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ABSTRACT 
is PhD examines the future of work aer the COVID-19 pandemic, which introduced abrupt changes 
in work practices. e impacts of long-term work-from-home arrangements extend beyond the 
lockdown periods and have reshaped work preferences, work-life balance, organizational management, 
and the integration of technologies that facilitate collaboration across distances. Situated within the 
field of computer-supported cooperative work (CSCW), this PhD researches the nature of contemporary 
work practices, focusing on what is important in designing cooperative technologies for hybrid work. 
In this PhD thesis, hybrid work is defined as cooperative engagements involving at least three mutually 
dependent individuals distributed across various physical and digital seings, where the number of 
contexts is fewer than the number of individuals participating. us, hybrid configurations always 
represent both collocated and distributed individuals whose cooperative work is enabled by multiple 
physical and digital technologies.  
 
To uncover different perspectives of cooperative technologies for hybrid cooperative work, the research 
employs a mixed-method approach, integrating qualitative insights from literature and ethnographic 
studies, as well as quantitative data from a survey. is PhD thesis includes five research papers that, 
through different research lenses, provide distinct conceptualizations of hybrid work. ese papers are:  
 
Paper I: 

 

Melanie Duckert, Louise Barkhuus, and Pernille Bjørn. 2023. Collocated Distance: A Fundamental 
Challenge for the Design of Hybrid Work Technologies. In Proceedings of the 2023 CHI Conference on 
Human Factors in Computing Systems (CHI '23). Association for Computing Machinery, New York, NY, 
USA, Article 612, 1–16. hps://doi.org/10.1145/3544548.3580899     

Paper II: 

 

Melanie Duckert and Pernille Bjørn. 2025. Location Multiplicity: Lost Space at the Hybrid Office. In 
Proceedings of ACM Human-Computer Interaction. 9, 2, Article CSCW126 (April 2025), 25 pages. 
hps://doi.org/10.1145/3711024  

Paper III:  

 

Melanie Duckert, Charloe Lee, and Pernille Bjørn. 2025. e Ripple Effect of Information 
Infrastructures. In Computer Supported Cooperative Work (CSCW). Springer. hps://doi-
org/10.1007/s10606-024-09509-7    

Paper IV: 

 

Melanie Duckert and Pernille Bjørn. 2024. Revisiting Grudin’s eight challenges for developers of 
groupware technologies 30 years later. i-com, CSCW special issue, Vol. 23 (Issue 1), pp. 7-31. 
hps://doi.org/10.1515/icom-2023-0039   

Paper V:  
 

Melanie Duckert, Morten Hertzum, and Pernille Bjørn. 2024. How Distance Maers in Dynamic Work 
Environments. Submied to an IS journal. (under review)  

 
Paper I studies the nature of hybrid work to develop a conceptual definition and identify specific 
characteristics of this type of cooperative engagement. Paper II explores the spatial challenges in 
producing shared hybrid environments to identify implications for technology design and 
organizational structures that align with the post-pandemic challenge of re-introducing physical 
elements of the office space in organizational work. Paper III takes an infrastructural perspective to 
study the co-evolvement of work and information infrastructures and identifies conceptual ways 
that local work contexts are shaped and scoped by the broader information infrastructure on multiple 
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scales. Paper IV defines specific design challenges for developers of cooperative systems supporting 
work in hybrid office seings with an emphasis on technologies’ reconfigurability and alignment with 
existing technologies. Paper V identifies and examines factors that are important in contemporary 
work environments and explores their correlations. e findings suggest the significance of 
organizational structures that support collocated interdependencies while still offering employees the 
flexibility to work from remote locations.  
 
is PhD thesis brings together these findings and insights across the included research papers and 
proposes a framework of dimensional interdependencies in hybrid work. By conceptualizing the 
spectrum of cooperative work, the PhD thesis identifies unique characteristics of hybrid work, presents 
design propositions for technologies supporting hybrid practices, and addresses organizational 
complexities in managing contemporary work environments. e proposed framework unifies these 
perspectives, emphasizing the interdependent nature of cooperative work, the ecologies of technology 
artifacts supporting this work, the inherently multiple spatial contexts, and the organizational 
structuring – dimensions that should all be considered when designing computing technologies for 
hybrid cooperative work.  
 
Keywords: hybrid work, cooperaঞve technology, mixed-method research, conceptual frameworks 
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RESUMÉ 
Denne Ph.d.-aandling udforsker fremtidens arbejde eer COVID-19-pandemien, som medførte 
pludselige ændringer i arbejdspraksisser. Konsekvenserne af de langvarige hjemmearbejdsbetingelser 
rækker ud over selve nedlukningsperioderne og har omformet arbejdspræferencer, balancen mellem 
arbejde og privatliv, organisationsledelse og integrationen af teknologier, der muliggør samarbejde på 
tværs af afstande. Med afsæt i forskningsfeltet Computer-Supported Cooperative Work (CSCW) 
undersøger denne Ph.d.-aandling nutidige arbejdspraksisser med fokus på, hvad der er vigtigt i design 
af samarbejdsteknologier til hybridarbejde. I denne aandling defineres hybridarbejde som 
samarbejdsrelationer, der involverer mindst tre gensidigt aængige individer fordelt på forskellige 
fysiske og digitale kontekster, hvor antallet af kontekster er færre end antallet af deltagere. Dermed 
repræsenterer hybride konfigurationer altid både samlokaliserede og distribuerede individer, hvis 
samarbejde understøes af adskillig fysiske og digitale teknologier. 
 
For at afdække forskellige perspektiver på samarbejdsteknologier til hybridarbejde tager forskningen 
en mixed-method-tilgang, der kombinerer kvalitative indsigter fra lieratur og etnografiske studier med 
kvantitative data fra en spørgeskemaundersøgelse. Denne Ph.d.-aandling inkluderer fem 
forskningsartikler, der gennem forskellige analytiske perspektiver bidrager med distinkte 
konceptualiseringer af hybridarbejde. Artiklerne er: 
 
Arঞkel I: 

 

Melanie Duckert, Louise Barkhuus, and Pernille Bjørn. 2023. Collocated Distance: A Fundamental 
Challenge for the Design of Hybrid Work Technologies. In Proceedings of the 2023 CHI Conference on 
Human Factors in Computing Systems (CHI '23). Association for Computing Machinery, New York, NY, 
USA, Article 612, 1–16. hps://doi.org/10.1145/3544548.3580899     

Arঞkel II: 

 

Melanie Duckert and Pernille Bjørn. 2025. Location Multiplicity: Lost Space at the Hybrid Office. In 
Proceedings of ACM Human-Computer Interaction. 9, 2, Article CSCW126 (April 2025), 25 pages. 
hps://doi.org/10.1145/3711024  

Arঞkel III:  

 

Melanie Duckert, Charloe Lee, and Pernille Bjørn. 2025. e Ripple Effect of Information 
Infrastructures. In Computer Supported Cooperative Work (CSCW). Springer. hps://doi-
org/10.1007/s10606-024-09509-7    

Arঞkel IV: 

 

Melanie Duckert and Pernille Bjørn. 2024. Revisiting Grudin’s eight challenges for developers of 
groupware technologies 30 years later. i-com, CSCW special issue, Vol. 23 (Issue 1), pp. 7-31. 
hps://doi.org/10.1515/icom-2023-0039   

Arঞkel V:  
 

Melanie Duckert, Morten Hertzum, and Pernille Bjørn. 2024. How Distance Maers in Dynamic Work 
Environments. Submied to an IS journal. (under review)  

 
Artikel I undersøger karakteristikken af hybridarbejde for at udvikle en konceptuel definition og 
identificere specifikke kendetegn ved denne type samarbejdsform. Artikel II udforsker de spatiale 
udfordringer i skabelsen af delte hybride arbejdsmiljøer for at identificere implikationer for 
teknologidesign og organisationsstrukturer, der adresserer post-pandemiens udfordring med at 
genindføre fysiske elementer af kontormiljøet i organisatorisk arbejde. Artikel III tager et 
infrastrukturelt perspektiv for at undersøge samspillet mellem arbejde og informationsinfrastrukturer 



 

6 
 

og identificerer, hvordan lokale arbejdspraksisser formes og afgrænses af den globale 
informationsinfrastruktur på flere niveauer. Artikel IV definerer specifikke designudfordringer for 
udviklere af samarbejdssystemer der understøer hybridarbejde med fokus på teknologiers 
rekonfigurerbarhed og samspil med eksisterende teknologier. Artikel V identificerer og tester faktorer, 
der er vigtige i nutidige arbejdsmiljøer, og undersøger deres indbyrdes sammenhænge. Resultaterne 
indikerer vigtigheden af organisationsstrukturer, der understøer samlokaliserede aængigheder, 
samtidig med at medarbejdere fortsat har fleksibilitet til at arbejde fra forskellige lokationer. 
 
Denne Ph.d.-aandling samler fund og indsigter på tværs af de inkluderede forskningsartikler og 
foreslår et konceptuelt framework af dimensionelle aængigheder i hybridarbejde. Ved at udvide den 
konceptuelle forståelse af spektret af samarbejdsformer identificerer Ph.d.-aandlingen unikke 
karakteristika ved hybridarbejde, præsenterer designforslag til teknologier, der understøer hybride 
praksisser, og adresserer organisatoriske kompleksiteter i ledelsen af nutidige arbejdsmiljøer. Det 
foreslåede framework samler disse perspektiver og understreger det indbyrdes aængige forhold 
mellem samarbejdsarbejde, økologier af teknologiske artefakter, de iboende multiple spatiale kontekster 
og organisatoriske strukturer – dimensioner, der er indbyrdes forbundne i hybride konfigurationer og 
som tydeliggør vigtigheden af at tage kompleksiteten af hybridarbejde alvorligt. 
 
Nøgleord: hybridarbejde, samarbejdsteknologi, mixed-method forskning, konceptuelle frameworks 
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1 INTRODUCTION 
In 2020, the COVID-19 pandemic forced governments around the world to implement strategies for 
social distancing to reduce the risk of infections. As a result, various organizations transitioned to 
remote work, requiring many people to work from home. is shi redefined private spaces by turning 
homes into environments for diverse work practices and homeschooling. Tasks previously confined to 
shared workplaces were carried out from people’s homes, necessitating new strategies for making 
collaboration successful across distances (G. M. Olson & Olson, 2000; Schmidt & Bannon, 1992). e 
abrupt contextual disruptions led to an accelerated digital transformation, moving various work 
practices online (Madsen et al., 2020). During the pandemic lockdown, both opportunities and 
challenges arose in managing everyday work life from home; for example, it introduced more flexibility 
in work-home boundaries, but the extensive use of online communication tools also led to Zoom fatigue 
(Chen et al., 2021; Raake et al., 2022; Rudnicka et al., 2020; Wang et al., 2021).  

e pandemic circumstances brought more than just a timely scoped change in work practices; 
the long-term remote work conditions changed perspectives and preferences, inviting new explorations 
of the future of work (Busboom & Boulus-Rødje, 2023; Duckert et al., 2022; Hilberath et al., 2020; Lund 
et al., 2021; Teevan et al., 2022). While offices gradually reopened and, in phases, allowed more 
employees back into the shared workspace, organizations across different professional domains 
experienced that employees continue to prefer the flexibility of working from home (Appel-
Meulenbroek et al., 2022; Babapour Chafi et al., 2022; Smite, Moe, Tkalich, et al., 2022; Smite et al., 2023). 
e pandemic-induced changes in work practices normalized digital collaboration and distributed work 
conditions. While remote work during the pandemic was driven by external, global, and societal factors, 
current explorations into continued flexible ways of working are increasingly influenced by individuals’ 
personal preferences. In Denmark, the prevalence of remote work in 2024 mirrors the level seen during 
the pandemic lockdown in 2021 (Nielsen, 2024), suggesting that this way of working is continuously 
relevant. is prompts both researchers and industry to interrogate the nature of work in contemporary 
practices and what we envision for the future workplace.  

 
New ways of working introduce new requirements for technologies that enable collaboration. 
erefore, this PhD thesis centers on how contemporary work practices shape the conditions for 
technologies to support cooperative work in the future. Situated within the field of computer-supported 
cooperative work (CSCW), this research builds on existing understandings of cooperative engagements, 
ranging from collocated to distributed work seings. CSCW is an interdisciplinary field concerned with 
how computing technologies can facilitate interaction between people engaged in cooperative activities, 
as this cooperative work is situated within actual work practices (Ciolfi et al., 2023). is makes it 
relevant to explore how post-pandemic environments shape contemporary work practices to inform 
the development of cooperative technologies.  

