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Designing new technologies to support synchronous interaction across distances has for many years focused 

on creating symmetry for participation between geographically distributed actors. Symmetry in synchronous 

interaction has, to some extent, been achieved technologically (while multiple social, historical, political, and 

hierarchical concerns continue to exist) and proven empirically in the increased use of remote-work tech- 

nologies that were used during the pandemic. However, synchronous interaction in hybrid work is achieved 

differently, since the asymmetry produced by some participants being collocated while others geographically 

distributed introduces increased complexities for such interactions. Focusing on this challenge, we ask: To 

what extent can symmetry in cooperative work engagements be achieved in hybrid work contexts? We explore 

this question by interrogating multiple different empirical examples of synchronous hybrid interaction col- 

lected across different organizations, activities, and events. We found that the effort required to accomplish 

hybrid work includes additional articulation work necessary for bounding multiple intertwined artefacts 
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across sites, devices, and applications. Further, the multiple artefacts setup across sites, combined with asym- 

metric collocation across participants, produce incongruence in technological frames of reference for each 

participant. All participants in hybrid work have only partial access to the hybrid setup, and no single per- 

son has access to the complete setup. The incongruence in technological frames produces insurmountable 

gaps in collaboration, causing all hybrid work situations to be characterized fundamentally by asymmetric 

relationships. We argue that symmetry in hybrid synchronous interaction is impossible to attain in attempts 

to solve this problem through design. Instead, we propose that designers of cooperative technologies for hy- 

brid work shift towards developing artefact-ecologies supporting hybrid work, focusing on asymmetry as a 

necessary feature. Fundamentally, the design strategy should explore novel ways of taking advantage of the 

multiple different artefact-ecologies which serve as the foundation for the hybrid collaboration. Instead of 

striving for symmetry, we propose to feature asymmetric conditions in future technology designs for hybrid 

interaction. 

CCS Concepts: • Human-centered computing → Computer supported cooperative work ; 

Additional Key Words and Phrases: Distance, global software development, ethnography, comparative stud- 

ies, incongruence, synchronous interaction, hybrid work, workshop, collaboration across distance, Covid 
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 INTRODUCTION 

or decades Human Computer Interaction (HCI) and Computer Supported Cooperative

ork (CSCW) research has explored the challenges of remote working with the aim of designing
ooperative technology supporting remote cooperation [ 34 , 49 , 51 , 67 , 77 ], and examples of tech-
ologies for remote work emerging from this strand of research includes Hydra [ 78 ], T-Room [ 50 ,
3 ], Liveboard [ 38 ], and Clearboard [ 52 ]. A common core criterion explored across these technolo-
ies is the embedded challenge of designing for “equal participation” or “avoiding asymmetry”
espite the geographical dispersion of participants. During the COVID-19 pandemic we witnessed
ow organizations were quick to adjust to the new situation, and by implementing laptop
pplications such as Zoom or MS Teams managed to successfully facilitate remote work with
mbedded symmetry as all participants had the same type of access to others while working from
ome on similar laptops using the same application. While COVID forced people to work in all-
emote arrangements, the work situations after COVID opened up many different organizational
tructures for hybrid work providing flexibility for workers as well as organizations [ 62 , 72 , 83 ]. 
Hybrid work has even emerged as ‘the new normal’ for many professions because of COVID [ 27 ]

uch as software development [ 37 , 59 ] and healthcare [ 46 ]. Hybrid work is a special type of coop-
rative work [ 73 , 74 ] which inherits all the main challenges from cooperative work and distributed
ork, however, there are distinct differences. Where cooperative work emerges when at least two
ctors are involved in and dependent upon a common field of work [ 31 , 75 ], distributed work
uilds upon the same definition, however it adds the complexities of actors being geographically
ocated at different locations [ 13 , 26 , 61 ], potentially also increasing the complexities of discon-
inuities in the cooperative work [ 15 , 91 , 92 ]. Differently, hybrid work fundamentally takes place
hen some participants are geographically distributed, while others are collocated. Thus, the hy-
rid work arrangements we explore in this paper are cooperative situations where at least three
ooperative actors are geographically distributed across fewer locations than the number of actors ,
hile still being mutually dependent in a common field of work [ 36 ]. Hybrid teams thus consist of
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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ulti-locations teams, where participants work from the office, from client’s offices, from home,
rom a café, or any other location during the work week (and even during the same day) while
heir team members might do the same consequently being aligned or misaligned in locations at
ll times [ 82 ]. 
We collaborate with multiple organizations that are struggling in different ways to integrate hy-

rid work into their organizations after COVID. The COVID ‘real life experiment’ demonstrated
hat flexible working conditions are possible without increased costs or loss of productivity and
re desired by workers, if such work arrangement does not disadvantage remote workers or neg-
tively affect their wellbeing [ 44 ]. However, the cooperative technologies for distributed work
mplemented during COVID are not designed for hybrid work arrangements – and the old CSCW
hallenge of “providing equal access” to remote as well as collocated actors is yet again a burn-
ng platform for design. Interestingly, the “remote-work technologies” supporting working from
ome during the pandemic have entered the office space without leaving the home office . Thus, the
se of remote-work technologies continues, however with the important difference that it is no
onger “simply” to facilitate work where all participants are geographically distributed. Instead,
he increased complexities in technology used now include supporting cooperative work where
ome participants are geographically distributed, while others are collocated. We refer to this as a
ybrid cooperative work context. Our larger research interest is to interrogate how remote-work
echnologies designed for geographically distributed cooperation are challenged when entering
 hybrid cooperative work context, and to see whether new design propositions for hybrid-work
echnologies can be identified. 
We explore this research interest theoretically and empirically by guiding our explorations

hrough literature and empirical observations, asking the research question: To what extent can
ymmetry in cooperative work engagements be achieved in hybrid work contexts? Through literature
e identify that the challenges of symmetry in cooperative work in hybrid engagements arise
rom (1) the inherent limitations in providing consistent access to multi-modal information, in-
reasing the efforts of relation work, and (2) the need to synchronize artefact-ecologies, multiple
evices, and technologies. Using these theoretical insights as analytical sensitizing devices, we en-
age these theoretical conversations by allowing them to enter contemporary empirical situations
f hybrid work. In this way, we build upon the past while adding concerns for future strategies
nd approaches in cooperative technology design in an empirically relevant work arrangement. 
Based upon our research, we argue that hybrid work produces technological challenges which

re distinctly different from distributed work, and thus require different sets of approaches for de-
ign. Further, we argue that striving to design technologies that produce symmetric engagements
n hybrid work arrangements is not worth attempting. We acknowledge that this statement is po-
entially controversial, but all our empirical observations point out that hybrid work produces in-
urmountable gaps that increase the complexity of articulation work. These insurmountable gaps
anifest themselves in hybrid activities and are produced by incongruences in the technological
rames of reference creating unavoidable asymmetric relations between cooperative actors. While
ncongruence in frames of reference might manifest in all types of distributed work challenging
ommon ground, is it always part of what characterizes hybrid work. 
The paper is structured as follows: First, we unpack the literature on cooperative work, dis-

ributed work, and hybrid work. Then we dive into the relational challenges in hybrid work, fol-
owed by the artefact-ecologies challenge in hybrid work. We introduce our analytical approach
nd empirical data which stems from multiple different organizations and activities. In the results
ection we divide our empirical observations into three main Sections 4.1 From “Remote-work
echnology” towards Artefact-Ecologies in Hybrid Work; 4.2 Incongruence in Individual Technol-
gy Opportunities for Hybrid Work; and 4.3 Unavoidable Asymmetric Relations in Hybrid Work.
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Fig. 1. Three participants collaborating in different configurations of collocated, distributed, and hybrid 

work. The grey boxes represent locations, and the red arrows represent the mutual engagement between 

participants. 
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inally, we discuss our findings, by challenging existing design endeavours to create technologies
hat produce symmetry across actors in hybrid situations, producing the potentially controver-
ial argument that achieving symmetry in hybrid synchronous interactions is impossible. On this
asis, we need new directions for the design of hybrid technologies, and we put forward three
ropositions suggesting future design directions for hybrid technologies. 

 COOPERATIVE WORK, DISTRIBUTED WORK, AND HYBRID WORK 

o explore how cooperative technologies influence cooperative work in hybrid workspaces and
dentify emerging design challenges, we must first conceptually unpack the nature of cooperative
ork as it takes place in collocated, distributed, or hybrid work settings (see Figure 1 ). 
Collocated work refers to a situation where at least two participants are mutually dependent
pon each other to achieve a cooperative task in a common field of work [ 31 , 75 ]. The inter-
ependence is crucial to the definition, since it is only through this interdependence that a task
merges as cooperative [ 86 , 87 ]. The attribute of collocation refers to the physical location and
anifestation of cooperative actors’ bodies as being in proximity. Sharing proximity produces
ertain conditions which actors then can utilize in their interaction, such as gestures, artefacts,
acial expressions, and so on which all actors have equal access to during the cooperative en-
agement [ 47 , 48 ]. Proximity thus produces enabling conditions facilitating actors in developing
ommon ground [ 32 ], if the collaboration setup is characterized by collaboration readiness [ 13 , 67 ].
Distributed work is a situation where multiple participants (at least two) are mutually depen-
ent in their work without collocation. The lack of proximity in distributed work reduces the access
o, and availability of, using gestures, facial expressions, and artefacts as part of the interaction.
ence, technologies designed to support distributed interaction seek to create digital conditions
imicking what is lost through different modalities of video, audio, and digital artefacts [ 34 , 45 , 78 ,
3 –96 ]. These technologies typically focus on creating facilitating conditions (e.g., awareness [ 4 ],
ocial translucence [ 39 ], or coordination technologies [ 42 ]) allowing participants to develop com-
on ground despite the lack of proximity. Distributed work relies on participants’ readiness for col-

aboration technology [ 68 ]. When all actors in a cooperative setting are geographically distributed,
echnology is required a priori , since without technology, none of the participants have access
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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o interact with each other. Thus, the technology needs to be there, and participants need to be
eady to use the technology. Being ready to engage in distributed work also includes being ready
o collaborate which can be challenged by organizational practices [ 63 , 84 ], geo-political circum-
tances [ 18 , 80 ], or from potential disruptions from the participants’ physical context [ 28 ]. Further,
he challenge of creating common ground continues to exist in distributed work, and grounding
ctivities are increasingly difficult in distributed work due to the perception of distance [ 26 ] that
s influenced by how the coupling embedded within the work task shapes the collaboration [ 55 ]. 
Hybrid work is a situation where at least three actors are mutually dependent in their work,

