding unit was a unit of
thought, usually a written paragraph. Reports were
anonymized for evaluation.

We created categories inductively from students’ written
accounts. Our categories were thematic, referring to specific
arguments or topics, and analytical, in that codes were further
clustered based on reciprocities. We constructed a code book
in the form of a hierarchical category system: code/subcode.

First, we defined the structure of the code book, with each
entry having the form: “code”, “code count”, “report
references”, “anchor example”, “tags and question of
interest”. We coded three reports as reference cases together,
adapted the code book structure and subdivided the coding of
the rest of the reports among the authors. Reports were then
coded by the authors separately. In several iterations, code
definitions were discussed and adapted, if required. Finally,
we clustered groups of related codes together. In total, we
coded 91 codes, of which 29 had more than one occurrence in
student reports, with 127 subcodes. Sixty-two codes had no
subcodes and were only coded once. We excluded these from
the results. Findings were sent to an external auditor for
evaluation.

V. RESULTS

The results of the two scaled questions in the questionnaire
(Q1, Q2) are depicted in Fig. 2. Student answers can be found
on scales between 1 (“worst”) and 10 (“best”) respectively.
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The median of the replies for both questions is 8, with the
standard deviation of Q2 with 2.5 being higher than the one of
Q1 which was 1.5. Whether this learning approach facilitated
students learning was rated on or above the mark of 7 by 75%
of the participants. Opinions were more widespread regarding
the question how well this format enabled students to get to
know one another. Here, agreement of 75% of the participants
was only reached with mark 5 and above.

The correlation coefficient between the two datasets, the
answers of Q1 and Q2, shows a weak positive correlation of
0.15 (Fig. 2).
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Fig 2. Results of scaled questions. The x-axis shows the answers to Q1, the
y-axis shows the answers to Q2 for each student

Table 1 enlists all codes with at least two occurrences
alongside anchor examples. The most prevalent codes were
“Breakout rooms good to get to know people” and
“Communication within the team worked very well” which
were coded in 21 of 36 (58%) participant reports.

TABLE I. CODES, OCCURRENCES AND ANCHOR EXAMPLES

Code # Anchor Examples
Breakout It was helpful to join in a random
rooms good to 2 room in BreakOutRooms. In a small
get to know group, it was easier to overcome
people awkwardness and uncertainty
Communicat

We discussed all of the mistakes and
21 | inconsistency with assigned task and tried
to improve our paper.

ion within the
team worked
very well

For the small group assignment with
the use of discord we arranged a meeting
once in every week, which allowed us to
16 keep track of where we stand in our

assignment process. In those sessions,
although not drastically, we get to know
each other better.

Keeping
contact

1 think the Survival Guide
assignement could have had some clearer
instructions, because my team used
Overleaf/Latex for our guide, so when we
had to paste our guide into the shared
Google document it was quite difficult. If
had we known about that we would have
used something else instead of Overleaf.

Assignment
clearer

Communicat
ion across teams

Communication worked well in my

worked less well 12 own group, but lzsus sso with the other
than within team groups.

In my opinion, we had everything to
become a successful collaboration. Our
group used two apps for interaction with
each other, Whatsup to appoint date and

Tools 1 time when we make cooperate call, and
sufficient Discord where we shared all our ideas
and shared information. Also, we used a
Google Documents file where everyone
pasted their parts of a text and could
make changes in it.
Full Not everyone in the Breakout-Rooms
articipation had their microphone turned on (or their
partieip: 10 | microphone didn’t work) which made the
with video and S .
. communication not as smooth as it could
audio
have been.
The communication between the
guild members was also very good. We
all switched to the guilds that we were
L interested and having a common subject
More time in . Lo
9 | of interest made the communication easy.
breakout rooms . .
The difficulty was having a very
restrictive time limit which may affect the
end result, thus the outlook of the whole
guide.
Blind dates
helped to get an The “Blind-Dates” we had before
idea who the 8 getting together in groups helped to get
other students an idea of who the other students are.
were
My team and I used Discord for
. communication for our team project and
Discord was L X
helpful 8 for communication during the lecture
(For example on deciding who should
present the guide that we’ve created).
Not meeting Communicating face to face, of
in person; online 8 course. In my opinion, you can only
not as personal really get to know each other when you
as face-to-face meet offline.

