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INTRODUCTION

The increasing number of global companies and mobility of workers has paved the path for the
rise of partially distributed teams in the modern workplace [148]. The shift from physical to
digital accelerated in the 2020-2021 COVID-19 pandemic, as the need to limit virus transmission
forced many organizations to adapt to partial or completely digital ways to do their work [194].
Many companies believe that the post-pandemic future of work will be extensively hybrid. For
example, drawing on over 31,092 full-time employed or self-employed workers across 31 markets,
Microsoft’s 2021 Work Trend Index Annual Report finds that 66% of leaders say that their company
is considering redesigning office space for hybrid work and 73% of remote employees want flexible
remote work options to stay [1].
Coordinated work has been a focus of HCI and CSCW research for at least forty years, with a
special focus on geodistributed collaboration and meetings. As such, it is natural to turn to this
research to draw lessons for a future of hybrid work. However, the popularity of the adjective
‘hybrid’ as a shorthand to refer to distributed combinations of cohorts doing work is itself a
pandemic-based phenomenon. Prior to the pandemic, researchers used a variety of terms to refer
to geodistributed collaboration and meetings. Adjectives such as ‘distributed’, ‘online’, ‘virtual’,
‘remote’, and ‘mediated’ have been applied to descriptions of activities that span the very general,
such as ‘collaboration’, to specific, such as ‘brainstorming’. These terms speak to different and
evolving conceptual standpoints, but have either been used interchangeably, or certain terms have
been favoured in research lineages but not been connected to others. This is especially the case
for research on hybridity, where the essential elements of co-located participants engaging in
coordinated work with one or more remote participants are sometimes specified but often assumed,
not conceived of, or accidentally excluded. In sum, the emergent concepts on what we might want
to call hybrid collaboration and meetings do not reflect a common understanding, conceptualization,
and definition of phenomena that the world is now desperately racing to understand.
Given the imperative of building out the post-pandemic hybrid future of work, this conceptual
confusion shows a need to find ways to sort and derive principles from the literature. The literature
on remote collaboration and meetings is highly dispersed across different fields and outlets, and
even within a constrained set of related fields, such as HCI and CSCW, it would be impractical to
classify the thousands of papers on hybrid work, such as its effects on productivity, management,
collegiality, wellbeing, inclusiveness, etc. As such, in this article we present a systematic literature
review (SLR) of the contexts and tools of hybrid collaboration and meetings in HCI and CSCW, as
represented by those fields’ primary database, the ACM Digital Library (ACM DL).
In this review, hybrid collaboration refers to “collaborative practices that involve simultaneous
co-located and remote collaboration with phases of both synchronous and asynchronous work that
spans multiple groupware applications and devices” [135] and hybrid meetings refers to video- or
audio-based communication sessions among co-located and remote participants [165]. We bring
them together into the larger whole, hybrid collaboration and meetings (HCM), because they are
interrelated (the boundaries grow fuzzier the closer one looks) and because the goal of this article
is to unpack how hybridity matters when it confers an asymmetry on the coordinated activity.
We used 72 keywords in our search including but not limited to ‘virtual meetings’, ‘hybrid meetings’, ‘computer-mediated communication’ and ‘video-mediated communication’. After analysis of
the 1,209 results retrieved, we selected 62 long and short papers which explore hybrid collaboration
and meeting (HCM) settings, regardless of whether the authors explicitly referred to their contexts
as ‘hybrid’. We have classified these papers based on their research questions, methodology, and
results, in order to highlight what HCI/CSCW know and do not know about HCM research findings and implementations. The SLR itself covers the ACM until November 2019, to capture the
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pre-pandemic state of knowledge about HCM, with the extended discussion including relevant
2020 and 2021 publications. That being said, while numerous seminal and valuable publications
were discovered in the SLR, we were surprised that the overall composition of the final corpus
seemed limited in its capacity to give a complete picture of the phenomena of HCM. As we aim to
provide researchers and designers of future HCM systems with a resource to guide their endeavors,
we have included discussion of several high-profile publications to complete the ones that were
discovered in our systematic approach. Taken together, the goal is to produce a baseline review for
post-COVID-19 HCM research and development.
The structure of the article is as follows. Part A deals with the outcomes of our systematic
approach and comprises the methodology, description, and discussion of results, as well as the
suggestion for a taxonomy based on the findings. Part B aims at filling in the gaps identified in
the systematic review, by providing some high-profile publications that can help us understand
missing aspects of hybridity (Sections 5 and 6), and then concludes with the key takeaways and
proposals for the future of HCM research.
1.1

Definition of Hybrid Collaboration

Denning and Yaholkovsky [41] hold that collaboration is the “highest, synergistic form of working
together.” Shah [173] details how the different forms of working together can be seen in relation to
one another suggesting the following clarification to define collaboration and distinguish it from
mere cooperation.
“Collaboration. This is a process involving various individuals who may see different
aspect of a problem. They engage in a process that goes beyond their own individual
expertise and vision to complete a task or project. In contrast to cooperation, collaboration involves creating a solution or a product that is more than the sum of each
participant’s contribution.”
For the study of collaborative behavior and interaction between humans, a multitude of models
and frameworks have been proposed. One particularly popular example is Johansen’s time-space
matrix [88] that allows for the categorization of groupware or group activities according to their
temporal (‘same time’ vs. ‘different time’) or local (‘same place’ vs. ‘different place’) nature, resulting
in four different quadrants. An example for same time (i.e. synchronous), different place (i.e.
remote) would be a telephone call, or a video conference. Other examples would be a meeting
in a conference room for same time, same place (i.e. co-located), an email sent and read at a later
point in time for different time (i.e. asynchronous) and different place, or finally an example for
different time and same place would be leaving a note on the kitchen table to be read by some other
family member later on. It is important to note that only since the introduction of communication
technology is it possible to collaborate at the same time from different places (i.e., synchronous
remote interaction).
Modern information and communication technology (ICT) systems enable activities that switch
back and forth between all four quadrants of the time-space matrix. For example, a web design team
working on a project could be primarily co-located in an office while at least one works remotely
from home. They may use a platform such as Microsoft Teams or Slack to chat synchronously
and asynchronously or meet synchronously, all which may be coordinated with the use of other
asynchronous resources such as shared files created by the individual members with other tools.
Recently, Neumayr et al. [135] suggested a definition for hybrid collaboration which incorporates
this more modern switching of activities but also delineates what is different from either co-located
or remote collaboration:
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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“(1.) Hybrid collaboration switches back and forth between all four quadrants of the
time-space matrix. There are constant transitions between co-located and remote as
well as synchronous and asynchronous collaboration; (2.) The team size S is greater than
just two collaborators and multiple coupling styles can coexist simultaneously within
a single team, effectively dividing the whole team in multiple temporary subgroups
with each one having a size of 1 ≤ 𝑆𝑠𝑢𝑏 ≤ 𝑆 and an individual coupling style; (3.)
Users typically do not rely on a single groupware application or hardware device but
simultaneously use different tools and devices during collaboration.”
We will use this definition of hybrid collaboration for the remainder of this article, but given
that meetings make up such an important subset of collaboration activity, it is worth also defining
hybrid meetings.
1.2

Definition of Hybrid Meetings

In the “meetingization” of post-industrial societies, meetings rationalize collective social orientation
and coordination to work [197]. From as early as the 1960s, office workers in the U.K. were
dedicating half of their time to meeting with others, and only 33 percent of their time was spent
alone [182]. Organizational researchers categorize these meetings based on their topics, formats,
and goals, ranging from decision-making to brainstorming [7]. The general condition of meeting
is “a gathering of two or more people for purposes of interaction and focused communication”
[61, 170, 199]. As teleconferencing technologies gave rise to the concept of ‘tele-commuting’ in
the 1970s, researchers began to explore the notion of gathering from functional and technological
standpoints. They explored which functions relied most and least on all participants gathering in
person [153, 154], and which technologies (alone or in combination) facilitated remote and hybrid
gatherings – with specific emphasis on whether video would be valuable in remote meetings or
audio alone would be adequate [140, 155]. Since then, research into telepresence for meetings has
explored many variations in both social and techological factors [51, 70, 104, 117, 148].
The earliest term closest to hybrid meetings in academic literature is ‘partially distributed
meetings’. However, that term does not fully imply whether the distribution is merely physical
or temporal, and whether ‘partially’ refers to some sections of meeting being fully co-located or
remote rather than the condition that co-located and remote participants are attending at the same
time. For the purposes of this review, we define hybrid meetings as video- or audio-based meetings
among co-located and remote participants [165]. This definition is agnostic to the distribution of
participants in time or space.
1.3

Differences and Similarities between Hybrid Collaboration and Hybrid Meetings

One problem of defining hybridity for the purposes of an SLR is that the concept of hybrid meetings
can be regarded as both more general and more particular in comparison to hybrid collaboration.
It is more general insofar as not all aspects of hybrid collaboration’s definition (see Section 1.1)
must apply for a meeting to be regarded as a hybrid meeting. For example, concerning part (1.)
of that definition, it is entirely valid to only rely on synchronous communication during a hybrid
meeting, concerning part (2.) there are often fewer tendencies to form several subgroups in meetings
(due to the synchronized nature of communication), and concerning part (3.) it is oftentimes the
case that only one or very few tools and devices are used as opposed to the typical practices in
hybrid collaboration where usually multiple tools and also personal devices are an integral part of
the collaboration.
On the other hand, it is more particular, insofar as the typical collaborative activities found in
hybrid meetings usually concern—as the name states—meeting activities and therefore a subset
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of activities and tasks as compared to the broader term of collaboration. For example, hybrid
collaboration can include all of co-authoring, co-programming, co-design, sense-making and many
more in a hybrid team context whereas hybrid meetings typically have activities more similar to
traditional meetings, such as information seeking, generation/discussion of ideas, delegation of
work, or presentations, just to name a few.
There are also differences in the temporal scope of hybrid meetings and hybrid collaboration.
A hybrid meeting is mostly limited to one occurrence of people coming and working together
for usually a few hours at maximum. Conceptually, when talking about recurring (e.g., weekly)
meetings, we see this rather as repetitions of single instances of meetings instead of a single longer
meeting process. A hybrid collaboration, however, could last for days, weeks, months or even years
in theory (e.g., a paper co-authoring process can often take several months).
In conclusion, though, while typically differing in the tasks, synchronicity, tendency to form
subgroups, and permanence [110], hybrid collaboration and hybrid meetings share a common
notion of collective work by teams comprised of both co-located local and remote participants. As
such, we believe that a joint literature review will inform us about what has been already studied
and what needs to be further researched.
1.4

Aim: Understanding Hybridity

We said above that we are exploring hybrid collaboration and meetings (HCM) together, because
our goal is to unpack how hybridity matters when it confers an asymmetry on the coordination that
occurs within the interrelated concepts of collaboration and meetings. ’Hybrid’ is the key concept
under investigation because it has become the term du jour for several co-located participants
engaging in coordinated work with one or more remote participants. While it has its own looseness,
it is perhaps at least more connotative of the asymmetrical cohort distribution than other terms that
have been used, such as ‘online’, ‘distributed’ or ‘partially distributed’. Those terms may be confused
with either fully virtual collaboration (e.g. [148]) or even in-person collaboration (e.g. [125]). In
some ways such terms are products of a time before ‘hybrid’ itself came to prominence in this
context. That being said, ‘hybrid’ is an established term in research on coordinated work contexts,
especially in education, where ‘hybrid education’ [69] and ‘hybrid learning’ [33] were seen as
solutions to problems of scale and inclusion before the COVID-19 pandemic.
Our primary goal is to help future researchers, designers, developers, and others understand how
hybridity matters to the tools and processes of collaboration and meetings. Our secondary goal is to
help those searching for prior literature on hybrid collaboration and meetings to understand what
they will and will not find when undertaking such a search. This is important because, as we have
noted above and will discuss further, there is a large difference between what can be found using the
term and what is relevant to the concept. So, for example, the SLR revealed some work on document
collaboration when it specifically investigated how it matters in context of hybridity, but this does
not represent total coverage of the document collaboration literature. Another example, perhaps
controversial, is that the term ‘Media Space’ was not included in the SLR, partially because it would
result in many false positives1 , partially because some contributions to Media Space research do
not appear in the ACM DL, and partially because of the nature of Media Space research itself (as
we will discuss later). To remediate this exclusion, we have included Media Space research in our
discussion on what is missing (Section 5). Given these goals, one obvious outcome of this article
1 The

words ‘media’ and ‘space’ are often used together in metaphorical reference to both mass media and social media,
as well as appearing adjacent but without combined meaning in the ACM DL. These vastly increase the number of false
positives. We could have limited the use of the term to the title only, but that would deviate from the SLR methodology and,
of course, not all research on media spaces include the term in their title.
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will be, as those before us have urged [46, 168] to emphasize the need for a unifying vocabulary to
make future research more easily discoverable, aggregated, and comparable.

PART A - Systematic Findings
2

METHODOLOGY

The following sections present an overview of our systematic literature review’s process. We used
an approach that was initially inclusive regarding the search terms to obtain a broad view of the
potentially relevant literature and not miss related publications. To achieve this, we designed our
search query to be comparatively permissive by using a broad set of search terms, although often in
systematic literature reviews, researchers only query for one or very few concrete terms. We knew
after pretesting our query, that we might have to deal with a large number of semantically false
positives by doing so, but found it necessary due to the conceptual confusion of the terms used to
describe the phenomena of HCM. In a second step, we manually applied rather strict criteria for
selecting the publications into the final corpus of relevant literature.
2.1

Planning the Review

In this section, we describe how we planned our systematic literature review by presenting our
research questions, justifying our queried data sources and discussing the inclusion and exclusion
criteria we applied.
2.1.1 Research Questions. In our previous work, we noticed a lack of a systematic overview of the
related literature on HCM. Our general research goal, to provide such a systematic overview of
existing work on HCM, is motivated by a desire to provide future researchers with the most relevant
dimensions and characteristics of HCM research in the ACM DL. SLRs often have a rather narrow
focus on one specific delimitable characteristic or dimension, for example on Social Presence in
virtual environments [143] (here the authors additionally focus on “predictors of social presence”),
on technologies which support awareness in collaborative systems [120], or on explanations in
decision support and recommender systems [139]. This focused approach allows these SLRs to
distill important predictors for the dimensions or measurements for success. With our aim of giving
a broader overview of the concepts of HCM, we expected that the obtained references will contain
many different subsets of thematic foci on dimensions (e.g., on predictors, on awareness, etc.) all
with a connection to HCM in their core. This, in turn, implies a different scope of our SLR, where
not individual dimensions and characteristics of HCM are in the center, but the concept of HCM
in its entirety, containing a rich diversity of different dimensions and characteristics that were
investigated in this context. Therefore, we focused more on the actual settings that were examined
and what could be learned from them as well as the historical evolvement of HCM. The lowest
common denominator among the systematically obtained publications is the fact that they all
involve a mixture of remote and co-located individuals who collaborate or meet in a hybrid setting
while many different research questions are covered. A uniform possibility to describe all HCM
involving studies in hybrid settings (representing such a common denominator) is suggested in the
form of a taxonomy in Section 4. Furthermore, to cover a meta-level of information about previous
work on HCM and its historical evolvement, and inspired by [139] and [134], who broke down their
overall aim into several more specific research questions, we conceived of the following concrete
sub-questions to be answered by the systematic literature review:
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• Research Question 1 (RQ1): Is there research which deals with HCM according to our definitions (see Sections 1.1 and 1.2) and if yes, where is the work on HCM thematically rooted?
• RQ2: How were HCM called/coined/termed?
• RQ3: Which research topics have been covered and which research methods have been used
when studying HCM?
• RQ4: Was HCM discussed using the term ‘hybrid’ or at least with the aim of researching
settings that can be regarded as HCM (implicit/explicit)?
• RQ5: What domains are relevant for HCM and what domains make use of HCM?
• RQ6: Since when is research on HCM reported and how did it chronologically evolve; are
there historical shifts or trends in terms of ‘hybridity’ in HCM?
• RQ7: How can work on HCM beyond the mere results be thematically clustered and categorized?
2.1.2 Queried Data Sources. The ACM DL2 is one of the most extensive databases (approx. 2.85
million publications) for scientific literature in the computing domain with a temporal coverage
of the publication years starting from 1908. On the one hand, we decided to use the ACM DL
mainly because of its rather broad spectrum of computing and technology-related research topics
giving us the possibility to cover many different disciplines in which HCM potentially play a role
(such as Human-Centered Computing with subfields HCI and CSCW, Security and Privacy, or more
technically-centered fields like Networks, Information Systems or Software and its Engineering to
just name a few of ACM DL’s potentially relevant CCS categories3 ). On the other hand, we decided
to not use an even broader database, such as Google Scholar4 . This is because first experiments
with our query on Google Scholar resulted in several tens of thousands of search results of which
we examined a random sample leading us to the expectation to retrieve a very high percentage
and, therefore, an unmanageable amount of non-relevant publications with the additional danger
of retrieving such publications that are of inferior quality or not published under peer-review
procedures.
Although we are aware that by this decision no claim for completeness is possible, our aim is,
nevertheless, to give a well-balanced overview of relevant literature on HCM. Concerning the
field of HCM, we regard the ACM DL as a very broad database from a disciplinary point of view
as compared to other databases, such as IEEE Xplore5 , at least judging from samples taken from
pretests done with our query. In other words, according to the pretesting of our query, the ACM
DL is characterized by a more horizontal quality of the results for HCM (covering more different
disciplines where HCM might play a role), while IEEE Xplore was rather more vertically oriented
for our sample of HCM-related keywords (covering fewer different disciplines with a higher number
of publications in each).
All of these considerations in addition to our awareness of other literature reviews in similar
fields of research either using the ACM DL as one of few major data sources (see e.g., [139]),
exclusively utilizing it (see e.g., [27, 134]) or focusing on specific conference proceedings (such
as CHI, CSCW, or CSCL, see, e.g., [95, 116, 192, 200]) led to the decision to rely on the ACM DL
exclusively.
2.1.3 Inclusion and Exclusion Criteria. The basic premise of our systematic literature review was
to include the largest possible share of research in the ACM DL dealing with HCM according to
2 https://dl.acm.org/about,

accessed January 21st, 2021
accessed January 21st, 2021
4 https://scholar.google.com, accessed January 21st, 2021
5 https://ieeexplore.ieee.org, accessed January 21st, 2021
3 https://dl.acm.org/ccs,
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any of our definitions (see Sections 1.1 and 1.2), even if the authors did not use the according terms
to describe their work.
Our inclusion criteria as reflected by our search query (see Section 2.2.1) can, therefore, be defined
as follows:
• IC1: The publication contains research about hybrid collaboration as defined in Section
1.1.
• IC2: The publication contains research about hybrid meetings as defined in Section 1.2.
We included papers if at least one of the two inclusion criteria applied. Regarding our exclusion
criteria (see below), we excluded papers if at least one of them applied.
• EC1: The publication is not relevant because it does not deal with HCM, therefore, constituting
a false positive.
• EC2: The publication is not a research paper (or journal article), e.g., it is an abstract for a
panel, a workshop invitation or the like. Please note, that we also included short papers,
extended abstracts or late-breaking work to not miss potentially relevant research that might
have been abandoned since then.
• EC3: The publication language is not English. We initially discussed also considering papers
in Turkish or German because these are the two main authors’ first languages but concluded
that a joint and equitable interpretation of the papers would be difficult if only one of the
main authors could understand the contents of the respective papers.
To further illustrate and make our procedure transparent, Table 1 gives an overview of a subset
of publications and justifies why they were excluded based on the EC presented above. This table
includes all originally selected publications of the year 2019. To our surprise, we had to exclude
all of the 2019 publications, despite our systematic approach’s search terms being quite general
(e.g. as computer-mediated communication, or virtual collaboration (see Section 2.2.1)). Table 1
shows the title, reference and publication title of all such exclusions and shows one possible string
which had triggered the search query. The table presents details about why the publications were
excluded. Most of the publications rather obviously did not fulfill our criteria, which was often
evident just by reading the abstract and the title. For example, our search terms, such as “hybrid
event” [8] or “virtual communcation” [12] were understood as technical terms among software or
hardware components and not about human communication or collaboration behavior in some
of the publications (e.g., in [8, 12, 201, 202]). Some further publications focused on dyads in their
study which a priori prevents the mixture of co-located and remote participants inherent to HCM
(e.g., [3, 66, 68]). However, there were also some more plausible candidates where the decision
for exclusion or non-exclusion was not clear only by reading title and abstract. For example, in
[9], judging from the descriptions in the full text, each of 25 participating students were part of a
different global virtual team, therefore, no co-located activities were covered and none are reported.
Another example is [44] where it became only apparent after reading the descriptions about the
study setup that the participants were in “separate soundproof rooms” [44, p.8] that no co-located
portion was investigated. In a similar fashion, we analyzed and discussed the contents of each
publication which seemed to be a plausible candidate based on the title and abstract on our mission
to find the HCM needles in the haystack.
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Table 1. Details for the exclusion of all selected papers of the year 2019.

Title

Ref Publication
Title

Possible
Query
Trigger

Details for Exclusion

Structuring Online [3]
Dyads: Explanations
Improve
Creativity, Chats Lead to
Convergence

Proceedings
of the 2019 on
Creativity and
Cognition

Author tag: Study with dyads in remote
"computercollaboration and not hymediated",
brid.
"communication"

A Hierarchical Ar- [8]
chitectural Model for
Network Security
Exploring Situational
Awareness

Proceedings
Abstract: "hyof
the
34th brid", "event"
ACM/SIGAPP
Symposium
on
Applied
Computing

Technical paper, situational
awareness regards not humans but computer components, "hybrid event" is understood as a software message.

The virtual collab- [9]
orative work and
the development of
intercultural competences in university
student’s: The case of
Virtual Global Teams

Proceedings
Title:
"Virof the Seventh tual", "Teams"
International
Conference on
Technological
Ecosystems
for Enhancing
Multiculturality TEEM’19

Global virtual teams (GVT)
were investigated, judging
from the descriptions they
were remote only (each of 25
students in another GVT).

Distributed
Com- [12] The 31st ACM Abstract: "virputation in Nodeon Symposium tual", "commuCapacitated
Neton Parallelism in nication"
works
Algorithms and
Architectures

Technical paper about computer networking. Communication is understood as
among network nodes and
not humans.

Understanding
[39] Proceedings of
Digitally-Mediated
the 2019 CHI
Empathy: An ExConference on
ploration of Visual,
Human Factors
Narrative,
and
in
Computing
Biosensory InformaSystems
tional Cues

Not a collaboration example,
experiment tries to find out
which measures increase empathic accuracy of observers
of a VR video (e.g., only seeing the video as baseline versus subtitle of how the person feels versus electrodermal acticity).

Author tag:
"computermediated",
"communication"

(Continued)
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Title

Ref Publication
Title

Possible
Query
Trigger

Geollery: A Mixed
Reality Social Media
Platform

[43] Proceedings of Abstract:
the 2019 CHI "virtual",
Conference on "meetings"
Human Factors
in
Computing
Systems

Details for Exclusion

This is a purely remote
approach to letting “remote
participants” [Abstract, p. 1]
chat in virtual environments
that are spatially aware
(such as Google Street
View).

Increasing Native [44] Proceedings
Speakers’ Awareness
of the ACM
of the Need to Slow
on
HumanDown in MultilinComputer
gual Conversations
Interaction
Using a Real-Time
Speech Speedometer

Author tag: Remote only, participants
"computerin "separate soundproof
mediated",
rooms" [p. 8].
"communication"

Is Technology Killing [45] Proceedings of
Human Emotion?:
Mensch
und
How
ComputerComputer 2019
Mediated Commuon - MuC’19
nication Compares
to
Face-to-Face
Interactions

Title:
"ComputerMediated",
"Communication"

Online survey, isolated investigation of behavior during either face-to-face or remote communication.

Facial Cues for De- [50] Proceedings of Title:
"Virception Detection in
the 3rd Interna- tual", "ComVirtual Reality Based
tional Conference munication"
Communication
on Big Data
and Internet of
Things - BDIOT
2019

Study setting is not collaborative, but a lab experiment
where single participants are
presented with either a 2D
video or a 3D avatar translated from the video and
judge their deception behavior [p. 66f].

Managerial Visions: [54] Proceedings of
Stories of Upgrading
the 2019 CHI
and Maintaining the
Conference on
Public Restroom with
Human Factors
IoT
in
Computing
Systems

Not about collaboration as
we understand it, but rather
about managers installing
and workers using IoT technology in public restrooms.

Abstract:
"computermediated",
"collaboration"

(Continued)
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Title

Ref Publication
Title

Possible
Query
Trigger

000:11

Details for Exclusion

Author Highlights [57] SIGMIS Database
for the Past 35 Years:
An Analysis of the
Most-Published Authors and Most-Cited
Papers in The DATA
BASE for Advances
in
Information
Systems

Abstract: "vir- Anniversary paper presenttual", "teams" ing the most cited papers of
a specific journal, no original
research.

Customizations and [65] Proceedings
Expression Breakof the ACM
downs in Ecosystems
on
Humanof Communication
Computer
Apps
Interaction

Author tag:
"computermediated",
"communication"

Augmenting Cou- [66] Proceedings of
ples’ Communication
the 2019 CHI
with
Lifelines:
Conference on
Shared Timelines of
Human Factors
Mixed Contextual
in
Computing
Information
Systems

Author tag: Study with couples (there"computerfore, dyads), not hybrid.
mediated",
"communication"

As If I Am There: [68] Extended
AbA New Video Chat
stracts of the
Interface Design for
2019 CHI ConRicher Contextual
ference
on
Awareness
Human Factors
in
Computing
Systems

Author tag: Dyads in purely remote
"computervideo chat, not hybrid.
mediated",
"communication"

On the Internet, No- [75] Proceedings of
body Knows You’Re a
the 2019 CHI
Dog... Unless You’Re
Conference on
Another Dog
Human Factors
in
Computing
Systems

Abstract:
"computer
mediated",
"communication"

Interview study with 15 “extreme users” of messaging
apps, such as WhatsApp or
Telegram (therefore, remote
only).