nd where the actors are located in at least one fewer context than the number of actors [ 36 ].
ybrid work increases the challenges of sub-group dynamics produced by the unequal access
esulting from partial collocation [ 33 ]. Hierarchical structures risk being socially interrupted by
artial collocation. For example, prior empirical data demonstrate how top management in a large
rganization choose to simply reach out to a collocated team member in a global strategic team
ather than following the correct hierarchical procedure and calling up the team leader with a
-hour time difference, producing unequal access to strategic knowledge relevant for the whole
eam but hidden from the team leader [ 15 ]. Hybrid work inherits all the challenges from collo-
ated and distributed work but also has some special characteristics increasing the challenges of
ooperative work in hybrid work situations. 
In this paper, our interest is hybrid work arrangements and how hybrid work structure imposes

pecific challenges and thus specific requirements towards the design of cooperative technologies
upporting hybrid work. Hybrid work activities can take different forms, utilize different technolo-
ies, and produce different outcomes. However, the temporal pattern of hybrid activities is critical
or how we can comprehend hybrid interaction. The temporal nature of hybrid work interactions
an on a broad scale be divided into synchronous and asynchronous activities. Hybrid synchronous
ctivities occur across geographical sites but at the ‘same time’. Here ‘same time’ signifies simul-

aneous activity, recognizing that hybrid work might span different time zones, thereby occurring
not at the same time” in a literal sense, but rather in a simultaneous fashion. The temporal nature
f asynchronous hybrid work activities manifests in various forms, either as activities executed in-
ependently or organized consecutively. The temporal ordering of these activities is disjoint from
ther actors’ activities. The special nature of hybrid work is more evident in synchronous activ-
ties since the simultaneous activities make the combined collocation/dislocation among hybrid
eam members pertinent in the moment, shaping the types of interaction that can take place. This
oes not mean that the hybrid element in the collaborative arrangement is not important in asyn-
hronous work, even if it may be less pertinent and available for analytical scrutinizing. Being
ollocated with some participants and being dislocated from others affect the types of interaction
ossible. However, identifying the nuances of collocation/dislocation can be challenging, as the
nteractions in a hybrid work arrangement might closely resemble those in a distributed work ar-
angement. In our examination of different empirical cases of hybrid interaction, we analyze both
ynchronous and asynchronous activities. However, our findings indicate that the major design
hallenges arose from synchronous interaction, and thus we mainly focus on these in this paper. 

.1 Relational Challenges in Hybrid Work 

hen people engage in cooperative work, they always also engage in relation work. However,
nderstanding what relation work entails and how it is accomplished, as part of cooperative work
n general and hybrid work in particular, requires us to examine it theoretically. Studying hybrid
ork within global engineering, Bjørn and Christensen propose relation work as “a parallel to
he concept of articulation work. Articulation work describes efforts of coordination necessary in
ooperative work, but, arguably, focuses mainly on task-specific aspects of cooperative work. As
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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 supplement, the concept of relation work focuses on the fundamental relational aspect of co-
perative work” [ 12 , p. 1]. Later, in research exploring global software development, Christensen,
ensen, and Bjørn extend and nuance relation work by stating that: 

“[c]reating social ties are important for collaborative work [...] making social ties 
requires extra work: Relation work. We find that characteristics of relation work 
as based upon shared history and experiences, emergent in personal and often 
humorous situations. Relation work is intertwined with other activities such as 
articulation work and it is rhythmic by following the work patterns of the par- 
ticipants [...] Whereas collocated relation work is spontaneous, place-centric, and 
yet mobile, relation work in a distributed setting is semi-spontaneous, technology- 
mediated, and requires extra efforts” [ 30 , p. 1] 

While both conceptualizations above distinguish relation work as different from articulation
ork, the theoretical conceptualization needs more nuance to fully guide analyses of hybrid work
ituations. Therefore, we decided to follow theoretical strategies from Shklovski, Barkhuus, Bor-
oe, and Kaye [ 79 ] and investigate prior research on relationship and relational dialogues (e.g., [ 5 ,
 , 81 ]) as a starting point for theorizing about relation work in hybrid work. 
Research on relationships is mostly based upon analysis of romantic partnerships or friend-

hips, rather than being related to the work situation. Nevertheless, we can learn from these situa-
ions and connect conceptual understandings to the work situation. Personal relationship research
eminds us that communication is a “means by which people construct and maintain relation-
hips” [ 81 , p. 331]. Thus, when we consider relation work in cooperative settings, it means that we
re zooming in on the communication and dialogue that take place as part of creating the work-
ng relationship. Sillars and Vangelisti synthesize research on relationships into core properties of
ommunication which are crucial for relationship building [ 81 , p. 332]. One of these properties is
nterdependence, which is also important when we consider relations in hybrid work. 
Interdependence in relationship building is different from how interdependence is considered

n CSCW research, namely as task dependencies shaping how cooperative engagement emerges.
nterdependence in relationships instead refers to how interaction, utterances, and messages “si-
ultaneously influence and are influenced” by the context that precedes and follows the interac-
ion [ 81 , p. 332]. Relationships are thus co-constitutive of the very interaction which takes place.
elational dialogues are constitutive processes by which the interaction defines and constructs
he social world of our relationships, “put simply, relationships are constituted in communication
ractices” [ 6 , p. 3]. From this perspective, relationships cease to exist outside of dialogue and in-
eraction. In CSCW research, the introduction of digital means for cooperative work has always
een understood as shaped by temporal and spatial configurations [ 34 , 88 ], and as such this under-
tanding of relationship building as shaped and configured by the temporal-spatial circumstances
ligns with current perspectives. So, while the interdependence in relationship building alerts us
o consider how relationships are constituted by interaction configured by space and time, interde-
endence in cooperative work points to the fact that cooperative engagements are constituted by
he work and only emerge when the task cannot be accomplished by the individual but requires at
east two people. Thus, extending the current conceptual understanding of relation work in CSCW
esearch by enfolding theoretical understandings from relationship literature, proposes to consider
elationships as constituted by communication shaped by space and time when identifying design
equirements for hybrid technologies. 
Relational challenges in hybrid settings are thus co-constitutive and based upon interdepen-
ence in work tasks as well as in personal relationships . Relation work is impacted by communi-
ation and interaction which take place outside the work dialogue , and each interaction in the past
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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hapes interactions in the future. When investigating and designing for hybrid work, we must pay
ttention to the social and personal relationships that are pertinent to the work arrangements . This
ttention includes recognizing when such a relationship does not exist and thus risks shaping the
nteraction negatively. 
Relational challenges are an important analytical lens when exploring potential challenges

merging when cooperative technologies enter the hybrid workspace. However, the challenges
re not only about relations; we also need to examine how current technologies shape hybrid
nteraction. 

.2 From Artefact to Artefact-Ecologies in Hybrid Work 

SCW research has historically focused on the design of specific cooperative applications with
he aim of developing general design guidelines for such technologies [ 43 , 69 , 70 , 76 ]. Much of this
ork has centred around the design of ‘a cooperative technology’ supporting a specific practice.
till, the many detailed ethnographic studies documented within the research have multiple times
ointed to how real-life practices are always using a set of multiple artefacts when accomplish-
ng work in complex work arrangements e.g., hospitals [ 1 , 2 , 65 ] or architectural work [ 29 , 64 ].
hus, the focus on ‘the singular technology’ has always been challenged by empirical data, and
esearchers agree that studying only one technology at a time is too limited when considering
ooperative practices. Further, we are witnessing the increase of multiple devices, software ap-
lications, and networked services emerging in our everyday life and work. Lyle et al. [ 60 ] point
ut that more and more empirical work has focused on constellations of artefacts rather than sin-
le applications. This work has often been framed as moving from artefact to infrastructure [ 9 , 16 ,
6 ] or moving from artefact to ecologies of artefacts [ 19 , 20 , 23 ]. When moving from focusing on
ingular artefacts to multiple artefacts the complexities concerning the technological setup and
hus the technology frames of reference also increase, making the analytical and design-oriented
etup more complex. It becomes necessary to address both how individual participants explicitly
r implicitly choose between e.g., devices and software applications for a particular activity, and
onsider the answers to these questions concerning participants’ practices, how these practices de-
elop, as well as how these practices and choices of technologies are shared with collaborators – or
aybe differ depending on collaborators. We need to understand how specific technological set-
ps of constellations of artefacts are used and negotiated by participants, and further re-negotiated
ver time [ 8 , 89 , 90 ]. 
CSCW researchers have studied the connection between artefacts as a web of coordinative arte-

acts [ 3 ] or as artefactual multiplicity comprising the multiple functionalities of heterogeneous
rtefacts and relations between embedded functionalities [ 14 ]. The characteristic of all these ex-
mples is that the multiple artefacts or the artefact-ecologies are somewhat fixed and taken for
ranted, and studied as is. However, artefact-ecologies continuously develop over time , in inter-
lay with the dialectical development of the routines of the collaborative work [ 40 , 41 ], and with
xtrinsic development and introduction of new technological possibilities [ 56 ]. 
Bødker and Bøgh Andersen [ 19 ] unfold a careful analysis of artefact-ecologies, and how the

onfigurations of artefacts and people change and are transformed over time. The analyses also
how how the very same artefacts have different roles in these shifting configurations. Thus, it is
ot only that there are multiple artefacts involved – the analytical moves also demonstrate how a
oncrete artefact can take on different roles and functionalities over time. The cases demonstrat-
ng the critical role of multiple artefacts are many [ 19 ]. When considering artefact-ecologies in
ybrid work, we must explore the historical layers behind the artefacts. We need to analytically
ay attention to the historic development of artefacts involved in cooperative work in the current
ybrid work practices and explore the space for future practices. 
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 



49:8 P. Bjørn et al. 

 

p  

s  

a  

u  

t  

w  

S  

f  

f  

e  

w  

c  

t  

o  

p  

e  

‘  

t  

o  

a

3

O  

T  

t  

c  

c  

n  

t  

m  

(  

e  

g  

e  

c  

m  

(  

e  

B  

t

3

A  

r  

T  

t  

A

Artefact ecologies consist of a dynamic constellation of multiple artefacts that are sometimes

lanned and negotiated, and other times more coincidental [ 22 ]. Since artefacts activated in , or con-
tructed for a particular activity [ 21 ] are rooted in participants’ past experiences and the avail-
bility of infrastructure (in terms of both devices, software and e.g., bandwidth) the conceptual
nderstanding of artefact-ecologies has strong ties with the conceptual understanding of infras-
ructuring in CSCW and HCI research [ 11 , 53 , 54 , 57 ]. The difference between the infrastructure
ork [ 7 , 58 ] and the artefact-ecologies perspective can be debated as they have in the work of
tar and Ruhleder [ 85 ], and Bowker and Star [ 25 ]. There is a tendency for an artefact-ecologies
ramework to move analytically from the grounded empirical cooperative situation, whereas in-
rastructures research tends to move across multiple interlinked sites of design [ 10 ] which to some
xtent can be removed from the concrete cooperative situation. We choose the conceptual frame-
ork artefact-ecologies over infrastructure because it aligns with our dedication to focus on the
oncrete work practices which emerge in hybrid work settings. Our interest is to understand and
heorize how artefacts shape the opportunities for hybrid interaction – without focusing on only
ne type of technology in the situation. Instead, we follow and analyze all the technologies, ap-
lications, devices, and artefacts that comprise the ecology of artefacts and allow hybrid work to
xist. By exploring artefact-ecologies in hybrid work, we are reminded to not only identify the
main cooperative technologies’ utilized (such as video conferencing tools) but also pay attention
o and recognize the diverse range of other artefacts in use. This involves looking beyond the
bvious devices and applications to acknowledge the various constellations of artefacts available
cross the geographical sites of hybrid work. 