In the session with people from the

other groups, the discussion was

surprisingly very sophisticated at the
. time, but then again, the discussion was

Guilds . .
7 between people who had proficiency in

helpful . .
the same skill. It was engaging, and
everyone was able to point some
problems out in the document, and
everyone was Very open.

For me personally working in teams

was a completely new experience in this
Working in 7 semester and it helped pretty much to get
small teams to know each other, to learn how to work
together and organize ourselves to
achieve a common goal.
Communicat Everyone was respectful while
ion across teams 3 communicating and there was no
worked well “destructive behavior”
A lot of people claimed to not have a

functioning microphone (over a

Lack of prolonged period of time), which was - at

participation by 3 best - a dubious excuse for not wanting to

fellow team talk to other people. Others did not even
members bother to come online and attend our

group discussions during the beforehand
agreed upon time.
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Team
members who
chose whom they

To be honest with you, which is also
the point of this review, I did not make
sure that [ get into a team where everyone
has a competence that is great for the

knew team, but instead looked to team up with
(sympathetic) people, which I do previously found
sympathetic.
Alternative When working together on the
to allow for less prototype of the guide, you could have
chaotic found an alternative where everything
collaborative takes place in a more orderly manner and
work on overall not everyone changes something at the
document same time.
We used BigBlueButton, a
BBB for presentation platform, which enabled us
connecting with to connect and work together, and with
each other the help of Clipboard, we could build our
team and met other students.
The focus of the course part was very
much on (online) communication / team
building / jointly managing a project.
That was good in itself, I just found that
Contents . X .
. . this is a relatively selective excerpt from
for informatics w ]
. Current topics from the field of
and society . . .
f computer science and society”. It might
were not in L . 9
have made communication a little easier
focus, rather . . ;
P if, for example, we had discussed various
communication . . .
topics from computer science and society
and team - .
building at the first appointment in the break-out
rooms instead of our abilities, because
then everyone could talk about something
instead of everyone about themselves
(that may be easier for some.
. I'am happy that this module outlined
Framing . .
. the importance of constructive
Constructive Lo N s .
Communication communication — a trait which is easier
described than demonstrated.
. It would have been better if we had
More time . .
maybe one more meeting for the project.
Between the teams, primarily in the
guilds, chaos took over a little more at the
Not used to -
X beginning due to the larger number of
guilds o
participants and also because of the poor
knowledge of the members.
In a way, the online meetings are
both a blessing and a curse. On the one
hand, they give you a feeling of
anonymity and thus lower the threshold
to say something, especially at the
Online beginning. On the other hand, they also
discussion make the flow of conversation more
difficult: bad connections prevent you
from saying or understanding something,
it quickly happens that everyone says
something at the same time and then
everyone pauses.
The way we The way we worked together in these
worked two sessions and between them helped

improved my
social skills

me to overcome fair to speak in public, so
I improved my social skills.

Tried best to
overcome
shortcomings
inherent to online
setting

However, the main thing that
interfered with us in getting to know each
other was the cause that we had online
sessions. But generally, we got tried to do
our best to overcome these difficulties.

A more
organized
Moodle page

One thing that comes to mind would
probably be a more organized Moodle
page. Although, this could just be me,

since I dislike Moodle in general.

Some kind of tool for shared notes in
A tool for the break-out rooms would still have been
shared notes in 2 | good, although there were “shared notes”
breakout rooms in the rooms, but they were gone after the
break-out session was over.

Active Active communication from both
communication 2 sides is really the only thing that helps
from both sides here.

An envoy to Maybe you could have made a few

other guilds, 5 improvements to the task in the guilds,

when working in for example an “ambassador” to other
guilds guilds.

V1. DISCUSSION

A. Discussion of results

Quantitative findings show that students believed that this
kind of self-organized teamwork was helpful in learning
relevant content: 75% of students rated the support of content
learning (Q1) on a scale from 0 (worst) to 10 (best) as 7 or
higher. The median rating was 8 (with a standard deviation of
1.5). A few students shared that their social skills were
advanced (2 mentions), particularly related to communication
and teamwork (2 mentions), rather than broader societal
topics related to Informatics.

RQI1: How can a university course be arranged to support
self-organized online learning (SOOL)?

RQI.1: What are the relevant factors in the frame of the
course to enable SOOL?