Dog interfaces for animal to
animal communication, not
hybrid.

(Continued)
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Ref Publication
Title

Possible
Query
Trigger

Details for Exclusion

Is Seeing Believing?: [83] Extended
AbThe Effect of Morphostracts of the
logical Congruent Vi2019 CHI Consual Feedback on Meference
on
diated Touch ExperiHuman Factors
ence
in
Computing
Systems

Author tag: Remote only, “geographi"computer
cally separated individuals”
mediated",
are in the focus [Abstract].
"communication"

AI-Mediated Com- [87] Proceedings of
munication:
How
the 2019 CHI
the Perception That
Conference on
Profile Text Was
Human Factors
Written by AI Affects
in
Computing
Trustworthiness
Systems

Abstract:
Communication and not col"Computerlaboration is studied, only
Mediated",
online (remote).
"Communication"

Technological
[97] Proceedings
Frames and User
of the ACM
Innovation: Exploron
Humaning Technological
Computer
Change in CommuInteraction
nity
Moderation
Teams

Author tag:
"computermediated",
"communication"

Online communities (such as
Reddit and Discord) are studied, no particular instance of
collaboration is investigated.

Developing a Hand [102] ACM Trans. InterGesture Recognition
act. Intell. Syst.
System for Mapping
Symbolic Hand Gestures to Analogous
Emojis in ComputerMediated Communication

Abstract:
"computermediated",
"communication"

The messaging part of CMC
is in the focus, remote only.

Does Social Sensitiv- [108] Proceedings
Title:
"Virity Impact Virtual
of
the
50th tual", "Teams"
Teams?
ACM Technical
Symposium on
Computer
Science Education

Focus on purely virtual
teams. Judging from the
descriptions, teams only
collaborated via Discord and
did not work co-locatedly.
While there may be phases
of F2F collaboration in
between, this was not
reported.
(Continued)
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Ref Publication
Title

Possible
Query
Trigger
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Details for Exclusion

Tom-Talker: Pet Ro- [121] Proceedings of Abstract: "vir- Co-located or person-tobot Social Incentive
the 2019 Interna- tual", "commu- robot interaction only.
System for Urban
tional Electronics nication"
Autism
Communication
Conference on IECC ’19
Pet Robot Emotional
Interaction for Urban
Autism

[122] Proceedings of Abstract: "vir- Co-located or person-tothe 2019 2nd tual", "commu- robot interaction only.
International
nication"
Conference on Intelligent Science
and Technology ICIST 2019

Towards Collabora- [171] Proceedings of Abstract:
tive Photorealistic
Mensch
und "virtual",
VR Meeting Rooms
Computer 2019 "meeting"
on - MuC’19
Democratic power [172] Proceedings
structures in virtual
of
the
24th
communities
European Conference on Pattern
Languages
of
Programs
EuroPLop ’19

VR, remote only, no study
yet.

Abstract:
Suggestion of design pat"virtual",
terns for virtual communiIndex Terms: ties, remote only.
"Collaborative", Abstract:
"systems"

Role of Technology [174] Proceedings of Title:
"Vir- Investigation of global virin
Multicultural
the 2nd Interna- tual", "Team" tual teams and usage of mooEnvironment:
Imtional Conference
dle, remote only.
pact of MOODLE
on Big Data
Learning System on
Technologies Global Virtual Team
ICBDT2019
Performance
Accessible
Video [176] Proceedings
Calling:
Enabling
of the ACM
Nonvisual
Peron
Humanception of Visual
Computer
Conversation Cues
Interaction

Author tag:
"computermediated",
"communication"

One-on-one conversations
between sighted and limited
sight or no vision persons,
remote only.
(Continued)
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Ref Publication
Title

Do people virtually [179] Proceedings of
support their favorite
the Third Internacricket team?: intional Conference
sights from 2018 Asia
on
Advanced
cup
Informatics for
Computing Research - ICAICR
’19

Possible
Query
Trigger

Details for Exclusion

Abstract: "vir- Social Media analysis of
tual", "team" (Twitter) tweets, remote
[referring to only.
cricket team]

Trusted Teammates: [187] Extended
Ab- Abstract: "vir- Remote only, experiment
Commercial Digital
stracts of the An- tual", "teams" gathered virtual teams over
Games Can Be Effecnual Symposium
Google Hangouts.
tive Trust-Building
on
ComputerTools
Human
Interaction in Play
Companion Extended Abstracts
- CHI PLAY
’19
Extended
Abstracts
How to Communi- [188] Proceedings
cate when Submitof the ACM
ting Patches: An Emon
Humanpirical Study of the
Computer
Linux Kernel
Interaction

Abstract:
"computermediated",
"communication"

Remote only, analysis of online documents and emails.

Parallelizing cryo- [201] Proceedings
EM 3D reconstrucof the ACM
tion on GPU cluster
International
with a partitioned
Conference on
and streamed model
Supercomputing ICS ’19

Abstract:
"hybrid",
"communication"

Technical paper, where
(hybrid) communication is
only understood as communication between computing
memory

GPU-based 3D cryo- [202] Proceedings
EM Reconstruction
of
the
24th
with
Key-value
Symposium on
Streams: Poster
Principles and
Practice of Parallel Programming

Abstract:
"hybrid",
"communication"

Technical paper, where
(hybrid) communication is
only understood as communication between computing
memory
(Continued)
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Title

Possible
Query
Trigger

Details for Exclusion

Culturally[203] Proceedings
Embedded
Visual
of the ACM
Literacy: A Study of
on
HumanImpression ManageComputer
ment via Emoticon,
Interaction
Emoji, Sticker, and
Meme on Social
Media in China

Abstract:
"computermediated",
"communication"

Interview study with 30 social media users in China, remote only.

Gender Effects on [214] Extended
AbCollaborative Onstracts of the
line Brainstorming
2019 CHI ConTeamwork
ference
on
Human Factors
in
Computing
Systems

Abstract:
"computermediated",
"communication"

2 experiment conditions to
find out about gender differences in group compositions:
one is face-to-face, the other
is purely online.

Managing
Stress: [216] Proceedings
The Needs of Autistic
of the ACM
Adults in Video
on
HumanCalling
Computer
Interaction

Abstract:
"computermediated",
"communications"

Interview study with “autistic adults about their perceptions of” video conferencing compared to other CMC
or face-to-face, no particular
collaboration scenario.

2.2

Ref Publication
Title

000:15

Conducting the Review

In this section, we describe how we conducted the review by detailing on the search terms that
were used and the results we obtained through the query (RQ1).
2.2.1 Search Query. We queried the ACM DL on November 8th, 2019 and searched the ACM
Full-Text Collection. In order to cover all relevant research, even if it was not named exactly ‘hybrid
collaboration’ or ‘hybrid meeting’, we used a number of more general terms in combination. The
keywords used (also see Table 2) consisted of two sets, set Adjectives and set Nouns, that were
combined with a logical AND operator, while items within the two sets (i.e., within Adjectives and
within Nouns) were connected through logical OR operators. The set Adjectives consisted of the
keywords: hybrid, partially distributed, virtual, video-based, video-mediated, and computer-mediated.
The set Nouns consisted of the keywords: collaboration, event, meeting, team, communication, and
collaborative system as well as their plural forms. We were aware that this search query potentially
would return a high percentage of false positives (e.g., a paper returned because it contains ‘virtual’
and ‘communication’ but not dealing with HCM per se) but our intention was to cover as much
relevant research as possible and not losing work due to keyword mismatches. To account for
different spellings or word stems, the ACM DL implicitly provided stemming support. Please note
that “[t]he new Digital Library is using a different search engine” to the one used in November
2019 according to information received by the ACM upon a related request.
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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Table 2. Keywords contained in our search query. Terms within Adjectives and Nouns were connected by
logical OR operators. The two sets were then joined with a logical AND operator, leading to 72 different
combinations (including plural forms). The search query triggered if at least one element from each set was
found.

Adjectives

Nouns

hybrid
collaboration(s)
partially distributed event(s)
virtual
meeting(s)
video-based
team(s)
video-mediated
communication(s)
computer-mediated collaborative system(s)

Additionally, we applied two refinements that can be regarded as a filtering mechanism for the
results returned. The first one was called “Published by: ACM” (now called “Publisher: Association
for Computing Machinery”) in order to filter out potentially marginal publications from adjunct
publishers whose quality is difficult to evaluate a priori. The second one defined the “Content
Formats: PDF” (this is now called “Media Formats” in the new ACM DL) to ensure that the resulting
publications can be interpreted uniformly.
2.2.2 Query Results. Overall, we obtained 1,209 results spanning the years 1982 to 2019 (up until
November). The publications of the years 2018 and 2019 (71 papers) were judged and thoroughly
discussed together by the two main authors to adjust our judgements. Next, the result set was
split into odd and even years and one main author judged the even and the other the odd years’
publications. We ended up with 44 publications regarded as fulfilling the inclusion criteria and
64 publications for further discussion leading to 108 potentially relevant publications (8.93% of
the overall result set). After further discussions between the authors, 18 of the 64 publications
that were marked for further discussions were regarded as fulfilling the inclusion criteria and not
fulfilling the exclusion criteria. This resulted in a final set of 62 relevant publications or 5.13% of
the overall result set (approximately 95% false positives) which is a lower but not entirely unsimilar
rate than comparable, initially inclusive open-database approaches achieved, e.g., 90% reported
in [134] or 82% reported in [139]. The high rate of false positives in our SLR can be explained by
the terminological ambiguity with which prior research has dealt with the topics of HCM, which
made it necessary to initially use a broad query and iteratively sort out unrelated papers, as we
will further discuss throughout the article. Table 1 provides a lively illustration of why we had to
exclude such a high number of papers. Concerning our RQ1, many of the publications have an
HCI and/or CSCW focus which shows that research on HCM is rooted in these two fields. For an
overview of our inclusion and exclusion process, see the PRISMA flow diagram in Figure 1.
3

RESULTS

The earliest paper in our final result set is a 1988 paper [4] about a multimedia conferencing
system called “Rapport” which already used networked voice communication and provided a
shared workspace on interconnected Sun workstations. This is the only paper from the 1980s, while
seven publications are from the 1990s. 20 papers are from the 2000s and 34 papers are from the
2010s (up until such published and indexed by the ACM before November 8th, 2019). The year with
the most publications in our final set is 2012 with eight publications, followed by 2011 (six) and
2013 (five). All other years resulted in four or fewer publications in our final set. Interestingly, all
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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Identification

PRISMA 2009 Flow Diagram

Records identified through
database searching
(n = 1,209)

Additional records identified
through other sources
(n = 0)

Eligibility

Screening

Records after duplicates removed
(n = 1,209)

Records screened
(n = 1,209)

Records excluded
(n = 1,101)

Full-text articles assessed
for eligibility
(n = 108)

Full-text articles excluded,
with reasons
(n = 46)

Included

Studies included in
qualitative synthesis
(n = 62)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 62)

Fig. 1. PRISMA flow diagram according to [127].
From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and MetaAnalyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097

For more
visit www.prisma-statement.org.
34 originally selected publications
of information,
the year
2019 (including 9 journal articles) did not make it
into our final set due to our inclusion or exclusion criteria (also see Table 1). Similarly, 14 papers of
the 1980s were excluded. Of the 108 publications of the 1990s in our original set only seven were
regarded as relevant. These observations can be seen as first answers to our RQ6, which will be
further detailed in the taxonomy presented in Section 4.

3.1

Thematic Overview

As an initial index to recurring themes beyond the chosen search terms used in our query (RQ1),
we present a word-cloud (see Figure 2) and table depicting the frequency of the most common
words in the publications’ abstracts (see Table 3). The frequency of particular keywords used in
the query, while being a common denominator for all publications, shows which of the keywords
were returned most often. For example, ‘communication’, ‘remote’, ‘video’, and ‘teams’ were the
four most often used terms. Particularly frequently used terms that were not part of our query
are: ‘research’, ‘design’, ‘paper’, ‘participants’, ‘use’, ‘study’, ‘different’, and ‘people’. This set of
terms can be interpreted (as one of several possible interpretations) as follows: in the corpus
of relevant publications, it is often central to research and study different people as participants
engaged in remote, distributed collaboration. Overall, this can be seen as a general first level answer
to RQ3 (topics covered in HCM) because this characterization seems representative of most of
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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Fig. 2. Wordcloud with all the words as found in the abstracts accounting for such words that were found at
least five times. Typical stop words were removed. Credit to wortwolken.com.

the publications and indicates a certain human-centeredness of the approaches. However, the
interpretation also hints at a perceived emphasis on ‘remote’ (45 mentions) collaboration in the
publications, while for example the term ‘collocated’ has 19 mentions, with the added variation of
‘co-located’ with 5 mentions achieves only slightly more than half of the mentions of ‘remote’ (24
vs. 45) or exactly two thirds when compared to ‘distributed’ (24 vs. 36).
Concerning our RQ2, the term ‘hybrid’ is not in the list of the most frequently used terms
(the list comprises words with at least ten mentions) with just five mentions in the abstracts,
therefore, making it barely visible in the word-cloud (it is situated right below the first ‘e’ in remote).
This shows that the particular term ‘hybrid’ was used only rarely in the years up until 2019 to
characterize research described now under this notion.
3.2

Terms Used to Describe the HCM Phenomena in Papers

In addition to showing the word-cloud with the most frequently used words in the publications’
abstracts, we investigated how authors referred to the phenomena of hybrid collaboration and
hybrid meetings in their papers (RQ2). In order to do that, we went through the titles, abstracts,
and keywords of these papers and picked the relevant terms referring to the communication styles,
types of participants and modes of participation aimed at describing the “remoteness” aspect of
the research. We counted the overall number of these terms and listed them from higher to lower
frequencies of usage.
Among our final set of 62 publications in the ACM DL, which include in their studies fully or
partially hybrid meetings and collaboration supposedly, we found out that only one paper [207]
from 2017 used the term ‘hybrid meetings’ to refer to the phenomenon. Similarly, there is only one
publication from 2018 [135], which is co-authored by two of our co-authors, using the term ‘hybrid
collaboration’. You can see the frequency of the rest of the terms used in the abstracts in Table 4.
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Word
communication
remote
video
teams
distributed
research
collaboration
design
virtual
system
work
paper
participants
use
study
different
people
collaborative
one
can
knowledge
new

Frequency Word
Frequency
56
shared
21
45
students
21
42
team
21
41
two
21
36
users
21
36
technologies 20
34
technology
20
33
using
20
33
collocated
19
32
groups
19
32
systems
19
31
social
18
29
support
18
27
physical
17
26
used
16
24
activities
15
24
local
15
23
members
15
23
development 14
22
findings
14
21
group
14
21
present
14

Word
results
sharing
space
task
trust
environment
skills
tabletop
within
also
challenges
issues
video-mediated
across
better
game
interaction
media
objects
room
together

000:19

Frequency
14
13
13
13
13
12
12
12
12
11
11
11
11
10
10
10
10
10
10
10
10

Table 3. Frequency of terms found in abstracts after removing stop words.

In order to get a better picture of the terminology used by those papers to describe the remoteness
in their research, we find it important to have a look at the total count of similar keywords as well.
For instance, for some of those terms such as ‘video mediated communication’ and ‘video-mediated
communication’, where both ways of writing refer to the same concept, we can sum their numbers
in total. When we consider the total count of similar keywords, the most frequently used umbrella
term for describing remote working groups is ‘partially distributed teams’ (16) including ‘partially
distributed teams’ (6), ‘distributed teams’ (2), ‘partially distributed conceptual design teams’ (1),
‘partially-distributed groups’ (1), ‘partially-distributed work groups’ (1), ‘distributed (virtual) teams’
(1), ‘geographically distributed teams’ (1), ‘geographically distributed work teams’ (1), ‘distributed
development teams’ (1) and ‘temporally distributed teams’ (1). In referring to the phenomenon of
remote communication, the most frequently used term is ‘video mediated communication’ (13)
including ‘video mediated communication’ (8), ‘video-mediated communication’ (4) and ‘video
mediated group communication’ (1).
Table 4 shows that there have been 91 different terms or keywords used in 62 papers on HCM and
82 of them are used only once. This means that the terminological diversity on referring to hybrid
meetings and collaboration in the field of HCI is so large that even in the same paper different
terms or keywords can be used to describe the same phenomena. This also lets some of the related
work go unnoticed when the keywords in the literature search do not cover all these different
terms. By showing such conceptual confusion, we hope to underline the need for having a shared
understanding of these terms and the necessity for a unifying term.
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Table 4. Terms used to describe research we regarded as hybrid and the terms’ frequencies as used in the
abstracts.
Term Used in the Abstract
Video mediated communication
Partially distributed teams
Remote participants
Video-mediated communication
Virtual teams
Computer-mediated communication
videoconferencing
Computer mediated communication
Distributed teams
Asynchronous video
Blended interaction spaces
Collaborative research activities
Collaborative Skypecasting
Collaborative work
Collaborative workspace system
Combined distance and on campus modes
Computer-mediated collaboration
Computer-mediated communication and presence
Computer-supported collaborative learning (CSCL)
Distance separated participants
Distant colleagues
Distributed (virtual) teams
Distributed awareness
Distributed design collaboration
Distributed development teams
Distributed tabletop collaboration
Distributed tangible environments
Distributed team collaboration
Distributed workspace
Geographically distributed teams
Geographically distributed work teams

3.3

Frequency Term Used in the Abstract
9
Globally collaborative contexts
6
Group to group collaboration
4
Group-to-group collaboration
4
Group-to-group videoconferencing
4
Home video communication
3
Hybrid collaboration
3
Hybrid meetings
2
Isolates
2
Local and remote participants
1
Long-term video connections
1
Mediated parent-child contact
1
Mixed reality collaborative environment
1
Mobile video telephony
1
Multimedia conferencing system
1
Multiscale communication
1
Online meetings
1
Partially distributed conceptual design teams
1
Partially-distributed groups
1
Partially-distributed work groups
1
Peripheral participants
1
Physically distant and computer mediated communication
1
Real-time, distributed conferences
1
Remote assistance system
1
Remote collaborative physical tasks
1
Remote collaborator
1
Remote collaborators
1
Remote communication
1
Remote expertise
1
Remote groups
1
Remote interaction
1
Remote meetings

Frequency
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Term Used in the Abstract
Frequency
Remote participation
1
Remote players
1
Remotely located participants
1
Robot mediated communication
1
Robot-mediated communication
1
Sympathetic remote collaboration
1
Tabletop collaboration
1
Telematic dining
1
Telepresence
1
Temporally distributed teams
1
Three way distributed collaboration
1
Video communication
1
Video communication systems
1
Video conference
1
Video conferencing
1
Video mediated group communication 1
Video streams
1
Video-chat systems
1
Video-mediated collaborative settings 1
Video-mediated interaction
1
Video-mediated meetings
1
Virtual collaboration
1
Virtual collaborative courses
1
Virtual direct communication
1
Virtual meeting room
1
Virtual meetings
1
Virtual tabletop
1
Virtually collocated teams
1
Workplace communication
1

Citations and Venues

From the 62 publications in the final set, eight were from journals and 54 from conference proceedings. The most prominent conference venue is the ACM Conference on Human Factors in
Computing Systems (CHI) with 17 papers, followed by the ACM Conference on Computer-Supported
Cooperative Work and Social Computing (CSCW) with 14 papers (not including one CSCW paper
that was published in the Proceedings of the ACM on HCI (CSCW) because CSCW — like many
other conferences — recently switched to a journal publishing method). The ACM International
Conference on Supporting Group Work (GROUP) with four and the ACM Designing Interactive Systems (DIS) conference with two publications are the only further sources of conference proceedings
with more than one publication. Among the journals, only ACM Transactions on Computer-Human
Interaction (TOCHI) is recurring with two publications.
For an overview of the citation frequency of the publications, please refer to Figure 3, where
also the short names of the publication venues are depicted next to the year and last name of the
first author (further adding to RQ9). Two of the publications really stand out when it comes to
citation frequency because they have 1,813 [152] and 1,328 [80] citations (which is indicated by
red-colored bars and a label on the respective bar in Figure 3). The next most cited paper has the
comparatively lower number of 390 citations [131], and then only nine publications have more
than 100 citations. The mean number of citations in our final corpus is 100.37 and the median
is 21.5 (due to a lower number of crass outliers as mentioned before) which shows that it is a
well cited selection. Recently, Correia et al. [37] identified the average number of citations in the
broader field of CSCW as measured through the venues JCSCW, ACM CSCW, GROUP, and ECSCW
to be at least 39 per paper, and therefore, vaguely comparable to our subset of publications on
HCM. Only four of the publications in our corpus have either zero citations or one citation (from
the years 2012, 2014 and two of 2018 which still have the potential to receive citations in the
upcoming years) which together with the average number of citations hints at a reasonable impact
of the published research. However, when looking at the chart, one could gain the impression that
the most influential publications were created starting at the end of the 1980s and up until the
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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Fig. 3. The citations of all publications as retrieved from Google Scholar on September 14, 2020.

first half of the 2000s. Part of this phenomenon can be explained by an ambivalence that usually
older publications have more citations than more recent ones because there simply were more
opportunities to cite them which is however not always true in the field of CSCW, where there
is a trend for citing more recent papers more often [77]. The historical situation concerning the
number of citations seems to be, however, in line with the general interest in the topic of CSCW,
e.g. the ACM CSCW conference was established in 1986, and since then some waves of interest can
be observed. Additionally, the topics established in this regard are now more or less part of many
different domains and on their way to becoming general knowledge in these domains. For example,
a software developer is almost unavoidably concerned with some functionality initially inherent
only to classical groupware when creating a smart phone application.
3.4

Authors

For our research questions, mainly regarding RQ1, it is interesting to see how many of the top
authors in the field of CSCW also published research concerned with HCM. From the 57 authors with
more than ten publications in the broader field of CSCW as identified by Correia et al. [37], seven
also published with direct relevance to hybrid collaboration and hybrid meetings (not necessarily
as first authors). For an overview, please see Table 5.
From these seven authors active in the sub-field of HCM, only three (John C. Tang, Werner
Geyer, and to a lesser extent Kori M. Inkpen) received a considerable share of their citations in this
sub field. We do not provide further analysis (e.g., percentages) because it is illegitimate to compare
the citations reported by Correia et al. [37] between May and July of 2016 and those in our own
research extracted more than three years later (in November, 2019), while both approaches at least
used the same data source (i.e., Google Scholar). Instead, we aim at giving a quick estimate of how
magnitudes between the two sets, i.e. CSCW in general as the superset and HCM as the subset, are
characterized when it comes to the most active and cited authors. Consequently, we feel that there
is a sufficient overlap between authors prominent in the broader field of CSCW and those active in
HCM to show that this subset is well rooted in CSCW. That being said, with the exceptions of Saul
Greenberg and John C. Tang, this author list excludes researchers associated with Media Space
research (to be discussed later), notably Robert Stults, pioneer of the concept, and Steven Harrison,
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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Table 5. Most important CSCW authors’ (as identified in 2016 by [37]) research with direct relevance to
HCM (2019).

Author
# Pub. (CSCW) # Cit. (CSCW) # Pub. (HCM)
Gloria Mark
20
696
1
Kori M. Inkpen
20
847
2
Saul Greenberg
19
1893
1
Susan R. Fussell
17
1368
2
Mary Beth Rosson 14
1434
1
Werner Geyer
11
230
1
John C. Tang
10
168
2

# Cit. (HCM)
14
118
40
29
42
118
161

its chief champion, and many others who published repeatedly in the area such as Victoria Bellotti,
Sara Bly, Paul Dourish, Ellen Issacs, William Buxton, Christian Heath, Austin Henderson, Susan
Irwin, William W. Gaver, Paul Luff, Marilyn Mantei, Carman Neustaedter, and Abigail Sellen. Had
Media Spaces been included in the SLR, the list would have a very different composition.
3.5

Domains

Concerning the different domains dealt with in the publications (see Table 6), we had a look at
what the authors explicitly stated where they see their works settled, or, if no such information
was present we deduced from the experiments and descriptions which domains could profit from
the findings (RQ8). Please note that several publications were tagged with multiple domain codes.
Among 62 publications, 14 of them were tagged with two domain codes and five of them were
tagged with three domain codes. Overall, we see a focus on workplace settings (33), but also many
papers are dealing with general findings (27) that can be transferred to a number of different
application scenarios.
There have been outlier examples, which differ topic-wise from the rest of the publications. One
of those examples is a paper from 2016 by Awori et al. with the title “Sessions with Grandma:
Fostering Indigenous Knowledge Through Video Mediated Communication” tagged as the domain code of “general” and the paper is about the usage of video-mediated communication for
sharing indigenous knowledge between elderly people located in rural areas and diaspora youth
living in cosmopolitan cities of Kenya [14]. Another interesting example is “Telematic Dinner
Party: Designing for Togetherness Through Play and Performance” from 2012 by Barden et al.
[16], which focuses on an exploratory user study of a telematic system to support dinner parties
among co-located and remote participants. This paper was tagged as “domestic”, “leisure”, and
“entertainment”. A publication from 2007 with the title “Testing the Technology: Playing Games
with Video Conferencing” by Batcheller et al. [18] was tagged as “entertainment”, “workplace”,
and “general” and the paper discovers the gaming experience in a video-based setting through a
questionnaire as well as direct observation of the users.
3.6 Study Types & Data Collection
We tagged papers based on the type of the study conducted as ‘experiment’, ‘naturalistic experiment’ or ‘real world study’ (RQ5). With the ‘experiment’ tag, we refer to any type of controlled
experiment, whereas with the ‘naturalistic experiment’ tag, we differentiate publications, which
conduct experiments imitating the HCM settings in the real world to a considerable extent. We also
tagged ethnographic/field studies taking place in the actual world as ‘real world study’. Among 62
papers, only 15 papers (less than 25 percent) are purely real world studies. 21 (one third) of these
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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Table 6. Mapping between the domains and publications. Please note that multiple domains may apply to a
publication.