 METHOD 

ur research approach is a theoretically driven exploration grounded in empirical observations.
o explore the intricacies of achieving symmetry in hybrid work arrangements, we began with
heoretically informed discussions aimed at identifying the primary aspects contributing to these
hallenges. This resulted in three main aspects that emerged theoretically: First (1) the challenges
aused by the use of multiple devices and technologies (artefact-ecologies) that must be synchro-
ized for hybrid work to function effectively; second (2) the unique challenges caused by the fact
hat hybrid work can never provide the same type of access to different forms of multimodal infor-
ation for all participants due to the incongruence in technology frames of reference; and third
3) how the incongruences in technology frames of reference produced by the diverse artefact-
cologies for each participant fundamentally create asymmetric relations in hybrid work. Having
rounded these insights in the literature, we sought to explore how these challenges manifested in
mpirical examples, and thus see how the empirical insights might extend or challenge our con-
eptualization. Our collective analysis underwent multiple iterative processes spanning several
onths, while continuously adding diverse perspectives from multiple empirical cases we were

still are) studying in our project. With each analytical session, we took a deeper step into the
mpirical circumstances, refining our conceptual understandings. See Figure 2 for an overview.
elow, delving into explaining this process in greater detail, we first present the empirical data
hat served as the foundation for our research. 

.1 Empirical Contexts 

s part of a large research project exploring the future of work, the authors of this paper are
esearchers from four different universities who collaborate with 13 different empirical partners.
he partners can be divided into four groups, depending on the type of collaboration. First, we have
he industrial partners who want to reflect upon and develop their ways of working in the future.
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Fig. 2. Overview of the data collection (across empirical studies and activities) and iterative analysis com- 

prising the theoretical conceptualization, empirical data analysis, and cross-case analysis. 
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econd, we have organizations focusing on supporting others in achieving success with hybrid and
istributed work. Third, we have tech organizations that focus on new technology opportunities
or new forms of work. Finally, we collaborate with artists, as a strategy to explore the future of
ork before the future arrives. What makes this diverse set of partners interesting, is that it allows
s to explore multiple dimensions and details of hybrid work from various perspectives. Further,
he organizational setup also allows us to challenge empirical insights from across settings. Table 1
rovides an overview of the different empirical partners in the project, and while we do not report
ata from all these organizational settings, we report from workshops where participants from
hese different organizations joined. 

.2 Data Collection 

e used different data collection strategies for each case, including workshops, observations, inter-
iews, and the like. We conducted several workshops with different groups of partners, including
ndustrial partners, artists, academics, participants outside the project, and participants inside the
roject. We used different kinds of data collection methods for each workshop including video and
udio recordings, and we collected results of workshop activities such as posters or other types of
hared paper-based artefacts. In most cases, we recorded (audio and video) the entire workshop
nd collected artefacts (posters, drawings, and other material), while in other cases we only col-
ected artefacts and drawings. For all events, we also collected photos and reflections from multiple
articipants. With some organizations, we collected detailed ethnographic observations of work
ractices and conducted interviews with employees while spending time in their work settings
o understand how they approach hybrid cooperative work. For these ethnographic studies, we
ollected data in terms of field notes, observations, and audio recordings of interviews. All data
aterial has been transcribed for data analysis in the research project. 
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Table 1. Empirical Partners 

AnonPartner Domain Size Locations 
Countries 

1 BigFoodCorp Foods production and resale 20,000+ +100 countries 
2 BigITCorp Technology consultancy and solutions 90,000+ +100 countries 
3 InterFin Fintech 1,700 2 locations in 

Europe 
4 InnoStart Support innovation processes of 

various kinds. 
< 10 Scandinavia 

5 NationalFin Fintech 1,000 3 locations in 
one country 

6 SmallManageConsult Leadership consultancy and training. 
Focus on new forms of working. 

30 2 locations in 
Scandinavia 

7 SmallVisual 3D visualization and digital 
communication solutions to a wide 

range of domains 

10 Worldwide 

8 SmallHybridPro Facilitating hybrid meetings for big 
corporate companies in the medical 

sector 

10 Worldwide 

9 BigProdCorp Big mechanical manufacturing 
corporation 

20,000 +60 locations 
worldwide 

10 BigToyCorp Big toy manufacturing corporation 20,000+ +40 locations 
worldwide 

11 SmallArts Arts, design teaching and making 20 Danish city 
12 SmallIT Consultancy on information 

technology, with a focus on the 
automotive industry 

2,000+ +40 locations 
worldwide 

13 SmallVR Virtual Reality production in different 
domains 

20 Scandinavia 
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.3 Data Sources 

he data sources which serve as the foundation for this paper are based upon the empirical work
cross the cases, organizations, and researchers – however not all our data ended up as part of
his paper, but all empirical insights from the different subprojects have shaped the analytical
ork of this paper through continuous discussions across the authors. The data sources reported
pon in this paper comprise transcriptions of interviews, video recordings and transcriptions of
orkshops, online workshop recordings, photos, field notes, audio recordings of interviews, and
o on. Table 2 below summarizes the data sources. In total, we conducted eight workshops and
eported from five empirical studies in this paper. The ethnographic empirical studies were of
arious lengths between one month and four months. 

.4 Data Analysis 

ur data analysis took the form of a collective analytical process where the authors met sev-
ral times over several months and discussed the empirical observations from the different cases
hrough theoretical interests in technology support for hybrid work. For each collective analysis,
e have challenged current conceptualizations while extending our theoretical reasoning. While
ot all authors have been present at all of our collective analytical sessions, the first author has
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Table 2. Data Sources 

Data types 

Two (no. 1, 2) hybrid workshops with multiple 
industry partners from Table 1 . 

Video recordings, audio recordings, artefacts (flip 
overs), photos, and transcriptions, notes 

One (no. 3) hybrid workshop with academics Notes, photos 

Two (no. 4, 5) collocated workshops with 
researchers 

Notes, artefacts, photos 

Three (no. 6, 7, 8) collocated workshops with 
artists from the Table 1 . 

Notes, artefacts, photos, audio recordings, 
transcriptions, interviews 

Empirical study InterFin In-situ observation, interviews, photos, and 
meetings Both remote and on-site observation 

Empirical study BigITCorp Interviews 

Empirical study SmallHybridPro Obser vations, inter views, photos Both remote 
and on-site observation 

Empirical study BigFoodCorp Onsite visit and interviews 

Empirical study NationalFin Onsite visit and interviews 
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een present at all sessions and has collected all the insight across all discussions. Further, the
nalytical categories have gone through several iterations, which in the end resulted in two main
heoretical lenses which have been presented from the beginning namely: artefact-ecologies and
elational challenges. So, while other theoretical perspectives have been tried out (e.g., technologi-
al frames [ 17 , 71 ] and geopolitical circumstances [ 18 , 24 , 80 ]), these concepts showed less strength
nd resonance in our empirical data. This is not to say that such theoretical concepts are not rele-
ant when researching hybrid work, but rather to state how the empirical data that served as the
oundation for this analysis shaped the theoretical arguments in concrete ways. We continued to
se the theoretical insights concerning technology frames of reference as analytical concerns in
ur data analysis inspired by Orlikowski and Gash [ 71 ] when exploring how relational asymmetry
merged in concrete examples. 
The starting point of our data analysis was the data collected from a joint workshop where both

he content and process of the workshop centred around the future of work and hybrid cooperative
ractices. We collected videos and audio from this workshop, where industry partners explained
nd discussed their challenges for hybrid work while participating in the workshop which was
tructured and executed as a hybrid workshop. We used the insights to start up the analytical
rocess by unpacking and identifying the themes discussed by the participants and then simul-
aneously, did a bottom-up analysis of the entire data set from the same workshop to see how
merging themes would appear in how the workshop was structured. By combining these two
ets of analyses we were able to test our initial theoretical perspectives on artefact-ecologies and
elational challenges as well as technological frames and geo-politics to see if these could help to
xplain some of the challenges emerging during our workshop. What was interesting from this
rst iteration of our analysis was the production of the two types of data on hybrid work. First, it
rovided insights into the experiences of our industrial partners, and second, because the work-
hop itself was organized as hybrid, it produced challenges as part of the activity. After this initial
lassification of the empirical data, we left the theoretical conceptualization for a while and al-
owed a more open-ended approach in the analyses of the later workshop material as well as of
he empirical cases explored ethnographically by different sets of researchers. 
Interestingly, the different workshops conducted over the next year provided us with the oppor-

unity to invite a varied set of participants from academia, industry, or art communities to discuss
he future of work with us. These activities enabled us to explore further the challenges related to
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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rtefact-ecologies, technological frames of reference, and relation work. Moreover, it became clear
hat we had to leave some of the initial theoretical concepts behind (e.g., technological frames of
eferences) – and only two remained after the multiple iterations of data analysis. In some activi-
ies, we aimed to push participants’ imaginations to challenge not only the existing conceptualiza-
ion of hybrid work but also its future. In other workshops, we explored the difficulties in merging
echnological frames, as the technical setup of the hybrid work environment posed significant
hallenges to participants’ ability to create symmetric interactions. Workshops no. 5–7 took the
xploration into the artistic perspectives, and here we began to connect the original framework
nd categories into the imaginations of the artists. This allowed the artists to engage with the
onceptualization as well as extend the empirical situations outside the ordinary office domain. 
All the efforts and reflections came together after workshop no. 8 (which was 1.5 years into our
roject) where we not only reflected upon the workshops, but also matured our empirical under-
tanding of hybrid work from the various ethnographic studies, interviews, and observations. This
eant that we could re-visit prior analysis of the data considering the experiences and findings
cross all data material – and then compare this with insights from the field visits to organizations
nd ethnographic observations. This collective analytical approach turned out to be crucial for
haping our iterative analytical process. Based upon this reflective and comprehensive crosscase
nalysis (where most of the authors were present) we were able to identify, nuance, and structure
he empirical material with the theoretical conceptualization – and then revise and create what is
he final conceptualization presented in the results section. 