CSCW and related human-centered computing scholars have long explored the technology 
requirements for systems that not only support individuals’ interaction with technology but also 



 

12 
 

facilitate work across different cooperative engagements (Grudin, 1994). Cooperative work is challenged 
by the need to create alignment and shared understanding among the individuals involved in the shared 
field of work, and these challenges are amplified when collaboration occurs across distance. Interactions 
that are supported by individuals sharing a geographical context in collocated work must, in distributed 
work, be facilitated by technology (G. M. Olson & Olson, 2000). While several researchers have 
participated in the discussion on why distance maers for cooperative work and what distance actually 
means (Bjørn et al., 2014; Bradner & Mark, 2002), the long-term work from home during the pandemic 
lockdown has reshaped how distance maers today. Collaboration across distances is becoming 
common supported by increased confidence in the use of cooperative technologies (Caldeira et al., 2022). 
erefore, it is relevant to understand how this normalization of distributed collaboration might set 
different requirements for cooperative technologies in the future.   

 
is PhD thesis aims to contribute to the discussion on future ways of working by providing new 
insights into the spectrum of collaboration in contemporary work practices and, in this way, identify 
specific ways these practices set new requirements for technologies supporting cooperative work. e 
continuation of remote work practices in the post-pandemic world provides flexibility for individuals’ 
geographical locations (Liegl, 2014; Randall, 2022; Sako, 2021; Smite, Moe, Klotins, et al., 2022), thereby 
creating new conditions for cooperative engagements. Organizations’ post-pandemic adoption of 
remote work options is finding new ways to align with traditional office seings and collocated work 
practices, leading to a combination of collocated and remote participation in cooperative engagements. 
Understanding the nuances of cooperative engagements that unfold within the continuum of fully 
collocated and entirely distributed seings is important for recognizing the opportunities and challenges 
in developing technologies that support this type of cooperative work practice.   

In light of the technology-enabled normalization of distance and flexibility in geographical 
locations, this PhD thesis focuses on hybrid work, defined as cooperative engagements consisting of 
both collocated and remote participation. To address the overall research endeavor of understanding 
what is important in designing cooperative technologies for hybrid work practices, this PhD thesis offers 
new insights into contemporary work practices by conceptualizing hybrid work. e research takes a 
theoretical approach to develop conceptual insights into hybrid cooperative work, with the aim of 
identifying unique characteristics and requirements inherent in these work practices. Conceptualizing 
hybrid work is essential for understanding the relevant aspects of producing, navigating, and managing 
computer-supported hybrid collaboration. e research has employed a mix of methodological 
approaches to explore the opportunities and challenges of contemporary work practices from 
individuals’ perceptions, cooperative arrangements, as well as technological and organizational 
implications. is has enabled this PhD to propose a coherent framework of the social and technical 
aspects important for designing cooperative technologies for hybrid work. Specifically, this PhD thesis 
presents findings on the intersection of cooperative work, the ecologies of technology artifacts 
supporting this work, the inherently multiple spatial contexts, and the organizational structuring – 
dimensions that are all seamlessly interlinked in hybrid configurations, highlighting the importance of 
taking the complexities of hybrid work seriously.  



 

13 
 

1.1 DEFINING HYBRID WORK 

e PhD thesis introduces conceptual understandings of hybrid work, a term that has gained popularity 
in describing post-pandemic work practices across both research and industry contexts. is widespread 
use has led to varying interpretations of what hybrid work entails; therefore, this section presents how 
others have references to hybrid work and how it is defined for this PhD thesis.   

In societal and organizational contexts, hybrid work has generally been used to describe post-
pandemic work models. For example, public media articles refer to hybrid work when describing the 
continuing wish for remote work and organizations’ adoption of work models that provide flexibility 
for employees concerning where and when they work  (such as (Bang-Mørch et al., 2021; Hirsch, 2024; 
Medici, 2024)). Similarly, organizations refer to hybrid work models in their regulation of organizational 
policies, allowing employees to occasionally work remotely from home during the week (Lund et al., 
2021; PricewaterhouseCoopers, 2021). e organizational and societal acceptance of the term is relevant 
in highlighting the current focus on hybrid work and the impact it has on organizational policies and 
practices. e interchangeable use of the term hybrid work with related terms such as flexible and 
remote work reflects the evolving language and understanding of work arrangements, pointing to the 
trend of redefining work life and models. is adoption of the term hybrid work suggests that ongoing 
interest in post-pandemic work practices is not limited to a specific configuration of cooperative 
engagements but extends to wider investigations into new ways of working. However, establishing a 
shared understanding of the terminology describing hybrid work practices is important for identifying 
the specific requirements that these types of engagements set for technological and organizational 
development.  

Within the research context, different definitions of hybrid work have been introduced. For 
example, Smite et al. (2023) argue that location (where) and work schedule (when) are essential for 
theorizing hybrid work and present five modes of working: office mode, office-first, office-remote mix, 
remote-first, and remote. ey intentionally avoid the term hybrid to reflect the variation in who is 
working from where in hybrid configurations. A similar definition is presented by de Souza Santos & 
Ralph, who distinguish between collocated (default all together), distributed (different offices always), 
remote-first (default all distributed), and hybrid (individuals sometimes office/home on different days) 
(de Souza Santos & Ralph, 2022). ese conceptual definitions of hybrid work acknowledge individual 
preferences in work models that allow for both office and remote work. However, this PhD focused on 
designing technology for cooperative work; thus, it was necessary to conceptualize hybrid work in a 
way that allowed us to identify what is – and what is not – hybrid work scenarios.  

Being concise in defining hybrid work scenarios is central, as designing for cooperative work, 
supported by a portfolio of different technologies, is already a complex task (Bødker, 2006). Even small 
changes in the geographical distribution of cooperative engagements can be pertinent to the technology 
required to facilitate the work. Distinguishing hybrid cooperative work from collocated and distributed 
work requires a definition that specifies the given work activity. erefore, Paper I, included in this PhD 
thesis, introduces a conceptual definition of hybrid work by extending the foundational characterization 
of cooperative work by Schmidt and Bannon (1992). Paper I defines hybrid work as cooperative 
engagement performed across at least two contexts involving at least three individuals who are located 
across fewer contexts than there are people involved in the common field of work (Duckert et al., 2023). 
In this way, hybrid engagements always represent both collocated and distributed individuals who are 
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mutually dependent in their work. ese engagements can involve both asynchronous and synchronous 
work, extending beyond scheduled activities such as hybrid meetings (Neumayr et al., 2018). Hybrid 
work involves a broad range of scenarios, from three individuals distributed across two contexts to 
large-scale setups, for example, involving 50 participants located in a shared office space with remote 
participants. e presented definition of hybrid work is broad and assumes that minor changes to the 
geographical distribution impact collaboration, such as if only one person in a larger group is remote 
or only two are collocated. erefore, it has also been a part of this PhD to challenge and question these 
initial understandings in the effort to identify and theorize the unique characteristics of hybrid work.   

 
Despite the popular use of the term, hybrid work is not new. Different domains have operated in hybrid 
arrangements for decades, such as the broadcasting of events on TV or radio and offshore work, both 
involving collaboration between individuals that are located at distributed locations (Bayerl & Lauche, 
2010; Engström et al., 2010; Hepsø & Parmiggiani, 2022). Additionally, organizational work in traditional 
office spaces introduced remote work decades ago, with computer and communication technologies 
facilitating distributed collaboration (M. H. Olson, 1983). However, the pandemic forced an accelerated 
adoption of technology-enabled cooperative work practices, and the transition to remote work options 
has impacted professional domains that were previously conducted in collocated seings (pre-
pandemic).  

During the pandemic lockdown, different professional disciplines were impacted in different 
ways. For example, healthcare sectors are oen more dependent on location, with some activities 
requiring collocation or being situated at the hospital. However, some doctors’ appointments were 
digitalized during the pandemic lockdown and, to some degree, continue to offer these online options 
aer the pandemic (Farzandipour et al., 2023). Other professions, such as organizational computer-based 
office work, experience different challenges, as these are oen less dependent on location-specific tools 
and, therefore, have transitioned to digital practices with the use of cooperative systems for distributed 
collaboration. So, while hybrid cooperative work is not new, the normalization of occasional remote 
work produces new hybrid cooperative work practices, introducing new challenges for organizational 
management in structuring cooperative teams and the requirements for the technology.   

1.2 RESEARCH CONTEXT  

is PhD was part of a cross-disciplinary research project named ReWork, which connects researchers 
and practitioners from four universities and ten organizations. ReWork is funded by the Digital Research 
Center Denmark (DIREC) and the Innovation Fund Denmark to investigate the future of work, with a 
particular focus on hybrid work, in light of the changed work preferences and conditions aer the 
COVID-19 pandemic. is exploration takes four different perspectives: multimodal, speculative, 
artistic, and conceptual, while this PhD focuses on conceptual framings. ReWork connects a diverse 
group of stakeholders across academic and industrial sectors. e industrial collaborators represent 
companies that either provide empirical cases of post-pandemic work environments or develop 
contemporary technologies, expanding from cultural institutions to global organizations and small, 
innovative entrepreneurial companies. is cross-disciplinary collaboration has bridged theoretical and 
exploratory research efforts with the industry’s practical insights and case studies.  
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Involvement in ReWork included participation in academic and industrial workshops, as well as 
ongoing company visits to some of the industrial partners. is enabled engagement in broader 
discussions of future ways of working across different lenses. e ongoing exploration of both 
organizations’ perspectives on hybrid work revealed diverse approaches to management in post-
pandemic work conditions and the challenges and opportunities that arose. Furthermore, it allowed 
discussions across different research lenses on the different approaches and perspectives important for 
future ways of working. is has facilitated a shared space for sharing, challenging, extending, and 
collectively producing various research insights.   

is PhD was initiated when ReWork launched in February 2022 and has, therefore, been a part 
of the ongoing exploration of hybrid work since the beginning of the project. In Denmark, lockdown 
measures commenced on March 11, 2020, mandating that all individuals who were able to work from 
home do so, including schools and organizations.  (SSI, 2022). On February 1, 2022, all restrictions were 
lied, but in the time between, a series of lockdowns were implemented to adapt to infection rates. 
Starting in February 2022, research within this PhD has been conducted simultaneously with societal 
and organizational responses and adaptations to post-pandemic changes in work practices and models.  
In retrospect, the immediate reactions to the lockdown work practices have changed when considering 
both short-term and long-term effects. For example, in the short term, organizations allowed remote 
work to support employees’ flexibility, while in the long term, more companies have redefined 
organizational policies, in some cases mandating physical presence in the office. Organizations such as 
Zoom and Amazon are starting to require employees to be physically present at the office each day. 
(Goldberg, 2023; Sherman, 2024). Researching hybrid work environments has, in this way, been part of 
the evolving exploration of contemporary work, as it has continuously been reshaped and re-regulated 
in societal and organizational contexts.   

1.3 AIM AND OBJECTIVES  

With the overall research aim of identifying what is important in designing cooperative technologies 
for hybrid work practices, this PhD thesis includes five studies addressing distinct perspectives on 
contemporary work. e research has employed different empirical approaches, with the goal of 
investigating cooperative work practices as they unfold in real-world cases through diverse 
methodological lenses. While the initial objective was to identify unique characteristics of hybrid work, 
the following studies focused on uncovering how these characteristics supported and challenged the 
production of hybrid collaboration.  

e first study defines hybrid work and identifies its unique characteristics that distinguish this 
type of cooperative work from collocated and distributed arrangements. Analyzing empirical cases in 
previously published research papers highlights the collocated context as a core characteristic of hybrid 
work (Paper I). e second study presents ethnographic insights into office workers’ navigation of 
hybrid workspaces, revealing post-pandemic complications of reintroducing physical space into office 
work, which consequently makes workers rely on digital collaboration (Paper II). e third study takes 
an infrastructural perspective on cooperative work to suggest how the interconnected conglomeration 
of people, artifacts, and policies shapes and scopes local work contexts on multiple scales, as 
interdependencies can be (invisibly) placed across the infrastructure (Paper III). Based on the empirical 
insights, the fourth study refines historical design challenges of cooperative technologies to reflect 
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contemporary challenges in designing cooperative technologies for hybrid office work (Paper IV). 
Finally, the fih study surveys individuals’ experiences of working in contemporary work 
environments, suggesting that flexibility in where each worker is (and wants to be) located increases 
the effort required for collaboration and the use of cooperative technologies (Paper V). A list of the 
papers included is presented in the following section, 1.4.  