Students pointed out quite clearly what helped or hindered
their social interaction. The two most mentioned codes were
the possibility to use “Breakout rooms” (21 mentions) and
“Communication within the team worked very well” (both
mentioned by 58% of the participants - 21 report mentions
each). Since team communication during the course sessions
was mainly possible in these breakout rooms, where they
collaborated and self-organized without the presence of a
lector, it can be concluded that breakout sessions were of very
high relevance for SOOL in this setting. As one student stated
regarding the breakout rooms: “How well this succeeds then
eludes the course instructors and becomes the responsibility
of the students themselves. It therefore depends on each
individual how much you get involved in the given
conversations and subsequently reveal yourself.” This
indicates that students did indeed feel “in charge of his/her
own personal system of meanings” as intended by S-O-L
[24], as well as in its online application SOOL.

Collaborating online, establishing and maintaining social
contact appears more difficult: Course sessions end abruptly,
and there are no informal meetings outside of the course
structure. Many students (16 mentions) were concerned on
how to maintain contact with their colleagues. Some
observed that their familiar patterns of social interaction, such
as establishing deeper personal contact between lectures, did
not work in an online setting. One participant wrote: “It
would have been nice if there was an easy way to get in touch
with the people you met, after the duration of the course /
breakout room, possibly through Moodle because often times
different people attend different courses and once it is over
you lose contact with them.”
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Different communication settings, within teams and
across teams, drew rather differentiated responses. While
participants generally agreed on being able to learn course
contents through SOOL, 75% of the participants marked
whether they could get in touch with fellow students easily
on a scale from 0 (worst) to 10 (best) with 5 and above. The
rating median was 8 (with a standard deviation of 2,5). From
the qualitative content analysis, we can infer the following
reasons for such variation: Students mentioned that they
either would have liked to have more time in general (2
mentions) or more time in breakout rooms (9 mentions).
Many students reported on the gained value in collaboration
by turning on the microphone and the camera when working
together (12 mentions). Students found it difficult when team
members were not reachable during work sessions (3
mentions). Several students highlighted difficulties in
collaborating online as opposed to meeting face-to-face (8
mentions). One student particularly reflects on the benefits
and drawbacks of online conversation in a group (2
mentions): “In a way, the online meetings are both a blessing
and a curse. On the one hand, they give you a feeling of
anonymity and thus lower the threshold to say something,
especially at the beginning. On the other hand, they also
make the conversation more difficult: bad connections
prevent you from saying or understanding something, it
quickly happens that everyone says something at the same
time and then everyone pauses.”

Recurring work within the same team was considered as
productive (7 mentions concerning work in small teams) and
held with respectful communication by most of the students
(21 mentions). One student stated with regard to teamwork:
“We gathered ideas together and always quickly came to an
agreement”. The more complex communication between
teams on the other hand was often perceived as challenging
(12 mentions). A student shared, for example:
“Communication worked well in my own group, but only
moderately with the other groups. I find this format very
difficult as it is often. There are ‘leadership’ problems. In
each new group, a new interpersonal hierarchy always had
to be found. But I found it very exciting here how quickly you
have adapted yourself again and again. Once there was a
‘leader’ and another time everyone acted equally.” Students
stated that they were not used to working in guilds (2
mentions). Yet, others pointed out benefits of meeting in
guilds (7 mentions): “In the session with people from the
other groups, the discussion was surprisingly very
sophisticated at the time, but then again, the discussion was
between people who had proficiency in the same skill. It was
engaging, and everyone was able to point some problems out
in the document, and everyone was very open.” Other
students shared that communication across teams worked
well (3 mentions): “At first, communication between the
teams was faltering, but it has improved after groups were
formed again according to specialty and each draft was
checked again for errors.”

The warm-up phase to collaborative writing was
considered worthwhile to get to know other students
participating in the course (8 mentions). One participant
shared a personal advantage of the online format: “Ir was

helpful to join in a random room in BreakOutRooms. In a
small group, it was easier to overcome awkwardness and
uncertainty.” As the skills-self-attribution exercise was
rarely mentioned, we assume students used it primarily as a
communication anchor to get in contact with each other
before forming teams on their own. Few students shared in
their reports that they chose team members that they
perceived as sympathetic (3 mentions).

RQI1.2: What infrastructure is necessary for successful
SOOL?