 RESULTS 

he “remote-work technologies” mostly used by our empirical partners included various types
f video conferencing applications, such as Zoom or MS Teams. Thus, we will begin our result
ection ( 4.1 ) by unpacking how video conferencing tools are considered fundamental for hybrid
ork. However, a narrow focus on video conferencing tools does not capture the complex technol-
gy setup required for hybrid work. Thus, we demonstrate how artefact-ecologies as an analytical
erspective emphasizes critical technologies, devices, and applications which are pertinent when
acilitating hybrid work arrangements. Secondly ( 4.2 ), we will dive into the concrete circumstances
hat the artefact-ecologies perspective produces for hybrid work situations. Specifically, we will
llustrate how the multiple diverse sets of technological opportunities available to individuals in
ybrid arrangements produce incongruences in frames of reference across participants. In this part
f the result, we will demonstrate how the diverse sets of technological opportunities across sites
re unavoidable in hybrid work and thus must be considered a priori when we design technolo-
ies to support hybrid work. Finally, we will demonstrate how the artefact-ecologies shaping the
echnological opportunities produce hybrid work as unavoidably asymmetric without balanced
elationships ( 4.3 ). This leads us to the discussion of our research question: To what extent can
ymmetry in cooperative work engagements be achieved in hybrid work contexts? 

.1 From “Remote-work Technology” Towards Artefact-Ecologies in Hybrid Work 

n this first part of the results section, we will demonstrate how synchronous hybrid work depends
ot only on video conferencing software, but also on a bundle of different types of applications,
rtefacts, and connections. These different types of artefacts need to constantly be re-configured
nd re-arranged. In other words, there is a constant work of bounding artefacts together. It is not
ust one technology that makes a hybrid work technological setup; instead, it is a combination of
ultiple applications, artefacts, and devices. It involves connecting cables, internet, WIFI, video
onferencing software, laptops, cameras, and projectors. And it involves sharing documents of
arious kinds through tools like Zoom, both in physical rooms and virtual spaces. It also entails
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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ctivating apps and applications across different devices (at the same time or across time), while
nsuring that they are running on the latest update. Thus, we argue that it is crucial to pay attention
o the complex work of bounding and coupling the hybrid ecology of artefacts. We present two
ifferent examples from our research: ( 4.1.1 ) A hybrid research workshop involving 22 participants
rom different organizations, and ( 4.1.2 ) An artistic Alternative Reality Experience for 78 students.

4.1.1 Hybrid Research Workshop for 22 Participants from Different Organizations. We organized
 hybrid workshop in 2023 where participants from different universities, along with those from
arious organizations, spent half a day together presenting results, discussing concerns, and inter-
cting about the challenges of hybrid work. Our hybrid workshop took place physically in Aarhus
ith remote participation from various locations in Denmark. Planning the technical setup of the
orkshop required considerations about how both remote and collocated participants could inter-
ct, not just in plenum sessions with questions and answers, but also in small workgroups where
iscussions were structured around different kinds of artefacts. These artefacts ranged from flip-
vers and post-it notes to artistic cards and reflective prototypes challenging the notion of hybrid
ork. Analyzing the technological setup of the workshop reveals that technologies supporting
ybrid interaction extend beyond just the video-conferencing tool, even if that is often the only
ool that participants consider. For instance, during a prior workshop in Copenhagen, we chose
oom as the videoconferencing platform for all remote participation, both during plenum and
roup work. However, upon reflection on the hybrid workshop, industrial participants mentioned
heir organizations used MS Teams, and they would prefer we change to that. As a result, we used
eams for the Aarhus workshop. However, the choice of Teams was merely a small component
f the comprehensive setup, and while such a decision is critical, especially for participants from
ifferent organizations, it is far from the only technology that supported the hybrid workshop. Let
s unpack this further. 
In Aarhus, the physical part of the hybrid workshop comprised a plenum room and three group
orkspaces, as well as the physical locations of remote participants. These were planned to in-
lude one workshop facilitator, three spaces in Denmark where three participants from different
rganizations would join (SmallVR, InnoStart, and BigFoodCorp), and two spaces in India (two
articipants from two organizations in different places in India) (BigITCorp and SmallIT). Con-
retely, one of the participants from India was not able to join in the end due to other engagements
nd unstable internet access. Throughout the workshop, we had a total of 22 participants. This
as divided into 17 participants (7 facilitators) in the same location in Aarhus, and 5 participants
1 facilitator) participating remotely from five different locations in Denmark and India. The work-
hop’s structure consisted of plenum sessions of presentations and discussions, followed by three
roup work sessions where participants were expected to move between different themed work-
hops originally planned as hybrid sessions. 
If we start to unpack the technological setup for the plenum situation of the hybrid workshop,

he physical main space included tables (arranged in a ‘horseshoe setup’ – see Figures 3 and 4 ),
s well as a podium for the computer to present slides projected onto a large screen. This setup is
rdinary for any kind of plenum presentation. However, besides the ordinary setup, the presenting
omputer (laptop No. 1) also had the Teams meeting open to ensure that we could show slides not
ust locally but also remotely. Now for the cables and wires to be connected to the local projector,
he presenting computer had to be standing on the right side of the room or else the wires were
oo short. This meant that the camera on the laptop was pointing at an empty wall rather than
t the speaker. Thus, we placed a second laptop on the horseshoe setup with the camera pointing
omewhat in the direction of the speaker. If the speaker walked too much around, they would leave
he camera feed. The second laptop (laptop No. 2) also had a connected speakerphone for sound to
nsure that the audio (questions and discussions from the local participants) was broadcast to all
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Fig. 3. A classroom with 7 tables in a house shoe setup. Around the table are 12 people, and on the table is 

a laptop with a zoom setup with six images of five remote participants and a video feed of the room. There 

is also an external camera and a room speaker microphone on the table. Next to the house shoe is another 

table (in front of the picture) where we see another laptop that mirrors the laptop in the house shoe setup 

with a zoom window with the video feed. 

Fig. 4. Hybrid setup with collocated and online participants. 
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he remote participants while ensuring the local participants could hear the remote participants
hen they talked. The speakers and audio input for the presenting laptop were too far away to
apture the audio properly. 
However, it was not enough to consider how to display the video and audio feed for the speaker;
e also had to find a way to project a separate video feed onto the local plenum space for the
emote participants, so they could ‘see’ who was speaking and any bodily reactions they were
isplaying. As a result, we added a remote camera with extra wire from the presenting laptop
ointing towards the horseshoe table and participants. This allowed us to have multiple video and
udio feeds using a total of two laptops, three cameras (two laptop cameras and one extra camera),
ne speakerphone, and one projector screen. 
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Fig. 5. Laptop with four adaptors for external artefacts. 
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We also had one more laptop (laptop No. 3) involved locally, namely the laptop which ran Teams.
his laptop was the ‘account’ which created the whole Teams setup, including having access to
end invites to people who had login difficulties, or to create additional access to the meeting. The
aptop also recorded the session and was able to allow others to record the session. Interestingly,
his ‘back-end’ laptop was not that directly visible in the setup, but at the same time, it had a hugely
mportant task of ensuring the ‘back-end’ organization and monitoring the chat or messages –
hich neither of the other two laptops was able to do since participants were too far away from
he actual laptop to monitor anything else which was taking place. The back-channel setup also
ncluded communication on phones (text messages, etc.) where the remote facilitator would inform
he local facilitators about sound quality or other issues which needed to be addressed. We will
rovide two examples of this. 
Firstly, the local facilitators did not have access to know about the audio quality produced re-
otely – since the local space included all sound – and the remote sound as heard in the collocated
oom would also be of good quality since remote participants would be placed close to their micro-
hones. However, before we set up laptop No. 2 with speakerphone audio, the remote participants
acked access to the sound from the collocated space, and the remote facilitator informed us by
MS, and we got it set up. Consequently, to know about the remote audio quality – we added an
udio headset to laptop No. 1 (Figure 5 ) — which allowed us to monitor remote sound. The pre-
entations which took place in the hybrid setting were thus organized to share audio, video, and
lide feed in the collocated setting of the 17 people as well as the five remote locations with one
articipant at each location. However, as the presentations and discussions went on, we experi-
nced challenges with all three feeds. Starting with the video feed, even though we had carefully
rganized it so that remote participants had access to the video feed of the horseshoe setup with
ultiple participants and with one camera pointing in the direction of the presenter (despite the
resenters moving around), there were times where remote participants (especially the remote
acilitator) would explicitly ask the presenter to move into the camera frame and allow for video
eed. In some situations, this was explicitly requested on the Teams audio link (voice coming from
he speakerphone) and in other cases through text messages sent to collocated members from the
emote facilitator. The presenters onsite were repeatedly leaving the camera frame visible to the
emote participants. Further, the remote participants were not visible on the larger screen during
resentations – and only visible on laptop screens pointing away from the larger audience. This in
ome situations let the remote participants experience the workshop as a remote stage they could
atch, but not participate in. 
The audio feed also created challenges. While the audio through the speakerphone worked gen-

rally well, one of the presentations had audio integrated within the slides. The presenter did not
ant to have the audio (music) but instead wanted to talk over the slides with video. In the collo-
ated space, this was not a problem as the audio was simply muted. However, in the online space,
he audio continued (and was audible in the headset attached to laptop No. 1) – so collocated
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 



49:16 P. Bjørn et al. 

p  

s  

m  

w  

s  

t  

t  

p  

m  

t  

s  

t  

m
 

s  

c  

o  

l  

b  

s
 

s  

o  

i  

a  

f  

T  

w  

 

i  

o

 

i  

e  

i  

T  

h  

o  

b  

p  

a  

i  

w
 

t  

t  

o  

A

articipants were aware of this, but they did not act, since it would disrupt the flow of the work-
hop and interaction. Concerns about the workshop flow locally impacted the experience of re-
ote participants. Finally, the slides created issues. While the slides were shown from laptop No. 1,
hich was connected via cable to the wall and the projector, the laptop displayed the slides in pre-
enter mode, meaning that the slides projected were slides, but the laptop displayed the flow and
he next slide as well. However, since laptop No. 1 also displayed the slides remotely, it required
he presenter to choose which ‘display’ to project remotely. It was not possible to choose the dis-
lay of the projector, which meant that the choice was between showing the slides in presenter
ode remotely or on the projector – and mirror screen was not an option either. So concretely,
he presenter chose in the end to show presenter mode in the collocated settings, while the remote
ection had access to the correct display since remote participants had access to smaller screens
han in the collocated setting, thus the trouble of having the presenter mode remotely would be
ore problematic. 
Our point here is not whether specific applications like Teams or Zoom are best for hybrid

ettings. Instead, our point is that organizing and facilitating a hybrid workshop is not simply about
hoosing a videoconferencing application, but instead about choosing and navigating a bundle
f both collocated and distributed artefacts. In our setup, our artefact-ecologies included three
aptops, each connected digitally and materially using cables, internet, applications, external and
uilt-in cameras, projectors, and audio devices, as well as remotely used laptops including remote
creens shaping the choices in navigating. 
Laptop No. 1 ended up having adapters for projection, an adapter for remote control of the

lide, an adapter for external camera, and headphones for checking the remote sound – on top
f being connected to Teams, Google slides, and PowerPoint depending upon the stability of the
nternet. The complete artefact-ecologies thus included seven laptops (five remote) with internet
ccess, an external camera, built-in cameras, a projector, headphones, a speakerphone, cell phones
or backchannel texting, and multiple wires and cables. There was also a digital infrastructure of
eams, slide applications, and emails for sending slides to the projecting computer. Finally, there
as a back-end channeling where laptop No. 3 provided access through passwords and invitations.
Summarizing, this empirical example demonstrates how hybrid technology is not about choos-

ng a videoconferencing tool, but fundamentally about binding together the technological setup
f multiple artefacts and digital applications. 