 
To answer the overall research endeavor of what is important in designing cooperative technologies for 
hybrid work, this PhD thesis highlights the findings of the sub-studies suggesting that hybrid work 
practices are shaped by cooperative, spatial, technological, and organizational conditions. Illustrating 
the interdependent nature of these dimensions, the PhD thesis proposes a unified framework of 
dimensional interdependencies in hybrid work, integrating the conceptualization of each of the sub-
studies.  

 
e remainder of the PhD thesis presents the theoretical background of cooperative work, 
encompassing collocated, distributed, and hybrid work environments. is is followed by the evolution 
of cooperative technologies and the organizational management of cooperative environments. Next, the 
methodological reflections on the overall PhD process, including the different types of methods 
employed, are discussed. Subsequently, the findings based on the papers included are presented, along 
with the design propositions they respectively invite. is is followed by a discussion of the findings, 
which is divided into the nature of hybrid cooperative work, spatial relevancies, technology support, 
organizational management, and the proposed framework of dimensional interdependencies in hybrid 
work, unifying all the findings. Finally, the conclusion presents how this PhD contributes to the design 
of technologies for hybrid work environments. All the papers are aached at the end of the thesis. 
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Melanie Duckert, Louise Barkhuus, and Pernille Bjørn. 2023. Collocated Distance: A Fundamental 
Challenge for the Design of Hybrid Work Technologies. In Proceedings of the 2023 CHI Conference on 
Human Factors in Computing Systems (CHI '23). Association for Computing Machinery, New York, NY, 
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Environments. Submied to an IS journal. (under review) 
  



 

18 
 

During my PhD, I also contributed to the following papers that are not included in this thesis: 

Pernille Bjørn, Kellie Dunn, and Melanie Duckert. Forthcoming. Hybrid Work and Cooperative 
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Kellie Dunn, Qianqian Mu, Louise Barkhuus, and Nina Boulus-Rødje. 2024. Achieving Symmetry in 
Synchronous Interaction in Hybrid Work is Impossible. ACM Trans. Comput.-Hum. Interact. 31, 4, Article 
49 (August 2024), 34 pages. hps://doi.org/10.1145/3648617   
 

Melanie Duckert. 2024. Studying Post-Pandemic Work Practices: What Happens to Space When Work 
is Digitalized? ECSCW Workshop paper (Presented at the workshop: Data at the Workplace), June 17–
21, 2024, Rimini, Italy. 
 
Melanie Duckert. 2023. e Futures of Hybrid Work: A Socio-Technical Framework for Designing 
Hybrid Environments. In Companion Publication of the 2023 Conference on Computer Supported 
Cooperative Work and Social Computing (CSCW '23 Companion). Association for Computing Machinery, 
New York, NY, USA, 441–443. hps://doi.org/10.1145/3584931.3608921  
 
Melanie Duckert, Eve Hoggan, Louise Barkhuus, Pernille Bjørn, Nina Boulus-Rødje, Susanne Bødker, 
Naja Holten Møller, and Irina Shklovski. 2022. Work of the Future. In Adjunct Proceedings of the 2022 
Nordic Human-Computer Interaction Conference (NordiCHI '22). Association for Computing Machinery, 
New York, NY, USA, Article 3, 1–4. hps://doi.org/10.1145/3547522.3547707  
 
Oksana Kulyk, Lauren Brion-Steele, Elda Paja, Melanie Duckert, and Louise Barkhuus. 2022. “You 
have been in Close Contact with a Person Infected with COVID-19 and you may have been Infected”: 
Understanding Privacy Concerns, Trust and Adoption in Mobile COVID-19 Tracing Across Four 
Countries. Proc. ACM Hum.-Comput. Interact. 6, MHCI, Article 204 (September 2022), 27 pages. 
hps://doi.org/10.1145/3546739   
 
Melanie Duckert and Louise Barkhuus. 2022. Peripheral Awareness in Virtual Presence. CHI 2022 
Workshop paper (Presented at the workshop: Social Presence in Virtual Event Spaces), April 30–May 05, 
2022, New Orleans, LA. ACM, New York, NY, USA. 
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2 THEORETICAL BACKGROUND 
With the aim to explore what is important in designing cooperative technologies for hybrid work 
practices, the theoretical background within computer-supported cooperative work (CSCW) serves as 
the foundation for understanding how hybrid work practices set new requirements for conceptual 
understandings and technology design. is chapter begins with research on the spectrum of 
cooperative work to identify what distinguishes hybrid work within this spectrum. It then reflects on 
advancements in cooperative technologies that support various work activities across different 
collaborative configurations. Finally, the chapter delves into the organizational environments that shape 
the conditions for cooperative work and the contemporary challenges of managing hybrid work.   

2.1 THE SPECTRUM OF COOPERATIVE WORK 

To conceptualize hybrid work, we must first understand the foundations of cooperative work and the 
spectrum on which cooperative engagements can unfold. Illustrating the design space of CSCW, Grudin 
(1994) presents distinct considerations of individuals, groups, and organizational interactions (see Figure 
1). e study of individual technology interaction focuses on user experience, whereas technologies 
supporting cooperative work are supplemented by challenges arising from group processes (Grudin, 
1994). Cooperative work involves at least two people who are mutually dependent in their work, meaning 
that the task at hand is related in content, and all participants depend on the work of others (Schmidt 
& Bannon, 1992). Individuals engaged in cooperative activities are coupled as the work relies on the 
actions of others. However, the degree of coupling varies depending on the nature of the work. 
Cooperative work expands from small groups of people engaged in direct collaborative tasks but also 
extends to larger groups of people (Schmidt & Bannon, 1992) involved in more loosely coupled relations 
(Dourish & Belloi, 1992; G. M. Olson & Olson, 2000).  
 

FIGURE 1. Recreaঞon of Grudin’s model for 
the design space of CSCW (Grudin, 1994). 
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Cooperative work is, in some sense, always distributed, as the work depends on knowledge, actions, 
qualities, etc., spread across different people and tools. To manage these interdependencies, 
collaboration requires articulation work (Ciolfi et al., 2023). Articulation work refers to all the work 
needed to solve the cooperative task at hand, including assembling, scheduling, monitoring, and 
coordinating (Schmidt & Bannon, 1992). is work can involve synchronous collective activities, such 
as a group of people planning the directions of work, but it also extends to individual interactions 
conducted asynchronously, such as booking a meeting room.  

In parallel with articulation work, cooperative ensembles engage in relation work, referring to 
the effort put into creating interpersonal connections between people (Bjørn & Christensen, 2011; 
Christensen et al., 2014). Relation work is not necessarily related to solving the task at hand but is co-
constitutive of this, covering the work of communication and interaction that takes place outside the 
work dialogue to construct and maintain relationships (Bjørn et al., 2024).  
 
Cooperative engagements can be distributed across various geographical seings. In collocated work, 
all people involved share the same geographical location and are, therefore, within immediate proximity. 
Conversely, distributed work refers to cooperative arrangements where interdependent individuals are 
geographically separated from each other. Since they are located in distant locations, this type of 
collaboration sets different requirements for cooperative work, as the interactions that can take place 
collocatedly, such as visual connections and communication, must be supported by various technologies 
when people are distributed (J. S. Olson & Olson, 2014). Johansen (1988) presents the matrix of 
collaboration to categorize four types of cooperative engagements based on time and space, covering 
collocated and distributed work in synchronous and asynchronous dimensions (see Figure 2).   
 

 SYNCHRONOUS  ASYNCHRONOUS  

COLLOCATED Face-to-face interacঞon 
Decision rooms, single display groupware, 
shared table, wall display, roomware, etc. 

Conঞnuous task 
Team rooms, large public displays, shi[ 
work groupware, project management, etc. 

DISTRIBUTED  Distributed interacঞon 
Video conferencing, instant messaging, 
chat, shared screen, mulঞ-user editors, etc. 

Communicaঞon + coordinaঞon  
Email, bulleঞn boards, blogs, asynchronous 
conferencing, group calendars, workflow, 
version control, wikis, etc. 

FIGURE 2. Replicaঞon of Johanson’s Time/Space Matrix 

 Johanson’s matrix refers to distance as a binary between collocated and distributed; however, 
cooperative arrangements are unfolding in varying configurations within this continuum. To nuance 
this perspective, Lee and Paine present the MoCA framework covering seven dimensions, all placed on 
a continuum  (C. Lee & Paine, 2015). ese include synchronicity, physical distribution, scale, 
communities of practice, nascence, planned performance, and turnover. Concerning space and time, the 
MoCA framework illustrates geographical distribution and synchronicity in a continuum instead of a 
binary, reflecting the variations of the geographical distribution in which cooperative groups can be 
located  (C. Lee & Paine, 2015).   
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e terminology describing distributed cooperative work varies, including global, virtual, and 
remote teams. Global teams can be seen as internationally distributed groups that engage in a shared 
field of work, such as global organizations located in different countries (Maznevski & Chudoba, 2000). 
Such teams can face challenges in negotiating shared norms and practices that effectively support the 
creation of a shared understanding and language (Bjørn & Ngwenyama, 2009). Virtual teams can vary 
in their degree of virtuality, depending on their reliance on digital systems and their ability to meet 
face-to-face (Gibson & Cohen, 2003; Martins et al., 2004). Virtual teams, therefore, do not necessarily 
collaborate across professions and cultures as global teams do (Gibson & Cohen, 2003; Søderberg et al., 
2013). In contrast, remote work can refer to the geographical location of the individuals, whereas a 
remote person will be distributed away from the dominant group. In fully remote work, all individuals 
are geographically distributed, as happened during the COVID-19 pandemic (Flügge & Møller, 2023). 
While these terminological definitions can describe distinct collaborative configurations, they are 
sometimes used interchangeably for distributed groups that do not all share the same geographical 
context.  

Post-pandemic, hybrid work has become a popular addition to the vocabulary of cooperative 
engagements working across distances. Hybrid work describes the context of being in between 
complete remote work conditions during the pandemic and the return to the office (Hilberath et al., 
2020). However, making a clear distinction of what hybrid work entails is relevant for understanding 
the unique characteristics and challenges in post-pandemic cooperative groups.  

Neumayr et al. (2018) define hybrid work as existing in all four quadrants of Johansen’s matrix 
(Johansen, 1988), covering both collocated and remote collaboration in both synchronous and 
asynchronous work. is PhD thesis focuses on cooperative engagement, and to define how hybrid 
work fits within this field, Paper I argues that hybrid work is a special type of collaboration positioned 
as a subset of cooperative and distributed work (Duckert et al., 2023). is extends the definition of 
Schmidt and Bannon (Schmidt & Bannon, 1992) and argues that hybrid work is within the continuum of 
fully collocated and fully distributed seings, thereby always representing both collocated and distributed 
participation. Figure 3 illustrates the distinction between cooperative work unfolding across collocated, 
distributed, and hybrid seings.  
 

  
 

FIGURE 3. Visualizaঞon of three modes 
of cooperaঞve engagements based on 
their geographical locaঞons. 
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Research on distributed work has explored how proximity impacts geographical distance in cooperative 
work, referring to the physical distance between the individuals involved in the shared field of work 
(Kiesler & Cummings, 2002). For example, Claudel et al. (2017) argue that proximity affects 
collaboration, even on a micro-scale with people distributed within the same building. Similarly, a 
distance of just 30 meters has been shown to reduce and complicate communication between 
cooperating actors (Kiesler & Cummings, 2002; Kraut et al., 1988; J. Olson et al., 2002). is is also called 
the Allen Curve, which suggests a correlation between the frequency of communication and distance 
(Allen, 1984). Alternatively, Bradner and Mark (2002) discuss the believed distance, which, instead of 
proximity, refers to the impact of people’s experience or presumptions about the distance between the 
collaborating individuals.  