Domain
Workplace (33)

Publications
[17, 19, 24, 58, 94, 111, 112, 114, 135, 146, 151, 156, 178, 186, 190, 195]
[4, 18, 21–23, 32, 48, 60, 79, 82, 96, 107, 124, 129, 152, 206, 208]
General (27)
[14, 18, 49, 78, 79, 84, 111, 135, 146, 157, 163, 167, 180, 205, 207, 209, 210]
[4, 21, 48, 60, 82, 128–130, 144, 152]
Education (11)
[19, 32, 40, 56, 79, 99, 111, 141, 147, 156, 207]
Domestic (9)
[16, 80, 100, 114, 137, 144, 159, 211, 212]
Entertainment (4) [16, 18, 131, 132]
Leisure (3)
[16, 84, 159]
Personal (2)
[84, 144]

papers are based only on controlled experiments and 13 of the papers are based on naturalistic
experiments. This shows that more than half of the papers (34 out of 62) are experiment-based
only. Apart from these numbers, one paper was a combined real world study and an experiment,
another one was a mixture of real world study and a naturalistic experiment, and one paper was a
literature review, which does not fit to any of these three categories. Nine papers were tagged as
‘not applicable’ meaning that the type of the study is unknown or not explained in detail.
We also categorized the papers based on whether it was explicit or implicit in the paper that
the study had a hybrid setting (RQ7). In other words, we wanted to know how much researchers
were consciously including the hybrid setting in their studies. Among the 62 papers, 26 of them
used the hybrid setting in their study explicitly (i.e., consciously or on purpose, but still without
necessarily naming it ‘hybrid’) whereas 28 of the papers included the hybrid setting implicitly (e.g.,
it was only a natural by-product of the settings) in their studies. One of the papers had both explicit
and implicit cases of HCM and seven of the papers are marked as ‘not applicable” for reasons of
either the paper does not involve empirical research or we are not knowledgeable about the further
details of their choice of setting.
Regarding the data collection, we can claim that many of the papers collected multiple types
of data and merged and analyzed those data together. Only six of the papers did not include any
empirical work. Out of 62 papers, 21 have collected individual-based interview data, whereas two
of the papers have collected group interview data. Interviews are followed by questionnaires (20),
video recordings (16), surveys (7), system logging/log files (7), observation (5), literature review (3),
field notes (3), diaries/journals (3), group discussion/focus groups (2), performance (2), reflections
(1), gaze recordings (1) and a rich case study data (1) consisting of six different cases and scenarios
of challenges of distributed teams. While questionnaires and/or surveys were used in a large
number of papers to gather data, in sum, only three papers are based on fully quantitative findings
[32, 49, 128].
4

TAXONOMY OF HCM

Based on the systematic literature review, we introduce a taxonomy for the description and categorization of HCM. The summarized findings of all 62 articles used to develop this taxonomy are
shown at the end of Part A in Table 7.
As stated in Section 1.1, the definition of hybrid collaboration by Neumayr et al. [135] has
three different parts. The first is the time-space matrix’ dimensions, the second is tool and device
usage, and the third is teams split into subgroups. The first two parts are thought to be basic and
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.
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Group
Size
(Number)

Fu (2018) @ECSEE

8

Kauffmann (2018)
@ICICM

-

Group
Size
(Graph)

Number of Number of
Locations Locations
(Number) (Graph)

Synchronicity

Asynchronicity

2

-

-

-

Software Tools

Hardware Devices

Topics

Undisclosed video
conferencing and software
development tools

Not reported

Project-based Learning in global
software development teams

-

-

Relationship communication,
interpersonal trust and knowledge
sharing in virt. teams

Prototype sensemaking tool,
AV conferencing

Several tablets, wall-size display,
standard PCs

Descriptive framework for the
analysis of hybrid collaboration

-

Neumayr (2018)
@PACM HCI (J)

4

3

Licoppe (2017) @CHI

4

3

AV conferencing

Kubi telepresence robot, tablets

Object showing and manipulating
in video-mediated communication

3

Prototype for AV conferencing,
controling camera & gaze
visualization

360° (omnidirectional) camera,
tablet, whiteboard

Gaze awareness of remote
participants in hybrid meetings

Xu (2017) @DIS

Awori (2016)
@AfriCHI

Neustaedter (2015)
@ACM TOCHI (J)

Rae (2015) @CSCW

Salimian (2015)
@UbiComp/ISWC

4

Weiss (2014) @UM3I

No particular scenario was
observed

VMC between indigenious elders
Tablet (iPad 2) or mobile phone,
and diaspora youth to share
laptop and 40 inch TV
knowledge

~8

2

Skype for AV conferencing,
phone call as fallback

Up to 7

2

Prototype Perch for always-on
AV conferencing

Two iPads

Longer-term ("always-on") video
conferencing to stay connected
with family and friends

We report on the most obviously
hybrid of several studies

2-6

2

Skype

Wearable or freestanding
telepresence unit

Framework for the design and
understanding of telepresence

We here report on the field study
done after three different
questionnaire studies

-

-

Google hangouts

Large-screen display or robot
with screen showing remote
participant (who uses laptop)

Comparative study between video
or robot for establishing remote
social connections

Very brief descriptions

No empirical work was reported

We report on Case VI (student
teams) which has the most
obvious hybrid characteristics

-

-

-

-

Kim (2014) @HRI

Comment

7

-

2

-

-

-

-

Group awareness in mixed reality
No empirical work was reported
collaboration

-

-

Intelligent adaptation of video
communication through analysis
of communication behaviour

Not reported

Configuration Management in
distributed software development
teams

-

6-10

2

Version control system, further
undescribed development
environments

Lee (2013) @CSCW

4

2

AV conferencing and shared
drawing application

One laptop per person

Input-process-output model for
PDTs in conceptual design

Rae (2013) @CHI EA

-

-

-

Proposed solution for a robotic
telepresence system for remote
communication

No empirical work related to
hybrid collaboration was done
yet, but planned
* Meetings with 2-5 active
participants and up to 3 locations

Bendix (2013) @CEESECR

-

-

-

-

Siitonen (2013)
@AcademicMindTrek

2-5

3

Group support system for AV
conf.; sharing screens.
documents, collab. writing

Own or shared computer

Social presence in distributed
teams

Yarosh (2013)
@CSCW

2-7

2

ShareTable prototype

ShareTable prototype

Video-conferencing prototype for
parents and children to stay in
touch

6

2

Custom AV conferencing,
persons were projected on the
table

A pair of networked turntables

Telematic system to support
dinner parties by designing for
togetherness

We report on four telematic
dinner parties

5-8*

1-3

Video Threads prototype, MS
Outlook

PCs

Prototype of a asynchronous
video sharing tool for Temporally
Distributed Teams

* Including highly temporally
distributed members

Damian (2012)
@WCCCE

21

5

Access Grid and Skype

Multimedia large format displays
and laptops

Novel instructional design of a
student course emphasizing
international collaboration

Falelakis (2012)
@SAM

4

2

AV conferencing (game
Articulate was played, only AV
necessary)

Pair of TV sets

Automatic orchestration of video
streams for video conferencing

Garbay (2012)
@CSCW

-

-

Design proposal for support of
distant tangible environments

Barden (2012) @DIS

Barksdale (2012)
@CSCW

-

-

-

-

No empirical work was reported

-

Tobii X120 eye tracker in
Voice activity detection based on
Location 2, regular (24") screens
gaze in multi-party mediated
in Location 1 & 2
communication

Hradis (2012)
@ETRA

4-6

2

"[H]igh-definition low latency
audio and video link"

Isaacs (2012)
@CSCW

2-3 +
potential
overhearer
s

1-3

Participants' own tools

Participants' own devices (e.g.,
smartphones or PCs)

Observation how close-knit
groups use technology to stay in
touch and share their lives

Lee (2012) @GROUP

4

2

Video conferencing tool

Shared whiteboard, additional
paper and pen

Knowledge transferability in PDTs
engaging in conceptual design

O'hara (2011) @ACM
TOCHI (J)

-

-

-

"Blended Interaction Spaces for
Distributed Team Collaboration"

No empirical work was reported

9 different tools used during
study (e.g. groupware, IM,
video-conferencing)

Many different communication
technologies, e.g., "mobile
phone and laptop"

Media choice in global virtual
team meetings

At times 5-7 co-located
participants connected to others
from a conference room

GColl (special software for
group-to-group collab.),
standard AV conf. software

Laptop or PC

"Exploring Trust in Group-togroup Video-conferencing"

-

-

-

Pongolini (2011)
@C&T

-

5-10

not
reported

Slovák (2011) @CHI
EA

6

2

Yamashita (2011)
@CSCW

4

2

t-Room: "room-duplication system that supports distributed
tabletop activities"

"Improving Visibility of Remote
Gestures in Distributed Tabletop
Collaboration"

Utilizes same prototype system
as the 2011 CHI paper of the
same first author (see below)

Yamashita (2011)
@CHI

4

2

t-Room: "room-duplication system that supports distributed
tabletop activities"

Compar. study between
depictions of remote tabletop
users and their movement

Utilizes same prototype system
as the 2011 CSCW paper (see
above)

Yarosh (2011) @CHI

-

-

-

not
reported

-

Bos (2010) @GROUP

8-10

5-6

-

-

"Mediated Parent-child Contact in
Work-separated Families"

No particular scenario was
observed

Collaborative Shape Factory
game

Laptops

Shared identity in PDTs

Remotes could only
communicate through email

-

Fig. 4. The taxonomy of HCM (Part 1 of 2).
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Group
Size
(Number)

Group
Size
(Graph)

Kirk (2010) @CSCW

-

-

Tang (2010) @CSCW

3

Turner (2010) @CHI

-

Number of Number of
Locations Locations
(Number) (Graph)
-

Synchronicity

-

-

-

Quinones (2009)
@IWIC

8 (avg)

5-6

Software Tools

Hardware Devices

Topics

Comment

Skype, MSN, IRC

Laptop or desktop computers

Adoption and use of VMC by
close-knit groups to facilitate
closeness

No particular scenario was
observed

Prototype enabling spatiallycorrect gaze awareness and
spatialized audio

Tabletop computer, additional
screens

Communication channels in threeway remote collaboration

Two studies with the same
distribution of participants are
reported

-

-

"Exploring the Workplace
Communication Ecology"

No particular scenario was
observed

-

3

-

Ocker (2009) @ACM
TOCE (J)

Asynchronicity

-

000:25

-

2

Custom collaboration system

Not reported

Description of courses & training
modules for students working in
PDTs

2

Microsoft NetMeeting, Skype,
Blackboard, custom
"collaboration extranet"

Electronic whiteboard, "tablet
laptops"

Mental models and experiences
of global student teams

"Virtual Collaboration Desk"
supporting distributed
teamwork

"Virtual Collaboration Desk"
supporting distributed teamwork

Longitudinal evaluation of a
software team using a virtual
collaboration system

Tan (2008) @CHI EA

10

2

Yamashita (2008)
@CSCW

4

2

Custom Prototype t-Room
Custom Prototype t-Room ("room- Effect of seating postions in group
("room-sharing video system")
sharing video system")
video communication

Batcheller (2007)
@CHI

8

2

2 rooms "set up in an identical
fashion" for video conferencing

2 rooms "set up in an identical
fashion" for video conferencing

Comparison between playing
games co-located or remote
(hybrid) with video-conferencing

Chan (2007)
@SIGITE

4

2

Skype

Desktop computer ("shared
computer didcated to this
project"), laptop

"Facilitating Cross-cultural
Learning Through Collaborative
Skypecasting"

Roussel (2007) @MM

-

-

-

Narrative literature review and
discussion of common problems
of VMC

-

-

-

-

3

3

Bos (2006) @CHI

10

6

Collaborative Shape Factory
game

Laptops

Collocation blindness in PDTs

3

Online course management
system (sharing and storing
documents, email), IM

Telephones, no further details
reported

In-/out-group effects in PDTs

-

-

People's everyday use of mobile
video telephony

Collaborative Shape Factory
game

Laptops

-

-

Investigates "Sports over a
Distance"

6

Collaborative Shape Factory
game

Not reported, presumably
laptops like in Bos, 2005

In-/out-group effects in PDTs

2

Microsoft NetMeeting, APSIM
(Agricultural Production
Simulator)

Laptop, PC, phone

Discovering asymmetries
between two parties and their
technol. preferences and needs

-

-

O'Hara (2006) @CHI

5-7

-

-

-

-

Bos (2005) @CHI EA
Mueller (2005)
@Computers in
Entertainment
(Magazine)
Bos (2004) @CSCW

Kethers (2004)
@CSCW

Powell (2004) @ACM
SIGMIS Database (J)

10

-

-

-

10

10-12

-

-

-

Everitt (2003) @CHI

Hutchinson (2003)
@CHI

Mueller (2003) @CHI

Geyer (2001)
@GROUP

Studies the role of relocating (e.g. Location of some participants
first being remote and then cowas changed as an intervention
located) in PDTs
during experiment
The reported user study was not
hybrid

-

-

No particular scenario was
observed

-

6

-

No empirical work was reported

None. Selective f2f interactions None. Selective f2f interactions
"Sharing a Single Expert Among
of a helper with either one of of a helper with either one of two
Multiple Partners"
two workers
workers

Wong (2007) @CHI

Huang (2006)
@SIGMIS CPR

The study's "video" condition is
hybrid

Literature review of work on virtual
No empirical work was reported
teams

-

Prototype for hybrid collab.
(calling it remote or distributed)
with tangbile interaction

We report on the group of three
participants in the informal
evaluations

3

2

Distributed Designers’ Outpost
("remote collaboration system")

Smartboards

6-8

2-3

MessageProbe prototype for
"digital Post-It notes in a
zoomable space"

Writable LCD display

-

-

Doing sports synchronously with
remotes, prototypes and design
considerations

The described user study was
not hybrid

-

-

System (proof-of-concept) paper
for geographically distr. crosscompany teams

No particular scenario was
observed

Microsoft NetMeeting, email

Smartboards, terminals,
telephones

"Understanding how the
technology affects group
interaction in virtual teams"

Four different "virtual teams"
were observed, at least 2 of them
obviously hybrid

Not reported

"Peripheral Participants in
Mediated Communication"

-

-

-

-

-

-

-

-

-

-

-

Investigate use of the technology
We report on the case of
probes and to inspire users and MessageProbe, which was most
designers
obviously used hybrid

Mark (1998) @ACM
SIGGROUP Bulletin

Team 1:
Up to 27;
Team 2:
Up to 10

no details
reported;
~several

Monk (1998) @CHI

3

2

"[H]igh-quality audio-video link"

3-4

2

HyperMirror (AV conferenginc
solution) to project local and
remote participants into same
room

Video-conferencing prototype with
reflections of co-locateds and
remots on the same wall

Inoue (1997)
@GROUP

6

2

HERMES prototype to
"integrate face-to-face and
video-mediated meetings"

Prototype for support of both local
and remote comm. in hybrid
meetings

Morikawa (1997)
@CHI EA

5

2

"'HyperMirror', a videomediated communication that
include sreflected image"

Video-conferencing prototype with
reflections of co-locateds and
remots on the same wall

Kuzuoka (1994)
@CSCW

3

2

GestureCam video
communication system for
independent field of view

Prototype for spatial workspace
collaboration (e.g., gestures)

We report on the second
experiment

-

-

Comparison between students'
experiences of an online and
offline course

No particular scenario was
observed

-

Prototype which provides virtual
meeting rooms for remote
meetings (without video).

No empirical work was reported

Morikawa (1998)
@CSCW

Oliver (1994) @ACM
SIGCSE Bulletin

-

-

-

no details
reported;
~several

-

Ahuja (1988)
@COCS

-

-

-

-

-

-

-

Fig. 5. The taxonomy of HCM (Part 2 of 2).
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more-or-less obligatory prerequisites for the concept of hybrid collaboration while the subgroups
part is comparatively optional for hybrid collaboration and even more so for hybrid meetings.
Although we initially intended to show also the teams’ behavior towards forming subgroups,
this was not consistently possible because reports on subgroup formation only rarely occurred in
the publications. Therefore, in the taxonomy, we show the more obligatory dimensions, that is,
participants’ location, synchronicity, and software tool & hardware device usage (see Figures 4 and
5). By showing all these different information in the form of a taxonomy, we aim at answering
RQ10 by suggesting a way for future researchers to categorize and thematically cluster the work
on HCM beyond showing the mere results.
In the case of a publication relying on (prior) naturally occurring collaborative activities of the
respondents (and did not observe a particular setting) in its empirical work (e.g., in the form of
a questionnaire study) or where empirical work is altogether absent, several or all dimensions
of the taxonomy might not be applicable and accordingly marked with a dash (-). Additionally,
for such publications an according comment is available in the column ‘Comment’, either as ‘No
particular scenario was observed’ or ‘No empirical work was reported’. The taxonomy’s first column
is reserved for a short name of the publication which is intended to be a unique identifier as well
as giving some information about the first author, the year of the publication and the short name
of the venue (or journal indicated with a (J)) where it was published. The following sections give
details about how the taxonomy can be interpreted concerning the time-space matrix’ dimensions
in columns 2-7 (Section 4.1), the software tool & hardware device usage in columns 8 and 9 (Section
4.2), followed by an overview of how subgroups are discussed in related publications in Section 4.3,
and, finally, meaningful examples in Section 4.4.
4.1

Time-Space Matrix’ Dimensions

In order to cope with the vast breadth of the scenarios covered in this article, we consider the actual
tasks and activities undertaken in the publications’ studies, rather than the functionality of the used
tools and devices. This means that for a publication describing the usage of a videoconferencing
tool that is in principle capable of affording both synchronous and asynchronous interaction of both
co-located and remote users, we aim at giving an account of how the tool was actually used in the
studies. For example, if Skype was used in a user study by three co-located users for a brainwriting
activity, the scenario is categorized as co-located and mainly synchronous. One of the main authors
went through the descriptions and extracted the information concerning the studies’ time and
space dimensions and then rated them according to the descriptions below. Ambiguous cases were
thoroughly discussed among the two main authors. Still, some of the columns in the taxonomy
are interpretative (mainly concerning synchronicity/asynchronicity) and should be seen as rough
indicators to get an overview rather than as definitive classifications. The following paragraphs
detail on our understanding of the different parts of the definition as described in the taxonomy.
4.1.1 Time. Inspired by Lee and Paine [110] the taxonomy understands Johansen’s time-space
matrix’ dimension of time [88] as a continuum instead of a dichotomy. However, different to
the approach in [135], the taxonomy regards both ‘Synchronicity’ as well as ‘Asynchronicity’ as
distinct continua, which paints a more truthful picture of the different scenarios and tasks that
were described throughout the publications. For example, if a system affords both synchronous
videoconferencing and the exchange of asynchronous messages (e.g., [151, 178]), and all of this
functionality was used by the participants in the reported publication, both columns ‘Synchronicity’
and ‘Asynchronicity’ received high ratings. The ratings are depicted as bars representing values
between zero (i.e., absent bar) and three (i.e., bar is fully filled) and the bars are oriented from right
to left for column ‘Synchronicity’ and left to right for column ‘Asynchronicity’. This results in a
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view similar to a scale to visualize if there was a focus on either synchronous or asynchronous
interactions, i.e., whether there was more weight on either side of the scale.
We treated synchronous collaboration as one with only a few seconds between user interactions
(which is typical for meeting-style collaboration) and asynchronous collaboration as one with often
several hours or days between user interactions. Additionally, in accordance to observations in
[135], current tool support for sharing artefacts prepared by collaborators in advance in hybrid
settings is oftentimes weak. Considering the fictitious example that a co-located participant in a
hybrid meeting would like to show their weekly progress of an implementation task and might find
it difficult to share their code with other (e.g., remote) participants, when there is only standard
videoconferencing equipment in a meeting room, such as one camera and the presentation computer,
which could be used for screen sharing, is controlled by someone else. Thus, we considered resources
or artefacts prepared by collaborators (e.g., a document, presentation, or coded implementation) and
brought into a collaboration session or meeting as a weak form as asynchronicity and accordingly
categorized this as ‘1’ in column ’Asynchronicity’ (e.g., [114]). The complete absence of such
asynchronously prepared material (in addition to the absence of other asynchronous interactions)
is depicted in the taxonomy as ‘0’ in column ’Asynchronicity’ (in turn frequently leading to a
categorization of ‘3’ in column ’Synchronicity’ for the purest form of synchronous collaboration,
as in [207] or [159]). Likewise, rapid reciprocal user interactions within the bounds of merely a few
seconds over the major part of the duration is depicted as ‘3’ in column ’Synchronicity’ while only
having such behavior rarely leads to decreases in the ratings for synchronicity (e.g., [180, 190]).
We counted the number of publications that had their focus in either one of synchronous or
asynchronous interaction or where both played approx. the same role. Of the 45 publications we
categorized in this regard, the majority of 32 (71.1̇%) focused on synchronous interaction, only five
(11.1̇%) on asynchronous interaction and eight (17.7̇%) describe relatively balanced settings with
interaction behavior of both worlds.
4.1.2 Space. To give an account of the participants’ physical distribution in the publications’
studies concerning their individual ‘remoteness’ status, the taxonomy shows the ‘Group Size’ and
the ‘Number of Locations’. Both attributes are depicted using a number (or number range) as well
as a normalized bar visualization. The minimum and maximum values of these bars is determined
by the lowest and highest value in this particular category (e.g., for ‘Group Size’ the maximum
is 27, for ‘Number of Locations’ it is 6). Please note that the maximum values are global for the
entire taxonomy and not only for any of the two parts. Please also note that for the visualization of
number ranges, we used the maximum values (e.g. for a ‘Group Size’ of ‘2-7’, we chose to visualize
the bar to represent the number ‘7’ as this bar then also includes the smaller groups’ sizes). The
participants in these locations are treated as remote in relation to each other, meaning that only
mediated communication is possible between locations, whereas direct in-person communication
is possible within the locations. The taxonomy is agnostic towards possible hierarchies in the
locations (e.g., whether there was a primary or control room or not), since this information was
rarely provided, although we acknowledge that this could play an important role. 28 (62.2̇%) of the
publications used two different locations, ten (22.2̇%) used three (including three using up to three
locations), five (11.2̇%) used more than three locations, and two (4.4̇%) publications did not disclose
details about the number of locations.
4.2

Tool and Device Usage

In the taxonomy’s ‘Software Tools’ and ‘Hardware Devices’ columns we show that among the 62
papers, 16 did not mention any software tools or hardware devices. Seven out of these papers did
not report any empirical work, whereas six out of these papers did not report any user study, and
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three of these papers were not based on a user study in a hybrid setting. Apart from these, two of
the 62 papers did not specify their video conferencing and/or software development tools even
though they used them in their studies.
Ten of the papers used at least one form of commercial software in their studies, the names of
which are indicative of their age. Skype (6) [14, 32, 40, 100, 156, 159] stands out as the most used
commercial software and is followed by Microsoft NetMeeting (3) [96, 124, 156], Google Hangouts
(1) [99], MS Outlook (1) [17], MSN (1) [100], IRC (1) [100], Blackboard (1) [156] and Access Grid (1)
[40]. While Skype, NetMeeting, Google Hangouts and Access Grid are used for audio/video (AV)
conferencing, MS Outlook, MSN and IRC are used for text-based hybrid collaboration. One paper
used a noncommercial software called APSIM (Agricultural Production Simulator) [96] and at least
one paper specified that they used an open source prototype for group-to-group collaboration called
GColl [180]. Eleven of the papers used their own prototype specifically aimed for AV conferencing
and 15 of the papers used their own prototype for supporting different forms of hybrid collaboration.
26 papers in total used at least one prototype for their HCM study. Ten papers used unnamed AV
conferencing software.
Six of the papers, which used at least one software tool, did not report on any hardware devices
used in their studies. While earlier studies (before 2000) used their own prototype as the hardware
device as well, after 2000 we see a trend for the usage of more personal devices such as tablets and
laptops. 17 papers used laptops or PCs in their studies, whereas five papers, which were published
in 2015 and later, included tablets. 12 of the papers used at least one display, screen or TV set in
their studies. Also two papers used room-to-room videoconferencing systems and a paper studied a
hybrid meeting from a conference room. Two recent papers [114, 159] included telepresence robots
and another recent paper [99] had a robot with a screen showing the remote participant. In terms
of hybrid collaboration, at least seven of them used electronic/smart boards, three of them used
tabletops [209–211], and one paper used a pair of networked turntables [16]. One paper claimed
that they used nine different tools in their study without specifying any [151].
4.3