4.1.2 Artistic Alternative Reality Experience for 78 Students. Collaborating with artists, we were
ntroduced to a detailed example of artefact-ecologies used in a hybrid class on alternate reality
xperiences in games. The class had 78 students, 48 of whom were collocated with the teacher
n the classroom site, while the other 30 were attending remotely via video conferencing on MS
eams. The classroom site consisted of a main classroom plus two auxiliary rooms connected by a
allway. The main classroom had a projector screen, hardwired speakers, one stationary computer
n a table, one laptop computer with a dedicated table, three webcams (the third of which was
uilt into the laptop), additional tables strategically located in the hallway and auxiliary rooms for
lacing the same laptop, a chair in a certain location by the projection screen for hybrid interactive
ctivities, and a Bluetooth headset with directional mic for the teacher to wear. The software used
n this case included Teams, Miro, and Google Docs, as well as whatever software the students
ere using to make and demo their individual projects and prototypes. 
This artefact-ecology was used in various flexible ways throughout the class. At times, the

eacher presented content on the projection screen, as in a traditional classroom setup. At other
imes, students worked on their projects in the space, and the teacher would hold the laptop with
ne arm, as you would hold a baby, and carry it throughout the rooms and hallway, to give the
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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emote students a point of view of moving throughout the site via the laptop’s built-in webcam and
peakers. He could then use the laptop screen while moving around to see the remote participants
nd allow them to interact directly with him and with other people in the room. He developed dif-
erent scenarios for the interaction. In one scenario, the students engaged in hybrid prototyping
emonstrations through the projection screen, where a remote student could see and give instruc-
ions to an onsite student seated in a particular chair in the field of view of one of the webcams.
hoosing the technological setup was: 

“A really wild thing to experience... with the technology giving almost like super- 
powers of handling so many people from different places. And also, still having 
really an engaging environment where they really felt that they were creative and 
doing something.” (artist workshop 1) 

It also required a considerable amount of coordination (bounding work) to make this complex
rtefact-ecology function in the ways it needed to. Due to the flexible style of teaching, sponta-
eous hot swapping between camera views, audio outputs/inputs, projection sources, software,
nd both wired and wireless connections, with minimal hassle in the moment, needed to be ac-
ounted for. Due to the technological complexity of this ecology, it would be easy to overlook the
se of non-technological artefacts in this case. However, the teacher was also very clear about the
mportance of the placement of specific tables and chairs when describing how the system as a
ollective functioned. Throughout the class, the teacher acted as the primary director or manager
f the system while he was using it, choosing when to move, change, connect, and disconnect
ultiple artefacts. 
Not only was the artefact-ecology challenging from an organizational perspective, but it was

lso at times physically challenging for the teacher, who carried some of the artefacts on his body
or parts of the class. Carrying the laptop around the space with one arm left him temporarily
ith only one other arm to use to control the rest of the technology and do other teaching tasks.
owever, he felt that this trade-off was worth it, and made this choice intentionally, instead of
pting for a hands-free body-mounted camera and headset or placing a phone camera in his shirt
ocket. He wanted to carry the laptop screen with him so he could see and interact with the remote
articipants directly while moving around the space, ensuring that their hybrid interactions were
-way instead of unidirectional. 
This teacher is a professional artist whose work involves both performance and technology, so
e is exceptionally skilled at the exact kinds of effort this hybrid teaching scenario demanded of
im. However, he still noted the amount of work this required: 

“I don’t mind that it’s exhausting if it’s just controlled within a clear frame. Yeah. 
Because it’s like a performance. I mean, yeah, it becomes exhausting. When you 
teach 90 students at the same time, it’s like, it is exhausting. But it’s, it’s also effec- 
tive. It feels it’s nice that you have so many people engage with something. And 
I feel that this setup could be done for 500 people if you just organize it the right 
way. And everyone would actually feel excited about it if you, again, organize it 
the right way.” (Interview with Artist) 

Highlighting the importance and challenge of bounding work, when asked if he would change
nything about this system in a future hybrid teaching situation, he said that the choices he made
n how to use the artefact-ecology were just as important as the artefacts themselves. Making the
ybrid teaching experience possible was far more than simply choosing a video-conferencing ap-
lication. In summary, the above empirical example demonstrates how hybrid work in a complex
ooperative setup with increased complexities is possible. Interestingly, the artist teaching activity
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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s a much more complex hybrid work arrangement than the hybrid workshop with industry part-
ers mentioned in 4.1.1 – yet the artist’s dedicated attention in planning and considering moving
odies, and so on, in the actual technological setup allowed for more flexibility and support of the
ybrid work. Organizing and executing hybrid cooperation requires a lot of articulation work, and
he success of the event is highly linked to how the artist’s conceptual approach to hybrid work
onsiders it as an artistic performance rather than a teaching or meeting situation. 
Summarizing, our point here is that across all the empirical work we have done in this project

o far, hybrid work is not about using one video conferencing application, but about bounding
he artefact-ecologies which constitute the hybrid interaction. Thus, a crucial part of the efforts
nvolved in hybrid work is how participants can synchronize and be bound together using artefact-
cologies to provide a sustainable hybrid infrastructure. 

.2 Incongruence in Individual Technology Opportunities for Hybrid Work 

e have demonstrated that hybrid work is shaped by artefact-ecologies which shape the oppor-
unities for interactions in certain ways. Another important aspect is that the multiple different
echnological setups impact the opportunities for interaction since none of the participants can
now what is available for other participants. We label this phenomenon incongruence in techno-
ogical frames of reference. In this part of the result section, we will demonstrate how the incon-
ruence in technological frames of reference matters and shapes what type of hybrid interaction
an take place concerning multi-modal interaction patterns such as video, audio, and touch. We
ave three empirical examples: ( 4.2.1 ) When non-verbal communication is not displayed in the
ybrid setting, ( 4.2.2 ) Mismatches in visuality displayed across multiple inputs and outputs, and
 4.3.3 ) When soundscapes interfere. 

4.2.1 When Bodily Gestures are Not Displayed in the Hybrid Setting. As part of the empirical
ork, we saw several examples of incongruence in the technological frame of reference – however
ne stood out regarding non-verbal communication. The InterFin company has multiple hybrid
eetings each day. Our empirical example is a meeting the InterFin company hosts with external
nd internal participants to review customer feedback on product development. The meeting in-
ludes 24 participants from several different locations, where some are collocated at the company
ffice. The main technological application is MS Teams, and all participants have joined. In their
se of Teams, the typical layout for their meetings is that one person shares their screen with
lides, while a camera feed from each participant is displayed on a sidebar allowing each other to
onitor remote colleagues via their video-camera feed. Due to the lack of digital real estate on
 typical laptop screen, participants must scroll to see all of the other participants in the video
eed. In the specific example we refer to here, the video feed of participants is displayed across
hree ‘scrolls’ in the Teams application and thus it is not possible to monitor all the video feeds
imultaneously. 
When observing the hybrid meeting, the researcher was physically located in the office and

hus collocated with participants who were also in the office. At the same time, the researcher
as online in the Teams meeting. Being both collocated at the office, while digitally located in the
nline meeting allowed us to identify aspects from the office which were lost in the digital part of
he meeting. From the researcher’s position, it is – due to the collocation – visible to see that one
f the meeting participants in the office makes bodily gesticulations to acknowledge what other
articipants are saying during the meeting. This includes giving thumbs up, nodding, applauding,
nd the like. These gestures are possible to monitor due to the collocation, but completely invisible
or any remote participants since that specific person’s video feed is not displayed on that part of
he sidebar. Because the sidebar reacts to sound, participants mute themselves when not speaking,
nd therefore bodily gestures are not detected. 
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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To monitor and acknowledge bodily gestures, remote participants would need to browse
hrough the sidebar pages regularly during the hybrid meeting. Teams has an in-built feature
here users can react to what is being said by sending emojis, such as thumbs up, which will
how up on the screen in the Teams call. These feature options were also used by some of the par-
icipants in the meeting, but when they chose to gesture using their body (bringing in the physical
spects of the hybrid meeting) – these gestures disappeared and were lost. 
This example demonstrates a consequence caused by the incongruence in frames of reference.
hat participants assume to be visible is not available remotely. The participants who do the bod-

ly gestures can monitor themselves and how they appear on the video feed on their computer
nd continually ensure that gestures are within the camera input. However, what cannot be con-
rolled is what others can see and monitor. Because the collocated workers’ bodily gestures are
ithin the camera frame, they assume that it is displayed to the other participants in the meet-
ng. Yet, it is not visible to them what the others are seeing on their screen due to the Teams
unction of selecting what is shown to the users. Therefore, they do not know that their bodily
estures are not received by some of the other actors – unless remote participants have modi-
ed their Teams settings to show different content than what Teams by default deems relevant to
isplay. 
In this way the incongruence in frames of reference matters for what kind of interaction is

hared and what remains invisible in hybrid interactions. Further, participants might not even be
ware that their bodily gestures are not being monitored, and thus there is a risk of misunder-
tanding. Where one participant perceives and expects the use of the Teams application to be an
pplication to display bodily gestures during hybrid meetings; other participants can have very
ifferent perceptions shaping how they use the technology – and whether they choose to browse
he video feed regularly or not during hybrid meetings. The incongruence in frames of reference,
haped by the lack of social translucence in the setup increases the risk of misinterpretations and
ommunication mismatches. 