How distance maers in contemporary work environments is an ongoing exploration. e long-
term conditions of remote work during the pandemic normalized geographical distributions in work 
that had previously been conducted in shared office seings. is increased confidence in the use of 
cooperative technologies for everyday interactions that were previously possible at the shared office 
(Caldeira et al., 2022). estions are therefore raised about whether the Allen curve still remains valid 
in a post-pandemic era with experience in distributed collaboration on various activities (Todd, 2021). 
To contribute to this research, Paper V in this PhD thesis explores how distance maers in 
contemporary work environments and finds that engaging in geographically distributed teams does not 
correlate with factors such as job satisfaction. In contrast, job satisfaction does have a significant 
correlation with whether the office space provides an experience of increased access to relevant 
coworkers and an individual’s personal preferences for working from the office or remotely. erefore, 
regarding how distance maers today, this research suggests that distributed collaboration is common 
while presenting new challenges for shared, collocated spaces.  
 
A core challenge in cooperative work is achieving common ground among the people involved in the 
shared field of work. Common ground refers to the information and understanding that a cooperative 
engagement shares. Grounding activities require articulation work, such as coordination and 
communication, to achieve a mutual understanding of each other’s beliefs, knowledge, and assumptions 
(Clark & Brennan, 1991). e conditions for creating this differ depending on the cooperative setup. If 
all participants are collocated, they are more likely to share social seings, which can also help align 
expectations and experiences and establish shared territory (Kiesler & Cummings, 2002).  

In distributed work, the complexities of creating common ground increase as interdependent 
individuals do not share context (G. M. Olson & Olson, 2000). Distance creates ‘the space between’ 
collaborative groups in which misalignments and loss of shared meaning can arise (Mark et al., 2003). 
However, in hybrid seings, distance can also exist within the collocated context. Paper I presents the 
concept of collocated distance, describing how hybrid work has inherent subgroups not only across 
geographical distribution but also among people sharing a geographical context (Duckert et al., 2023). 
While distributed work aims to connect people across distant sites, hybrid work potentially faces 
misalignments both across and within these geographical contexts.   

 
Olsen et al. (2002) emphasize that distributed work does not match the quality of face-to-face interaction 
in collocated work. However, instead of striving to replicate in-person dynamics, the success of 
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distributed work lies in leveraging its own strengths, recognizing that mimicking collocated work is not 
the path to success (J. Olson et al., 2002). Similarly, hybrid work should not mimic either collocated or 
distributed interactions but instead be considered a distinct type of cooperative engagement (Busboom 
& Boulus-Rødje, 2024). In hybrid work, the challenge is to leverage the advantages of both collocated 
and distributed collaboration within a shared environment where both modes of work coexist. In this 
respect, this PhD thesis investigates the spectrum of cooperative work to identify how hybrid 
arrangements set new requirements for conceptualizations and technology support.  

2.2 COLLABORATIVE COMPUTING TECHNOLOGIES  

Collaborative technologies support individuals in their cooperative work practices and, in this way, 
facilitate the articulation of work that people must engage in as part of their common processes 
(Bannon, 1992; Ciolfi et al., 2023; Grudin, 1994). Technologies as computational artifacts mediate 
cooperative interactions within situated contexts (Ciolfi et al., 2023; Suchman, 2006). In this way, tools, 
technologies, and systems support cooperative work by enabling interdependent activities as they 
unfold in real-life practices. From the early studies of office interactions supported by one collaborative 
technology (Orlikowski, 1992), research has advanced to incorporate a wide array of tools that support 
daily workflows seamlessly. Today, technologies involved in cooperative practices are numerous, put 
together in different ways depending on the nature of the cooperative work, and are therefore in a 
“continual flux” (Schmidt & Bannon, 2013, p. 347).   

e concept of artifact ecology refers to the relationship between various interactive artifacts 
(Jung et al., 2008). Bødker has studied the ecological matrix of technologies and artifacts in different 
research constellations and how their mobility enables dynamic change in use contexts (Bødker, 2006; 
Bødker et al., 2017; Bødker & Klokmose, 2012; Lyle et al., 2020). New technologies do not replace existing 
ones; instead, they add to the matrix of technologies to coexist with them (Bødker, 2006). erefore, 
technology use cannot be seen as a constant factor but as a dynamic ecology adapted to specific work 
and contexts.  

 
Explorations into social and technological challenges have only become more advanced with the 
increased ubiquitous presence and seamless use of technology (Greif, 2019). Both articulation work and 
relation work face increased challenges in distributed seings, as these processes are less spontaneous 
and mediated by technology (Christensen et al., 2014). Explorations of cooperative technologies study 
ways to connect geographically distinct sites (Bjørn & Christensen, 2011; Mark et al., 2003). In this 
context, Olson and Olson (2000) argued that distributed work with low coupling has a higher chance of 
succeeding if the work is loosely coupled and, therefore, does not require frequent interaction and 
detailed information. Conversely, it has also been found that the frequent use of technology for 
interaction motivates people to engage in collaboration despite geographical dispersion (Bjørn et al., 
2014). For example, technologies such as chat systems have been found to enable successful negotiation 
and informal communication over a distance (Tenório & Bjørn, 2019).  

Cooperative technologies supporting geographically distributed configurations, such as video 
conferencing systems, connect participants located across distinct sites (Esbensen et al., 2015; Hu et al., 
2022; Johnson et al., 2015; Sellen et al., 1992). However, technologies for hybrid work must support both 
distributed and collocated activities to create shared work environments for synchronous collaboration. 
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Where a person is located in the hybrid setup maers for their experience, as individuals’ perspectives 
of technology are shaped by their context (Orlikowski & Gash, 1994). For example, the opportunities to 
interact with technology and participate in collaboration differ depending on whether someone is a 
remote participant situated within the collocated domain group. Consequently, hybrid collaboration is 
inherently asymmetric in synchronous cooperative activities, as participants in collocated and remote 
locations will never have equal opportunities for participation (Bjørn et al., 2024). Designing cooperative 
technologies to address this asymmetry involves exploring ways to support accessibility and shared 
autonomy in hybrid seings (Panda et al., 2024; Tang et al., 2023). For example, researchers have 
investigated technologies that incorporate embodiment (M. K. Lee & Takayama, 2011; Misawa & 
Rekimoto, 2015) and support awareness of remote participants (Venolia et al., 2010). Although much 
research focuses on minimizing asymmetry in shared spaces, some studies argue that this asymmetry 
can be the reason a system is valued (Voida et al., 2008).  

Asymmetric conditions of hybrid work are further reflected in the distinct access to physical 
artifacts. In this context, research explores ways that allow actions or products to exist in both the 
physical and digital worlds and, in this way, align digital and physical interactions (Benford et al., 2018; 
Benyon & Mival, 2015; Grønbæk et al., 2021). For example, collaboration technologies such as t-Room 
combine physical and digital work around a shared hybrid table (Hirata et al., 2008; Yamashita et al., 
2011). Virtual spaces such as the Metaverse have been suggested to enable complex collaboration, 
coordination, and interaction across distance, however, without including physical elements (Park et al., 
2023; Richter & Richter, 2024).  
 
Empirical investigations into producing technology setups for hybrid work illustrate the complexities 
of managing the numerous technologies required (Bjørn et al., 2024). A challenge for hybrid cooperative 
technologies is, therefore, also to support cooperative work practices as they are situated within specific 
contexts of use. A challenge for cooperative technologies is that the extra effort required for articulation 
work is not necessarily beneficial for the individual who needs to do the extra work (Grudin, 1988, 1994). 
In the context of hybrid work, the extra work needed to produce a shared, hybrid work environment 
oen lies with the dominant group, who need to manage extra screens, cables, cameras, etc., to allow 
for remote participation. e dominant, collocated group does not experience the value of the extra 
work required from them, but their added efforts are needed to support partially distributed 
collaboration. Developing cooperative technologies for hybrid work practices is challenged in the 
dynamic contexts in which they are used. erefore, this PhD thesis explores how the nature of hybrid 
work sets unique requirements for cooperative technologies as hybrid work practices unfold in real-life 
contexts.  

2.3 ORGANIZATIONAL ENVIRONMENTS 

Cooperative work is shaped by the organizational management of work conditions (J. S. Olson & Olson, 
2014). ese organizational structures include, for example, the cooperative ensemble, their locations, 
and the spatial opportunities. Changes in cooperative practices can call for adjustments to 
organizational structures, as seen in the accelerated digitalization of work during the pandemic 
lockdown (Madsen et al., 2020). is digital transformation demonstrated collaborative work activities 
that can effectively occur in distributed seings, proving especially useful during the pandemic 
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lockdown. However, in the post-pandemic period, these practices are creating new challenges within 
organizational work environments.   

Digital transformations can have corollary effects with less visible changes in organizations, such 
as values, norms, and rules (Orlikowski & Sco, 2023). is relates to the effects of the COVID-19 
pandemic, as the post-pandemic return to the offices was not a return to the pre-pandemic status quo. 
Instead, the benefits experienced from remote work led to continuing wishes for work conditions that 
support individuals’ flexibility in their locations and work lives (Hilberath et al., 2020; Krajčík et al., 
2023). Workers’ personal wishes for flexibility prompted companies to reconsider their values and 
norms concerning their organizational management of hybrid work. Offering hybrid work models with 
options for remote work has become an important competitive parameter for aracting new employees 
and increasing motivation in the workplace (Berger et al., 2021).  

Depending on the organizational policies, workers can individually negotiate where they want to 
sit each day: at home or in the office (Landowski et al., 2024). In this way, hybrid work models can 
support the self-organization and empowerment of employees (Bjørn, 2016, p. 53). However, this raises 
organizational challenges in managing the balance between empowerment and control, as well as 
rationality and emotionality, in efforts to support both the individual employee and the organization 
(Cousins et al., 2007).  
 
Structuring hybrid work environments has revealed complexities in the use of the office, which risks 
being le empty in organizations offering remote options when employees prefer to work from home 
(Appel-Meulenbroek et al., 2022; Smite, Moe, Tkalich, et al., 2022). In organizational office work, the 
office provides a shared space for interacting with colleagues but is not the only place for work (Anurag 
& Asha, 2024). Hybrid work introduces mobility into individuals’ locations, even though they have a 
dedicated office to go to for work. In this way, hybrid workers share characteristics with mobile and 
nomadic workers who can be challenged in the continuous reconfiguration of space (Brown & O’Hara, 
2003; Erickson & Jarrahi, 2016; A. Lee et al., 2019; Liegl, 2014). As a person works from different 
locations, different places “turn into office spaces” based on the way they are used, such as public cafés 
and living rooms used for work (Harrison & Tatar, 2008). is is possible due to digital and portable 
technologies such as laptops, but it also requires the workers to continuously put effort into making 
varying places workable. During the pandemic, it became common to dedicate specific places in their 
home to office spaces to support remote work practices (Breideband et al., 2022), which aer the 
pandemic can continue to offer convenient spaces for remote work.  

e individual’s mobility in hybrid work can impact the requirements of the organizational office 
space. e materiality of a space shapes the conditions for interaction in cooperative engagements with 
both people and technology, as the concept of sociomateriality describes the co-constitutive relationship 
between social elements (e.g., relationships) and material elements (e.g., technologies) in organizational 
practices (Bjørn & Østerlund, 2014; Orlikowski, 2007). erefore, how organizational spaces are 
designed impacts the opportunities for hybrid collaboration. Spaces utilized for remote work, such as 
the home and a café, likely only need to support one individual person, making technologies designed 
for individual interaction workable, such as using the laptop for work. In contrast, the office in hybrid 
work must support cooperative engagements, which likely are distributed across dynamic 
configurations, leading to variations in who is situated at the office. is is relevant in light of the 
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interest in redesigning organizational spaces to support contemporary work practices. For example, this 
interest was evident in the ReWork project’s collaboration with industrial partners, where more of the 
organization was in different phases of implementing architectural renovations of their office 
environments. e architecture of a building can impact the conditions for interactions and 
collaboration (Alavi et al., 2019; Dalton et al., 2016), as this defines the material constraints that shape 
the conditions for producing technology-mediated cooperative spaces (Bjørn & Østerlund, 2014; 
Orlikowski, 2007).   

 
Cooperative engagements can be distributed across organizational, spatial, and temporal boundaries – 
what Gerson (2008) refers to as the ’reach’ of a task. In hybrid cooperative work, the reach of a task 
highlights the varying conditions under which collaboration occurs. ese conditions may include 
whether individuals work within the same field, their prior familiarity with one another, and the work’s 
dependency on local artifacts. Cross-organizational collaboration oen involves dyadic relations, which 
are formed across different disciplines or organizational boundaries (Cummings & Kiesler, 2008). Dyadic 
relations can introduce challenges for cooperative practices, as participants may rely on specific 
soware systems or have unequal access to tools. For example, specific professions depend on particular 
technologies, while organizations may implement distinct soware systems. When tasks have a high 
reach – involving interdependencies across departments, locations, and technologies – cooperative 
work may become more complex, impacting collaboration and potential misalignments in technology 
use. Hybrid cooperative work is, therefore, shaped by the structuring of the tasks, which inherently 
creates varied requirements for technology configuration to support collaboration across boundaries.     