Subgroups

The definition of hybrid collaboration that we use [135] states that teams typically split up into
several subgroups. Although we do not see this as a strict criterion, it is common to find teams
splitting into subgroups to do focused work and reforming a larger group to discuss results of the
subgroup work, and repeating this process several times. It may be less common in some hybrid
meetings because ongoing group communication is a prerequisite for many meeting activities, but
also because it has been technically difficult. First, audio separation of subgroup conversations in the
local activity space such that remote participants can both hear and engage is a perennially thorny
problem. Second, even in all-remote settings, sufficiently flexible AV transmission technologies to
enable easy composition–decomposition–and re-composition in research prototypes have only been
available since around 2014 (e.g. WebRTC). Commercial products with ‘breakout’ room capabilities
existed somewhat earlier, especially for webinars, but, again, these tended to focus on creating
subgroups in all-remote contexts.
This is the most difficult dimension to extract from the descriptions in the publications because
the details of the task descriptions (if present) are not always sufficient to deduce the typical number
of subgroups and only few of the publications directly reported details on the teams splitting up
into subgroups. Therefore, we do not report the details in the taxonomy, but give an overview of
the papers that discuss the idea of subgroups below. With regards to future studies, we encourage
the research community to include details about any observed behavior towards splitting up into
subgroups. Such information could then be used to extend the taxonomy with a column ‘Subgroups’
according to our initial plans. The cautious choice for readers is to assume a range of the theoretical
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minimum and maximum values, which are between 1 (the group collaborates as a whole), and the
number of team members (when everyone currently contributes individually).
Neumayr et al. [135] includes descriptions of how the teams split up into subgroups at several
occasions as this is one of the foci of the paper. All extreme values concerning the number of
subgroups have been identified in their study, between 1 and 4 (number of team members). The
authors suggested a measure for the team fragmentation (called the “Time-weighted Mean Number
of Concurrent Subgroups (TNS)”), i.e., in how many subgroups a team splits up on average over
the duration of the collaboration. The TNS numbers for their six teams have been between approx.
2 and 3 meaning that the teams on average split up into between 2 and 3 subgroups.
Some further publications’ stance on subgroups is briefly summarized as follows:
• Bos et al. [24] present some thoughts about the tendency of subgroups to form influenced by
location, and how subgroups pertain to group identity in their related work.
• Ocker et al. [141] also cover subgroups in their literature review and use the concept of
subgroups several times throughout the investigated constructs and items (but not when
describing their results).
• Quinones et al. [156] only mention the existence of several subgroups insofar as they describe
the parts of geographically distributed teams as subgroups of a team (e.g., “Israeli subgroups”).
• Similarly, Bos et al. [21] only mention subgroups when they are talking about parts of the
group that were relocated (changes in the location from co-located to remote participants).
• Furthermore, Bos et al. in [23] describe the concept in their related work at some length and
comment in the discussion that in their study in accordance to literature, subgroups formed
“based on location”.
• Finally, Geyer et al. [60] only mention one implicit comment about the existence of subgroups.
4.4

Meaningful Examples

In this section, we present illustrative examples of how the taxonomy can be interpreted and
justify our categorization choices. We describe the actual characteristics of the study settings or the
envisioned usage scenarios concerning their hybrid features. Only a small number of publications
particularly used the term ‘hybrid’ to refer to their study settings or scenarios. As indicated above,
we, nevertheless, also listed such publications that fulfilled our definitions (see Sections 1.1 and
1.2) regardless of the actual term usage. Most of the publications i) focused on a particular set of
settings with hybrid characteristics (e.g., through empirical work in the form of experiments or
user studies), while others ii) used empirical methods to learn from (prior) naturally occurring
collaborative activities of the respondents, such as [60, 94, 100, 144, 147, 195, 211], and iii) a third
category of the publications did not report on empirical data at all (e.g., descriptions of system
implementation or design proposals) such as [4, 58, 146, 152, 163, 167, 205]. It was only possible to
report all details of the different hybrid characteristics of the first category’s publications in the
taxonomy (i), that is where a relatively homogeneous design space of the studies was reported.
Some of those studies are described and their categorization in the taxonomy is explained in Section
4.4.1. For the latter two categories’ publications (ii and iii) it was not possible to report details in
the taxonomy because of the settings’ heterogeneity (ii) or absence of studies (iii). Some examples
for those publications are described in Sections 4.4.2 and 4.4.3, respectively.
4.4.1 Publications Focusing on a Particular Hybrid Setting. We selected some illustrative examples
of categorizations in our taxonomy that cover several different group sizes and numbers of locations
as well as all levels (0-3) of ‘Synchronicity’ and ‘Asynchronicity’ to explain further details of our
choices and present them in chronologically descending order.
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Neumayr et al. [135] conducted a lab study with teams of four (see column ‘Group Size’) where
two co-located participants in one room and two further participants individually collaborated with
them from separate rooms, resulting in three different locations. Only mediated communication was
possible between the locations while in-person communication was possible within the locations
(which is only useful for the location with two participants). The number of locations is indicated in
column ‘Number of Locations’ in the taxonomy. Besides an audio-video connection for synchronous
communication, participants operated a custom-built prototype application where notes and likes
could be left to be later discovered by others (or revisited by oneself) resulting in some form of
asynchronicity. Additionally, a shared interactive whiteboard was part of the functionality that
was used synchronously as well as asynchronously. The column ‘Synchronicity’ was rated with
2 out of 3 points because the extent of the synchronous collaboration was not as high as in a
discussion or meeting task but, nevertheless, reasonably high as compared to only rarely or never
interacting synchronously. The column ‘Asynchronicity’ was again rated with 2 out of 3 points
because the functionality and usage regarding this (i.e., leaving notes, likes, or interpreting changes
in the shared interactive whiteboard) was clearly above the mere bringing and sharing of prepared
artefacts, which was commented above as a minimum requirement to receive a rating of 1 out of 3
points. Yet, scenarios in other publications had interactions of several hours or even days or weeks
in between interactions, which is again clearly above what was described in [135] concerning
asynchronicity.
Licoppe et al. [114] describe a setting where a pair of co-located participants was connected to
two separate remote parties in the second study they reported on. This leads to column ‘Group
Size’ filled out with 4 and ‘Number of Locations’ filled out with 3. They focus on synchronous
collaboration (column ‘Synchronicity’ receives a rating of 3 out of 3) in the form of showing objects
to remotes while the task also includes asynchronous artefacts in the form of artworks brought into
the collaboration by the collocateds for the shared task of creating an art exhibition, hence, fulfilling
the minimum requirement for some asynchronicity and a rating of 1 out of 3 in this column. The
’Software Tools’ and ’Hardware Devices’ are listed, consequently.
Xu et al. [207] conducted a lab study with teams of four (‘Group Size’ is 4), where two remotes were
connected to two collocateds (‘Number of Locations’ is 3) seated in a conference room containing
a prototype system consisting of a 360-degree camera and a screen indicating in simplified form
where the remotes users’ gazes were currently headed, that is, which portion of the individually
adjustable 360-degree camera the remotes currently viewed. The publication focuses on synchronous
interaction — which is also emphasized through the publication’s keywords — in the form of a
discussion task where no information about asynchronous resources was identified (‘Synchronicity’
is 3, ‘Asynchronicity’ is 0).
Barksdale et al. [17] describe a trial study of a prototype system for asynchronous communication
(called Video Threads) that was deployed in three different locations (‘Number of Locations’ is
3) and used by between five and eight participants distributed around these locations (’Group
Size’ is 5-8, including highly temporally distributed members from different time zones). The
prototype is intended to allow sending video messages instead of e-mail and having a strict focus
on asynchronous interaction with typically hours or days (in the case of video messages received
in after-work hours or during the weekend) between interactions due to time zone differences
(‘Synchronicity’ is 0, ‘Asynchronicity’ is 3).
Tang et al. [190] developed and evaluated a custom-built prototype for three-way collaboration,
that is, a collaboration between three users that are remote to each other, leading to a reported
‘Group Size’ of 3 and ‘Number of Locations’ of 3. The strongly synchronous tasks of jointly rearranging tiles on a shared interactive tabletop computer while an always-on audio-video link
was active during all sessions in connection with the absence of any reports of asynchronous
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

000:31

features led to the categorizations for ‘Synchronicity’ as 3, and for ‘Asynchronicity’ as 0. Please
note that in principle, this example infringes the rather obligatory parts of the definition of hybrid
collaboration because no collocateds were part of the setting. However, the actual setting provoked
by the authors makes it appear for the remotes to be co-located with others, or at least having an
impression of co-presence, as the authors state. The seating arrangement and having a separate
screen and camera for each of the three participants, therefore, led after discussion, to an inclusion
of this paper.
Similarly, the publication by Wong et al. [206] was the subject of discussion among the authors,
because there, too, the definitions of hybrid collaboration concerning the dimension of space were
initially thought to be infringed. Contrary to Tang et al.’s Three’s Company [190] in Wong et al.’s
publication, not collocateds are missing but remotes. However, the study was done to simulate
remoteness by installing a partitioning wall between two of the participants and allowing a third
participant to selectively engage in (in-person) co-located collaboration with either one of the two
separated participants. Here, we decided to categorize the groups of three (‘Group Size’ is 3) as
being distributed around three (simulated) locations (‘Number of Locations’ is 3).
Quinones et al. [156] present a study in an educational context, where geographically distributed
student teams work on construction and civil engineering tasks within a 16-week course. Teams
consisted of five or six members (‘Group Size’ is 5-6) that were distributed between two locations
(‘Number of Locations’ is 2). The teams at each location worked independently for most part of the
collaboration but there were approx. weekly scheduled meetings during class with the addition of
some meetings outside of class. We classified this relatively low level of ‘Synchronicity’ as 1 and
the focus on ‘Asynchronicity’ as 3.
4.4.2 Publications Without an Identifiable Hybrid Setting. Overall, there are seven publications
[60, 94, 100, 144, 147, 195, 211] where no hybrid setting was identifiable from the descriptions.
Most of these publications report on questionnaire studies, interviews, or researchers’ self-reports
of people engaging in a variety of naturally occurring HCM, therefore, making generalizations
and classification in the taxonomy difficult. For example, Kauffmann and Carmi [94] describe a
questionnaire study with 259 responses from all over the world engaging in a myriad of different
settings. Therefore, it was not possible to give a truthful account of particular settings in the
taxonomy. Another example is Yarosh et al. [211], where 14 parent-child pairs from work-separated
families were interviewed about their strategies to stay in touch. Similarly, Kirk et al. [100] interviewed 17 participants spread across twelve different homes about their use of video-mediated
communication. Furthermore, Turner et al. [195] explored different communication technologies
used in the workplaces of a small corporation by conducting two different surveys as well as more
focused interviews of 23 employees over the period of one year. Moreover, O’Hara et al. [144]
report on the naturally occurring mobile video telephony activities of 21 participants that were surveyed and interviewed. Geyer et al. [60], then, describe a proof-of-concept for a system supporting
collaborative activities (including hybrid settings) of geographically distributed cross-company
teams and report on their own experiences with the system. Finally, Oliver [147] describes the
results of a postal survey of students (67 replies) about their experiences with distance education in
group work, hence, also covering a broad range of different settings.
4.4.3 Publications Without Empirical Work. Overall, there are seven publications [4, 58, 146, 152,
163, 167, 205] that did not report any empirical work, rendering a classification in the taxonomy as
impossible. Additionally, Rae [157] conducted several studies with dyads in a non-hybrid setting
but described concrete plans for future studies of hybrid settings. Similarly, Mueller & Agamanolis
[132] and Mueller et al. [131] report several hybrid use cases of extertion interfaces, where several
co-located players interact with a game at each location. However, the authors merely report on
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pairs of participants making use of their prototypes in user studies. For all of these publications that
describe concrete future plans for studying hybrid settings [157], or reflect on particular hybrid
use cases of their proposed systems [131, 132], we abstained from doing a classification in our
taxonomy due to the absence of hybrid empirical work.
Table 7. Summary of findings from the 62 included SLR publications

Year

Authors

Ref

FP

Findings

2018

Fu et al.

[56]

HIM

2018

Kauffmann [94]
& Carmi

SI

2018

Neumayr
et al.

[135]

HIM

2017

Licoppe et
al.

[114]

HIM

2017

Xu et al.

[207]

HM

2016

Awori et
al.

[14]

HM

2015

Neustaedter [137]
et al.

Co-located team members showed a higher level of
group cohesion compared to the remote participants.
Virtual communication lacked visual cues. Undergraduates were more frustrated than graduate students.
Positive correlations between relationship communication, trust, and knowledge sharing. Interpersonal
trust plays an important role in mediating the relationship between task communication and knowledge
sharing. Only cognitive trust was found to mediate
knowledge sharing.
Hybrid collaboration is investigated in-depth and different analytic tools are suggested for exploring team
fragmentation, subgroup configuration and volatility
of groups. A novel notation system called "Domino",
a more extensive description of hybrid collaboration,
and nine different hybrid coupling styles are proposed.
Focusing on showing objects with or without tools
during domestic video-mediated communication
. Discusses showing objects only when relevant to the
conversation, or when the showing process may take
longer due to discussions or more detailed displays.
Suggests design implications to support showing objects .
Simulated gazes increase feeling of presence, but do
not always reflect what the remote participants pay
attention to.
Managing video-conferencing during a moving classroom can be difficult for elderly people. Hands-free
mobile tools are needed for a better live interaction.
Technologies supporting long-term domestic connections should move beyond conversations and focus
on sharing everyday life. One-Size-Fits-All Solutions
do not work and such technologies should run on
dedicated devices.
(Continued)

HM
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Year

Authors

Ref

FP

Findings

2015

Rae et al.

[159]

TP

2015

Salimian

[167]

HIM

2014

Kim et al.

[99]

TProbot

2014

Weiss
al.

[205]

HE

2013

Bendix &
Pendleton

[19]

HT

2013

Lee et al.

[112]

HT

2013

Rae

[157]

TProbot

2013

Siitonen
[178]
& OlbertzSiitonen

Proposes a framework for understanding telepresence
including seven design dimensions , including the Initiation, Physical Environment, Mobility, Vision, Social
Environment, Communication, and Interdependence
.
Describes a mixed reality collaborative environment
involving a physical tabletop and virtual arm embodiments of the remote collaborator while interacting
with the virtual tabletop .
Classroom participants showed more interest and
empathy when they interacted with participants
through Mobile Robotic telePresence than via traditional videoconference.
Reports an automatic real-time decision making system aimed for video-based communication and its implementation, which includes cue extraction, fusion
and interpretation, and decision making processes to
choose the best display of the videos.
Explores how distributed development teams can benefit from Configuration Management concepts. Many
problems in distributed development teams can be
solved by applying the already existing solutions .
Report the factors shaping the formation of shared
understanding among partially distributed conceptual
design teams. Present an input-process-output model:
inputs (personality, background/major, team formation, task, communication technology) influencing the
process (factors contributing to shared understanding:
awareness, interactivity, knowledge transferability,
cohesiveness, trust, collaboration pattern, role emergence, conflict) leading to output (performance and
communication satisfaction).
Focuses on how important features of Mobile Robotic
telePresence, such as physical embodiment and control over the system, lead to fruitful collaboration.
Based on real-world observations of distributed teams,
researchers discuss how presence is socially constructed in interaction and underline the temporality
and multispatiality of presence as well as its emergence as a strategic choice or as an example of playfulness during online collaboration.
(Continued)

et

HT
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Year

Authors

Ref

FP

Findings

2013

Yarosh et
al.

[212]

HM

2012

Barden et
al.

[16]

HM

2012

Barksdale
et al.

[17]

HT

2012

Damian et [40]
al.

HIM

2012

Falelakis
et al.

[49]

Heco

2012

Garbay et
al.

[58]

Heco

2012

Hradis et
al.

[78]

HM

Setting up a tool called "ShareTable", which supports
both video-chat and a tabletop task space, researchers
observed two divorced families’ usage . The tool enables a better sense of touch and closeness, however
adjusting the frequency and density of the social contact with their kids can be a challenge for the divorced
parents.
Reports a telematic dinner party experience, bringing
both remote and co-located participants around a table to eat together. Argues that cultural background
of the participants and the social structure plays an
important role in designing similar technologies.
Reports on "VideoThreads", which vizualizes video
messages as a thread. Four teams of participants enjoyed using VideoThreads because it helped them become familiar with each other. 52% of the participants
found it more useful than email, but others found it
less useful than email because editing and rerecording
videos, as well as searching through the video and
audio content, is not easy.
Reports on a 12-week-long graduate-level course in
Canada involving international collaboration with foreign students connecting remotely from the UK. Suggests that international collaboration with students
from different contexts and using computer-mediated
communication in distributed collaboration improve
learning experiences and broadens students’ horizons.
Focuses on the effects of automatic orchestration,
which refers to providing intelligent selection of the
most efficient camera views during a video-based
meeting. Authors studied this with two distributed
groups playing a collaborative board game and found
that orchestration is useful similar to the live videomixing done by the human editors.
Presents a design idea within the framework of activity theory, supporting distant tangible collaboration through a normative multi-agent, trace-based
approach.
Using statistical machine learning methods, reports
experiments on whether it is possible to detect the active speaker in video-mediated communication based
on the gaze and eye movements. Finds that they are a
reliable predictor and can be used in real-time applications.
(Continued)
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Year

Authors

Ref

FP

Findings

2012

Isaacs
al.

[84]

Heco

2012

Lee et al.

[111]

HT

2011

O’hara et
al.

[146]

HIM

2011

Pongolini
et al.

[151]

HM

2011

Slovák et
al.

[180]

SI

2011

Yamashita
et al.

[209]

HIM

Analyzes the phenomenon called "channel blending",
which is the integration of different remote and colocated interactions taking place on multiple channels
at the same time. Based on an in-depth shadowing
study, researchers observed that during remote interaction co-located people can also enter and leave the
talk especially in close-knit groups. In such moments,
the co-located participant, who is interacting with the
remote one, takes the responsibility of blending the
channels.
Focuses on different types of knowledge transferred
among the partially distributed conceptual design
teams. Experiment finds that compared to other design phases, communicating during the concept generation phase is the most difficult .
Describes the concept of "Blended Interaction Spaces"
which "faithfully incorporate geometrical properties
and configuration of space". Challenges include interaction proxemics (i.e., the link between different interaction mechanisms and how people are positioned
towards other people or "information resources") ,
and "how to map [the data space] onto the geometric
properties of the space envisioned". Apart from technical setup, room architecture and furtniture should
also be considered when tackling the two challenges.
Ethnographic research of technology experts in a
multinational automotive manufacturing company,
report that a number of social and contextual factors
play a major role in the choice of media, therefore
showing that the task-media fit of prior theories falls
short of explaining the media choices. Multiple media
can be used at the same time rather than in parallel.
Through a qualitative study of game play groups, participants are found to have higher game scores when
in person, but specialized group-to-group communication software was still superior to standard video
conferencing tool. The authors attribute this to trust
and group identity.
Introduces a new approach called "remote lag" to eliminate the invisibility of remote gestures, researchers
found that the negative impacts of invisibility problems (of the remote collaborators) were significantly
reduced.
(Continued)
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Year

Authors

Ref

FP

Findings

2011

Yamashita
et al.

[210]

HIM

2011

Yarosh &
Abowd

[211]

HM

2010

Bos et al.

[24]

SI

2010

Kirk et al.

[100]

HM

2010

Tang et al.

[190]

HIM

2010

Turner et
al.

[195]

Heco

2009

Ocker et
al.

[141]

HT

Analyzes multiparty fluid tabletop activities in groups
of four remote people. Finds a clear benefit of using
upper body views. Increase in effectiveness attributed
to achieving joint perspectives and leading remote
collaborators to specific areas.
Based on interviews with 14 work-separated parents
and their kids (7-13), authors detail on a number of
strategies the families apply. E.g. parents use asynchronous and synchronous communication, children
seek more contact to co-located adult and rely heavily
on them to establish communication with the separated parent.
Through an experimental task called “Shape Factory”
with U.S. college fraternity or sorority groups, it is
argued that shared group identity is beneficial for
collaboration and coordination especially in extensive
projects, but still cannot eliminate all the issues. Colocated and remote members diverge “in performance,
group efficacy, and sense of group identity”.
Diary and interview study of home video communication users reports how users achieve closeness, closer
connection with family/friends, devotion and moral
order at home, and list some design implications for
home video communication technologies.
Focuses on three channels of communication (person,
reference, and task-space) in two studies. Proposes
the advantages of different arrangements of users in a
distributed workspace and further discover the role of
“identity, awareness, spatial metaphor, and corporeal
embodiments in three-way distributed collaboration”.
Studying the usage of communication technologies
in a small company in the U.S. over a year, finds that
new communication tools do not mean leaving the old
ones, and diverse tools are used for different purposes.
Communication ecosystems shape communication
choices and behaviors.
Large international study reports results based on
quantitative analysis of coordinated activity variables
such as “awareness”, “shared identity”, “trust”, and
“team performance” before and after training. Training
significantly increases all variables.
(Continued)
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Year

Authors

Ref

FP

Findings

2009

Quinones
et al.

[156]

SI

2008

Tan
&
Kondoz

[186]

HIM

2008

Yamashita
et al.

[208]

Heco

2007

Batcheller
et al.

[18]

HIM

2007

Chan et al.

[32]

HIM

Reports on two case studies of undergraduate engineering students in the U.S. collaborating with
students in Brazil, Israel or Turkey. Different mental models are found concerning team structure,
task processes, social conventions, and about knowledge/experiences , which led to problems. However,
when the teams worked out the differences, harmonious collaboration and even friendships emerged.
Reports use of “Virtual Collaborative Desk” by a software design team. Quantitative findings were that
duration of meetings shortened but meetings became
more frequent, and team participation and cultural
differences emerged. Qualitative findings showed organizational barriers (management issues, and accessibility and policy issues) and technological barriers
(hardware and software performance, network link,
video, audio (less than video) and interaction devices
such as pen and mouse). Suggests need for real world
studies rather than experiments to understand issues
with virtual collaboration.
Reports the effects of changing seating positions
of video-mediated communication ( distant parties
seated across from each other vs. distant parties seated
side-by-side). Being seated side-by-side led to more
speaker switching being more evenly distributed without verbal indication of the next speaker. Participants
shared a higher sense of unity and reached a slightly
better group solution.
Experimented while playing the game “Mafia”, participants in the video condition found it easier to interact
with those on their side than those in the co-located
condition . People in the video condition found people
on their side more trustworthy. Levels of fun, satisfaction and frustration remained constant between
conditions.
International project at two universities ( U.S.
and Australia) reports four levels of learning: personal/technical skill-based learning, topical learning,
critical thinking, lessons in interpersonal communication. Describes technical, administrative, cultural
challenges .
(Continued)
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Year

Authors

Ref

FP

Findings

2007

Roussel &
Gueddana

[162]

Heco

2007

Wong
al.

[206]

SI

2006

Bos et al.

[22]

SI

2006

Huang &
Ocker

[79]

SI

2006

O’Hara et
al.

[144]

HM

2005

Bos et al.

[21]

SI

2005

Mueller & [132]
Agamanolis

Discusses two different interpretations of “ Beyond
being there” by Hollan and Stornetta, concerning the
term "Beyond" to mean either “greater than” or “other
than”. While the former interpretation suggests that
by improving the fidelity of mediation solves any
remaining problems, the latter states that other approaches are needed, e.g., by making possible what is
impossible in-person (such as additional awareness or
privacy mechanisms). Proposes the concept of “multiscale communication” to reflect the second notion.
Remote expertise study finds that the structure of conversation was different depending on if both workers
had the same task, and different types of attention
requests.
Through the experimental task called “Shape Factory”,
authors found that co-located doubles were victims
to co-located blindness whereas remote doubles benefited. Co-located players were more embarrassed to
ask for more money when they were selling to their
co-located ones, but remote players didn’t feel that
social pressure.
Studying 12 distributed student teams, authors find
that geographical distance, power and information
flow play a substantial role in shaping the “us vs. them
split”. “Work-ethic, quality of work and the mix of
media in communication and collaboration” shaped
the team unity.
Diary and interview study finds that people make
video calls for small talk, showing things or functional
talks to achieve a particular goal. “Social barriers”
to video-calling exist such as “blurry public-private
boundaries” or not being able to show co-located ones
fully, whereas examples for “practical barriers” can
be “noise, lighting and dual tasking”.
Changing status from remote team member to colocated team member is easier than changing from
co-located to remote. The difference is due to lack of
preparation for the change to remote work.
See below.

et

Heco

(Continued)
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Year

Authors

Ref

FP

Findings

2004

Bos et al.

[23]

SI

2004

Kethers et
al.

[96]

HM

2004

Powell et
al.

[152]

HT

2003

Everitt et
al.

[48]

HIM

2003

Hutchinson [80]
et al.

Heco

2003

Mueller et
al.

Heco

Reports on a simulation game aimed at observing
collaboration in distributed teams consisting of 5
co-located and 5 remote participants. An in-group
emerged among co-located participants, who excluded the remote participants (aka “isolates”). However, isolates also formed their own in-group.
Reports on a simulation using “NetMeeting” for remote meetings between researchers and farmers. Focuses on the asymmetries in interaction between these
two groups and found that the researchers lacked
awareness of the room in which the farmers were
co-located, which made video more important for the
researchers, while farmers did not feel the need to see
the researchers since the knowledge they shared was
more important than their appearance.
Literature review on virtual teams. Describes the disconnect between the controlled setting and field research on virtual teams. Nearly 90 percent of controlled experiments have less than eight people in
team size. Also experiments allow short-term observations only, while field studies provide more opportunities for long-term observations. Hybrid settings
are not mentioned in any reviewed paper.
Presents a remote collaboration tool called "Distributed Designers’ Outpost", supporting brainstorming through physical post-its and their digital representations. Two novel awareness mechanisms are developed for distributed collaboration: "transient ink input for gestures and a vision-tracked stylized shadow
for presence".
Cross-cultural study on families ( France, Sweden
and the U.S.) that evaluates a new method for codesigning technology with users, called "technology
probes". Two technology probes are reported, the messageProbe and the videoProbe. Results show that technology probes bring to light practical needs and fun
among families, they relied on real-life scenarios, and
boosted creativity by introducing new technologies.
Develops an Exertion Interface using a life-size videocommunication system, enabling two remote people
play a soccer ball and compared the same experience
with a non-exertion keyboard interface. EI users got
to know each other better, became closer friends, and
enjoyed the game more compared to the non-EI users.
Provides guidelines for future Extertion Interfaces.
(Continued)
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Year

Authors

Ref

FP

Findings

2001

Geyer et
al.

[60]

Heco

1998

Mark

[124]

SI

1998

Monk
Watts

[128]

HM

1998

Morikawa [130]
&
Maesako

Heco

1997

Inoue
al.

Heco

1997

Morikawa [129]
&
Maesako

Heco

1994

Kuzuoka
et al.