4.2.2 Mismatches in Visuality Displayed Across Multiple Inputs and Outputs. Considering the
ncongruence in technological frames of reference we also saw how various hybrid activities pro-
uce mismatches between expected and realized visuality –mismatches between the various visual
nputs and visual outputs produced in hybrid settings. A hybrid setting offers unique characteris-
ics that differ from fully collocated and/or fully remote settings. Our ability to be seen and heard
n hybrid settings fully depends on technology’s capability to produce multi-modal inputs and
utputs simultaneously. Unlike a completely collocated setting, where bodies and voices have a
hysical manifestation, hybrid interactions are never detached from the technology. The specific
echnical setups utilizing the chosen artefact-ecologies have a direct impact upon which parts of
articipants’ bodies are made in/visible, influencing the types and forms of interactions that are
ade available or lost. 
To illustrate this phenomenon, we present an example from an academic hybrid workshop,
here the majority were physically collocated with only a few presenters being remote. The tech-
ology setup was configured to include Zoom videoconferencing running on one laptop with a
uilt-in camera which connected to the remote speaker’s laptop. The video feed was projected
n a giant screen on the wall in the physical space, while the collocated participants’ faces were
aptured on the same camera feed and projected as tiny on the screen. These differences in the
rojections of the remote vs. collocated participants led to incongruences in frames of reference.
hile all participants could see very clearly the remote participant’s face on the screen, remote

peakers could only see many small bodies, predominantly those who sat closest to the laptop
amera. Those who happened to sit further away, or outside the angle of the camera, were not
isible, and thereby non-existent, to the remote participants. 
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Fig. 6. Hybrid interaction, where co-located participants fold their bodies to accommodate the technology. 
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To minimize these incongruences experienced in the hybrid situation, collocated participants
egan to display themselves and their bodies in new ways. Collocated participants were asked to
tand in front of the laptop’s camera (and microphone) when interacting with the remote partici-
ant. This was assumed to help in establishing a common frame of reference between the remote
nd collocated participants. While this certainly helped to ensure that the collocated participants
aising a question were visible to the remote participants, there were still insurmountable incon-
ruences in terms of the size of the physical bodies of collocated participants. As can be seen in
he illustrations in Figure 6 , collocated participants had to ‘fold their body’ to make it compatible
ith the small size of the camera and its low position, as well as the projector. 
The type of configuration of the hybrid session thus may result in increasing the size of some
hysical bodies and project disproportionally large sizes of faces and/or bodies. The specific con-
guration used in this example resulted in projecting both digital and physical bodies in dispro-
ortionally different sizes. 
In summary, the multi-modal constraints in visually displaying peoples’ bodies in hybrid work

mpact the interaction opportunities and shape hybrid work in certain ways by producing very
ifferent frames of reference across participants. 

4.2.3 When Soundscapes Interfere. While the previous section focused on incongruences re-
ated to visual input/output, we also identified another type of incongruence in hybrid work:
amely, incongruence in soundscapes or audio frames of reference. To provide examples, we will
eport from a hybrid research workshop we organized in Copenhagen in June 2022. Participants in
he workshop included 20 participants from various organizations and research institutions. This
orkshop comprised a plenum session and then group work sessions. We will focus on the group
ork part of the workshop, where participants discuss questions and concerns about hybrid work.
ach sub-group was tasked with creating a flip-over to present the main discussion items to the
est of the team when returning to the plenum. Participants were divided into three sub-groups,
nd two of the groups had both remote participants and collocated participants. 
The partial access we have to information about the interaction within a hybrid setup requires
articipants to constantly be aware and make interpretations about what is available and address
hat is missing. Thus, the hand or lip movements of remote participants might easily be misinter-
reted. We saw examples where the collocated facilitator of the workshop was confused because
he noticed the remote participant moving his lips, thus assuming he wanted to say something but
ad forgotten to unmute his microphone. It turns out that he was just talking to someone at his of-
ce in Aarhus, but this was not visible to the collocated participants. As expressed by the facilitator:
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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“[the remote participant], are you trying to say something? Oh, no. Oh...Sorry. It’s 
very difficult to know.” (Facilitator, Workshop with industry partners no. 1) 

The soundscape of a hybrid setting includes sounds at all locations taking part in the interaction
ut is restricted to what sounds are allowed by participants to be included through muting or not
uting local sounds. However, the soundscape is not completely controlled by participants. We
aw examples where sounds became amplified due to the technological setup counter to how par-
icipants wanted. The amplified sounds disrupted the hybrid interactions for remote participants
ut were undetected locally. For example, the collocated facilitator was sitting very close to the
omputer (and the microphone) and writing notes. The sound of the facilitator’s pen was ampli-
ed and constituted a considerably large part of the soundscape for the remote participant. This
as not noticed until the remote participant explicitly articulated his experienced soundscape and
xplained how it was disruptive, which was different from the collocated soundscape. 

“I can hear your pen, [facilitator name]”, commenting that he had a hard time 
hearing and participating in our discussion as the noise of writing fieldnotes was 
disrupting the sound quality (NationalFin, Workshop with Industry partners no. 1). 

Incongruence in the soundscape in hybrid interaction shaped by the ecology of artefacts matters.
n other words, the sound across hybrid-connected spaces is often not identical since the local
oundscape “sneaks” in, and often cannot be controlled fully by participants. Thus, while sounds
roduced in hybrid situations are critically important for participants to make interpretations of
ctivities – since hybrid settings with no audio feed also disrupt the interaction, as is also portrayed
n the ubiquitous meme from COVID-19 “You are muted”. Nevertheless, the artefact-ecologies
including microphones and speakers) shape the collective hybrid soundscape, and no participant
as complete access to knowing how the soundscape is experienced in the other sites. 

“The sound becomes an issue very quickly. In physical meetings, people think it’s 
okay to whisper to each other. And [in hybrid setups] it is so difficult for the sound 
equipment to figure out what is just two people small talking and who is the pre- 
senter.” (BigFoodCorp, Workshop with Industry partners no. 1) 

The technological systems used to facilitate hybrid collaboration do not allow participants ac-
ess to configure how the tools are processing audio and designing their soundscape for the sit-
ation. The lack of control for the soundscape also impacts what participants choose not to do.
ne example of this is in collaborative situations where the distinction between ‘interrupting’ or
participating’ becomes blurred in the hybrid setting due to the incongruence in access and control
f the produced soundscape. 

“There are some technical limitations to the whole interrupting thing as well. Be- 
cause of the audio processes that these computers do when somebody says some- 
thing and somebody interrupts, we lose both of the audio because of the cancella- 
tion routines that are there. So, it’s not only not really possible. You destroy what’s 
coming out from other participants as well. So, it means that in the end, we are very, 
very careful. We never interrupt.” (Workshop with Industry partners no. 1) 

The incongruence in technology frames of reference, shaped by the artefact-ecologies, to-
ether produces both the view-scape (the collective visual scape across all participants), and
he soundscape in hybrid situations where everybody only has partial access to the complete
udio-visual scape. No one has access to the complete soundscape and view-scape of the hybrid
ituation. 
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Summarizing, the uniqueness of hybrid cooperative situations includes the fact that participants
o not have full control over the situation, but instead depend upon the artefact-ecology that pro-
uces the foundational infrastructure of the hybrid interaction. Furthermore, what is fascinating
bout this setup is that the remote participants can’t know what the collocated participants have
ccess to and vice versa. The hybrid interaction inevitably introduces many different types of
symmetries. These asymmetries produce unequal access for participants and thus risk producing
ituations of insecurity while challenging the building of relationships and trust. 

.3 Unavoidable Asymmetric Relations in Hybrid Work 

e have now demonstrated that hybrid work is characterized by the challenge of curating and
onnecting an artefact-ecology that supports the hybrid work. This artefact-ecology requires par-
icipants to be engaged in additional forms of articulation work, which involves bringing together
nd creating a coherent set of physical and digital artefacts, applications, and devices that act
s the foundational structure of the hybrid work. We have also demonstrated that the plurality
f artefacts in combination with different geographical locations also produces a situation char-
cterized by incongruences in frames of reference. No one person has complete access to the
ull hybrid experience, since the technological setup only partially unfolds for each participant
nd is always incomplete. This incongruence produces asymmetric audio-visual scapes, which
isk disrupting the interaction. We will now turn to the final empirical observations across our
mpirical data to demonstrate how the incongruences across technological frames, produced by
he artefact-ecologies, impact the collaborative practices that can take place in hybrid interac-
ion. We will demonstrate the insurmountable asymmetric relations that are pertinent to hy-
rid work arrangements with two types of examples illustrating different aspects of hybrid re-
ations: ( 4.3.1 ) Asymmetric relations in synchronous collaboration and ( 4.3.2 ) Exclusion in hybrid
ork. 

4.3.1 Asymmetric Relations in Synchronous Collaboration. From our empirical data, it is evident
hat hybrid configurations produce work arrangements characterized by inescapable asymmetric
elations, leading to an increase in the effort of relation work in terms of emotional labor required
or making synchronous hybrid work function. 
Past shared experiences strongly influence hybrid interactions, as prior engagement impacts

he building of relationships and trust. During our first workshop in Copenhagen, participants
iscussed how the capability to engage in hybrid conversations including, for instance, interrupt-
ng each other requires safety and trust within the hybrid setup: 

“If you know each other [in person] and have already built psychological safety 
(trust) with the people you collaborate with, then it is okay to meet online be- 
cause you feel safe. The more it [the collaboration] becomes only digital, the more 
you wear on this psychological safety, and it becomes harder and harder to have 
these open conversations and interrupt.” (BigFoodCorp, Workshop with Industry 
partners no. 1) 

In the conversation, our participants discussed how difficulties in developing trust increase in
igitally mediated interactions, and how the audio and visual limitations reduce the possibilities
or ‘reading the room’, including having access to monitor the participants’ body language. 

“Once it [collaboration] gets online, it becomes more formal. Everything that hap- 
pens in the office physically is more informal, the informal way of reading each 
other generates other kinds of ideas or other kinds of social functions.” (BigFood- 
Corp, Workshop with Industry partners no. 1) 
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Additionally, the positioning of the remote participants caused insecurities among the collo-
ated participants. The way the remote participant ends up being talked about in the third person
mphasizes the asymmetries in the visual presence and inclusion of all actors: 

“Where do you want Thomas (the remote participant) to sit? [...] He gets his own 
chair. [...] Oh, but he can’t see. [...]Yes, he can see the board.” While the collocated 
participants are discussing his position, the remote participant is answering visu- 
ally by nodding or shaking his head which generates even more insecurities: “Can 
you not see? You can’t see that? Yes, you can see! Okay!” (Workshop with Industry 
partners no. 1) 

Adding to the complexities are those hybrid situations where participants are not only geo-
raphically distributed but also work across time zones. This is expressed by BigITCorp which
as employees working in Copenhagen and India. Despite the locations’ different time zones, the
mployees work at the same time to “be more productive”. Working out of sync with one’s time
one is identified as problematic, as expressed by BigITCorp: 

“It is completely difficult and disturbing to your sleep-wake-cycle [...] but still ok 
because they (the employees in India) start at 11:30 and work until 20:30 or 21:00 
in the evening.” (BigITCorp, Workshop with Industry partners no. 1) 

Furthermore, these observations illustrate the unequal relationships that exist in translocal work
here asymmetric relations are also affected by the global south/north economic relations: 

“So, the majority of the team who is doing the groundwork, [..] they are all in India, 
whereas only the critical people are sitting here [in Copenhagen]. Only the lead- 
ership or the management layer sits here.” (BigITCorp, Workshop with Industry 
partners no. 1) 

The affective, emotional labor which is important for cooperative work in hybrid settings stood
ut as pertinent for the participants in our workshop. They were all able to discuss and bring
xamples of the challenges related to handling emotional labor – the relation work required to
reate and maintain the relationships within the cooperation. 
To summarize, a hybrid setting requires people to invest greater efforts to establish interactions

nd maintain relations. This impacts people’s conditions for engaging successfully in cooperative
asks. The work of creating relations can be seen as an investment from the participants; people
re investing in each other’s relations which can benefit their long-term interactions. Such invest-
ents can take many different forms, but eventually, they become a fundamental part of the social

nfrastructure within which hybrid work can function. 