 
Hybrid workspaces are produced through the entangled interrelations between spaces, work practices, 
and organizational relationships (Halford, 2005). Creating alignments across hybrid configurations there 
extends providing access to computing technologies that facilitate hybrid collaboration but is also 
impacted by, for example, an individual’s readiness to engage in the collaboration (G. M. Olson & Olson, 
2000). Hybrid work can face challenges due to the dynamic nature of these configurations, as individuals 
change their location over time (Afflerbach, 2020). Structuring organizational environments for hybrid 
work practices involves considering potential dynamic changes in collaboration readiness, along with 
technological, organizational, and spatial constraints. is PhD thesis explores how hybrid work and 
the utilization of cooperative technologies are linked to organizational structuring. Technologies 
embody assumptions about how they will be used; when implemented into organizations, they adapt 
to organizational structures just as organizations must adapt to technology (Bannon & Schmidt, 1989). 
erefore, this PhD emphasizes explorations into how cooperative technologies are situated in hybrid 
work practices as these unfold across contemporary work environments.  
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3 METHODOLOGICAL REFLECTIONS 
To conceptualize computer-supported hybrid cooperative work, this PhD thesis takes different 
methodological approaches to explore the nature of hybrid work, focusing on how cooperative practices 
unfold within contemporary work contexts. As Schmidt and Bannon (2013) emphasize, technologies 
should not only enable activities in theory but align with the situated and practical nature of work. 
Similarly, Suchman (2006) highlights how actions are dynamically shaped by the specific context, 
emphasizing the need for cooperative technologies to facilitate situated actions rather than imposing 
predefined workflows. In this respect, the research employed a mix of empirical methods, deriving from 
the different sub-studies but collectively includes literature study (Paper I), ethnographic methods 
(Paper II and III), comparative analysis (Paper IV), and survey (Paper V). e details of the methods are 
outlined in each of the papers included in this PhD thesis, while this chapter reflects on the motivations 
behind the methodological approaches and research questions, as well as the overall research endeavor 
of understanding what is important when designing cooperative technologies for hybrid work practices. 
e research relied on industry collaboration to emphasize empirical data; consequently, this chapter 
also reflects on how this industrial collaboration shaped the research process through negotiations of 
agreements and the navigation of both research and industry agendas. e chapter concludes with a 
reflection on adopting a theoretical, conceptual approach, which includes developing conceptualizations 
and considering their implications in both research and practical contexts. Figure 4 illustrates the PhD 
process, mapping the stages of data collection, research paper production, and ongoing theoretical 
conceptualization.  
 

 

FIGURE 4. Timeline of PhD progress with data collecঞon and studies. 
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3.1 CONNECTING RESEARCH QUESTIONS AND METHODS   

To address the overarching research question of what is important in designing cooperative 
technologies for hybrid work practices, each of the five research papers employs different 
methodological approaches to answer distinct questions, providing empirical insights into hybrid work 
practices in various ways. e PhD process can be broadly divided into three methodological phases: 
literature, ethnographic, and quantitative, which will be elaborated upon below regarding their 
reasoning and connections between the different research questions, methods, and contributions. Table 
1 lists the papers, their methods, and the associated research questions.  

TABLE 1. List of papers along with their methods and research quesঞons. 

PAPER  METHOD RESEARCH QUESTION   
PAPER I 
 

Empirical cases in literature. What are the characteristics of hybrid cooperative work 
that introduce unique design challenges to be met by 
cooperative technologies?  

PAPER II Ethnographic research at 
InterFin, focusing on two 
hybrid teams.  

What are the spatial challenges of producing and 
negotiating a shared hybrid workspace in hybrid office 
arrangements? 

PAPER III Ethnographic research at 
GlobalContent, focusing on  
an infrastructure project.  

How does the global information infrastructure impact 
the nature of local work contexts? 

PAPER IV Comparative analysis of 
ethnographic data.   

What are the challenges for developers of groupware 
technologies in 2024? 

PAPER V Factor analysis based on a 
survey distributed across five 
organizations. 

How does distance maer to an individual’s work 
experience in contemporary cooperative teams?   

 
e initial goal of the research was to identify unique characteristics that distinguish hybrid cooperative 
work from fully collocated and distributed configurations. e starting point for the research was the 
forced ‘work-from-home’ situation that arose during the pandemic lockdown and which increased 
confidence in digital and distributed work seings (Boland et al., 2020; Caldeira et al., 2022). In our initial 
characterization of hybrid work, the aim was to understand the unique characteristics of these 
cooperative practices from data that are not affected by pandemic work conditions. It was important for 
us to start pre-pandemic to understand the characteristics of hybrid cooperative work that had not been 
affected by the long-term remote and digital work practices. erefore, the emphasis of this work was 
on using knowledge from pre-pandemic empirical cases to assist us in the subsequent research. e 
focus of the initial characterization of hybrid work was to identify empirical cases that pre-pandemic 
unfolded across hybrid configurations.  erefore, our initial exploration relied on previously published 
literature that presented empirical cases of hybrid work, and thus, the methodological approach was to 
conduct a literature study to identify empirical cases of hybrid work to serve as a secondary data source 
to determine a definition of what entails hybrid work. Secondary data can be limited in detail compared 
to primary data, however, relying on published literature for analysis can provide overviews of the 
current state of research across broader ranges of topics (Suon et al., 2019). Relying on literature 
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enabled us to look across broader professional domains to understand the characteristics of hybrid work 
based on cooperative work scenarios that are traditionally hybrid. e research from the literature study 
resulted in the research contribution published in Paper I.  

Although a literature study allowed for the exploration of historical cases before the pandemic, 
identifying empirical cases in hybrid seings was not straightforward. Many papers lacked specific 
details about the geographical distribution of the cooperative setup, which hindered the identification 
of collocated, hybrid, and distributed work cases. is issue arose particularly because the terms were 
used interchangeably. e identification of hybrid scenarios, therefore, required a confined conceptual 
definition of hybrid work to distinguish these empirical cases from other cooperative work setups. 
erefore, the paper selection process was iterative, involving multiple re-categorizations of both 
domain and cooperative setup. Each reading continuously shaped the conceptualization of hybrid work, 
leading to the definition presented in Paper I as involving at least three people who are mutually 
dependent in work and distributed across fewer contexts than there are people involved. 

Relying on literature allowed for a comparative analysis of the characteristics of hybrid work 
across different professional domains. Post-pandemic discussions on hybrid work tended to focus on 
geing employees back into the offices (Sherman, 2024; Smite, Moe, Tkalich, et al., 2022). However, this 
study emphasized the analysis of cases outside the office seings to understand hybrid characteristics 
in various cooperative activities. Based on the conceptual definition of hybrid work, papers were 
selected based on their level of empirical detail to categorize their professional domain and cooperative 
configuration, allowing for a comparative analysis of what characterized the cooperative work in hybrid 
arrangements. Paper I presents a comparative analysis of empirical cases from four professional 
domains: healthcare, entertainment, office, and out-of-office. e comparative analysis indicated that 
the collocated context in hybrid distribution is essential. In this way, the literature-based study laid the 
foundation for characterizing hybrid work scenarios and the direction of the following studies. Yet this 
method only provided limited details of insights into the cooperative practices. To achieve a higher level 
of detail in the empirical data, this research was followed by an ethnographic data collection.  

 
e second phase of the research process relied on ethnographic data collected through interviews, 
observations, and documents. Ethnographic methods have the goal of exploring work practices as they 
naturally occur (Blomberg & Karasti, 2013; Randall et al., 2007) and have been core in this PhD to 
produce an understanding of how cooperative practices are enabled or constrained in current 
technology use and work environments. While the literature study offered insights across various 
professional domains, the ethnographic work focused on the office environment. is focus aligned 
with the wider aention from both society and the organizations involved in the ReWork project. 
Additionally, office work was the predominant topic in the literature study, with numerous papers 
addressing both social, cooperative, and technological challenges in this type of work. Since the 
literature study emphasized challenges in collocated environments, the ethnographic study centered on 
shared office space. us, we started identifying relevant empirical cases from the ReWork companies 
that could serve as a case environment and field site for ethnographic exploration of the contemporary 
challenges in hybrid collaborative work.   

e ethnographic data included in this PhD derives from two organizations, pseudo-named 
InterFin and GlobalContent, on which three papers have been published (reflections on this industry 
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collaboration are presented later in this method chapter). Framed within CSCW, the aim of the 
ethnographic work was to uncover the reasoning behind cooperative practices and how computing 
technologies enabled and constrained hybrid collaboration. e conceptual definition established in 
Paper I, along with the fact that this literature study examined pre-pandemic cases of hybrid work in 
office environments, enabled us to enter the field site with a pre-existing understanding of collaborative 
contexts in hybrid offices. is was valuable for the ethnographic work to determine whether the 
workers practiced hybrid work and to explore the reasoning behind why they acted as they did. 
Ethnographic work on hybrid practices covers both the exploration of the physical activities at the office 
and the digital interaction in the virtual space, requiring varying strategies for the collection of data 
(Jordan, 2009; Ruhleder, 2000). erefore, the method to study hybrid practices took different 
approaches to uncover and observe hybrid work through different methods, including observations of 
teams, meeting rooms, individual physical and digital interactions, as well as interviews with workers 
and managers. Unlike the literature study, which only provided a snapshot of the work seings as the 
authors scoped it, the ethnographic research provided a temporal perspective of the cooperative work. 
is ethnographic, temporal perspective has contributed to the nuance of hybrid work in uncovering 
how the context that these cooperative practices are situated within changes on a day-to-day basis.  

To investigate the nature of hybrid work, the analytical process centered on capturing the 
participants (who), their locations (where), cooperative activity (what), and the cooperative technologies 
(how). is process involved iterative mapping of observation notes using post-its on whiteboards. As 
more ethnographic data were collected, the analysis expanded, with Papers II to IV offering distinct 
perspectives from the analysis of computer-supported hybrid cooperative work. Figure 5 illustrates this 
analytical process for all three papers based on ethnography.  

 

   

FIGURE 5. Visualizaঞon of the analyঞcal process applied to the ethnographic data. The first image 
(right) corresponds to Paper II, the second to Paper III, and the third to Paper IV.  
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Paper II draws on ethnographic data from InterFin, focusing on cooperative teams’ spatial 
challenges in producing shared, hybrid work environments. By analyzing the relevance of where each 
worker is located on different days, this paper revealed the continuous changes in cooperative setups, 
such as the weekly changes in who is placed where on which day, which challenges the utilization of 
physical technologies. Paper III is based on ethnography at GlobalContent to explore the nature of the 
work itself, emphasizing the role of infrastructure in shaping hybrid cooperative work. is 
infrastructural perspective was enabled by collaboration with Charloe Lee, a professor at the 
University of Washinton. Charloe Lee’s expertise in empirical studies of information infrastructures 
allowed this study to investigate how global infrastructure and local work contexts co-evolve. Paper IV 
integrates empirical data from both organizations, combining insights to conduct a comparative analysis 
of cooperative technologies. is paper focuses on the contemporary design challenges for developing 
cooperative technologies supporting hybrid work. In this way, the three papers apply distinct analytical 
lenses to ethnographic data, with the aim of providing a nuanced understanding of computer-supported 
hybrid cooperative work. ese three lenses are visualized in Figure 6. 

 

 

FIGURE 6. Analyঞcal research lenses applied in the ethnographic-based research papers.  

e third phase of the research took a quantitative approach and, different from the other studies, Paper 
V builds on survey data. Papers I to IV to different qualitative perspectives to explore cooperative 
engagements, work activities, geographical locations, and cooperative technologies. is ethnographic 
work further revealed the complexities of the organizational structuring of hybrid work conditions. 
While empirical data can provide insights into important factors of hybrid work, it cannot necessarily 
reveal the relationship between these factors, and to what extent the extra effort required from hybrid 
work is worth it. On this basis, the core of this quantitative study was to explore how to capture the 
dynamics of hybrid work in a quantifiable way that can inform organizational management. is was 
relevant because, throughout the empirical investigation, questions emerged about how organizations 
should structure their hybrid work models. For example, this included the implementation of policies 
to manage these work modes and the implementation of cooperative technologies to facilitate hybrid 
collaboration, such as meeting room equipment.  