HIM

Describes collaborative workspace prototype, called
Teamspace, which supports both synchronous and
asynchronous team collaboration. Describes design
issues based on their experiences, and presents issues
around security, meeting capture, and awareness.
Building trust and relationships in virtual teams is
improved when there are facilitators for social and
technical support, chat for informal communication
including private jokes, flexibility of location, data
sharing from personal computers, and in-person contact and meetings.
Remoteness does not play a role in the sense of social
presence, but being peripheral does. When recalling
a conversation or activity, being peripheral is not decisive. Sometimes people can be peripheral and do
not actively participate but still are interested in the
activity or discussion. Interest is the key factor.
Second study on HyperMirror. While using the tool,
participants mostly referred to their presence in the
virtual space rather than their presence in the physical room. Different aspects of the sense of reality
include gaze direction, feeling of personal space, and
approaching the camera.
Reports on a video communication tool called HERMES, which allows each co-located participant sitting
around a round table, seeing remote participants in
front of their seat through a monitor. Speech and gaze
directions of the participants were in line with the
aim of the design, showing the importance of seat and
monitor arrangement in video-based communication.
However, speaker identification through loudness of
the voices was not realistic.
Reports on the ‘HyperMirror’ system that provides
the feeling of “being in the same room”. System is symmetrical and easy to understand, minimizing psychological barriers between participants. Finds that the
sense of reality can increase or decrease (e.g., when
participants walked into each other on the mirror).
Lack of haptic feedback was noticeable, because the
remote persons were only virtually connected.
Bad quality image and video transmission delay create
problems in instruction contexts. Wider screen can
be useful for instructors based on the task. Language,
humor, portability and control by a master actuator
helps users feel sympathy towards the system.
(Continued)
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Year

Authors

Ref

FP

Findings

1994

Oliver

[147]

HIM

1988

Ahuja et
al.

[4]

Heco

CMC improves the sense of community among distance learners, however, lack of equity in varying
sized groups, non-effective group members and technical difficulties cause problems.
More flexible input controls, larger storage of information and better devices are needed. Long-distance
conferencing is still challenging.

Part B - Additional Findings and Synthesis
5

WHAT’S MISSING

SLRs have some inherent limitations which lead to missing relevant publications, such as focusing
on specific online libraries/catalogs, using a priori keyword search queries which potentially lead
to keyword mismatches with relevant literature, and having to choose keyword terms which are
broad enough to capture the relevant literature while also limiting false positives. These limitations
are exacerbated by terminological confusion as pronounced as it is this case. Part A of this review
provided descriptions of what could be systematically found in the ACM DL using the terms most
likely to be of relevance. In Part B, we extend these results with other related work identified in our
own prior research, and, in discussion of key themes, synthesize this work with the SLR findings.
First, we describe two sets of notable exclusions from our final SLR (i.e., they were not part of our
initial set of 1,209 results, due to the reasons stated above) that are essential for a full picture of
prior HCM research.
5.1

Publications on Media Spaces

Perhaps the most notable exclusion in this SLR is most of the research exploring Media Spaces
(except [146]). This research exists in articles in the ACM DL, but also in some non-ACM outlets, and
in edited collections [51, 70, 136]6 . Media Space research arose from the recognition that cooperative
work involves awareness of integrated joint context that seamlessly flows between individual and
group, between focus and spontaneity, between productivity and sociality, all contained within
architectural spaces [72, 103, 169].
The term ‘Media Space’ was coined by Robert Stults [161] as a “computing/video setting for
unstructured collaborative work among people separated by space and time.” Stults never uses the
term ‘hybrid’, nor does it appear in most of the subsequent Media Space literature7 . This omission
can be ascribed to the recent rise of the term’s popularity, but also because, conceptually, Media
Space settings were intended to naturally and seamlessly include hybrid cohorts, so there was no
need to describe them as such. Stults clearly intended to cover ‘hybrid’ collaboration, e.g., the
photograph on the first page of his report [161] depicts a group of four people working together,
two in a local room and two working remotely and connected via individual monitors on the local
6 The

edited collections are listed in the ACM Full-Text Collection but not the individual chapters, although some chapters
are direct copies or revised versions of conference papers or journal articles
7 Indeed, ‘hybrid’ does not appear in the abstracts or keywords of Media Space articles (as noted above), nor the indexes of
three major edited collections entirely or partially exploring Media Spaces [70, 104, 136]. The one appearance of ‘hybrid’ in
an edited collection index (in [51]) refers only to communication network topology [74].
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desk. As a term and a research concept, ‘Media Space’ largely fell out of favour by 2015, but it
has been kept afloat by Steve Harrison, Carman Neustaedter, and colleagues/students exploring
their use in domestic contexts. As of October 2021 in the ACM DL, the latest paper to use ‘Media
Space’ in the title is a CHI2020 poster [31], and before that, a CSCW 2014 Companion paper [142].
Neustaetder et al. [137] summarizes much of this research without using ‘Media Space’ in the title.
However, interest is returning to the concept in the wake of global reactions to COVID-19 and
resulting harsh lessons on disconnection from the fabric of collegiality [204].
A significant amount of Media Space research sought to enable both fully remote and hybrid
conditions. For example, Buxton’s "Meetingspace – Mediaspace – Meaningspace" [30] proposes
that three spaces for the mechanics of communication (person, task, and reference spaces) need to
be supported for any form of geodistribution. In such a case, supporting hybrid geodistribution
usually also solves for fully-remote geodistribution, at least in terms of the embodied mechanics
of meaning. Similar research from edited collections includes both the organizational context (or
more-or-less agnostic) [28, 29, 36, 62, 73, 74, 86, 92, 123, 184] and the domestic context [81, 90, 137].
So, an undercurrent of hybridity runs through Media Space research, but both terminological
and conceptual difficulties can make it difficult to rule them in or out of an SLR. At a base level,
searching for the phrase produces huge numbers of false positives because either the words may
appear adjacently with or without compound meaning. But even within the identifiable ‘Media
Space’ literature there are problems. For example, Schmidt [168] notes that despite ‘awareness’
being a key goal of much Media Space research, the definition is not consistent. The relationship
of Media Space awareness to other ‘awarenesses’ is not clearly specified, and ‘awareness’ is also
often prefixed with adjectives to produce more nuanced terms, such as ‘collaboration awareness’,
‘peripheral awareness’, ‘background awareness’, ‘passive awareness’, ‘reciprocal awareness’, ‘mutual
awareness’, and ‘workspace awareness’. These different awarenesses are differently relevant to HCM,
and thus finding articles in which these terms are used in the context of hybridity is challenging if
the goal is to understand what is special about hybridity.
Some seminal Media Space articles provide critical nuances to hybridity. For example, Harrison
& Dourish’s [71] “Re-Placing Space” explores the conceptual links between space and place in
the lived reality of work, and how the Media Spaces that succeed move beyond pure connection
between spaces and instead enable some of the crucial elements of what local groups in hybrid
situations build together, such as the artifacts of shared history. However, they also point out some
‘placeless spaces’, such as USENET newsgroups, can build shared histories with purely digital
artefacts with no reference to real spaces or, indeed, hybrid groupings. While Media Spaces may be
seen as the obvious panacea to the lack of geodistributed collegiality, they also either introduce
serious challenges, especially to privacy [26, 55]. Media Spaces – especially those that involve
hardware – can become highly complex as personal and shared ecosystems of devices increase in
size and complexity [162], leading to adoption problems if the systems are also not flexibly fitted to
practical issues of daily use [6, 11, 20, 38, 92, 105, 162]. This is especially evident in the context of
increased mobile device use [10, 145].
In “Media Space, After 20 years”, Stults [183] reflects that the initial imperative for the 1980s
‘Media Space’ concept was that Design as a professional activity relied on the materiality of the
physical space of design studios and physical artifacts of both tools and outcomes. However, by 2008,
he acknowledged that the digital realm had increased in scope, leading him to question the primacy
of physicality. In a similar spirit, Greenberg et al. [64] reflect that the metaphors underpinning the
design of many Media Spaces tended towards the static rather than the mobile, and, ironically, as
digital connection technologies improved, also tended to silo digital and non-digital interaction
rather than blend them or enable smooth transitions between them. This is especially the case
for what Stults (indirectly) and Greenberg et al. (directly) posit as a unique value of hybrid Media
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Spaces, which is the affordance of informal opportunistic engagement. In the post-COVID19 era,
the need to enable both fully-remote and hybrid informal collegiality throughout a day has become
imperative, which speaks to an acknowledged need for the affordances of physicality. One tranch
of Media Space research points to how this might be enabled, and we will discuss this below in the
Focal Points (Section 6).
5.2

Publications on Partially Distributed Teams

The research on partially distributed teams (PDTs) has been identified previously as a valuable
source of information for HCM. Neumayr et al. [135] list five publications on this area and provide
a brief overview of their findings. Three of these ([21, 22, 24]) are part of our SLR. Additionally,
four PDT papers which were not part of the compilation in [135] resulted from our systematic
approach in part A and have consequently been included [23, 79, 111, 112].
However, there are still other PDT publications that were not included in our SLR. One example
is “Cross-cutting faultlines of location and shared identity in the intergroup cooperation of partially
distributed groups”, which describes several challenges of partially distributed groups especially
relevant to HCM such as the interplay between having a shared identity and one’s location [198].
The paper was not included/selected in our initial set due to keyword mismatches with our search
query. The authors used ‘partially distributed groups’ or ‘partially distributed work’ to describe
their subject matter. While ‘partially distributed’ is part of our search query’s first set, it was only
triggered if any of the query’s second set’s terms was used in combination, which was not the case.
Another example is Cheshin et al. [34], who investigated for PDTs how electronic communication
norms (ECNs) emerge and furthermore “showed that traveling members kept some of their ECNs
after swapping remotes and collocateds” [135]. The article was not included because it was published
in the Journal of Personnel Psychology (Hogregfe), outside the ACM DL. Overall, we have the
impression that the highly related subtopic of PDTs is reasonably well covered in our final set of
publications, but may need further investigation.
6

FOCAL POINTS

Based on the SLR, we propose the following focal points for future investigation. We synthesize
literature both from the systematic approach (summarized above in Table 7) and additional literature
(from section 5) as a summary of what we already know and pointers towards open questions.
6.1

Hybrid Interaction Mechanics

Our first focal point on hybrid interaction mechanics deals with the aspects that make interacting
in hybrid settings special. These aspects often arise from hybrid collaboration situations because of
their mix of synchronous and asynchronous work, because they span multiple groupware applications
and devices, and because some people are in the same place and some remote [135]. This definition
(see also subsection 1.1) also inspired us to shape the taxonomy presented in section 4. There
are multiple points of interest in investigating hybrid interaction mechanics, such as how people
sharing an office space can be aware of each other’s activities and more easily ask quick questions
of each other. Some of these issues are covered in the Media Space research, but there is more to
be understood about the special characteristics of collaborative coupling and transitions during
mixed-focus collaboration.
6.1.1 SLR. Some pointers in our review can be found in O’Hara et al.’s article “Blended Interaction
Spaces for Distributed Team Collaboration” [146] where the concept of media spaces is extended to
blended interaction spaces, and provides several examples of work patterns of mostly synchronous
interactions in hybrid settings. The authors focus on the embodiment of interactions in space and
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how to represent their spatial geometries consistently over distance. Neumayr et al.’s Domino
Framework [135] present a way of describing and analyzing a multitude of different hybrid settings.
They describe the phenomenon of team fragmentation, which results from teams frequently splitting
up into subgroups (see also our discussion of behavior towards forming subgroups in subsection 4.3).
Papers related to hybrid interaction mechanics included in our SLR can be found here (in
chronologically ascending order): [147], [107], [48], [32], [18], [186], [190], [209], [210], [146], [40],
[167], [114], [135], [56]. A summary of their findings is presented in Table 7 in lines where the
Focal Point (FP) column tag is “HIM”.
6.1.2 Additional References. Another lens to view collaborative interaction is through the mechanics of shared understanding, such as the task, person, and reference spaces suggested by Buxton
[30]. This kind of stance is valuable for analyzing hybrid interaction mechanics in comparison and
contrast with findings of more co-located (see e.g., [106, 119]) or remote collaboration (see e.g.,
[91, 149, 150]).
6.1.3 Future Relevance. Although many prototypes have been proposed to help with establishing
a shared reference space among local and remote participants (e.g., [67]), we are not there yet in
commercial systems. Similarly, bringing analog artifacts (which are usually accessible only to local
participants) to the attention of remotes is still cumbersome with current widespread tools, as
Licoppe et al. showed [114]. When designing for future hybridity, we should expect teams splitting
up into subgroups, which may enable division of labor but can be disadvantageous when a task
requires a closer coupled collaboration among larger groups. We feel that the spontaneous breakout
of subgroups in larger meetings is still not supported well enough in remote and even more in
hybrid settings, when subgroups would like to form with several co-located and remote persons.
6.2

Hybrid Meetings

Hybrid meetings refer to video- or audio-based meetings involving both in-room and remote
attendees [165]. As described in Section 1.2 more in detail, there has been a lack of unity in term
usage describing this format.
6.2.1 SLR. The only paper included in our SLR referring to this meeting format as hybrid meetings
is the paper from 2017 by Xu et al. “Attention from Afar: Simulating the Gazes of Remote Participants
in Hybrid Meetings” [207]. This paper focuses on improving social cues at hybrid meetings by
simulating the gazes of remote participants for local ones [207]. Authors find that using simulated
gaze in hybrid meetings has its pros and cons. While the feeling of presence was increased, simulated
gazes do not always correctly reflect what the remote participants pay attention to [207].
Other papers related to hybrid meetings and included in our SLR are listed here: [128], [96],
[144], [100], [211], [151], [78], [16], [212], [137], [14]. A summary of the findings can be found in
Table 7 in lines where the Focal Point (FP) column tag is “HM”.
6.2.2 Additional References. Le et al.’s “DigiMetaplan: Supporting Facilitated Brainstorming for
Distributed Business Teams” uses the term ‘hybrid’ when referring to “hybrid teams” [109]. This
paper is highly relevant, and is missing only because it was published after our SLR query of the
ACM DL. Saatçi et al.’s two ethnographic papers are also highly relevant but not included due to
the SLR protocol. Their most recent paper on reconfiguring hybrid meetings in the business setting
[164] was published after the SLR query, and their earlier paper [165] was not included because
the ACM DL does not index the CollabTech conference.
6.2.3 Future Relevance. We expect a rise in the amount of both experimental and real-world studies
on hybrid meetings in HCI and CSCW as well as in other fields. As our SLR shows, research on
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

000:45

hybrid meetings in the pre-COVID-19 era are conducted mostly in the laboratory setting. We
believe that in the post-COVID-19 world there is a huge need for real-world studies since there
are more opportunities to observe hybrid meetings in diverse workplaces. Furthermore, due to
an immediate and world-wide adoption of technical skills especially by knowledge workers, we
think that the experiences of participants have been evolving widely. For instance, participants of
hybrid meetings got used to using videoconferencing technologies more than ever and adopted
skills supporting better meeting experiences such as improving their digital literacy, getting used
to virtual turn-taking, using headphones, (un)muting microphones etc. Such a wide and increasing
usage of videoconferencing technologies also motivated companies developing these tools to
compete with each other in testing and launching new features. All these factors show us the
need for observing these emerging “hybrid workplaces”. We recommend researchers to further
explore the new multiplicity of hybrid meeting experiences and focus on more disadvantaged or
problematic workplaces such as educational institutions, which are widely exposed to digital divide
as well as involve pedagogical concerns.
6.3

Hybrid Ecosystems

Our third focal point originates from the aspect of Neumayr et al.’s definition of hybrid collaboration
[135], that hybrid teams often use various tools and devices. These hybrid ecosystems are often
interwoven with a mix of devices and software both for a single individual (their home and office
set-up) and for teams working together.
6.3.1 SLR. Papers related to hybrid ecosystems and included in our SLR can be found here: [4],
[129], [82], [130], [60], [131], [80], [132], [163], [208], [195], [84], [58], [49]. For their findings, see
Table 7 where the Focal Point (FP) column tag is “Heco”.
6.3.2 Additional References. Brudy et al. [27] present a survey paper of cross-device interaction,
which is a comprehensive guide to learning the different facets that arise when people interact
using multiple devices. Most of our synthesized papers also include at least two different software
tools or hardware devices (see the Taxonomy’s according columns in Figure 4 and Figure 5).
6.3.3 Future Relevance. Important questions in this regard are how to create coherent experiences
over this dispersed ecology of devices and software and how technological support can augment
and help overcome typical obstacles involved in HCM (such as a lack of awareness, or strongly
fluctuating modes of presence). Conceptually, we feel that general models and frameworks can
guide the way to understanding these questions. For example, Buxton’s media spaces [30] can
direct us focusing on the people who collaborate (be it collocateds or remotes) and assess their
individual capacity to utilize the task, person, and reference space. Many of the known problems in
HCM stem from the fact that any of these spaces cannot be sufficiently utilized and this is where
we think that support should be provided.
One example for first steps in providing specific support for these spaces is MirrorBlender [67]
which provides a malleable videoconferencing system for hybrid meetings. Besides more standard
videoconferencing features for the person and task space, the authors suggest WYSIWIS so that the
“the canvas looks exactly the same across diferent computer displays” with the aim of synchronizing
and blending the different camera perspectives together. In this way, it is possible to point at
specific elements on a shared screen using one’s own camera image for deictic gestures, effectively
supporting the reference space. Although the problem of parallax still is an issue (resulting from
the distance between the camera and the area on a UI one would like to point at), we think that
approaches similar to this are promising to facilitate a coherent collaborative interaction among
hybrid groups spanning several tools and devices in a hybrid ecosystem.
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Hybrid Teams

Hybrid teams refer to the distributed work groups mostly living in different time zones. The
difference between hybrid teams and virtual teams is that there is a co-located group of people
working from the same office(s) and there are remote team members, who collaborate with the
co-located group. Furthermore, when different time zones do not play a role in a hybrid team, still
people working from home may have very different schedules from those in the office.
6.4.1 SLR. Publications with a focus on Hybrid Teams in our SLR are: [152], [141], [111],[17],
[178], [112], [19]. A summary of their findings can be seen in Table 7 in lines where the Focal Point
(FP) column tag is “HT”.
Additionally, Quinones et al.’s paper [156], which was also included in our SLR, is an example
of research on hybrid teams in the educational domain. The authors analyzed the role of cultural
differences and mental models in international teamwork by conducting two case studies on undergraduate students studying civil engineering in the United States, who collaborated with students
from Brazil, Israel, and Turkey remotely. Their study brings into light the different mental models
concerning the team structure, task processes, social conventions and knowledge/experiences in
an international hybrid team. One paper related to hybrid schedules and included in our SLR is
Barksdale et al.’s paper on temporally distributed teams [17].
6.4.2 Additional References. Le et al’s paper “DigiMetaplan” [109] besides investigating hybrid
meetings also covers some aspects related to hybrid teams as they suggested digital, facilitated
brainstorming for distributed teams in business contexts.
6.4.3 Future Relevance. Hybrid teams have different working dynamics compared to fully colocated or virtual teams, since the differences in time, space and culture as well as the asymmetries
in interaction due to the video-mediated communication may create social barriers among co-located
and remote participants. We believe that after the pandemic, more research on the characteristics
of hybrid teams will be necessary.
6.5 Hybrid Patterns of Social Interaction
Hybrid patterns of social interaction refer to the social interactions beyond the work-related tasks
among workers at a hybrid work setting. Small conversations among co-located employees while
waiting in front of the coffee machine or remote workers working from home and missing out
serendipitous connections and life at the office can be examples of the diversity of hybrid patterns
of social interaction for co-located and remote participants.
6.5.1 SLR. Papers focusing on hybrid patterns of social interaction are listed here: [124], [23], [21],
[79], [22], [206], [156], [24], [180], [94]. Table 7 gives an overview of their findings where the Focal
Point (FP) column tag is “SI”.
6.5.2 Additional References. We mentioned above that the ‘Media Space’ research, which was left
out of the formal SLR, nevertheless has a crucial role to play in understanding hybrid collaboration
and meetings. This is especially the case in terms of hybrid patterns of social interaction that are
opportunistic and often also informal. Opportunistic (spontaneous and serendipitous) and informal
interactions throughout the work-day play a major role in coordination, productivity, and the
well-being of groups [5, 126]. Opportunistic talk occurs at lunch [13], corridors/hallways [118], and
by watercoolers [115], and it takes the form of productivity-oriented talk across desks [15], overthe-shoulder-learning [196], pre-meeting chat [213], and gossip [138]. Even when informal, such
‘small talk’ is neither just idle or uninformative, it is the resource for actively doing collegiality [76].
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In hybrid work contexts, often both the pre-conditions for being aware of others enough to have
spontaneous and serendipitous engagements are missing, as are designs for comfortable encounters
that do not feel the same as scheduled or formal collaboration and meetings [11]. Media Space
research has explored how to deal with both issues [2, 10, 42, 47, 52, 53, 59, 64, 92, 98]. Of course
the same problems apply to fully-remote contexts, but there is a distinct difference between what
each must enable [85, 191]. This is one case in which the design for hybrid does not necessarily
encompass the design for fully-remote, as the exigencies of informal awareness in hybrid situations
are one instance in which asymmetry is especially pronounced.
This is seen in the result of one of the earliest examples of a system that enabled informal
hybrid encounters: VideoWindow by Fish et al. [52, 53]. Fish et al. argue that there are certain
characteristics of physical proximity that a Media Space for informal communication requires:
a concentration of suitable partners, co-presence, low personal cost, and a visual channel that
enables long-range identification as well as an audio channel for interaction. VideoWindow used
an always-on AV wall to connect the common areas of two floors of a building. To encourage a
cohort of users, mailboxes were moved to the vicinity of the area and free coffee was on offer
nearby. Beyond some technical issues, the largest problem turned out to be privacy: the system
made people uncomfortable having private conversations in the common areas – both those who
were in-person and those using the system. Just over a decade later the Magic Window system
faced similar problems [98]. The system also required people to go to an area to socialize, rather
than be where they were. Karahalios [92] notes that a central property of a socially-oriented Media
Space is that it contains a “social catalyst” – an endogenous reason for people to engage. Without a
social catalyst, a Media Space for informal hybrid encounters may need to be linked more to office
‘neighbourhoods’ than to break rooms. Karis et al. [93] describe creating such ‘office neighbourhood’
experiences by using Google’s video conferencing system to create ‘Video Portals’.8
6.5.3 Future Relevance. Enabling opportunistic and informal encounters will be essential to enabling the success of hybrid work. The Media Space research points the way to the opportunities
and challenges. A market is certainly emerging in this area, with two start-ups vying for attention
in 2021: Video Window9 and Perch10 . Furthermore, as the hybrid workplace has been envisioned
for the post-COVID world, and many companies or educational institutions have already started or
are planning how to adapt to this setting, there will be many opportunities to further observe and
research the social interactions among colleagues in a hybrid work setting.
6.6

Hybrid Events

Before the COVID-19 pandemic, hybrid events could be considered as co-located events such as
conferences, conventions, fairs or seminars, which also make use of digital tools and backchannels
to support and augment the interaction among the co-located participants [133]. However, recently
after the COVID-19 pandemic entered our lives, hybrid events as a term has been also widely used
for referring to large events involving both co-located and remote participants. The conference
tourism industry is contemplating how to make conferences, conventions, and fairs sustainable
in the shadow of COVID-19. Even though hybrid events may involve hybrid meetings, they are
clearly a separate category — larger, spread out over time, and often cross-organizational.
6.6.1

SLR. There are no papers directly related to hybrid events in our SLR.