Many students rated the infrastructure in place (Moodle
as a knowledge base, Zoom for interactive sessions, a digital
whiteboard for team building and GoogleDocs for
collaborative writing) as a sufficient selection (11 mentions).
The qualitative content analysis shows how some teams
managed to mitigate hurdles in maintaining a continuous
communication with rituals using freely available standard
communication tools: “For the small group assignment with
the use of discord we arranged a meeting once in every week,
which allowed us to keep track of where we stand in our
assignment process. In those sessions, although not
drastically, we get to know each other better.” Discord was
frequently noted as a helpful tool to arrange meetings both
during and outside the course (8 mentions). The emerging
overall communication structure bears a resemblance to what
has been called a dual-operating system in organizations [36]:
a concept which describes a second informal communication
structure beside the official communication channels. The
online communication on Discord established by students on
their own could be seen as such a second operating system
that runs in parallel to the official Zoom calls.

B. Limitations

The findings outlined here apply to a specific context:
undergraduate students of Computer Science. Therefore, we
can assume that participants are familiar and comfortable
with using information and communication technology for
collaboration. The learning format has not yet been evaluated
in other course contexts.

Researcher bias was identified by both authors. They have
facilitated the epic bedtime story format several times
previously in on-site higher education courses before
implementing the format online. The first author also uses
this approach in corporate business contexts. The results of
the content analysis were sent to an expert auditor with
experience in higher education course design in Computer
Science who did not participate in the epic bedtime story
setting nor in writing the paper. Suggestions regarding the
integration of references to the paper, transparent description
of the course setting and the presentation of results were
considered.

The main goal of the entire course with the embedded epic
bedtime story format is to support a reflective attitude of
Computer Science students. How well the learning format
enabled students to learn was evaluated from their own point
of view as no tests were conducted in this course. Individual
student reflections and teamwork products can thus not be
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easily compared to more traditional learning formats with
standardized tests.

Some student responses were translated by the authors.

VII. CONCLUSION

The questionnaire results and the students’ strong
participation throughout the course clearly indicate that they
found this format helpful to learn course contents, and more
50 to get to know one another. Their differentiated answers to
the questionnaire indicate that they also improved their online
communication skills and their competencies in using online
tools. SOOL appears to be a particularly supportive addition
to the didactical toolbox during a pandemic, where online
work is sometimes a must and social interaction often suffers.
Compared with gamification learning approaches featuring
sophisticated virtual reality environments like the crystal
island experiment [26], the infrastructure prerequisites for an
Epic Bedtime Story based course are far more affordable.
What both approaches might have in common (and further
research could follow-up on this hypotheses) that it creates a
high level of involvement and motivation for students to
achieve results on their own as teams. Benefits such as “self-
efficacy, presence, interest, and perception of control” [28]
are key goals in S-O-L. Therefore, we conclude that this
approach is a promising and low-cost way to transfer the
concepts of S-O-L to online learning.

Key factors to create a successful SOOL course include
(1) an adequate communication design: the selection of a
suitable gamification approach, and (2) an adequate balance
of different communication settings: continuous work as
teams in breakout sessions, where the teams can iteratively
evolve their results, mixed with communication between
teams. This communication design provides a container for
self-organization to unfold, furthermore the chance for
exchange as described in the CDE model. Regular reflections
with some guidance from the lectors can help the teams to
identify relevant differences in their communication and to
learn from them. For appropriate framing of such a course, it
is further highly valuable to clearly state purpose and
structural prerequisites (13 mentions “assignments clearer” 2
mentions in “alternative tool for less chaotic working
together”). In an online context with shifting communication
settings, this needs more careful preparation than when
working in traditional online formats or in an onsite context.

From a perspective of S-O-L, communication settings
should be “conversational learning environments that
construct their own viability and validity, resulting in a
capacity for creative and flexible thinking” [30]. Our
qualitative content analysis shows that such conversational
learning environments can successfully be constructed with
the help of video conferencing tools and breakout sessions
with small groups of seven people or less. As students pointed
out, it is important that all participants have their video and
microphone turned on and their attention is focused on the
work within the group.

Social dynamics similar to those in onsite learning
contexts could be observed (and maybe were accelerated by
the online format), such as some students gaining the benefits

of a group session without contributing much and the
irritation of others because of that.

It is helpful to encourage contact of the teams in between
the lectures and propose means of doing so. How to maintain
team contact was a topic raised by several students in their
answers to the questionnaire.

Further application and evaluation of SOOL in other
learning contexts can bring further insight. Particularly the
question, whether the content of the course can be conveyed
better through this learning format could not be answered
through this research.

This effort seems worthwhile, as one student wrote: “7
have never expected that a lecture could be done in this
manner. Despite the reality of a pandemic, we could interact
with each other during the lecture.”
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