Turning the empirical data into quantifiable measurements was conducted in collaboration with 
Morten Hertzum, who is a professor at Roskilde University. is collaboration enabled a combination 
of Morten Hertzum’s expertise in quantitative methods and our empirical insights into hybrid 
cooperative practices. Learning how we can measure and quantify hybrid work required several 
iterations of discussions to create a shared goal of something measurable while still unpacking the 
complexities of hybrid work. Recognizing that hybrid work may be more complex than distributed 
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work, the aim of this study was to identify and investigate factors that highlight the uniqueness of 
hybrid work in comparison to existing knowledge on distributed work.   

Factor correlations can provide insights into connections between constructs and help assess the 
empirical validity of a theoretical framework (DeVellis & orpe, 2021). us, this method enabled us 
to compare how unique factors of hybrid work relate to factors of distributed work. To address the 
complexities of distributed cooperative work, this study builds on the Distance Framework (G. M. Olson 
& Olson, 2000), which presents five recognized factors relevant to the success of distributed work and 
has also been quantified previously (Caldeira et al., 2022). e quantification involved identifying the 
unique characteristics of hybrid work, which could be transformed into measurable factors and 
thereaer refined into survey items to evaluate their applicability. is process involved multiple 
iterations of discussions and external testing, refining both the factors and their survey items. Figure 7 
illustrates this process by demonstrating the progression from the initial factors assessed by the ReWork 
project group to the surveyed factors tested again by ReWork and, finally, the refined factors aer the 
analysis. e initial factors capturing hybrid work included location, distance, and temporal multiplicity 
(first column in Figure 7), which, through iterations of tests and discussions, were converted into 
location flexibility, collaboration effort, and collaboration technologies to enhance clarity and alignment 
(second column in Figure 7). ese factors were surveyed with the idea of representing the hybrid 
characteristics. However, the factor analysis showed that the survey items did not predict the factors as 
initially anticipated, leading to a reevaluation of how certain factors define cooperative work and how 
others represent external influences on that cooperative work (third column in Figure 7). 

 

 

FIGURE 7. Research progress in factor development. 
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antitative methods differ from qualitative approaches in that they provide measurable and 
generalizable insights into paerns and relationships, but they do not capture the depth and contextual 
nuance typically offered by qualitative research. While the current version of Paper V does not reveal 
specific insights into the organizational management of hybrid work, which was the initial goal to 
explore quantitatively, the study shed light on the importance of remote options for the contemporary 
work environment. Capturing the nuances of hybrid collaboration quantitatively proved difficult due to 
the nature of the survey method. Specifically, translating our definition of hybrid work — emphasizing 
cooperative work — into a survey format presented challenges, as surveys primarily capture individual 
perceptions and offer limited opportunities for context. To address this challenge, potential directions 
for such studies could focus on the individual’s role and location within cooperative work rather than 
the hybrid context as a whole. For instance, investigating how individuals experience remote work, 
their work locations, and the value they derive from having remote work opportunities could provide 
insights into contemporary work and organizational considerations.  

 
Employing different methodological approaches allowed for a multifaceted exploration of technology 
support and organizational structures of hybrid cooperative work. Each method contributed to 
empirical insights – literature studies framed broad characteristics, ethnographic research provided 
contextual depth, and quantitative analysis enabled generalizability. Engaging with these different 
methods involved continuous reflections on how methodological choices shape the knowledge 
produced. is process also highlighted the limitations of each approach, particularly the challenges of 
transforming qualitative insights into quantitative measures. Navigating these complexities has 
provided insights into potential (re)directions in future studies that can be shaped by the methodological 
approach – such as surveys focusing on individual perceptions. 

3.2 RESEARCHING ACROSS INDUSTRY AND RESEARCH AGENDA  

To base the conceptualizations on empirical data, the PhD research involved collaboration with various 
industrial organizations both in and outside the ReWork project. e papers included in this PhD feature 
empirical data from a total of seven different organizations, with the empirical cases detailed in their 
respective papers. Two organizations were studied using ethnographic methods, while five were 
involved in collecting quantitative data by survey distribution. e industry’s motivation for 
collaboration differed from the research motivation; the PhD process consequently involved navigating 
across industry and research agendas, influencing data collection, shaping the research approach, and 
conceptualizing the findings.  

rough the engagement with the organizations, it was evident that the industry’s motivation 
emerged from concerns about creating enabling conditions for their employees aer the pandemic. e 
companies engaged in ethnographic research, InterFin and GlobalContent, and other industrial partners 
of the ReWork project (presented in the joined ReWork paper (Bjørn et al., 2024)) faced challenges in 
structuring work environments that support remote work options in combination with traditional office 
seings. For example, different investments were made in restructuring organizational policies 
regulating employees’ physical presence, building new office environments, and investing in advanced 
technology, all to support post-pandemic work practices with the aim of encouraging physical presence. 
During the ethnographic data collection, one of the managers explained that the organizational 
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management and structuring of hybrid work models felt like navigating blindly due to a lack of 
knowledge about the best solutions. On this ground, collaboration and research were defined together 
with the companies and evolved over time. For example, early in the research, policies demanding 
physical presence in the office were minimal. However, today, three years aer the pandemic, these 
policies and regulations for employees’ remote work options have become more widely implemented 
and strictly defined.  
 
e methodological approaches were shaped by the negotiation of agreements with the different 
organizations. e agreements with InterFin and GlobalContent differed regarding the allowed access 
to employees within the organizations. InterFin is a partner in the ReWork project, while the agreements 
with all other organizations involved in both ethnography and survey were added and negotiated later 
throughout the research process. InterFin restricted access to one department and specific areas of the 
building due to their handling of personal data but did not require anonymity. In contrast, 
GlobalContent required complete anonymity due to the nature of its organizational structure and work 
content but provided broader access to its buildings, documents, and departments. ese varying 
conditions enabled different types of empirical exploration. e limitation to one department at InterFin 
allowed for an in-depth focus on individual and team perspectives in hybrid environments. erefore, 
the research questions addressed in this ethnographic work focused on individuals’ movements across 
different work locations and the complexities teams face in producing shared hybrid workspaces. 
Conversely, broader access within GlobalContent facilitated an emphasis on work processes and 
interdependencies beyond specific teams, revealing connections outside the immediate scope of work. 
is allowed for research questions focusing on the nature of work, which involves cross-organizational 
collaboration. e requirements of anonymity constrained the research to not disclose specific details 
of the company and its work. Although this did not affect the analytical process, it influenced the level 
of detail that could be shared and communicated, which consequently shaped the perspectives on what 
could be explored. For example, the research focus at GlobalContent, as presented in Paper III, remained 
on infrastructural transformations and team collaboration, as technical details and related cooperative 
challenges could be discussed without revealing specific information, thus maintaining confidentiality 
while still exploring key aspects of the research findings.  
 
e industry collaboration was an iterative process involving continuous engagement with various 
informants from the organizations. e collaboration typically began with managers’ perspectives on 
organizational management, including negotiation of access to data and employees. is was followed 
by the collection of ethnographic data with a focus on cooperative interaction and work activities. 
Consequently, different informants participated throughout the process, ranging from workers involved 
in daily cooperative tasks to managers overseeing organizational structure. Understanding these diverse 
needs and contexts was essential for exploring cooperative practices and sometimes conflicting interests 
regarding work conditions, such as regulations on physical office presence. is dual perspective offered 
insights into the varying needs and viewpoints, occasionally highlighting the challenges of balancing 
flexibility and stability for cooperative groups and organizational management.  

In this relation, the industry collaboration revealed that hybrid work is oen an emotional topic. 
Hybrid work reflects employees’ personal preferences for working from home, which can conflict with 
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organizations’ preferences for physical presence in the office, potentially managed with policies 
regulating employees’ flexibility in choosing their work locations. Misalignment between personal 
preferences and organizational management can provoke emotional discussions. For example, such 
discussions were observed in situations where there were disagreements about whether employees 
complied with the enforced regulations and whether the specific policies were “correct,” particularly 
regarding different perspectives on whether remote options are a privilege or a right. To address these 
sensitivities during the ethnographic work, questions on organizational policies and personal location 
preferences were raised only outside the shared office environments. Additionally, this sensitivity was 
evident in the negation with managers, as the explorations into organizational management sometimes 
resulted in companies declining to participate in the study. For example, one company refused to 
distribute the survey presented in Paper V within the organization because it included questions about 
whether the organization had policies allowing employees to occasionally work from home. e 
organization was concerned that addressing this topic in the survey would reopen contentious debates, 
as hybrid work policies had been a source of internal discussions in the years following the pandemic. 
e company was particularly apprehensive that such questions might imply a willingness to change 
its policies, which it wanted to avoid. In these ways, the PhD research has been shaped by the ongoing 
navigation between industry and research agendas, which has influenced both the types of data that 
could be collected and, consequently, the research questions that could be addressed, as well as the 
overall scope of the research focus.   

3.3 IMPLICATIONS OF THEORETICAL CONCEPTUALIZATIONS   

eoretical conceptualizations contribute to structuring key aspects of complex phenomena, creating a 
shared language and discourse of future explorations. In this PhD, the aim of working with theoretical 
conceptualization was to identify core aspects of hybrid work practices and, in doing so, propose 
considerations for designing cooperative technologies in this context. Concepts are terminological 
definitions of specific phenomena, practices, or other aspects of realities developed to describe essential 
characteristics. Conceptualizations are common in CSCW research; for example, core concepts such as 
articulation work provide insights into the work required for engaging in cooperative practices (Schmidt 
& Bannon, 1992; Strauss, 1988). By introducing concise terminology, concepts help highlight important 
characteristics of phenomena and guide future directions.  

Conceptualizations can emerge from different sources, such as empirical data or literature. Each 
paper in this PhD presents concepts that identify significant characteristics of hybrid work practices, 
informed by both empirical data and theoretical insights. Papers I to III were empirically driven with an 
inductive approach to let the conceptualizations ground in the analysis of empirical data. e concepts 
developed in these papers focus on the core characteristics of hybrid cooperative practices, including 
the geographical distribution of cooperative engagements (Paper I), the individuals’ locations (Paper II), 
and the nature of the work (Paper III). All these concepts are context-dependent, deriving from hybrid 
practices. Differently, Papers IV and V are theoretically driven, focusing on technology design (Paper 
IV) and effort in engaging in collaboration in contemporary work environments (Paper V). eoretically 
driven concepts are developed from established research, which can oen provide broader, more 
generalizable ideas. However, this generality can make them less responsive to specific contexts, 
requiring adaptation to align with specific scenarios or practices.  
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Concepts can serve as sensitizing concepts guiding explanation and understanding  (Bowen, 2006, 
2019; Randall et al., 2007). Sensitizing concepts are interpretive tools that focus aention on framing 
questions and research directions. In this way, concepts can facilitate shared understanding across 
disciplines, which is particularly relevant to CSCW’s interdisciplinary nature. As interpretive tools, 
concepts invite multiple perspectives and implications; this PhD aimed to explore conceptualizations 
from three perspectives: research, technology, and industry. From a research perspective, concepts 
suggest new objectives for studies. To exemplify, the concept of collocated distance, developed in Paper 
I, shaped subsequent ethnographic explorations by guiding the focus of aention to the collocated 
context during the ethnographic work. From a technology perspective, concepts inform design 
propositions. All concepts included in this PhD thesis suggest design propositions for cooperative 
technologies supporting hybrid work (a list of these design propositions is presented in Findings, 
chapter 0). However, the development of these propositions differed depending on the method for 
developing the concept. For example, Paper IV revises existing research on design challenges and, on 
this basis, presents concepts that explain design challenges that can almost directly be translated into 
design propositions. In contrast, empirically driven concepts, such as those presented in Papers I to III, 
emerged from observations of specific contexts, offering detailed, practice-based insights that required 
additional interpretation to inform design exploration. is work involved a reinterpretation of the 
concept, which based on empirical findings across all data, could transform these insights into design 
propositions. From an industrial and practical perspective, concepts can provide insights into 
employees’ cooperative practices, supporting their structuring of organizational management. is 
sometimes necessitated reworking the findings to adjust the perspective on results that may not align 
with research agendas but can instead inform organizational management. For example, the 
presentation of conceptualizations of hybrid work facilitated discussions of potential misalignments 
between organizational management and hybrid cooperative work practices.   