8 This article was not included in the SLR because it was published in the journal Human-Computer Interaction by the
Taylor and Francis Group.
9 https://videowindow.com/, last access October 27th, 2021
10 https://perch.co/, last access October 27th, 2021
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6.6.2 Additional References. As the hybrid event experiences are currently designed and being
tested after the relaxation of COVID-19 restrictions around the world, research on hybrid events (as
we understand and define them post-COVID-19) is evolving too. However, especially hybrid event
experts from companies developing hybrid event technologies and organizers of hybrid events
such as tourism and convention/conference agencies publish books/resources to support diverse
stakeholders in moving their large events to virtual or hybrid level, and in this way creating flexible
and safe experiences for attendants. Chodor’s recent book “Transitioning to Virtual and Hybrid
Events: How to Create, Adapt, and Market an Engaging Online Experience” is a relevant resource
[35].
6.6.3 Future Relevance. With the rising interest in hybrid events today, we believe that new forms
of hybridity will emerge and interesting studies in different areas of research will follow. Benefiting
from newly developed resources on hybrid events, not only from HCI and CSCW, but also from
different disciplines, conducting real world studies on hybrid events, and developing and testing
prototypes aiming at minimizing its problems and improving hybrid event experiences will be
quite beneficial for both researchers of this phenomena and the hybrid event tourism market in
making those events sustainable.
6.7

Telepresence and Human-Robot Interaction

Telepresence has been widely studied in HCI and CSCW and refers to the technologies enabling
the (sense of) presence for a remote person. When telepresence is enabled through a robot, the
remote person is also more active and capable of creating physical presence in a room.
6.7.1 SLR. Two full papers and one doctoral consortium paper related to telepresence and humanrobot interaction are included in our SLR: [157], [99], [159]. Rae et al.’s paper from 2015 [159], in
particular, provides a rich categorization and framework of telepresence research. Table 7 presents
their main findings where the Focal Point (FP) column tag is “TP-Robot”.
6.7.2 Additional References. The term telepresence may be used to refer to almost any system
which enables HCM (e.g. [160, 193]), but its use is deeply enmeshed with robotic presence at a
distance (a.k.a. telexistence [185]). We did not include telepresence as a term in our query because
its literature is very large and diverse, even though its use is largely niche, and has a signficant
amount of specialized findings that separate it from other HCM explorations. Arguably, some of this
research on various issues of hybrid encounters fits our interest in understanding hybridity, (as we
will note below), however, a significant amount of the research also focuses on either engineering
and/or human factors issues (e.g. methods of controlling robots [215], or other exotic physicalized
remote presence [113]), and to a lesser extent the use of telepresence as a control mechanism in
various contexts which either do not involve collaborators in the local activity space (e.g. [63])
or involves collaboration only with other remote users (e.g. [166]. The large and diverse robotic
telepresence literature would have overwhelmed the SLR’s balance.
Robotic telepresence research has a lot to offer understandings of the potential for hybrid
encounters, including studies comparing standard videoconferencing conditions to telepresence
robot conditions (e.g. classroom learning (e.g. [177, 189]), research on how and when remote
participants seek help while using mobile robotic telepresence [25], the use of telepresence in
otherwise collocated events (e.g. telepresence robots at conferences [158]), crucial principles such
as physical gestural mechanics of robots (e.g. [181]) or their effect on cultural expression (e.g. [175]).
Looking forward, some research is exploring telepresence robots with other AV modalities such
as Mixed Reality [89], adding complexity to improve the feeling of belonging on both sides of the
connection.
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6.7.3 Future Relevance. With the rise of mixed/virtual/augmented reality technologies and the
COVID-19 reality, telepresence technologies and robots will be researched and developed more
than ever, although the scalability of such technology will remain an issue.
7

CONCLUSION & FUTURE DIRECTIONS

In this article, we provided a survey and a taxonomy on Hybrid Collaboration and Hybrid Meetings
(HCM) research in the fields of HCI and CSCW by focusing on the publications in the ACM DL. Our
literature review shows that HCM is still under-investigated by HCI researchers since even though
72 keywords were included in our search query, only 62 papers among 1,209 results fitted our
criteria. Interestingly, even though tools supporting HCM have diversified and are widely available
and used in many workplaces all around the world especially within the last decade, we observed
a decline in the number of recent publications focusing on HCM in HCI and CSCW after 2014
and the lack of consensus in term usage among HCM researchers still exists. We also showed that
HCM settings are quite diverse in these publications, for instance, the degrees of synchronicity and
asynchronicity in the studies differ to a considerable extent. Yet, the number of locations are mostly
limited to two and group sizes are mostly around ten or even less. We think that one motivation
for such trends could be that most of these studies were aimed to be experimental. However, we
already know that in the real modern workplace today – even in the pre-COVID-19 world – HCM
is done in larger crowds with more co-located and remote ends [165].
One limitation in our methodology is that we used a keyword-based approach to select the
publications initially (as opposed to a semantic approach). We followed the popular guidelines by
Kitchenham and Charters [101] and were further inspired by recent applications of Nunes and
Jannach [139] as well as of Neumayr and Augstein [134]. Although we intended to be reasonably
inclusive, still, some relevant keywords might have been missed and some related work is likely to
have gone unnoticed. Maybe in the future, some reproducible alternative to the keyword-based
approach for the selection of related publications in systematic literature reviews can be tried and
tested. Yet, concerning the general trends and directions discussed in this article, and in connection
to the answers to our research questions, we are optimistic that this limitation did not have a
major effect. Another limitation of our article is that within the scope of this literature review we
focused on the publications under the ACM DL only. We are aware of the fact that even before the
pandemic, there were many HCM-focused articles published in different areas of research outside
of HCI and CSCW, such as business communication, tourism, education, etc. The lack of consensus
in term usage for describing HCM, and therefore lack of communication in related work also exist
in other areas of research. A broader literature review covering these different areas of research
would be necessary for researchers across diverse fields studying the same phenomenon to benefit
from each other’s research and communicate and collaborate with each other. HCM have not
received significant clear attention in HCI and CSCW, but this is, of course, now likely to change
post-COVID-19. Of the research that does exist, much includes a hybrid setting without clearly
exploring it, and most relies on controlled studies or lab experiments. More real world studies are
needed to better understand the particular dynamics of these meeting settings, not only to improve
research, but because at the time of writing COVID-19 was still very much a pandemic – and it
will not be the last. In the case of COVID-19 after governments in many countries eased curfew
measures in the Summer and Fall of 2020 hybrid scenarios surged.
In education, hybrid teaching becomes the rule rather than the exception. Often education
continues in the classrooms and lecture halls, while some students are quarantined due to positive
test results of themselves or their contact persons. Others may have serious medical pre-existing
conditions which makes it risky for them to attend class/lectures when the prevalence of an
infectious disease is currently high. Especially in winter times, curfews may be imposed again,
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

000:50

Thomas Neumayr, Banu Saatçi, Sean Rintel, Clemens Nylandsted Klokmose, and Mirjam Augstein

leading to more all-remote and less HCM. For diseases like COVID-19 which are thought to be
correlated to seasonal changes depending on typical factors such as being outdoors in the sunlight,
waves of increasing cases can be expected. Therefore, the resurgence of HCM can be expected as we
emerge out of the pandemic (or the next wave) in what has been called by John Tang a “Season of
Hybrid Work”. Experiences during the short 2020 season of hybrid work have shown many of the
already known problems and solutions of both technical (e.g., a lack of awareness (mechanisms)
[207]) and social nature (e.g., in-group/out-group effects [23, 79] or collocation blindness [22])
that go along with this. We have to be better prepared for the upcoming season(s) of hybrid work
by learning from problems in the existing literature and following their suggestions on how to
alleviate them. As it is hard for researchers to get an overview of existing literature due to the
terminological confusion in this field, we hope that this review provides a good starting point for
finding the right links to matching use case domains and settings (e.g., group sizes, synchronicity &
asynchronicity, and tool & device usage), and to learn from or to identify a design space for future
research.
REFERENCES
[1] [n.d.]. The Next Great Disruption Is Hybrid Work—Are We Ready? Technical Report 2021 Work Trend Index: Annual
Report. Microsoft. https://www.microsoft.com/en-us/worklab/work-trend-index/hybrid-work
[2] Mark S. Ackerman, Brian Starr, Debby Hindus, and Scott D. Mainwaring. 1997. Hanging on the &#x2018;wire: a field
study of an audio-only media space. ACM Transactions on Computer-Human Interaction 4, 1 (March 1997), 39–66.
https://doi.org/10.1145/244754.244756
[3] Faez Ahmed, Nischal Reddy Chandra, Mark Fuge, and Steven Dow. 2019. Structuring Online Dyads: Explanations
Improve Creativity, Chats Lead to Convergence. In Proceedings of the 2019 on Creativity and Cognition (C&#38;C ’19).
ACM, New York, NY, USA, 306–318. https://doi.org/10.1145/3325480.3325486 event-place: San Diego, CA, USA.
[4] Sudhir R. Ahuja, J. Robert Ensor, and David N. Horn. 1988. The Rapport Multimedia Conferencing System. In
Proceedings of the ACM SIGOIS and IEEECS TC-OA 1988 Conference on Office Information Systems (COCS ’88). ACM,
New York, NY, USA, 1–8. https://doi.org/10.1145/45410.45411 event-place: Palo Alto, California, USA.
[5] Michael Aiken and Jerald Hage. 1971. The Organic Organization and Innovation. Sociology 5, 1 (Jan. 1971), 63–82.
https://doi.org/10.1177/003803857100500105 Publisher: SAGE Publications Ltd.
[6] Leila Alem. 2009. Presence in Video-Mediated Interactions: Case Studies at CSIRO. In Media Space 20 + Years of
Mediated Life, Steve Harrison (Ed.). Springer London, London, 369–392. https://doi.org/10.1007/978-1-84882-483-6_23
[7] Joseph A. Allen, Tammy Beck, Cliff W. Scott, and Steven G. Rogelberg. 2014. Understanding workplace meetings.
Management Research Review (2014).
[8] Ricardo Borges Almeida, Victor Covalski, Roger Machado, Diórgenes Yuri Leal da Rosa, Adenauer Corrêa Yamin,
Lucas Medeiros Donato, and Ana Marilza Pernas. 2019. A Hierarchical Architectural Model for Network Security
Exploring Situational Awareness. In Proceedings of the 34th ACM/SIGAPP Symposium on Applied Computing (SAC ’19).
ACM, New York, NY, USA, 1365–1372. https://doi.org/10.1145/3297280.3297417 event-place: Limassol, Cyprus.
[9] Ximena Paola Alvarez. 2019. The virtual collaborative work and the development of intercultural competences in
university student’s: The case of Virtual Global Teams. In Proceedings of the Seventh International Conference on
Technological Ecosystems for Enhancing Multiculturality - TEEM’19. ACM Press, Le&#243;n, Spain, 738–744. https:
//doi.org/10.1145/3362789.3362858
[10] Paul M. Aoki, Margaret H. Szymanski, and Allison Woodruff. 2009. Bringing Media Spaces Back to the Streets. In Media
Space 20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London, London, 287–301. https://doi.org/10.1007/9781-84882-483-6_18
[11] Paul M. Aoki and John C. Tang. 2009. Section 1: The Social Space. In Media Space 20 + Years of Mediated Life, Steve
Harrison (Ed.). Springer London, London, 17–26. https://doi.org/10.1007/978-1-84882-483-6_3
[12] John Augustine, Mohsen Ghaffari, Robert Gmyr, Kristian Hinnenthal, Christian Scheideler, Fabian Kuhn, and Jason Li.
2019. Distributed Computation in Node-Capacitated Networks. In The 31st ACM on Symposium on Parallelism in
Algorithms and Architectures (SPAA ’19). ACM, New York, NY, USA, 69–79. https://doi.org/10.1145/3323165.3323195
event-place: Phoenix, AZ, USA.
[13] James R. Austin. 2018. Take a Researcher to Lunch: Informal Mentoring for Researchers. Journal of Music Teacher
Education 28, 1 (Oct. 2018), 6–9. https://doi.org/10.1177/1057083718802660 Publisher: SAGE Publications Inc.
[14] Kagonya Awori, Frank Vetere, and Wally Smith. 2016. Sessions with Grandma: Fostering Indigenous Knowledge
Through Video Mediated Communication. In Proceedings of the First African Conference on Human Computer Interaction
ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

000:51

(AfriCHI’16). ACM, New York, NY, USA, 1–11. https://doi.org/10.1145/2998581.2998585 event-place: Nairobi, Kenya.
[15] Maral Babapour, MariAnne Karlsson, and Anna-Lisa Osvalder. 2018. Appropriation of an Activity-based Flexible
Office in daily work. Nordic Journal of Working Life Studies 8 (April 2018). https://doi.org/10.18291/njwls.v8iS3.105277
[16] Pollie Barden, Rob Comber, David Green, Daniel Jackson, Cassim Ladha, Tom Bartindale, Nick Bryan-Kinns, Tony
Stockman, and Patrick Olivier. 2012. Telematic Dinner Party: Designing for Togetherness Through Play and Performance. In Proceedings of the Designing Interactive Systems Conference (DIS ’12). ACM, New York, NY, USA, 38–47.
https://doi.org/10.1145/2317956.2317964 event-place: Newcastle Upon Tyne, United Kingdom.
[17] Jeremy Barksdale, Kori Inkpen, Mary Czerwinski, Aaron Hoff, Paul Johns, Asta Roseway, and Gina Venolia. 2012.
Video Threads: Asynchronous Video Sharing for Temporally Distributed Teams. In Proceedings of the ACM 2012
Conference on Computer Supported Cooperative Work (CSCW ’12). ACM, New York, NY, USA, 1101–1104. https:
//doi.org/10.1145/2145204.2145367 event-place: Seattle, Washington, USA.
[18] Archer L. Batcheller, Brian Hilligoss, Kevin Nam, Emilee Rader, Marta Rey-Babarro, and Xiaomu Zhou. 2007. Testing
the Technology: Playing Games with Video Conferencing. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI ’07). ACM, New York, NY, USA, 849–852. https://doi.org/10.1145/1240624.1240751
event-place: San Jose, California, USA.
[19] Lars Bendix and Christian Pendleton. 2013. The Role of Configuration Management in Outsourcing and Distributed
Development. In Proceedings of the 9th Central &#38; Eastern European Software Engineering Conference in Russia
(CEE-SECR ’13). ACM, New York, NY, USA, 8:1–8:10. https://doi.org/10.1145/2556610.2556615 event-place: Moscow,
Russia.
[20] Sara Bly and Steve Harrison. 2009. (Dis)connecting Cultures: The Diary of a Short Lived Media Space. In Media Space
20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London, London, 177–197. https://doi.org/10.1007/978-184882-483-6_10
[21] Nathan Bos, Judith Olson, Arik Cheshin, Yong-Suk Kim, Ning Nan, and N. Sadat Shami. 2005. Traveling Blues: The
Effect of Relocation on Partially Distributed Teams. In CHI ’05 Extended Abstracts on Human Factors in Computing
Systems (CHI EA ’05). ACM, New York, NY, USA, 1917–1920. https://doi.org/10.1145/1056808.1057056 event-place:
Portland, OR, USA.
[22] Nathan Bos, Judith Olson, Ning Nan, N Sadat Shami, Susannah Hoch, and Erik Johnston. 2006. Collocation Blindness
in Partially Distributed Groups: Is There a Downside to Being Collocated?. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (CHI ’06). ACM, New York, NY, USA, 1313–1321. https://doi.org/10.1145/
1124772.1124969 event-place: Montr&#233;al, Qu&#233;bec, Canada.
[23] Nathan Bos, N. Sadat Shami, Judith S. Olson, Arik Cheshin, and Ning Nan. 2004. In-group/Out-group Effects in
Distributed Teams: An Experimental Simulation. In Proceedings of the 2004 ACM Conference on Computer Supported
Cooperative Work (CSCW ’04). ACM, New York, NY, USA, 429–436. https://doi.org/10.1145/1031607.1031679 eventplace: Chicago, Illinois, USA.
[24] Nathan D. Bos, Ayse Buyuktur, Judith S. Olson, Gary M. Olson, and Amy Voida. 2010. Shared Identity Helps Partially
Distributed Teams, but Distance Still Matters. In Proceedings of the 16th ACM International Conference on Supporting
Group Work (GROUP ’10). ACM, New York, NY, USA, 89–96. https://doi.org/10.1145/1880071.1880086 event-place:
Sanibel Island, Florida, USA.
[25] Andriana Boudouraki, Joel E Fischer, Stuart Reeves, and Sean Rintel. 2021. " I can’t get round" Recruiting Assistance
in Mobile Robotic Telepresence. Proceedings of the ACM on Human-Computer Interaction 4, CSCW3 (2021), 1–21.
[26] Michael Boyle, Carman Neustaedter, and Saul Greenberg. 2009. Privacy Factors in Video-Based Media Spaces. In Media
Space 20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London, London, 97–122. https://doi.org/10.1007/9781-84882-483-6_7
[27] Frederik Brudy, Christian Holz, Roman Rädle, Chi-Jui Wu, Steven Houben, Clemens Nylandsted Klokmose, and
Nicolai Marquardt. 2019. Cross-device taxonomy: survey, opportunities and challenges of interactions spanning
across multiple devices. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems. 1–28.
[28] William A. S. Buxon. 1997. Living in Augmented Reality: Ubiquitous Media and Reactive Environments. In VideoMediated Communication, Kathleen E. Finn, Abigail J. Sellen, and Sylvia B. Wilbur (Eds.). L. Erlbaum Associates Inc.,
Mahwah NJ, USA, 363–384.
[29] William A. S. Buxon, Abigail J. Sellen, and Michael C. Sheasby. 1997. Interfaces for Multiparty Videoconferences. In
Video-Mediated Communication, Kathleen E. Finn, Abigail J. Sellen, and Sylvia B. Wilbur (Eds.). L. Erlbaum Associates
Inc., Mahwah NJ, USA, 385–400.
[30] Bill Buxton. 2009. Mediaspace – Meaningspace – Meetingspace. In Media Space 20 + Years of Mediated Life, Steve
Harrison (Ed.). Springer, London, 217–231. https://doi.org/10.1007/978-1-84882-483-6_13
[31] Vanessa Cedeno-Mieles, Javier Tibau, Chris J. Kuhlman, Deborah Tatar, and Steve Harrison. 2020. Data Analysis on
a Domestic Media Space Connecting Internationally Distributed Families. In Proceedings of the 2020 International
Conference on Information and Communication Technologies and Development (ICTD2020). Association for Computing

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

000:52

Thomas Neumayr, Banu Saatçi, Sean Rintel, Clemens Nylandsted Klokmose, and Mirjam Augstein

Machinery, New York, NY, USA, Article 30, 5 pages. https://doi.org/10.1145/3392561.3397584
[32] Anthony Chan, Mark Frydenberg, and Mark J. W. Lee. 2007. Facilitating Cross-cultural Learning Through Collaborative
Skypecasting. In Proceedings of the 8th ACM SIGITE Conference on Information Technology Education (SIGITE ’07).
ACM, New York, NY, USA, 59–66. https://doi.org/10.1145/1324302.1324317 event-place: Destin, Florida, USA.
[33] Bryan H Chen and Hua-Huei Chiou. 2014. Learning style, sense of community and learning effectiveness in hybrid
learning environment. Interactive Learning Environments 22, 4 (2014), 485–496.
[34] Arik Cheshin, Yongsuk Kim, D. Bos Nathan, Nan Ning, and Judith S. Olson. 2013. Emergence of differing electronic
communication norms within partially distributed teams. Journal of Personnel Psychology 12, 1 (2013), 7.
[35] Ben Chodor. 2020. Transitioning to Virtual and Hybrid Events: How to Create, Adapt, and Market an Engaging Online
Experience. John Wiley & Sons.
[36] Elizabeth F. Churchill and Les Nelson. 2009. From Media Spaces to Emplaced Media: Digital Poster Boards and
Community Connectedness. In Media Space 20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London,
London, 57–73. https://doi.org/10.1007/978-1-84882-483-6_5
[37] António Correia, Hugo Paredes, and Benjamim Fonseca. 2018. Scientometric analysis of scientific publications in
CSCW. Scientometrics 114, 1 (2018), 31–89. Publisher: Springer.
[38] Brian Corrie and Todd Zimmerman. 2009. Build It: Will They Come? In Media Space 20 + Years of Mediated Life, Steve
Harrison (Ed.). Springer London, London, 393–413. https://doi.org/10.1007/978-1-84882-483-6_24
[39] Max T. Curran, Jeremy Raboff Gordon, Lily Lin, Priyashri Kamlesh Sridhar, and John Chuang. 2019. Understanding
Digitally-Mediated Empathy: An Exploration of Visual, Narrative, and Biosensory Informational Cues. In Proceedings
of the 2019 CHI Conference on Human Factors in Computing Systems (CHI ’19). ACM, New York, NY, USA, 614:1–614:13.
https://doi.org/10.1145/3290605.3300844 event-place: Glasgow, Scotland Uk.
[40] Daniela Damian, Marian Petre, Mariel Miller, and Allyson F. Hadwin. 2012. Instructional Strategies in the EGRET
Course: An International Graduate Forum on Becoming a Researcher. In Proceedings of the Seventeenth Western
Canadian Conference on Computing Education (WCCCE ’12). ACM, New York, NY, USA, 41–45. https://doi.org/10.
1145/2247569.2247583 event-place: Vancouver, British Columbia, Canada.
[41] Peter J Denning and Peter Yaholkovsky. 2008. Getting to “we”. Commun. ACM 51, 4 (2008), 19–24.
[42] Paul Dourish and Sara Bly. 1992. Portholes: supporting awareness in a distributed work group. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (CHI ’92). Association for Computing Machinery, New
York, NY, USA, 541–547. https://doi.org/10.1145/142750.142982
[43] Ruofei Du, David Li, and Amitabh Varshney. 2019. Geollery: A Mixed Reality Social Media Platform. In Proceedings of
the 2019 CHI Conference on Human Factors in Computing Systems (CHI ’19). ACM, New York, NY, USA, 685:1–685:13.
https://doi.org/10.1145/3290605.3300915 event-place: Glasgow, Scotland Uk.
[44] Wen Duan, Naomi Yamashita, and Susan R. Fussell. 2019. Increasing Native Speakers’ Awareness of the Need to
Slow Down in Multilingual Conversations Using a Real-Time Speech Speedometer. Proceedings of the ACM on
Human-Computer Interaction 3, CSCW (Nov. 2019), 1–25. https://doi.org/10.1145/3359273
[45] Anneli Eddy. 2019. Is Technology Killing Human Emotion?: How Computer-Mediated Communication Compares to
Face-to-Face Interactions. In Proceedings of Mensch und Computer 2019 on - MuC’19. ACM Press, Hamburg, Germany,
527–530. https://doi.org/10.1145/3340764.3344451
[46] Ellen A. Isaacs, Gary M. Olson, and Judith S. Olson. 1997. Making Sense of the Findings: Common Vocabulary Leads
to the Synthesis Necessary for Thgeory Bulding. In Video-Mediated Communication, Kathleen E. Finn, Abigail J.
Sellen, and Sylvia B. Wilbur (Eds.). L. Erlbaum Associates Inc., Mahwah NJ, USA, 75–91.
[47] Ellen A. Isaacs, Steve Whittaker, David Frolich, and Brid O’Conaill. 1997. Informal Communication Reexamined: new
Functions for Video in Supporting Opportunistic Encounters. In Video-Mediated Communication, Kathleen E. Finn,
Abigail J. Sellen, and Sylvia B. Wilbur (Eds.). L. Erlbaum Associates Inc., Mahwah NJ, USA, 459–485.
[48] Katherine M. Everitt, Scott R. Klemmer, Robert Lee, and James A. Landay. 2003. Two Worlds Apart: Bridging the Gap
Between Physical and Virtual Media for Distributed Design Collaboration. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI ’03). ACM, New York, NY, USA, 553–560. https://doi.org/10.1145/642611.
642707 event-place: Ft. Lauderdale, Florida, USA.
[49] Manolis Falelakis, Martin Groen, Michael Frantzis, Rene Kaiser, and Marian Ursu. 2012. Automatic Orchestration of
Video Streams to Enhance Group Communication. In Proceedings of the 2012 International Workshop on Socially-aware
Multimedia (SAM ’12). ACM, New York, NY, USA, 25–30. https://doi.org/10.1145/2390876.2390886 event-place: Nara,
Japan.
[50] Farah Ditha Farizi, Shaun Bangay, and Sophie Mckenzie. 2019. Facial Cues for Deception Detection in Virtual Reality
Based Communication. In Proceedings of the 3rd International Conference on Big Data and Internet of Things - BDIOT
2019. ACM Press, Melbourn, VIC, Australia, 65–69. https://doi.org/10.1145/3361758.3361782
[51] Kathleen E. Finn, Abigail J. Sellen, and Sylvia B. Wilbur (Eds.). 1997. Video-Mediated Communication. L. Erlbaum
Associates Inc., Mahwah NJ, USA.

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

000:53

[52] Robert S. Fish, Robert E. Kraut, and Barbara L. Chalfonte. 1990. The VideoWindow System in Informal Communication.
In Proceedings of the 1990 ACM Conference on Computer-supported Cooperative Work (CSCW ’90). ACM, New York, NY,
USA, 1–11. https://doi.org/10.1145/99332.99335 event-place: Los Angeles, California, USA.
[53] Robert S. Fish, Robert E. Kraut, Robert W. Root, and Ronald E. Rice. 1993. Video as a technology for informal
communication. Commun. ACM 36, 1 (Jan. 1993), 48–61. https://doi.org/10.1145/151233.151237
[54] Sarah E. Fox, Kiley Sobel, and Daniela K. Rosner. 2019. Managerial Visions: Stories of Upgrading and Maintaining
the Public Restroom with IoT. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems
(CHI ’19). ACM, New York, NY, USA, 493:1–493:15. https://doi.org/10.1145/3290605.3300723 event-place: Glasgow,
Scotland Uk.
[55] Batya Friedman, Peter H. Kahn, Jennifer Hagman, Rachel L. Severson, and Brian Gill. 2009. The Watcher and the
Watched: Social Judgments about Privacy in a Public Place. In Media Space 20 + Years of Mediated Life, Steve Harrison
(Ed.). Springer London, London, 145–176. https://doi.org/10.1007/978-1-84882-483-6_9
[56] Yuan Fu, Ligia Pastran Reina, and Patricia Brockmann. 2018. Teaching Global Software Engineering: Experience
Report Comparing Distributed, Virtual Collaborative Courses at the Bachelor’s and Master’s Degree Levels. In
Proceedings of the 3rd European Conference of Software Engineering Education (ECSEE’18). ACM, New York, NY, USA,
34–38. https://doi.org/10.1145/3209087.3209102 event-place: Seeon/ Bavaria, Germany.
[57] Michael J. Gallivan. 2019. Author Highlights for the Past 35 Years: An Analysis of the Most-Published Authors and
Most-Cited Papers in The DATA BASE for Advances in Information Systems. SIGMIS Database 50, 1 (Feb. 2019),
54–76. https://doi.org/10.1145/3312576.3312586
[58] Catherine Garbay, Fabien Badeig, and Jean Caelen. 2012. Normative Multi-agent Approach to Support Collaborative
Work in Distributed Tangible Environments. In Proceedings of the ACM 2012 Conference on Computer Supported
Cooperative Work Companion (CSCW ’12). ACM, New York, NY, USA, 83–86. https://doi.org/10.1145/2141512.2141548
event-place: Seattle, Washington, USA.
[59] William Gaver, Thomas Moran, Allan MacLean, Lennart Lövstrand, Paul Dourish, Kathleen Carter, and William
Buxton. 1992. Realizing a video environment: EuroPARC’s RAVE system. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI ’92). Association for Computing Machinery, New York, NY, USA, 27–35.
https://doi.org/10.1145/142750.142754
[60] Werner Geyer, Heather Richter, Ludwin Fuchs, Tom Frauenhofer, Shahrokh Daijavad, and Steven Poltrock. 2001. A
Team Collaboration Space Supporting Capture and Access of Virtual Meetings. In Proceedings of the 2001 International
ACM SIGGROUP Conference on Supporting Group Work (GROUP ’01). ACM, New York, NY, USA, 188–196. https:
//doi.org/10.1145/500286.500315 event-place: Boulder, Colorado, USA.
[61] Erving Goffman. 1961. Encounters: Two studies in the sociology of interaction. Ravenio Books.
[62] Mark Gorzynski, Mike Derocher, and April Slayden Mitchell. 2009. The Halo B2B Studio. In Media Space 20 + Years of
Mediated Life, Steve Harrison (Ed.). Springer London, London, 357–368. https://doi.org/10.1007/978-1-84882-483-6_22
[63] S. M. Goza, R. O. Ambrose, M. A. Diftler, and I. M. Spain. 2004. Telepresence Control of the NASA/DARPA Robonaut
on a Mobility Platform. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’04).
Association for Computing Machinery, New York, NY, USA, 623–629. https://doi.org/10.1145/985692.985771
[64] Saul Greenberg, Gregor McEwan, and Michael Rounding. 2009. Reflecting on Several Metaphors of MUD-Based
Media Spaces. In Media Space 20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London, London, 425–440.
https://doi.org/10.1007/978-1-84882-483-6_27
[65] Carla F. Griggio, Joanna McGrenere, and Wendy E. Mackay. 2019. Customizations and Expression Breakdowns in
Ecosystems of Communication Apps. Proceedings of the ACM on Human-Computer Interaction 3, CSCW (Nov. 2019),
1–26. https://doi.org/10.1145/3359128
[66] Carla F. Griggio, Midas Nouwens, Joanna McGrenere, and Wendy E. Mackay. 2019. Augmenting Couples’ Communication with Lifelines: Shared Timelines of Mixed Contextual Information. In Proceedings of the 2019 CHI
Conference on Human Factors in Computing Systems (CHI ’19). ACM, New York, NY, USA, 623:1–623:13. https:
//doi.org/10.1145/3290605.3300853 event-place: Glasgow, Scotland Uk.
[67] Jens Emil Grønbæk, Banu Saatçi, Carla F. Griggio, and Clemens Nylandsted Klokmose. 2021. MirrorBlender: Supporting
Hybrid Meetings with a Malleable Video-Conferencing System. In Proceedings of the 2021 CHI Conference on Human
Factors in Computing Systems (CHI ’21). Association for Computing Machinery, New York, NY, USA, 1–13. https:
//doi.org/10.1145/3411764.3445698
[68] Jiajing Guo, Yoyo Tsung-Yu Hou, Harley Mueller, Katherine Tang, and Susan R. Fussell. 2019. As If I Am There: A
New Video Chat Interface Design for Richer Contextual Awareness. In Extended Abstracts of the 2019 CHI Conference
on Human Factors in Computing Systems (CHI EA ’19). ACM, New York, NY, USA, LBW1315:1–LBW1315:6. https:
//doi.org/10.1145/3290607.3312759 event-place: Glasgow, Scotland Uk.
[69] Sarah Hall and Donna Villareal. 2015. The Hybrid Advantage: Graduate Student Perspectives of Hybrid Education
Courses. International Journal of Teaching and Learning in Higher Education 27, 1 (2015), 69–80.