4.3.2 Exclusion in Hybrid Work. We have now demonstrated that the diverse nature of the
symmetric relations produced in hybrid work matters for the type of interaction which happens
n hybrid work. The major challenge in hybrid work, despite efforts to mitigate the challenges,
s the risk of exclusion in hybrid work. We will demonstrate an empirical example of exclusion
rom our NationalFin empirical case. The situation was that Carl, a team leader at NationalFin,
pent 1 year working remotely from France while the rest of his team remained collocated in Den-
ark. The team leader made an effort to explicitly include relational interactions during the team’s
ybrid meetings, as he explains: 

“I set aside a lot of time for small talk during the video calls, and we always discuss 
what you have done. What have you been doing this weekend? What’s going on 
in the family? Are we working on the right things? Anything outside work, that 
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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requires your attention for this week, because then we sort of adjust the work.”
(Interview, NationalFin) 

Despite these efforts to introduce and maintain relations with remote colleagues, in addition to
arl being the leader of the team with the responsibility and power to set the tone of the interac-
ion, Carl later learned that he had missed out on a lot of informal communication. Interestingly,
arl was not aware that he was missing out while being in the remote location. Besides sharing
tories as part of a hybrid meeting, he missed out on many funny stories, shared jokes, and was
solated from the rest of his team. This asymmetry became apparent when he returned to Denmark.

“I could tell that they had a lot of small interactions and small talks that I wasn’t 
a part of. So now was my turn to sort of get back into the team when I got home. 
And the funny thing is to realize I am an outsider.” (Interview NationalFin) 

One thing is to be aware and know about a potential disconnect within a hybrid work setting, but
t is a much more complicated issue when participants lack knowledge and awareness about remote
articipants’ exclusion, even if all people involved are doing their best not to exclude anyone.
he companies which are part of our project all express how collocation is important for their
rganizations. As a manager from NationalFin expressed: 

“So, historically, we haven’t hired people that work fully remotely, the closest thing 
was the India Development Center, and they had to come into an office (from India). 
It’s a big way of the way we work and treat people. If people don’t come in and sort 
of be part of the way we work and the way we treat people, we’re afraid that it will 
eradicate our culture. So, we’ve been reluctant to do that.” (NationalFin, Interview) 

NationalFin had a strategy to only hire people who came to the office on regular intervals, as was
he case with BigITCorp, InterFin and BigFoodCorp. In general, this strategy has been challenged
y COVID-19, where it was demonstrated that much of the work could take place remotely, not
equiring employees to come to the office. This situation has caused the workforce to re-evaluate
here they lived, and multiple remote employees in India and Poland, as well as in Denmark have
oved to the countryside, and thus are not interested in coming to the office to work. Thus, there
xists a conflict in what the flexible workplace emerging after COVID-19 should look like. Who
s being flexible, and for whom? Is it the employees who are flexible for the company, or is it
he companies being flexible for the employees? This is an ongoing debate across our empirical
artners and organizations. Embracing hybrid work and flexibility in work arrangements, how can
rganizations reduce the risks of breaking culture? 

“Culture - it happens when you’re in a room together when you’re in a company to- 
gether. But when you’re not in a company together, when you just meet on screen, 
how does this happen? How does my behavior affect you? Or you? How do you 
be a role model? Is that the same thing? Or is it a different thing? So, there’s a lot 
of unknowns.” (BigFoodCorp, Interview) 

Sharing a common time zone and physical space plays a fundamental role in building rela-
ionships; however, since these are absent in hybrid settings, we need to rethink how to support
elation work. We also witnessed this during our workshop, where collocated participants would
etwork and interact before the workshop, during coffee breaks, as well as after the workshop – all
ituations not available for remote participants. All remote participants were disconnected and ex-
luded from these social interactions, which was also highlighted by one of the remote participants
uring one of our workshops: 
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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“When we started one o’clock, us– online [participants]– were sitting [and] wait- 
ing. And there were a lot of talks between you [the collocated participants]and 
coffee [..] but we were not included.” (NationalFin, Workshop with Industry part- 
ners no. 1) 

Hybrid work is a priori asymmetric since collocated participants have different conditions to
ngage in relational activities compared to remote participants. Relational activities are thus the
motional labor that participants engaged in to establish the connections vital for the cooperation
o even take place. Such activities might be conducted by both collocated and remote participants,
nd these both shape and are shaped by how relation work is performed within the hybrid setup.
Summarizing, the asymmetric relations evident in hybrid work foregrounds the need for paying

xplicit attention to relation work, since the lack of space and time proximity requires actual work
n ‘being included’ or ‘including others’ to balance the physical spaces with the digital spaces.
elation work is thus part of developing collaboration readiness in hybrid work and is thus a pre-
equisite for participants in hybrid settings to even start developing common ground. The hybrid
etup has a critical impact upon the organizations, and especially the relationships created, and
s tremendously important for companies. Hybrid work stands on the artefact-ecologies, creating
ncongruences in technological frames producing insurmountable gaps and asymmetric relations.

 DISCUSSION 

cross all our empirical examples, the technological setup supporting hybrid collaboration was
lways a multiplicity of artefacts, which participants brought in incidentally or with planned pur-
ose to accommodate the needs of the hybrid interaction. We saw how different devices, screens,
aptops, audio-visual equipment, digital applications, and the like entered the hybrid interaction.
hese artefact-ecologies [ 19 , 20 ] influenced the interaction in certain ways by allowing for spe-
ific forms of multi-modal interaction while disrupting other types of interactions. We saw in our
mpirical examples how the audio-scape of hybrid interaction takes different forms depending
n access or lack of access to the collective artefact-ecologies. Participants in hybrid interaction
ight have access to audio; however, this soundscape can interrupt interaction (sound from a
en or noise from a slide show) for remote participants, which collocated participants are not
ware of and thus do not act upon. Further, our empirical examples show how participants in hy-
rid interaction accommodate technological shortcomings by ‘folding their bodies’, extending the
iew-scape of remote participants. Our empirical examples demonstrated how understanding the
hallenges of artefact-ecologies for hybrid work is not just about the choices of selected artefacts
ut includes the extra work of bounding the artefacts together, which sets the scene for the hy-
rid interaction. Bounding artefacts in practice is the effort involved in connecting and linking
rtefacts [ 9 , 16 ], producing the boundary around what is included or excluded in the hybrid inter-
ction. This extra work is important since without producing the boundaries for the specific hybrid
nteraction, participants will have increased work maintaining and adjusting their technological
rames towards the interaction. Even when the boundaries for what is included and excluded in
he artefact-ecology for specific practices are set, the work of continuing negotiation and accom-
odating cooperation will remain. 
As far back as the 1990s, researchers working on media spaces [ 34 , 35 ] pointed to the problem
f what to display across distance – the face view or the activities – and what would it mean to
isplay activities. As Heath, Luff, and Sellen phrased it: “media space tends to provide (mediated)
ace-to-face views, but rather that it is assumed that access between participants does not need
o vary with respect to ongoing and shifting demands of a particular task or activity. It is this
tatic and inflexible notion of collaborative activity which has inadvertently hindered media space
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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esearch, and undermined its ability to provide a useful environment to enable people to work, or
ven socialise with each other” [ 49 , p. 88]. Similarly today, the digital technologies for distributed
nd hybrid work focus on the ‘face’, in a static notion, where participants are required to ‘fit into
he frame of the technology’ rather than being able to move and act. This causes the current hybrid
echnologies to freeze the participants into a static frame of reference. To counter the static nature,
ybrid participants might then choose to carry on their bodies the laptop and audio equipment, to
ush the boundaries of the technologies to allow movement – as we saw in the example of the artist
eaching. Current technologies are not purposefully designed to include the physical surroundings
f participants in the hybrid work arrangements. Instead, rephrasing Heath et al. from 1995 for our
023 observations, technologies in hybrid work produce a “poor and inadequate approximation”
f remote distributed work making it very difficult to utilize physical artefacts and location “even
or the most simple collaborative tasks” of co-presences [ 49 ]. 
The use of individual artefacts in the artefact-ecology changes with time (within the day, week,
onth, etc.) when participants move between the office, home office, client, and so on. Such flexi-
le work arrangement requires participants to continuously engage in articulation work depend-
ng upon individual concrete situations. Each time the artefact-ecology is changed, the complete
ounding of the foundational infrastructure [ 16 ] facilitating the hybrid interaction is impacted.
e argue that the effort of articulation work in the cooperative work [ 31 ] is extended in hybrid
ngagements to include the work of bounding artefact ecologies, which are produced asymmet-
ically across participants and sites. Hybrid work inherits the challenges from both collocated
nd distributed work [ 36 ], but has increased effort required for engaging with an artefact-ecology
hat no participant has a comprehensive perspective on, since no one has access to the complete
rtefact-ecology. If a remote participant collaborates with a collocated group of four people, the
emote person does not know what the group has access to, and similarly, the four people do not
now what the individual can see or hear. This often leads to several breakdowns in interactions
nd constant repair or realignment attempts, as is evident in the ubiquity of expressions such as
You are muted” and “Can you see this”. 
We suggest considering the coupling of work not just as a feature of the cooperative practices [ 13 ,

5 , 67 ], but instead as an activity to mitigate disruptions caused by artefact-ecologies that partici-
ants in hybrid work need to use, to bound the artefact-ecologies to support the concrete hybrid
ctivity. The coupling of work then becomes an underlying activity shared by hybrid participants
n connecting or disconnecting artefacts, devices, and applications. It is shaped by the nature of
he interdependence in work (closely or loosely coupled), and it is more than just a characteristic;
nstead, coupling of work emerges as an activity. The coupling of work as an activity refers to bind-
ng together while setting boundaries for what is part of the sociomaterial nature of the hybrid work
ituation, thus bounding technologies in practice [ 16 ]. In this way we nuance the concept of cou-
ling of work in distributed work from primarily being a debate about whether distributed work
unctions best in loosely coupled work situations [ 67 ] or in tightly coupled work situations [ 13 ]. 