In this way, this PhD has viewed concepts through three interconnected lenses, each offering a 
distinct perspective that demonstrates the interplay between theoretical insights and empirical data. A 
concept describing a particular cooperative practice can act as a lens to assess whether a given 
technology adequately supports that practice and vice versa. By bridging observed practices and design 
explorations, this PhD’s conceptualizations aimed to suggest insights into research objectives, guide 
technology design, and reshape organizational practices. 

 
Frameworks oen build on conceptualizations by illustrating relationships between concepts and 
connecting interrelated aspects into a cohesive model. Frameworks, like concepts, can derive from 
various research data and are flexible, allowing for modifications as new insights emerge. For example, 
Paper V extends the Distance Framework (G. M. Olson & Olson, 2000) to address contemporary 
characterizations of organizational work. e original Distance Framework includes four interrelated 
concepts important for success in distributed work; Paper V adds two new concepts based on empirical 
data and recent literature, demonstrating the continued relevance of the framework in contemporary 
work environments.  

Differently, the framework proposed in this PhD thesis was developed using a boom-up 
approach. is process was informed by the concepts presented in all five papers, as well as empirical 
data and previous research. Developing conceptual understandings requires an iterative approach 
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grounded in empirical explorations to ensure credibility (Glaser & Strauss, 2017). is methodological 
approach involved analyzing connections between concepts, identifying overlaps, and addressing 
misalignments. By iteratively refining the relationships between the concepts presented in the included 
papers, the framework was shaped to reflect the interdependencies and complexities inherent in hybrid 
work practices. In this way, the framework proposed in this PhD thesis highlights dimensional 
interdependencies in hybrid work, suggesting what should be considered when designing cooperative 
technologies for hybrid work practices. e research conducted throughout the PhD process 
emphasized the interconnected nature of hybrid work in which cooperative work, spatial contexts, 
ecologies of computing technologies, and organizational structures are mutually dependent in complex 
ways. e framework illustrates these interdependencies, offering a structured perspective on what is 
important when designing for hybrid work. e framework aims to serve as a conceptual tool for both 
research and industry. For research agendas, it identifies concepts and dimensions relevant to designing 
cooperative technologies. For industry, it highlights the importance of considering the interconnection 
between the structuring of cooperative engagements, organizational policies, and office space, as well 
as the implementation of technology. By illustrating the interrelationship of these dimensions, the 
framework contends that none of them can be viewed in isolation; instead, they must be considered 
together within their broader context. e framework is illustrated in Figure 8 but elaborated in the 
Discussion, chapter 5.5. 

 

 

e work on theoretical conceptualizations in this PhD aimed to capture the unique characteristics of 
hybrid cooperative practices, providing a shared language for bridging research and industry 
perspectives. e relevance of the conceptualizations has been validated in the research context through 
peer-reviewed publications, while in the industry context, it involved presentations for managers. 
Research findings were shared with managers from the industry collaborators upon completing a study, 
which involved discussion of the practical implications. is feedback fostered discussions and 
refinement of insights to ensure the relevance of both theoretical and practical contributions. For 
instance, this PhD’s proposed framework of dimensional interdependencies in hybrid work was 
presented to GlobalContent, which sparked discussion on potential challenges in their current 
redesigning of meeting rooms and investment in technologies.  

FIGURE 8. Illustraঞon of this PhD 
thesis’ proposed framework of 
dimensional interdependencies in 
hybrid work, along with the concepts 
developed and presented in each of 
the papers included.  
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In this way, the concepts and frameworks developed throughout this PhD aim to bridge research across 
industry and academic agendas, highlighting the interplay between dimensional interdependencies that 
are crucial for understanding and designing for hybrid work. By integrating insights from empirical 
data, theory, and previous research, this work seeks to contribute to the broader research effort to 
conceptualize hybrid work, offering insights into research on future ways of working, practical 
approaches in organizations, and the design of cooperative technologies.  
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4 FINDINGS 
To conceptualize computer-supported hybrid cooperative work, five papers have been developed to 
present different investigations into what is important in hybrid work practices. Each of the papers 
included explores distinct areas of cooperative engagements, all contributing to identifying important 
aspects to consider when designing cooperative technologies for hybrid work. is chapter elaborates 
on each of the paper’s contributions and concludes with an overview of how the theoretical concepts 
invite design propositions. Table 2 provides an overview of the five papers’ focus and contributions.  

TABLE 2. List of publicaঞons and their respecঞve research quesঞons and contribuঞons. 

PAPER RESEARCH QUESTION CONTRIBUTION(S) 

PAPER I:  
Collocated Distance: 
A Fundamental 
Challenge for the 
Design of Hybrid 
Work Technologies  

What are the 
characteristics of hybrid 
cooperative work that 
introduce unique design 
challenges to be met by 
cooperative 
technologies?  

1. Presents a conceptual definition of hybrid work as 
at least three people who are mutually dependent 
in their work while being distributed across fewer 
contexts than there are individuals involved, yet 
not all collocated.  

2. Categorizes empirical cases from the literature on 
hybrid cooperative work into the four domain 
fields: health, performance, office, and out-of-
office.  

3. Identifies collocated distance as a unique design 
challenge in hybrid work technologies, 
highlighting the potential misalignment among 
subgroups within a shared geographical location.  

PAPER II:  
Locaঞon Mulঞplicity: 
Lost Space in the 
Hybrid Office 

What are the spatial 
challenges of producing 
and negotiating a 
shared hybrid 
workspace in hybrid 
office arrangements? 

1. Presents a temporal perspective for studying 
hybrid work in office environments, reflecting the 
daily variations in cooperative seings.  

2. Identifies location multiplicity as an inherent 
characteristic of hybrid work, describing how 
individuals move across multiple locations, 
thereby making hybrid configurations malleable.  

3. Presents a design challenge for cooperative 
technologies in creating stability and 
predictability across spatial and temporal 
dimensions in hybrid work arrangements. 
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PAPER III:  
The Ripple Effect of 
Informaঞon 
Infrastructures 

How does the global 
information 
infrastructure impact 
the nature of local work 
contexts? 

1. Explores the connectedness between local work 
contexts and global information infrastructures.  

2. Suggests that the co-evolvement of work and 
information infrastructures requires an 
infrastructural perspective in CSCW studies to 
understand how work practices are impacted by 
the characteristics of the information 
infrastructure.   

3. Proposes the ripple effect of information 
infrastructures to shape and scope local work 
contexts across multiple scales, requiring an 
extended peripheral perception to identify 
(invisible) interdependencies outside the 
immediate scope of work.  

PAPER IV:  
Revisiঞng Grudin’s 
Eight Challenges 
Developers of 
Groupware 
Technologies 30 
Years Later 

What are the challenges 
for developers of 
groupware technologies 
in 2024? 

1. Introduces empirical data on hybrid work 
practices into the analysis of Grudin’s original 
challenges.  

2. Categorizes the design challenges into 
cooperative, social, and organizational.  

3. Presents a refined list of contemporary challenges 
for groupware developers, revising the 
cooperative challenges to emergent exception 
handling and exaggerated accessibility to align 
with the multifaceted and simultaneous use of 
cooperative technologies in hybrid work.  

PAPER V:  
How Distance 
Ma�ers in Dynamic 
Work Environments   

How does distance 
maer to an 
individual’s work 
experience in 
contemporary 
cooperative teams?   

1. Extends the original Distance Framework by 
adding two new factors: collaboration effort and 
collaboration technology effort, reflecting the 
complexities of collaborating across dynamic 
configurations.   

2. Shows the six collaboration factors of the 
Extended Distance Framework to predict 24% of 
the variation in job satisfaction.  

3. Demonstrates that distance affects both team 
dispersion and the role of the office, while only 
office-related factors impact job satisfaction. 
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4.1 COLLOCATED DISTANCE IN HYBRID ARRANGEMENTS 

Paper I studies the characteristics of hybrid work based on empirical cases from previously published 
papers across different professional domains. rough the selection process of empirical cases, a 
conceptual definition of hybrid work was developed to identify which cases were in hybrid seings. 
e definition suggests that hybrid cooperative work involves at least three individuals who are 
mutually engaged in a shared field of work while being geographically distributed across fewer contexts 
than there are individuals involved, yet who are not all collocated. Based on a detailed analysis of the 
cooperative work in the empirical cases across the four research papers, Paper I argues that hybrid work 
inherits the characteristics and challenges of both cooperative and distributed work, thereby placing 
hybrid work as a subset. Furthermore, the paper presents examples of hybrid scenarios where 
technologies connect geographically distributed sites but do not address the misalignment between 
collocated participants sharing a geographical site. Based on these insights, the paper introduces the 
concept of collocated distance as a unique challenge in hybrid work, illustrating that subgroups are 
created both across and within collocated contexts due to geographical locations and technology use.   

Collocated distance refers to situations in hybrid work where collocated subgroups cannot be 
assumed to have a shared understanding, even though these individuals share a geographical context. 
One geographical site can host individuals with varying opportunities to access information, tools, and 
other people. erefore, the design of cooperative technologies for hybrid work should support 
collaboration across geographically distributed borders and bridge collocated distances within 
subgroups that share geographical locations.  

4.2 THE ILLUSION OF THE HYBRID OFFICE  

Paper II explores the spatial challenges of producing shared, hybrid workspaces in the post-pandemic 
office. rough empirical ethnographic exploration, the paper presents the contemporary challenges of 
navigating location multiplicity in hybrid work. Taking a temporal perspective, hybrid work is not 
simply a maer of a location binary where individuals choose between home and office. In practice, 
hybrid work represents location multiplicity, separated across several ‘homes’ and office spaces. 
Locations in hybrid work include individuals' home spaces and various office areas, such as different 
floors of the office and sometimes even different buildings. Navigating location multiplicity challenges 
the production of a hybrid workspace due to the continuous reconfiguration of the cooperative setup, 
creating a lack of consistency, stability, and predictability. Remote work options create flexibility for 
individuals, yet consequently, team members rarely know where their coworkers are geographically 
located. e paper demonstrates that workers risk disconnecting from the physical space and instead 
rely on the stability of the digital space to decrease their dependency on specific locations.  

Paper II suggests that designing hybrid cooperative technologies is challenged by integrating both 
physical and digital components into a shared workspace. To take advantage of physical opportunities 
and geographical collocation, work should be able to persist beyond spatial and temporal borders. e 
use of physical components at one site (e.g., writing on a whiteboard) oen disappears by the next day, 
which complicates their integration, as hybrid cooperative groups may be distributed differently the 
next time they need to access the work. Based on these insights, the paper suggests that cooperative 
technologies for hybrid work should be location-independent, enabling access to work regardless of the 
specific collaborative configurations on different days.    
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4.3 WORKING WITHIN INFORMATION INFRASTRUCTURES 

Paper III investigates the socio-technical aspects of working within interconnected infrastructures. e 
findings are based on ethnographic explorations of an infrastructure project conducted from one office 
location but having a global impact. e paper suggests that the ripple effect of information 
infrastructures calls for an extended infrastructural perspective when studying local work contexts, as 
global information infrastructures shape and scope local work contexts at multiple scales. Local work 
is embedded into the information infrastructure, making work and infrastructure interconnect and 
continuously co-evolve as the work progresses. An extended peripheral perception is needed to 
understand and identify peripheral – and sometimes invisible – interdependencies, such as people, 
artifacts, and policies that are relevant to the work, even though they might not be visible.  

Exploring how local work contexts are interrelated to the larger setup is relevant for hybrid work, 
as hybrid environments unfold in multiple locations where people and technologies are situated. An 
individual’s vision from one local context is constrained by the hybrid distributed setup, leading to 
potentially important interdependencies being placed out of sight, scaling the local work context. e 
paper provides empirical insights into how cooperative technologies for hybrid work must be scalable 
and flexible to support the evolving nature of work. As the scope of interdependent people, artifacts, 
and policies changes, cooperative technologies need to adapt dynamically to the evolving work context. 
is adaptability must support continuous collaboration among relevant individuals, accommodating 
the co-evolution of work and infrastructure.  