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

000:54

Thomas Neumayr, Banu Saatçi, Sean Rintel, Clemens Nylandsted Klokmose, and Mirjam Augstein

[70] Steve Harrison (Ed.). 2009. Media Space 20+ Years of Mediated Life. Springer-Verlag, London. https://doi.org/10.1007/
978-1-84882-483-6
[71] Steve Harrison and Paul Dourish. 1996. Re-place-ing space: the roles of place and space in collaborative systems.
In Proceedings of the 1996 ACM conference on Computer supported cooperative work (CSCW ’96). Association for
Computing Machinery, New York, NY, USA, 67–76. https://doi.org/10.1145/240080.240193
[72] Christian Heath and Paul Luff. 1991. Collaborative activity and technological design: task coordination in London
underground control rooms. In Proceedings of the second conference on European Conference on Computer-Supported
Cooperative Work (ECSCW’91). Kluwer Academic Publishers, USA, 65–80.
[73] Austin Henderson and Lynne Henderson. 2009. Videoconferencing and Connected Rooms. In Media Space 20 + Years of
Mediated Life, Steve Harrison (Ed.). Springer London, London, 351–355. https://doi.org/10.1007/978-1-84882-483-6_21
[74] Hiroshi Ishii, Minoru Kobauyashi, Kazuho Arita, and Takashi Yagi. 1997. Iterative design of seamless collaboration
media. In Video-mediated communication, Kathleen E. Finn, Abigail J. Sellen, and Sylvia B. Wilbur (Eds.). L. Erlbaum
Associates Inc., Mahwah NJ, USA, 435–455.
[75] Ilyena Hirskyj-Douglas and Andrés Lucero. 2019. On the Internet, Nobody Knows You’Re a Dog... Unless You’Re
Another Dog. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems (CHI ’19). ACM, New
York, NY, USA, 117:1–117:12. https://doi.org/10.1145/3290605.3300347 event-place: Glasgow, Scotland Uk.
[76] Janet Holmes. 2000. Doing collegiality and keeping control at work: small talk in government departments 1. In
Small Talk. Routledge. Num Pages: 30.
[77] Daniel B. Horn, Thomas A. Finholt, Jeremy P. Birnholtz, Dheeraj Motwani, and Swapnaa Jayaraman. 2004. Six degrees
of jonathan grudin: a social network analysis of the evolution and impact of CSCW research. In Proceedings of the
2004 ACM conference on Computer supported cooperative work (CSCW ’04). Association for Computing Machinery,
New York, NY, USA, 582–591. https://doi.org/10.1145/1031607.1031707
[78] Michal Hradis, Shahram Eivazi, and Roman Bednarik. 2012. Voice Activity Detection from Gaze in Video Mediated
Communication. In Proceedings of the Symposium on Eye Tracking Research and Applications (ETRA ’12). ACM, New
York, NY, USA, 329–332. https://doi.org/10.1145/2168556.2168628 event-place: Santa Barbara, California.
[79] Haiyan Huang and Rosalie Ocker. 2006. Preliminary Insights into the In-group/Out-group Effect in Partially Distributed
Teams: An Analysis of Participant Reflections. In Proceedings of the 2006 ACM SIGMIS CPR Conference on Computer
Personnel Research: Forty Four Years of Computer Personnel Research: Achievements, Challenges &Amp; the Future (SIGMIS
CPR ’06). ACM, New York, NY, USA, 264–272. https://doi.org/10.1145/1125170.1125232 event-place: Claremont,
California, USA.
[80] Hilary Hutchinson, Wendy Mackay, Bo Westerlund, Benjamin B. Bederson, Allison Druin, Catherine Plaisant, Michel
Beaudouin-Lafon, Stéphane Conversy, Helen Evans, Heiko Hansen, Nicolas Roussel, and Björn Eiderbäck. 2003.
Technology Probes: Inspiring Design for and with Families. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI ’03). ACM, New York, NY, USA, 17–24. https://doi.org/10.1145/642611.642616 event-place:
Ft. Lauderdale, Florida, USA.
[81] Kori M. Inkpen. 2013. Kids & Video: Playing with Friends at a Distance. In Connecting Families: The Impact of New
Communication Technologies on Domestic Life, Carman Neustaedter, Steve Harrison, and Abigail Sellen (Eds.). Springer
London, London, 95–123. https://doi.org/10.1007/978-1-4471-4192-1_6
[82] Tomoo Inoue, Ken-ichi Okada, and Yutaka Matsushita. 1997. Integration of Face-to-face and Video-mediated Meetings:
HERMES. In Proceedings of the International ACM SIGGROUP Conference on Supporting Group Work: The Integration
Challenge (GROUP ’97). ACM, New York, NY, USA, 405–414. https://doi.org/10.1145/266838.267361 event-place:
Phoenix, Arizona, USA.
[83] Sima Ipakchian Askari, Antal Haans, and Wijnand A. IJsselsteijn. 2019. Is Seeing Believing?: The Effect of Morphological Congruent Visual Feedback on Mediated Touch Experience. In Extended Abstracts of the 2019 CHI Conference on Human Factors in Computing Systems (CHI EA ’19). ACM, New York, NY, USA, LBW2414:1–LBW2414:6.
https://doi.org/10.1145/3290607.3312976 event-place: Glasgow, Scotland Uk.
[84] Ellen Isaacs, Margaret Szymanski, Yutaka Yamauchi, James Glasnapp, and Kyohei Iwamoto. 2012. Integrating Local
and Remote Worlds Through Channel Blending. In Proceedings of the ACM 2012 Conference on Computer Supported
Cooperative Work (CSCW ’12). ACM, New York, NY, USA, 617–626. https://doi.org/10.1145/2145204.2145299 eventplace: Seattle, Washington, USA.
[85] Ellen A. Isaacs, John C. Tang, and Trevor Morris. 1996. Piazza: a desktop environment supporting impromptu and
planned interactions. In Proceedings of the 1996 ACM conference on Computer supported cooperative work (CSCW ’96).
Association for Computing Machinery, New York, NY, USA, 315–324. https://doi.org/10.1145/240080.240316
[86] J. Robert Ensor. 1997. Virtual Meeting Rooms. In Video-Mediated Communication, Kathleen E. Finn, Abigail J. Sellen,
and Sylvia B. Wilbur (Eds.). L. Erlbaum Associates Inc., Mahwah NJ, USA, 415–434.
[87] Maurice Jakesch, Megan French, Xiao Ma, Jeffrey T. Hancock, and Mor Naaman. 2019. AI-Mediated Communication:
How the Perception That Profile Text Was Written by AI Affects Trustworthiness. In Proceedings of the 2019 CHI

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

[88]
[89]
[90]

[91]

[92]
[93]

[94]

[95]
[96]

[97]

[98]

[99]

[100]

[101]
[102]

[103]

[104]
[105]

[106]

[107]

000:55

Conference on Human Factors in Computing Systems (CHI ’19). ACM, New York, NY, USA, 239:1–239:13. https:
//doi.org/10.1145/3290605.3300469 event-place: Glasgow, Scotland Uk.
Robert Johansen. 1988. Groupware: Computer support for business teams. The Free Press.
Brennan Jones, Yaying Zhang, Priscilla NY Wong, and Sean Rintel. 2021. Belonging There: VROOM-ing into the
Uncanny Valley of XR Telepresence. Proceedings of the ACM on Human-Computer Interaction 5, CSCW1 (2021), 1–31.
Tejinder K. Judge, Carman Neustaedter, and Steve Harrison. 2013. Inter-Family Messaging with Domestic Media Spaces.
In Connecting Families: The Impact of New Communication Technologies on Domestic Life, Carman Neustaedter, Steve
Harrison, and Abigail Sellen (Eds.). Springer London, London, 141–157. https://doi.org/10.1007/978-1-4471-4192-1_8
Sasa Junuzovic, Kori Inkpen, Tom Blank, and Anoop Gupta. 2012. IllumiShare: Sharing Any Surface. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems (CHI ’12). Association for Computing Machinery,
New York, NY, USA, 1919–1928. https://doi.org/10.1145/2207676.2208333
Karrie G. Karahalios. 2009. Social Catalysts for Creating Sociable Media Spaces. In Media Space 20 + Years of Mediated
Life, Steve Harrison (Ed.). Springer, London, 75–95. https://doi.org/10.1007/978-1-84882-483-6_6
Demetrios Karis, Daniel Wildman, and Amir Mané. 2016. Improving Remote Collaboration With Video Conferencing
and Video Portals. Human–Computer Interaction 31, 1 (Jan. 2016), 1–58. https://doi.org/10.1080/07370024.2014.921506
Publisher: Taylor & Francis _eprint: https://doi.org/10.1080/07370024.2014.921506.
David Kauffmann and Golan Carmi. 2018. Knowledge Sharing of Virtual Teams: The Mediating Effect of Trust on
Relationship Communication. In Proceedings of the 8th International Conference on Information Communication and
Management (ICICM ’18). ACM, New York, NY, USA, 84–89. https://doi.org/10.1145/3268891.3268898 event-place:
Edinburgh, United Kingdom.
Brian Keegan, Dan Horn, Thomas A Finholt, Joseph Kaye, et al. 2013. Structure and dynamics of coauthorship,
citation, and impact within CSCW. arXiv preprint arXiv:1307.7172 (2013).
Stefanie Kethers, Dean Hargreaves, and Ross Wilkinson. 2004. Remote Meetings Between Farmers and Researchers:
A Case Study on Asymmetry. In Proceedings of the 2004 ACM Conference on Computer Supported Cooperative Work
(CSCW ’04). ACM, New York, NY, USA, 624–627. https://doi.org/10.1145/1031607.1031714 event-place: Chicago,
Illinois, USA.
Charles Kiene, Jialun Aaron Jiang, and Benjamin Mako Hill. 2019. Technological Frames and User Innovation:
Exploring Technological Change in Community Moderation Teams. Proceedings of the ACM on Human-Computer
Interaction 3, CSCW (Nov. 2019), 1–23. https://doi.org/10.1145/3359146
Hyun Hoi James Kim, Carl Gutwin, and Sriram Subramanian. 2007. The magic window: lessons from a year in the life
of a co-present media space. In Proceedings of the 2007 international ACM conference on Supporting group work (GROUP
’07). Association for Computing Machinery, New York, NY, USA, 107–116. https://doi.org/10.1145/1316624.1316640
Nuri Kim, Jeonghye Han, and Wendy Ju. 2014. Is a Robot Better Than Video for Initiating Remote Social Connections
Among Children?. In Proceedings of the 2014 ACM/IEEE International Conference on Human-robot Interaction (HRI ’14).
ACM, New York, NY, USA, 208–209. https://doi.org/10.1145/2559636.2563692 event-place: Bielefeld, Germany.
David S. Kirk, Abigail Sellen, and Xiang Cao. 2010. Home Video Communication: Mediating ’Closeness’. In Proceedings
of the 2010 ACM Conference on Computer Supported Cooperative Work (CSCW ’10). ACM, New York, NY, USA, 135–144.
https://doi.org/10.1145/1718918.1718945 event-place: Savannah, Georgia, USA.
Barbara Ann Kitchenham and Stuart Charters. 2007. Guidelines for Performing Systematic Literature Reviews in
Software Engineering. Technical Report. Keele University, University of Durham.
Jung In Koh, Josh Cherian, Paul Taele, and Tracy Hammond. 2019. Developing a Hand Gesture Recognition System
for Mapping Symbolic Hand Gestures to Analogous Emojis in Computer-Mediated Communication. ACM Trans.
Interact. Intell. Syst. 9, 1 (March 2019), 6:1–6:35. https://doi.org/10.1145/3297277
Robert Kraut, Carmen Egido, and Jolene Galegher. 1988. Patterns of contact and communication in scientific
research collaboration. In Proceedings of the 1988 ACM conference on Computer-supported cooperative work (CSCW ’88).
Association for Computing Machinery, New York, NY, USA, 1–12. https://doi.org/10.1145/62266.62267
Robert E. Kraut, Jolene Galegher, and Carmen Egido (Eds.). 2014. Intellectual Teamwork : Social and Technological
Foundations of Cooperative Work. Psychology Press. https://doi.org/10.4324/9781315807645
Margit Kristensen and Morten Kyng. 2009. Media Spaces, Emergency Response and Palpable Technologies. In Media
Space 20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London, London, 325–349. https://doi.org/10.1007/9781-84882-483-6_20
Peter Gall Krogh, Marianne Graves Petersen, Kenton O’Hara, and Jens Emil Groenbaek. 2017. Sensitizing Concepts for
Socio-Spatial Literacy in HCI. In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems (CHI
’17). Association for Computing Machinery, New York, NY, USA, 6449–6460. https://doi.org/10.1145/3025453.3025756
Hideaki Kuzuoka, Toshio Kosuge, and Masatomo Tanaka. 1994. GestureCam: A Video Communication System for
Sympathetic Remote Collaboration. In Proceedings of the 1994 ACM Conference on Computer Supported Cooperative
Work (CSCW ’94). ACM, New York, NY, USA, 35–43. https://doi.org/10.1145/192844.192866 event-place: Chapel Hill,

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

000:56

Thomas Neumayr, Banu Saatçi, Sean Rintel, Clemens Nylandsted Klokmose, and Mirjam Augstein

North Carolina, USA.
[108] Lisa L. Lacher and Cydnee Biehl. 2019. Does Social Sensitivity Impact Virtual Teams?. In Proceedings of the 50th
ACM Technical Symposium on Computer Science Education (SIGCSE ’19). ACM, New York, NY, USA, 36–42. https:
//doi.org/10.1145/3287324.3287409 event-place: Minneapolis, MN, USA.
[109] Khanh-Duy Le, Paweł W. Wożniak, Ali Alavi, Morten Fjeld, and Andreas Kunz. 2019. DigiMetaplan: supporting
facilitated brainstorming for distributed business teams. In Proceedings of the 18th International Conference on Mobile
and Ubiquitous Multimedia - MUM ’19. ACM Press, Pisa, Italy, 1–12. https://doi.org/10.1145/3365610.3365637
[110] Charlotte P. Lee and Drew Paine. 2015. From the Matrix to a Model of Coordinated Action (MoCA): A Conceptual
Framework of and for CSCW. In Proceedings of the 18th ACM Conference on Computer-Supported Cooperative Work &
Social Computing. https://doi.org/10.1145/2675133.2675161
[111] Yoon Suk Lee, Marie C. Paretti, and Brian M. Kleiner. 2012. Knowledge Transferability in Partially Distributed
Conceptual Design Teams. In Proceedings of the 17th ACM International Conference on Supporting Group Work (GROUP
’12). ACM, New York, NY, USA, 313–316. https://doi.org/10.1145/2389176.2389235 event-place: Sanibel Island, Florida,
USA.
[112] Yoon Suk Lee, Marie C. Paretti, and Brian M. Kleiner. 2013. An Input-process-output Model of Shared Understanding
in Partially Distributed Conceptual Design Teams. In Proceedings of the 2013 Conference on Computer Supported
Cooperative Work Companion (CSCW ’13). ACM, New York, NY, USA, 183–186. https://doi.org/10.1145/2441955.
2442001 event-place: San Antonio, Texas, USA.
[113] Daniel Leithinger, Sean Follmer, Alex Olwal, and Hiroshi Ishii. 2014. Physical Telepresence: Shape Capture and
Display for Embodied, Computer-Mediated Remote Collaboration. In Proceedings of the 27th Annual ACM Symposium
on User Interface Software and Technology (UIST ’14). Association for Computing Machinery, New York, NY, USA,
461–470. https://doi.org/10.1145/2642918.2647377
[114] Christian Licoppe, Paul K. Luff, Christian Heath, Hideaki Kuzuoka, Naomi Yamashita, and Sylvaine Tuncer. 2017.
Showing Objects: Holding and Manipulating Artefacts in Video-mediated Collaborative Settings. In Proceedings of
the 2017 CHI Conference on Human Factors in Computing Systems (CHI ’17). ACM, New York, NY, USA, 5295–5306.
https://doi.org/10.1145/3025453.3025848 event-place: Denver, Colorado, USA.
[115] Iris Y. Lin and Catherine T. Kwantes. 2015. Potential Job Facilitation Benefits of “Water Cooler” Conversations: The
Importance of Social Interactions in the Workplace. The Journal of Psychology 149, 3 (April 2015), 239–262. https:
//doi.org/10.1080/00223980.2013.874322 Publisher: Routledge _eprint: https://doi.org/10.1080/00223980.2013.874322.
[116] Yong Liu, Jorge Goncalves, Denzil Ferreira, Bei Xiao, Simo Hosio, and Vassilis Kostakos. 2014. CHI 1994-2013: mapping
two decades of intellectual progress through co-word analysis. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems. 3553–3562.
[117] Matthew Lombard, Frank Biocca, Jonathan Freeman, Wijnand IJsselsteijn, and Rachel J Schaevitz. 2015. Immersed in
media: Telepresence theory, measurement & technology. Springer.
[118] Debbi Long, Rick Iedema, and Bonsan Bonne Lee. 2007. Corridor Conversations: Clinical Communication in Casual
Spaces. In The Discourse of Hospital Communication: Tracing Complexities in Contemporary Health Care Organizations,
Rick Iedema (Ed.). Palgrave Macmillan UK, London, 182–200. https://doi.org/10.1057/9780230595477_9
[119] Duri Long, Mikhail Jacob, Nicholas Davis, and Brian Magerko. 2017. Designing for Socially Interactive Systems. In
Proceedings of the 2017 ACM SIGCHI Conference on Creativity and Cognition (C&C ’17). Association for Computing
Machinery, New York, NY, USA, 39–50. https://doi.org/10.1145/3059454.3059479
[120] Gustavo Lopez and Luis A. Guerrero. 2017. Awareness Supporting Technologies used in Collaborative Systems:
A Systematic Literature Review. In Proceedings of the 2017 ACM Conference on Computer Supported Cooperative
Work and Social Computing (CSCW ’17). Association for Computing Machinery, Portland, Oregon, USA, 808–820.
https://doi.org/10.1145/2998181.2998281
[121] Chenwei Lou, Huapeng Wei, Xingqian Li, Jian Zhao, Xiangbin Liu, and Hongwei Zhao. 2019. Tom-Talker: Pet
Robot Social Incentive System for Urban Autism. In Proceedings of the 2019 International Electronics Communication
Conference on - IECC ’19. ACM Press, Okinawa, Japan, 60–64. https://doi.org/10.1145/3343147.3343148
[122] Chenwei Lou, Jian Zhao, Xingqian Li, Huapeng Wei, Yuanbo Zhang, and Hongwei Zhao. 2019. Pet Robot Emotional
Interaction for Urban Autism. In Proceedings of the 2019 2nd International Conference on Intelligent Science and
Technology - ICIST 2019. ACM Press, Durham, United Kingdom, 1–6. https://doi.org/10.1145/3354142.3354143
[123] Paul Luff, Hideaki Kuzuoka, Christian Heath, Keiichi Yamazaki, and Jun Yamashita. 2009. Creating Assemblies in
Media Space: Recent Developments in Enhancing Access to Workspaces. In Media Space 20 + Years of Mediated Life,
Steve Harrison (Ed.). Springer London, London, 27–55. https://doi.org/10.1007/978-1-84882-483-6_4
[124] Gloria Mark. 1998. Building Virtual Teams: Perspectives on Communication, Flexibility and Trust. SIGGROUP Bull.
19, 3 (Dec. 1998), 38–41. https://doi.org/10.1145/307736.307773
[125] Nicolai Marquardt, Ken Hinckley, and Saul Greenberg. 2012. Cross-device interaction via micro-mobility and
f-formations. ACM, 2380121, 13–22. https://doi.org/10.1145/2380116.2380121

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

000:57

[126] Cora Bagley Marrett, Jerald Hage, and Michael Aiken. 1975. Communication and Satisfaction in Organizations. Human
Relations 28, 7 (Sept. 1975), 611–626. https://doi.org/10.1177/001872677502800702 Publisher: SAGE Publications Ltd.
[127] David Moher, Alessandro Liberati, Jennifer Tetzlaff, Douglas G. Altman, and The PRISMA Group. 2009. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLOS Medicine 6, 7 (July 2009),
e1000097. https://doi.org/10.1371/journal.pmed.1000097 Publisher: Public Library of Science.
[128] Andrew F. Monk and Leon A. Watts. 1998. Peripheral Participants in Mediated Communication. In CHI 98 Conference
Summary on Human Factors in Computing Systems (CHI ’98). ACM, New York, NY, USA, 285–286. https://doi.org/10.
1145/286498.286765 event-place: Los Angeles, California, USA.
[129] Osamu Morikawa and Takanori Maesako. 1997. HyperMirror: A Video-mediated Communication System. In CHI
’97 Extended Abstracts on Human Factors in Computing Systems (CHI EA ’97). ACM, New York, NY, USA, 317–318.
https://doi.org/10.1145/1120212.1120412 event-place: Atlanta, Georgia.
[130] Osamu Morikawa and Takanori Maesako. 1998. HyperMirror: Toward Pleasant-to-use Video Mediated Communication
System. In Proceedings of the 1998 ACM Conference on Computer Supported Cooperative Work (CSCW ’98). ACM, New
York, NY, USA, 149–158. https://doi.org/10.1145/289444.289489 event-place: Seattle, Washington, USA.
[131] Florian Mueller, Stefan Agamanolis, and Rosalind Picard. 2003. Exertion Interfaces: Sports over a Distance for Social
Bonding and Fun. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’03). ACM,
New York, NY, USA, 561–568. https://doi.org/10.1145/642611.642709 event-place: Ft. Lauderdale, Florida, USA.
[132] Florian ’Floyd’ Mueller and Stefan Agamanolis. 2005. Sports over a Distance. Comput. Entertain. 3, 3 (July 2005), 4–4.
https://doi.org/10.1145/1077246.1077261
[133] Matti Nelimarkka, Giulio Jacucci, Antti Salovaara, Steven Dow, Kenton O’Hara, Louise Barkhuus, and Joel Fischer.
2018. Hybrid events: mediating collocated participation. In Companion of the 2018 ACM Conference on Computer
Supported Cooperative Work and Social Computing. 455–462.
[134] Thomas Neumayr and Mirjam Augstein. 2020. A Systematic Review of Personalized Collaborative Systems. Frontiers
in Computer Science 2 (2020), 43.
[135] Thomas Neumayr, Hans-Christian Jetter, Mirjam Augstein, Judith Friedl, and Thomas Luger. 2018. Domino: A
Descriptive Framework for Hybrid Collaboration and Coupling Styles in Partially Distributed Teams. Proc. ACM
Hum.-Comput. Interact. 2, CSCW (Nov. 2018), 128:1–128:24. https://doi.org/10.1145/3274397
[136] Carman Neustaedter, Steve Harrison, and Abigail Sellen (Eds.). 2013. Connecting Families: The Impact of New
Communication Technologies on Domestic Life. Springer, London. https://www.microsoft.com/en-us/research/
publication/connecting-families-the-impact-of-new-communication-technologies-on-domestic-life/
[137] Carman Neustaedter, Carolyn Pang, Azadeh Forghani, Erick Oduor, Serena Hillman, Tejinder K. Judge, Michael
Massimi, and Saul Greenberg. 2015. Sharing Domestic Life Through Long-Term Video Connections. ACM Trans.
Comput.-Hum. Interact. 22, 1 (Feb. 2015), 3:1–3:29. https://doi.org/10.1145/2696869
[138] Mike Noon and Rick Delbridge. 1993. News From Behind My Hand: Gossip in Organizations. Organization Studies 14,
1 (Jan. 1993), 23–36. https://doi.org/10.1177/017084069301400103 Publisher: SAGE Publications Ltd.
[139] Ingrid Nunes and Dietmar Jannach. 2017. A systematic review and taxonomy of explanations in decision support and
recommender systems. User Modeling and User-Adapted Interaction 27, 3 (Dec. 2017), 393–444. https://doi.org/10.
1007/s11257-017-9195-0
[140] Robert B. Ochsman and Alphonse Chapanis. 1974. The effects of 10 communication modes on the behavior of
teams during co-operative problem-solving. International Journal of Man-Machine Studies 6, 5 (1974), 579–619.
https://doi.org/10.1016/S0020-7373(74)80019-2
[141] Rosalie Ocker, Mary Beth Rosson, Dana Kracaw, and S. Roxanne Hiltz. 2009. Training Students to Work Effectively in
Partially Distributed Teams. Trans. Comput. Educ. 9, 1 (March 2009), 6:1–6:24. https://doi.org/10.1145/1513593.1513599
[142] Erick Oduor and Carman Neustaedter. 2014. The Family Room: A Multi-Camera, Multi-Display Family Media Space.
In Proceedings of the Companion Publication of the 17th ACM Conference on Computer Supported Cooperative Work
& Social Computing (CSCW Companion ’14). Association for Computing Machinery, New York, NY, USA, 289–292.
https://doi.org/10.1145/2556420.2557640
[143] Catherine S. Oh, Jeremy N. Bailenson, and Gregory F. Welch. 2018. A Systematic Review of Social Presence: Definition,
Antecedents, and Implications. Frontiers in Robotics and AI 5 (2018), 114. https://doi.org/10.3389/frobt.2018.00114
[144] Kenton O’Hara, Alison Black, and Matthew Lipson. 2006. Everyday Practices with Mobile Video Telephony. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’06). ACM, New York, NY, USA,
871–880. https://doi.org/10.1145/1124772.1124900 event-place: Montr&#233;al, Qu&#233;bec, Canada.
[145] Kenton O’Hara, Alison Black, and Matthew Lipson. 2009. Media Spaces and Mobile Video Telephony. In Media Space
20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London, London, 303–323. https://doi.org/10.1007/978-184882-483-6_19
[146] Kenton O’hara, Jesper Kjeldskov, and Jeni Paay. 2011. Blended Interaction Spaces for Distributed Team Collaboration.
ACM Trans. Comput.-Hum. Interact. 18, 1 (May 2011), 3:1–3:28. https://doi.org/10.1145/1959022.1959025