Proposition no. 1: We propose that a design challenge for hybrid work technolo- 
gies is to reduce the effort of articulation work required to continuously ‘bound’ 
artefact-ecologies, and suggest coupling of work as an activity, where hybrid par- 
ticipants negotiate how to bring together multiple devices, applications, artefacts, 
and work practices. 

Technological frames of reference remind us that the ways people think about technology mat-
er for how they use it [ 69 , 71 ]. We extend this understanding to state that technological frames of
eference in hybrid work are shaped by our experiences or lack of experiences . What we cannot see
r do not have access to remains difficult for hybrid participants to consider. Interestingly, the early
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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tudies of remote conversations demonstrated that there was no difference between video/audio
eed conversations and audio-only conversations, as they produced similar support for remote
ollaboration [ 78 ]. In this work, Sellen shows that it was only in the face-to-face condition that
he conversation changed [ 78 ]. Considering this insight in terms of hybrid work, our data demon-
trated that both video/audio and audio-only feed in hybrid work arrangements matter, but this
ay be because hybrid work always combines digital and face-to-face interaction, hence the impact
y which the digital feed provides/constrains interaction directly matters for the complete hybrid
ngagements. As our data demonstrate, there is an insurmountable gap between what participants
ave access to and what they do not have access to in terms of the complete artefact-ecology for
he hybrid interaction. There is a complete lack of What-You-See-Is-What-I-See (W YSI WIS)

apabilities in hybrid artefact-ecologies. Hybrid work participants’ perspectives and access to the
complete ” hybrid artefact-ecology is never possible, since cooperative partners do not have access
o other cooperative partners’ perspectives – only their own. Frames of reference are individual
y nature, and the incongruence between technological frames can be disruptive to cooperative
echnologies [ 71 ]. Designing for congruence in frames of reference has been a challenge for many
ears. Already back in 1992, when Sellen, Buxton, and Arnott’s Hydra system provided each par-
icipant with a unique view of the complete setup, no one had a complete view and access to the
ystem [ 77 ]. Similar to the 2023 hybrid setup, participants only have access to an individual par-
ial perspective of the complete setup. However, while the distributed work arrangement embeds
he risk of a mismatch in perspectives and views, the hybrid work situation extends this chal-
enge. Not only do participants experience the constraints of incongruence in frames of reference

or the artefact-ecology , but further, the repair work of resolving issues related to the incongruence
n frames of reference is jeopardized, because participants cannot adjust themselves (their bodies
nd cognitive attention) in such a way that they can have access to remote participants’ point of
iew. There is immediately and always an inequality in access to, and resolution of, modalities
f interaction for remote participants. Attempting to use a W YSI WIS approach, strict or relaxed,
emains a design challenge. Furthermore, given the visual and audio asymmetries (especially for
emote participants), it is crucial to support reconfigurable audio and visual feedback in hybrid
rtefact-ecologies. For example, by enabling audio routing to allow sounds to flow across remote
nd collocated sites, or to individual people. Additionally, in terms of audio feedback, it is also im-
ortant to consider the distributed challenge of ‘interpreting silence’ as it emerged in the hybrid
ork [ 15 ]. 

Proposition no. 2: We propose that a design challenge for hybrid work technologies 
is to find new ways to compensate for audio, visual, and other non-verbal asym- 
metries in technological frames by considering new potentials for multimodal in- 
teraction, whilst acknowledging that paradigms such as strict W YSI WIS are not 
possible, nor necessarily desirable. 

Relationships in hybrid work are ephemeral and transitory, depending on the artefact-ecology
hat immediately shapes and is shaped by the bounding activities of the participants and the in-
ernet stability. The insurmountable gaps in hybrid work caused by the incongruence in frames of
eference will always be evident in hybrid settings and produce asymmetric relations. These asym-
etric relations risk being pertinent for the cooperation due to the constrained possibilities for re-

ation work [ 12 , 30 ], particularly upon disruptive breakdowns. Hybrid work requires an increased
eed for relation work to produce the foundation for developing common ground and collaboration
eadiness [ 13 , 28 , 67 ]. Relation work is the work of constructing and maintaining relations, includ-
ng technical connections as well as human relationships. Relation work is co-constitutive of the
ractice by which it is produced and is based on the interdependence in interaction, where hybrid
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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nteraction is simultaneously influenced by and influences the preceding context [ 81 ]. When peo-
le engage in hybrid interaction, they simultaneously engage in relation work. When a breakdown
ccurs (e.g., internet instability) the connection to remote participants disappears, breaking the co-
erence in the collocated group, while disrupting the hybrid cooperative setting. Relation work
equires flexibility since dialogue is generative; however, the artefact-ecology acts and creates the
oundaries for what types of communicative moves are included and excluded. The asymmetric
ature further produces potential differences in communicative moves among hybrid participants,
xacerbating communication challenges. 
We speculate that achieving relational symmetry in hybrid work is potentially impossible . Asym-
etric relations are at the core of hybrid work. However, we question whether initiatives to bal-
nce out the asymmetric relations that exist a priori in hybrid work would be possible. Relational
ymmetry, understood as an equal balance between all participants during interaction, can thus
ot be the aim for technology design for hybrid work as this risks being a futile effort. Further,
symmetries can also emerge from the social and cultural contexts of the participants, and Saatci
t al. argue that managing these asymmetries is critical for the success of hybrid meetings [ 74 ].
owever, we can still try to improve the conditions for hybrid work through technology design.
nspired by Sillars and Vangelisti [ 81 , p. 338], we suggest exploring relational complementarity as
n approach to support hybrid work. Relational complementarity refers to the relative dominance
cross participants and considers how participants might complement each other in the concrete
nteraction rather than balance out. An excellent example of relational complementarity as a strat-
gy for distributed work is Malhotra and Majchrzak’s work on farflung teams [ 61 ]. They provide
mpirical data regarding how highly qualified experts collaborate remotely on designing a new
ocket engine. 
Participants complement each other in terms of knowledge and expertise, but also by always
aving access to local specialized equipment, reducing the time to ‘test’ ideas and move forward.
hus, considering the multiple physical local contexts which complicate the hybrid work can also
roduce enabling potentials in terms of access to artefacts, resources, people, and places that can
upport the hybrid work. Thus, considering relational complementarity as a design strategy can be
 way forward when designing technologies for hybrid work considering relation work. 

Proposition no. 3: We propose that a design challenge for hybrid work is to find 
ways to enable participants in the emotional labor of relation work directly linked 
to the cooperative activity. The design challenge is about finding ways to allow 

participants to compensate for the asymmetric relations produced in hybrid work 
situations, considering ‘being included’ while ‘including others’, potentially con- 
sidering relational complementarity. 

We propose these three propositions as core design challenges for hybrid work technologies.
undamentally, the design challenges for hybrid technologies are about (1) reducing the effort
f articulation work required to continuously ‘bound’ artefact-ecologies; (2) compensating for the
ultimodal asymmetries produced in the interaction; and (3) enabling emotional labour of relation
ork. While each of these design challenges are difficult to achieve and require future research
o obtain, they are interlinked as a set of challenges and thus we argue that future hybrid tech-
ologies need to address all three challenges. However, the design challenges are also different in
ature and potentially require very different types of design activities to explore various poten-
ial design solutions and opportunities. While finding design solutions is beyond the scope of this
aper, we offer an overview of the design challenges and potential design research questions in
able 3 , which hopefully can serve as an actionable cross-referencing framework for the funda-
ental design challenges for hybrid work technologies. 
CM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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Table 3. Design Challenges for Hybrid Work Technologies 

Design challenges based on propositions Research questions for future design research 

Reducing the effort of articulation work 
required to continuously ‘bound’ 
artefacts-ecologies (prop. 1). 

How can we support hybrid participants in 
negotiating and bounding their use of multiple 

devices, applications, and artefacts as part of their 
everyday work practices. 

Compensating for audio, visual, and other 
non-verbal asymmetries in technological 
frames (prop. 2). 

How can we develop new multimodal interaction 
paradigms, which are based upon fundamental 

asymmetry between cooperative actors. 

Enabling participants in the emotional labor 
of relation work directly linked to the 
cooperative activity (prop. 3). 

How can we create modes of inclusion supporting 
the emotional labor of ‘being included’ while 

‘including others’, potentially taking advantage of 
relational complementarity. 
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 CONCLUSION 

e set out to interrogate which new challenges for design of cooperative technologies emerge with
he introduction of hybrid work. We did this by considering one of the major design challenges for
ooperative work technologies, namely, how to create symmetry across participants by asking: To
hat extent can symmetry in cooperative work engagements be achieved in hybrid work contexts?
Through theoretical reasoning, we identified two sets of conceptual exploration we wanted to

nterrogate through our empirical observations. These were (1) relational challenges in hybrid
ork, and (2) what happens when we think about technology support for hybrid work not as a
ingle digital application, but as an ecology of artefacts. First, we extend the concept of relation
ork [ 12 , 30 ] to include the work of constructing and maintaining relationships interdependent
pon preceding contexts as well as simultaneously being produced within interactions. We argue
hat relation work is generative for relationship constructions, and thus the constraints produced
y artefact-ecologies [ 21 , 23 ] influence the opportunities for hybrid collaborators in developing
elations. We explored how these two streams of research (relation work and artefact-ecologies)
ould change the ways in which we think about the design challenges for hybrid work through
nalytical work across empirical cases and activities. 
Empirically we found that artefact-ecologies for hybrid work produce incongruence across in-
ividual technological opportunities and frames of reference. These incongruences produce un-
voidable asymmetric relations in hybrid work arrangements. Extending recent research on hybrid
ork, we support prior work showing that asymmetries complicate the conditions for coopera-
ive work in hybrid situations [ 36 , 73 , 82 ]; however, we also challenge previous design approaches
or cooperative technologies dedicated to reducing asymmetry [ 72 ], by arguing that the multiple
rtefact-ecologies which are fundamental for hybrid work produce incongruence across individual
echnological perspectives. We argue that achieving symmetry in hybrid work is unattainable (and
aybe even impossible) and thus argue that HCI and CSCW designers should reconsider symme-
ry as the golden standard for the design of cooperative technologies. Instead, we suggest that we
eed a new and different design strategy and approach (considering relational complementarity)
or how to develop hybrid technologies, and we bring forward three propositions which can be
he first step in creating this design approach. 
Consequentially, we bring forward the potentially controversial statement that rather than try-

ng to establish symmetry in hybrid work arrangements supporting the development of common
round [ 13 , 67 ] and reduce the risks of sub-group dynamics [ 33 , 36 ] – we should face the chal-
enges of asymmetry as it is produced in hybrid work arrangements and find ways to use this
roductively in the design of cooperative technologies. 
ACM Trans. Comput.-Hum. Interact., Vol. 31, No. 4, Article 49. Publication date: September 2024. 
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