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

000:58

Thomas Neumayr, Banu Saatçi, Sean Rintel, Clemens Nylandsted Klokmose, and Mirjam Augstein

[147] Dave Oliver. 1994. Software Engineering Project Work in Combined Distance and on Campus Modes. SIGCSE Bull.
26, 2 (June 1994), 31–35. https://doi.org/10.1145/181648.181660
[148] Judith S. Olson and Gary M. Olson. 2013. Working Together Apart: Collaboration over the Internet. Synthesis Lectures
on Human-Centered Informatics 6, 5 (Nov. 2013), 1–151. https://doi.org/10.2200/S00542ED1V01Y201310HCI020
Publisher: Morgan & Claypool Publishers.
[149] Tomislav Pejsa, Julian Kantor, Hrvoje Benko, Eyal Ofek, and Andrew Wilson. 2016. Room2Room: Enabling Life-Size
Telepresence in a Projected Augmented Reality Environment. In Proceedings of the 19th ACM Conference on ComputerSupported Cooperative Work & Social Computing (CSCW ’16). Association for Computing Machinery, New York, NY,
USA, 1716–1725. https://doi.org/10.1145/2818048.2819965
[150] Thammathip Piumsomboon, Gun A. Lee, Jonathon D. Hart, Barrett Ens, Robert W. Lindeman, Bruce H. Thomas,
and Mark Billinghurst. 2018. Mini-Me: An Adaptive Avatar for Mixed Reality Remote Collaboration. Association for
Computing Machinery, New York, NY, USA, 1–13. https://doi.org/10.1145/3173574.3173620
[151] Malin Pongolini, Johan Lundin, and Lars Svensson. 2011. Global Online Meetings in Virtual Teams: From Media
Choice to Interaction Negotiation. In Proceedings of the 5th International Conference on Communities and Technologies
(C&#38;T ’11). ACM, New York, NY, USA, 108–117. https://doi.org/10.1145/2103354.2103369 event-place: Brisbane,
Australia.
[152] Anne Powell, Gabriele Piccoli, and Blake Ives. 2004. Virtual Teams: A Review of Current Literature and Directions
for Future Research. SIGMIS Database 35, 1 (Feb. 2004), 6–36. https://doi.org/10.1145/968464.968467
[153] Roger Pye. 1976. Effect of telecommunications on the location of office employment. Omega 4, 3 (1976), 289–300.
[154] Roger Pye. 1978. The description and classification of meetings. University College London, Joint Unit for Planning
Research.
[155] Roger Pye and Ederyn Williams. 1977. Teleconferencing: is video valuable or is audio adequate? Telecommunications
Policy 1, 3 (June 1977), 230–241. https://doi.org/10.1016/0308-5961(77)90027-1
[156] Pablo-Alejandro Quinones, Susan R. Fussell, Lucio Soibelman, and Burcu Akinci. 2009. Bridging the Gap: Discovering
Mental Models in Globally Collaborative Contexts. In Proceedings of the 2009 International Workshop on Intercultural
Collaboration (IWIC ’09). ACM, New York, NY, USA, 101–110. https://doi.org/10.1145/1499224.1499241 event-place:
Palo Alto, California, USA.
[157] Irene Rae. 2013. Using Robot-mediated Communication to Improve Remote Collaboration. In CHI ’13 Extended
Abstracts on Human Factors in Computing Systems (CHI EA ’13). ACM, New York, NY, USA, 1953–1956. https:
//doi.org/10.1145/2468356.2468709 event-place: Paris, France.
[158] Irene Rae and Carman Neustaedter. 2017. Robotic Telepresence at Scale. In Proceedings of the 2017 CHI Conference on
Human Factors in Computing Systems (CHI ’17). Association for Computing Machinery, New York, NY, USA, 313–324.
https://doi.org/10.1145/3025453.3025855
[159] Irene Rae, Gina Venolia, John C. Tang, and David Molnar. 2015. A Framework for Understanding and Designing
Telepresence. In Proceedings of the 18th ACM Conference on Computer Supported Cooperative Work &#38; Social
Computing (CSCW ’15). ACM, New York, NY, USA, 1552–1566. https://doi.org/10.1145/2675133.2675141 event-place:
Vancouver, BC, Canada.
[160] Ron Riesenbach. 1994. The Ontario Telepresence Project. In Conference Companion on Human Factors in Computing
Systems (CHI ’94). Association for Computing Machinery, New York, NY, USA, 173–176. https://doi.org/10.1145/
259963.260217
[161] Robert Stults. 1986. Media Space. Technical Report. Xerox PARC. https://www.academia.edu/44010741/Media_
Space_Xerox_PARC_1986?auto=download
[162] N. Roussel. 2009. From Analog to Digital, from the Office to the Living Room: Why I Happily Worked in a Media
Space but Don’t Live in One. In Media Space 20 + Years of Mediated Life, Steve Harrison (Ed.). Springer London,
London, 261–268. https://doi.org/10.1007/978-1-84882-483-6_15
[163] Nicolas Roussel and Sofiane Gueddana. 2007. Beyond "Beyond Being There": Towards Multiscale Communication
Systems. In Proceedings of the 15th ACM International Conference on Multimedia (MM ’07). ACM, New York, NY, USA,
238–246. https://doi.org/10.1145/1291233.1291283 event-place: Augsburg, Germany.
[164] Banu Saatçi, Kaya Akyüz, Sean Rintel, and Clemens Nylandsted Klokmose. 2020. (Re) Configuring Hybrid Meetings:
Moving from User-Centered Design to Meeting-Centered Design. Computer Supported Cooperative Work (CSCW) 29,
6 (2020), 769–794.
[165] Banu Saatçi, Roman Rädle, Sean Rintel, Kenton O’Hara, and Clemens Nylandsted Klokmose. 2019. Hybrid Meetings
in the Modern Workplace: Stories of Success and Failure. In International Conference on Collaboration and Technology.
Springer, 45–61.
[166] Mehrnaz Sabet, Mania Orand, and David W. McDonald. 2021. Designing Telepresence Drones to Support Synchronous,
Mid-Air Remote Collaboration: An Exploratory Study. Association for Computing Machinery, New York, NY, USA.
https://doi.org/10.1145/3411764.3445041

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

000:59

[167] Mohamad H. Salimian. 2015. Exploring Group Awareness in a Mixed Reality Collaborative Environment. In Adjunct
Proceedings of the 2015 ACM International Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of
the 2015 ACM International Symposium on Wearable Computers (UbiComp/ISWC’15 Adjunct). ACM, New York, NY,
USA, 495–501. https://doi.org/10.1145/2800835.2801654 event-place: Osaka, Japan.
[168] Kjeld Schmidt. 2002. The Problem with ’Awareness’: Introductory Remarks on ’Awareness in CSCW. Computer
Supported Cooperative Work 11, 3 (Nov. 2002), 285–298. https://doi.org/10.1023/A:1021272909573
[169] Kjeld Schmidt. 2011. Cooperative Work and Coordinative Practices. In Cooperative Work and Coordinative Practices:
Contributions to the Conceptual Foundations of Computer-Supported Cooperative Work (CSCW), Kjeld Schmidt (Ed.).
Springer, London, 3–27. https://doi.org/10.1007/978-1-84800-068-1_1
[170] Helen B Schwartzman. 1989. The meeting. In The Meeting. Springer, 309–314.
[171] Alexander Schäfer, Gerd Reis, and Didier Stricker. 2019. Towards Collaborative Photorealistic VR Meeting Rooms. In
Proceedings of Mensch und Computer 2019 on - MuC’19. ACM Press, Hamburg, Germany, 599–603. https://doi.org/10.
1145/3340764.3344466
[172] Niels Seidel. 2019. Democratic power structures in virtual communities. In Proceedings of the 24th European Conference
on Pattern Languages of Programs - EuroPLop ’19. ACM Press, Irsee, Germany, 1–8. https://doi.org/10.1145/3361149.
3361181
[173] Chirag Shah. 2010. Collaborative information seeking: A literature review. In Advances in librarianship. Emerald
Group Publishing Limited, 3–33.
[174] Kamelia Shahid, Qing Yang, and Zou Xingqi. 2019. Role of Technology in Multicultural Environment: Impact of
MOODLE Learning System on Global Virtual Team Performance. In Proceedings of the 2nd International Conference
on Big Data Technologies - ICBDT2019. ACM Press, Jinan, China, 187–191. https://doi.org/10.1145/3358528.3358536
[175] Solace Shen, Hamish Tennent, Houston Claure, and Malte Jung. 2018. My Telepresence, My Culture? An Intercultural
Investigation of Telepresence Robot Operators’ Interpersonal Distance Behaviors. Association for Computing Machinery,
New York, NY, USA, 1–11. https://doi.org/10.1145/3173574.3173625
[176] Lei Shi, Brianna J. Tomlinson, John Tang, Edward Cutrell, Daniel McDuff, Gina Venolia, Paul Johns, and Kael Rowan.
2019. Accessible Video Calling: Enabling Nonvisual Perception of Visual Conversation Cues. Proceedings of the ACM
on Human-Computer Interaction 3, CSCW (Nov. 2019), 1–22. https://doi.org/10.1145/3359233
[177] Kyoung Wan Cathy Shin and Jeonghye Han. 2016. Children’s Perceptions of and Interactions with a Telepresence
Robot. In The Eleventh ACM/IEEE International Conference on Human Robot Interaction (HRI ’16). IEEE Press, 521–522.
[178] Marko Siitonen and Margarethe Olbertz-Siitonen. 2013. I Am Right Here With You: Constructing Presence in
Distributed Teams. In Proceedings of International Conference on Making Sense of Converging Media (AcademicMindTrek
’13). ACM, New York, NY, USA, 11:11–11:16. https://doi.org/10.1145/2523429.2523486 event-place: Tampere, Finland.
[179] Prabhsimran Singh, Harpreet Kaur, Karanjeet Singh Kahlon, and Ravinder Singh Sawhney. 2019. Do people virtually
support their favorite cricket team?: insights from 2018 Asia cup. In Proceedings of the Third International Conference
on Advanced Informatics for Computing Research - ICAICR ’19. ACM Press, Shimla, India, 1–8. https://doi.org/10.
1145/3339311.3339351
[180] Petr Slovák, Peter Novák, Pavel Troubil, Petr Holub, and Erik C. Hofer. 2011. Exploring Trust in Group-to-group
Video-conferencing. In CHI ’11 Extended Abstracts on Human Factors in Computing Systems (CHI EA ’11). ACM, New
York, NY, USA, 1459–1464. https://doi.org/10.1145/1979742.1979791 event-place: Vancouver, BC, Canada.
[181] Christoph Stahl, Dimitra Anastasiou, and Thibaud Latour. 2018. Social Telepresence Robots: The Role of Gesture
for Collaboration over a Distance. In Proceedings of the 11th PErvasive Technologies Related to Assistive Environments
Conference (PETRA ’18). Association for Computing Machinery, New York, NY, USA, 409–414. https://doi.org/10.
1145/3197768.3203180
[182] Rosemary Stewart. 1988. Managers and their jobs. Springer.
[183] Robert Stults. 2009. Media Space, After 20 Years. In Media Space 20 + Years of Mediated Life, Steve Harrison (Ed.).
Springer London, London, 233–259. https://doi.org/10.1007/978-1-84882-483-6_14
[184] Sylvia Wilbur. 1997. Models and Metaphors for Video-Mediated Communication. In Video-Mediated Communication,
Kathleen E. Finn, Abigail J. Sellen, and Sylvia B. Wilbur (Eds.). L. Erlbaum Associates Inc., Mahwah NJ, USA, 351–362.
[185] Susumu Tachi. 2009. Telexistence. World Scientific, Singapore. https://doi.org/10.1142/7079
[186] Amy Tan and Ahmet M. Kondoz. 2008. Barriers to Virtual Collaboration. In CHI ’08 Extended Abstracts on Human Factors
in Computing Systems (CHI EA ’08). ACM, New York, NY, USA, 2045–2052. https://doi.org/10.1145/1358628.1358636
event-place: Florence, Italy.
[187] Evelyn Tan and Anna L. Cox. 2019. Trusted Teammates: Commercial Digital Games Can Be Effective Trust-Building
Tools. In Extended Abstracts of the Annual Symposium on Computer-Human Interaction in Play Companion Extended
Abstracts - CHI PLAY ’19 Extended Abstracts. ACM Press, Barcelona, Spain, 705–713. https://doi.org/10.1145/3341215.
3356296

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

000:60

Thomas Neumayr, Banu Saatçi, Sean Rintel, Clemens Nylandsted Klokmose, and Mirjam Augstein

[188] Xin . Tan and Minghui . Zhou. 2019. How to Communicate when Submitting Patches: An Empirical Study of
the Linux Kernel. Proceedings of the ACM on Human-Computer Interaction 3, CSCW (Nov. 2019), 1–26. https:
//doi.org/10.1145/3359210
[189] Fumihide Tanaka, Toshimitsu Takahashi, Shizuko Matsuzoe, Nao Tazawa, and Masahiko Morita. 2014. Telepresence
Robot Helps Children in Communicating with Teachers Who Speak a Different Language. In Proceedings of the 2014
ACM/IEEE International Conference on Human-Robot Interaction (HRI ’14). Association for Computing Machinery,
New York, NY, USA, 399–406. https://doi.org/10.1145/2559636.2559654
[190] Anthony Tang, Michel Pahud, Kori Inkpen, Hrvoje Benko, John C. Tang, and Bill Buxton. 2010. Three’s Company:
Understanding Communication Channels in Three-way Distributed Collaboration. In Proceedings of the 2010 ACM
Conference on Computer Supported Cooperative Work (CSCW ’10). ACM, New York, NY, USA, 271–280. https:
//doi.org/10.1145/1718918.1718969 event-place: Savannah, Georgia, USA.
[191] John C. Tang, Ellen A. Isaacs, and Monica Rua. 1994. Supporting distributed groups with a Montage of lightweight
interactions. In Proceedings of the 1994 ACM conference on Computer supported cooperative work (CSCW ’94). Association
for Computing Machinery, New York, NY, USA, 23–34. https://doi.org/10.1145/192844.192861
[192] Kai-Yu Tang, Chin-Chung Tsai, and Tzu-Chiang Lin. 2014. Contemporary intellectual structure of CSCL research
(2006–2013): a co-citation network analysis with an education focus. International Journal of Computer-Supported
Collaborative Learning 9, 3 (2014), 335–363.
[193] Paul Tanner and Varnali Shah. 2012. Improving Remote Collaboration through Side-by-Side Telepresence. In
Proceedings of the ACM 2012 Conference on Computer Supported Cooperative Work Companion (CSCW ’12). Association
for Computing Machinery, New York, NY, USA, 265–266. https://doi.org/10.1145/2141512.2141595
[194] Jaime Teevan, Brent Hecht, Sonia Jaffe, Nancy Baym, Rachel Bergmann, Matt Brodsky, Bill Buxton, Jenna Butler,
Adam Coleman, Mary Czerwinski, Brian Houck, Ginger Hudson, Shamsi Iqbal, Chandra Maddila, Kate Nowak, Emily
Peloquin, Ricardo Reyna Fernandez, Sean Rintel, Abigail Sellen, Tiffany Smith, Margaret-Anne Storey, Siddharth Suri,
Hana Wolf, and Longqi Yang. 2021. The New Future of Work: Research from Microsoft into the Pandemic’s Impact on Work
Practices. Technical Report MSR-TR-2021-1. Microsoft. https://www.microsoft.com/en-us/research/publication/thenew-future-of-work-research-from-microsoft-into-the-pandemics-impact-on-work-practices/
[195] Thea Turner, Pernilla Qvarfordt, Jacob T. Biehl, Gene Golovchinsky, and Maribeth Back. 2010. Exploring the Workplace
Communication Ecology. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’10).
ACM, New York, NY, USA, 841–850. https://doi.org/10.1145/1753326.1753449 event-place: Atlanta, Georgia, USA.
[196] Michael B. Twidale. 2005. Over the Shoulder Learning: Supporting Brief Informal Learning. Computer Supported
Cooperative Work (CSCW) 14, 6 (Dec. 2005), 505–547. https://doi.org/10.1007/s10606-005-9007-7
[197] Wilbert van Vree. 2011. Meetings: The Frontline of Civilization. The Sociological Review 59, 1_suppl (June 2011),
241–262. https://doi.org/10.1111/j.1467-954X.2011.01987.x Publisher: SAGE Publications Ltd.
[198] Amy Voida, Nathan Bos, Judith Olson, Gary Olson, and Lauren Dunning. 2012. Cross-cutting faultlines of location and
shared identity in the intergroup cooperation of partially distributed groups. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems. ACM, 3101–3110.
[199] Roger J Volkema and Fred Niederman. 1995. Organizational meetings: Formats and information requirements. Small
group research 26, 1 (1995), 3–24.
[200] James R Wallace, Saba Oji, and Craig Anslow. 2017. Technologies, methods, and values: Changes in empirical research
at CSCW 1990-2015. Proceedings of the ACM on Human-Computer Interaction 1, CSCW (2017), 1–18.
[201] Kunpeng Wang, Shizhen Xu, Haohuan Fu, Hongkun Yu, Wenlai Zhao, and Guangwen Yang. 2019. Parallelizing cryoEM 3D reconstruction on GPU cluster with a partitioned and streamed model. In Proceedings of the ACM International
Conference on Supercomputing - ICS ’19. ACM Press, Phoenix, Arizona, 13–23. https://doi.org/10.1145/3330345.3330347
[202] Kunpeng Wang, Shizhen Xu, Hongkun Yu, Haohuan Fu, and Guangwen Yang. 2019. GPU-based 3D cryo-EM
Reconstruction with Key-value Streams: Poster. In Proceedings of the 24th Symposium on Principles and Practice of
Parallel Programming (PPoPP ’19). ACM, New York, NY, USA, 421–422. https://doi.org/10.1145/3293883.3299992
event-place: Washington, District of Columbia.
[203] Yuan Wang, Yukun Li, Xinning Gui, Yubo Kou, and Fenglian Liu. 2019. Culturally-Embedded Visual Literacy: A Study
of Impression Management via Emoticon, Emoji, Sticker, and Meme on Social Media in China. Proceedings of the
ACM on Human-Computer Interaction 3, CSCW (Nov. 2019), 1–24. https://doi.org/10.1145/3359170
[204] Viveka Weiley. 2020. Losing Our Place: A Foray into the Attenuated Non-Spaces of Groupware and Back Again. In
32nd Australian Conference on Human-Computer Interaction (OzCHI ’20). Association for Computing Machinery, New
York, NY, USA, 717–723. https://doi.org/10.1145/3441000.3441066
[205] Wolfgang Weiss, Manolis Falelakis, Rene Kaiser, and Marian F. Ursu. 2014. Models for Decision Making in Video
Mediated Communication. In Proceedings of the 2014 Workshop on Understanding and Modeling Multiparty, Multimodal
Interactions (UM3I ’14). ACM, New York, NY, USA, 45–50. https://doi.org/10.1145/2666242.2666250 event-place:
Istanbul, Turkey.

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

What was Hybrid? A Systematic Review of Hybrid Collaboration and Meetings Research

000:61

[206] Jeffrey Wong, Lui Min Oh, Jiazhi Ou, Carolyn P. Rosé, Jie Yang, and Susan R. Fussell. 2007. Sharing a Single Expert
Among Multiple Partners. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’07).
ACM, New York, NY, USA, 261–270. https://doi.org/10.1145/1240624.1240668 event-place: San Jose, California, USA.
[207] Bin Xu, Jason Ellis, and Thomas Erickson. 2017. Attention from Afar: Simulating the Gazes of Remote Participants in
Hybrid Meetings. In Proceedings of the 2017 Conference on Designing Interactive Systems (DIS ’17). ACM, New York,
NY, USA, 101–113. https://doi.org/10.1145/3064663.3064720 event-place: Edinburgh, United Kingdom.
[208] Naomi Yamashita, Keiji Hirata, Shigemi Aoyagi, Hideaki Kuzuoka, and Yasunori Harada. 2008. Impact of Seating
Positions on Group Video Communication. In Proceedings of the 2008 ACM Conference on Computer Supported
Cooperative Work (CSCW ’08). ACM, New York, NY, USA, 177–186. https://doi.org/10.1145/1460563.1460591 eventplace: San Diego, CA, USA.
[209] Naomi Yamashita, Katsuhiko Kaji, Hideaki Kuzuoka, and Keiji Hirata. 2011. Improving Visibility of Remote Gestures
in Distributed Tabletop Collaboration. In Proceedings of the ACM 2011 Conference on Computer Supported Cooperative
Work (CSCW ’11). ACM, New York, NY, USA, 95–104. https://doi.org/10.1145/1958824.1958839 event-place: Hangzhou,
China.
[210] Naomi Yamashita, Hideaki Kuzuoka, Keiji Hirata, Shigemi Aoyagi, and Yoshinari Shirai. 2011. Supporting Fluid
Tabletop Collaboration Across Distances. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (CHI ’11). ACM, New York, NY, USA, 2827–2836. https://doi.org/10.1145/1978942.1979362 event-place:
Vancouver, BC, Canada.
[211] Svetlana Yarosh and Gregory D. Abowd. 2011. Mediated Parent-child Contact in Work-separated Families. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’11). ACM, New York, NY, USA,
1185–1194. https://doi.org/10.1145/1978942.1979120 event-place: Vancouver, BC, Canada.
[212] Svetlana Yarosh, Anthony Tang, Sanika Mokashi, and Gregory D. Abowd. 2013. "Almost Touching": Parent-child
Remote Communication Using the Sharetable System. In Proceedings of the 2013 Conference on Computer Supported
Cooperative Work (CSCW ’13). ACM, New York, NY, USA, 181–192. https://doi.org/10.1145/2441776.2441798 eventplace: San Antonio, Texas, USA.
[213] Michael A. Yoerger, Kyle Francis, and Joseph A. Allen. 2015. So Much More than “Chit-Chat”: A Closer Look at Premeeting Talk. In The Cambridge Handbook of Meeting Science, Joseph A. Allen, Nale Lehmann-Willenbrock, and Steven G.
Rogelberg (Eds.). Cambridge University Press, Cambridge, 153–174. https://doi.org/10.1017/CBO9781107589735.008
[214] Chien Wen (Tina) Yuan, Yu-Hsuan Liu, Hao-Chuan Wang, and Yuan-Chi Tseng. 2019. Gender Effects on Collaborative
Online Brainstorming Teamwork. In Extended Abstracts of the 2019 CHI Conference on Human Factors in Computing
Systems (CHI EA ’19). ACM, New York, NY, USA, LBW2622:1–LBW2622:6. https://doi.org/10.1145/3290607.3312989
event-place: Glasgow, Scotland Uk.
[215] Guangtao Zhang, John Paulin Hansen, and Katsumi Minakata. 2019. Hand- and Gaze-Control of Telepresence Robots.
In Proceedings of the 11th ACM Symposium on Eye Tracking Research & Applications (ETRA ’19). Association for
Computing Machinery, New York, NY, USA, Article 70, 8 pages. https://doi.org/10.1145/3317956.3318149
[216] Annuska Zolyomi, Andrew Begel, Jennifer Frances Waldern, John Tang, Michael Barnett, Edward Cutrell, Daniel
McDuff, Sean Andrist, and Meredith Ringel Morris. 2019. Managing Stress: The Needs of Autistic Adults in Video
Calling. Proceedings of the ACM on Human-Computer Interaction 3, CSCW (Nov. 2019), 1–29. https://doi.org/10.1145/
3359236

ACM Trans. Comput.-Hum. Interact., Vol. 00, No. 0, Article 000. Publication date: 2021.