4.4 CHALLENGES FOR DEVELOPERS OF GROUPWARE TECHNOLOGIES 

Paper IV revises Grudin’s (1994) eight challenges for groupware developers to reflect the contemporary 
challenges of hybrid work environments. During the past 30 years, technologies have increasingly 
advanced and become seamlessly integrated into organizational work practices, becoming an 
indispensable part of the work. e paper categorizes the original design challenges into cooperative 
challenges (no. 4 and 5), social challenges (no. 1, 2, and 3), and organizational challenges (no. 6, 7, and 
8) to explore which aspects have changed. e paper argues that while the main arguments of the social 
and organizational challenges remain the same, the cooperative challenges have changed in light of 
contemporary work practices. e original challenges argued that groupware technologies’ are 
challenged in accommodating exception handling and improvisation (Grudin, 1994). Differently, this 
paper suggests that digital applications are used in various ways for different purposes, requiring 
ongoing adjustments of the technology, consequently revising this challenge to support emergent 
exception handling. Moreover, the challenge of accessibility is revised from handling unobtrusiveness 
and integration to instead handling exaggerated accessibility, as contemporary work practices are 
supported by multiple technologies in parallel, simultaneous use. is simultaneous use challenges the 
continuous reconfiguration of technologies and work required to create boundaries of technologies in 
practice, risking mental overload from constantly shiing between multiple interrelated contexts, 
applications, and devices.  
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4.5 DYNAMIC DISTANCE IN HYBRID WORKPLACES  

Paper V explores how distance maers to individuals’ work experiences in organizational cooperative 
teams. e paper suggests that distance has become a dynamic condition in hybrid environments as a 
consequence of employees alternating between multiple home and work locations on different days. 
e paper builds on a survey developed from the Distance Framework (G. M. Olson & Olson, 2000). 
Based on the empirical insights produced as part of the previous papers and literature, the paper 
introduces two new factors extending the original Distance Framework: collaboration effort and 
collaboration technology effort. ese two factors reflect the effort required in collaborating within 
dynamically distributed teams, as well as the malleable requirements that this creates for producing 
appropriate technology setups.   

To explore individuals’ experiences of working in organizational teams, the paper investigates the 
relationships among the six collaboration factors, as well as five external factors and job satisfaction. 
e findings indicate that distance in contemporary work environments impacts not only the 
geographical separation within hybrid and distributed teams but also the role of the office. Being 
involved in geographically distributed teams has no significant relation to job satisfaction. In contrast, 
the experience of the office’s ability to support access to relevant colleagues, as well as employees’ 
personal preferences for working from the office or remotely, significantly impacts job satisfaction. 
Based on an equal distribution between respondents preferring to work from the office and those 
working remotely, the paper highlights the relevance of exploring ways that organizational offices can 
support dynamically distributed teams while still providing hybrid work models. In this relation, the 
dynamic changes in the geographical distribution of organizational teams suggest the need for 
cooperative technologies that support collaboration, regardless of whether an individual is engaged in 
hybrid cooperative work remotely or as part of a collocated subgroup, with the goal of reducing 
collaboration effort. 
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4.6 DESIGN PROPOSITIONS 

Each paper presents conceptual insights into the nature of hybrid work. ese conceptualizations invite 
different design propositions relevant to the design of hybrid cooperative technologies. Table 3 lists the 
papers included along with their conceptualizations and related design propositions.  

TABLE 3. List of concepts and their design proposiঞon for hybrid cooperaঞve technologies. 

PAPER CONCEPT DESIGN PROPOSITION 

PAPER I 
 

Collocated distance  To support hybrid work, technologies should support collaboration 
both across geographically distributed sites and within collocated 
contexts.  

PAPER II Location multiplicity To support hybrid work, technologies should be location-
independent. 

PAPER III Ripple effect To support hybrid work, technologies should be scalable and 
flexible, supporting dynamic adaptation to changing work contexts 
and the evolving scope of relevant interdependencies.  

PAPER IV Emergent exception 
handling 

To support hybrid work, technologies should be reconfigurable to 
accommodate ongoing emergent use, thereby reducing the need for 
exception handling. 

Exaggerated 
accessibility  

To support hybrid work, technologies should align with the existing 
ecology of artifacts, supporting multiple, parallel, and different 
usages of applications and devices simultaneously. 

PAPER V Collaboration effort Hybrid work increases collaboration effort.  

Collaboration 
technology effort 
 

To support hybrid work, technologies should support the individual 
in engaging with relevant coworkers independently on whether 
they are remote or collocated with others, reducing collaboration 
effort.  
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5 DISCUSSION 
e overall research aim of this PhD was to explore what is important in designing cooperative 
technologies for hybrid work through empirical studies on contemporary work practices. In this 
endeavor, five papers have been included in this PhD thesis, each addressing a distinct perspective on 
cooperative technologies and hybrid work practices. e findings of these studies reveal insights into 
dimensional interdependencies in hybrid work environments, inviting new conceptualizations and 
design considerations. is chapter discusses the characteristics of hybrid cooperative work, the spatial 
conditions for collaborating in hybrid configurations, and the technological and organizational 
implications that arise. Finally, it proposes a unified framework, emphasizing how these dimensions are 
mutually dependent and, therefore, cannot be considered in isolation when designing cooperative 
technologies for hybrid work practices.  

5.1 CHARACTERISTICS OF HYBRID COOPERATIVE WORK 

Understanding the characteristics of hybrid work is essential for identifying how this specific type of 
cooperative engagement sets unique requirements for cooperative technologies. is PhD examined the 
nature of hybrid work as these cooperative actions are situated in practice, which is particularly relevant 
as the term has gained popularity in describing varying post-pandemic work models that integrate 
remote work with pre-pandemic collocated practices. is PhD’s characterization of hybrid work is 
shaped by various empirical scenarios from both ethnographic work and research papers published 
before the pandemic. On this basis, the PhD thesis suggests a conceptual definition of hybrid work that 
places this type of cooperative engagement within the continuum of collocated and distributed work. 
Further, it highlights the importance of the collocated context, which multiplies when taking a temporal 
perspective on hybrid work.  

To develop a concise definition of which cooperative engagements are hybrid – and which are 
not - Paper I investigates the characteristics of hybrid work across empirical historical cases within 
different domains. is is particularly relevant for identifying empirical cases, as there oen are no clear 
terminological distinguishments between cases being presented as, for example, virtual, remote, 
distributed, and hybrid. Paper I builds on the CSCW definition of cooperative work as at least two people 
who are mutually dependent in their work (Ciolfi et al., 2023; Schmidt & Bannon, 1992). In this way, we 
define hybrid work as at least three interdependent individuals who are distributed across at least two 
contexts, yet fewer than there are individuals involved. is definition suggests hybrid work to 
encompass all cooperative seings within the continuum of solely collocated and fully distributed work 
arrangements, thereby always representing both collocated and distributed subgroups. is assumes 
that only minor changes in the geographical distribution will impact the collaboration, for example, in 
scenarios where only one person is remote while ten people are collocated. is definition shares 
characteristics with Neumayr et al. (2018, 2022), who argue that hybrid work encompasses both 
collocated and remote collaboration in synchronous and asynchronous work. While hybrid work is not 
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new (M. H. Olson, 1983), distinguishing cooperative seings in specific details of the ratio of how many 
are collocated versus remote was not necessarily common but interchangeably used to present virtual, 
remote, and distributed work.  

is PhD thesis suggests that particularly the collocated context is a unique challenge in hybrid 
work environments, making it important to differentiate between hybrid and distributed contexts. 
Commonly, research on distributed work explores ways to facilitate collaboration across geographically 
distant sites (Mark et al., 2003; G. M. Olson & Olson, 2000). However, Paper I demonstrates that distance 
in hybrid arrangements also exists within the collocated context. Geographical distribution creates 
subgroups in cooperative engagements (Cramton & Hinds, 2004); in hybrid arrangements, these 
subgroups are created both across geographical distances and within collocated contexts. Paper I 
introduces the concepts of collocated distance to describe this characteristic of hybrid work arising from 
collocated individuals having varying opportunities for accessing relevant coworkers, technologies, and 
artifacts. In this way, the collocated subgroups in hybrid work cannot be assumed to have a shared 
understanding even though they share the same location context. Achieving common ground is always 
challenging in cooperative work (Clark & Brennan, 1991), but these challenges are amplified in 
distributed configurations (G. M. Olson & Olson, 2000). Establishing a shared understanding across 
hybrid distributions can present additional complexities, as hybrid work inherently creates asymmetric 
conditions in work (Bjørn et al., 2024). Hybrid configurations always consist of both collocated and 
distributed individuals who will never have the same options for information access or engaging in 
collaboration.  ese unequal opportunities make hybrid work differ from fully collocated or complete 
remote arrangements where all participants have symmetric opportunities and constraints for engaging 
in work.  

 
Building the conceptual definition of hybrid work on historic cases allowed for exploration across 
various cooperative engagements within different professional domains that naturally unfold in hybrid 
seings. For example, as presented in Paper I, emergency call cases involve individuals distributed 
across the ambulance, the call center, and the emergency location itself (Paolei, 2009) or live streaming 
of sports events where reporters and camera operators are positioned at various locations despite being 
in close proximity (Engström et al., 2010). Paper I’s historic approach to characterizing hybrid work 
allowed us to look beyond cooperative practices influenced by the pandemic, where, in particular, 
computer-based office work underwent an accelerated digital transformation (Madsen et al., 2020; 
Smite, Moe, Klotins, et al., 2022). e hybrid office has received aention in both broader society and 
the media aer the COVID-19 pandemic, particularly with a focus on empty offices and remote work 
policies (Appel-Meulenbroek et al., 2022; Smite, Moe, Tkalich, et al., 2022). ese concerns were shared 
by the industry partners involved in this PhD and the ReWork project. erefore, the ethnographic work 
focused on hybrid work in organizational office seings as these are situated in real-world contexts.  

Hybrid office work blends the flexibility of remote work with the structure of traditional office 
environments. Research on hybrid office work presents various cooperative distributions based on 
individual preferences or opportunities for commuting to the office or working remotely throughout 
the week (de Souza Santos & Ralph, 2022; Smite et al., 2023). In line with these perspectives on potential 
weekly changes in individual locations, Paper II extends the “time snapshot” of hybrid configurations 
in Paper I by taking a temporal perspective to understand the challenges of producing a shared 
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workspace for hybrid cooperative work. e paper presents the concept of location multiplicity to 
describe how remote options in hybrid work introduce multiple potential geographical sites into the 
hybrid setup because individuals change working from the office and from home. ese dynamic 
changes in hybrid configurations can complicate cooperative work in hybrid arrangements. While 
hybrid work, with remote options, provides flexibility for the individual, it can, for the group, generate 
unpredictability and instability. Individuals oen move between locations over time by changing their 
work locations weekly or even daily, making it difficult to predict where relevant coworkers will be 
located at a given moment. Cooperative activities vary in their level of coupling and the related 
dependency on interaction frequency, while tightly coupled work can pose challenges in geographically 
distributed collaboration (G. M. Olson & Olson, 2000). In hybrid work, all types of work must be 
conducted in these malleable seings where the human configuration of the cooperative engagements 
might change daily. erefore, this PhD thesis argues that, in hybrid work, the temporal perspective on 
configuration change cannot be neglected, as the geographical distribution of the same cooperative 
group will vary depending on the specific day and time. 

5.2 SPATIAL MULTIPLICITIES IN HYBRID CONFIGURATIONS 

An inheritable characteristic – and core challenge – of hybrid work is the multiplicity of spatial contexts 
in hybrid environments. Paper I suggests that hybrid work always represents at least two distinct 
contexts, while Paper II extends this by adding a temporal perspective, revealing that location 
multiplicity in hybrid work adds more potential contexts in hybrid environments as people can fluctuate 
between various locations during a week. e possibility of ‘working from anywhere’ (Sako, 2021; 
Smite, Moe, Klotins, et al., 2022) creates multiple potential spaces in hybrid environments, which all 
represent contextual constraints. is PhD research indicates that spatial multiplicities in hybrid work 
impact both an individual’s work in leveraging physical opportunities and the requirements of 
organizational space.     

Remote options make hybrid workers share characteristics with mobile workers, who oen move 
across different locations for work. Mobile workers oen need to reconfigure their activities and 
technology setups to adapt to the changes in spatial conditions (Brown & O’Hara, 2003; Erickson & 
Jarrahi, 2016). Harrison and Tatar’s (2008) examination of space is introduced with the example of the 
place called ‘café’ being supplanted by the place ‘office’ as people bring their laptops to work in these 
places while drinking coffee. In this way, spaces are construed by the people, activities, and artifacts in 
use, which, through social interaction, put value into the embodied experience of a specific place 
(Harrison & Tatar, 2008). is is relevant in the examination of location multiplicity in hybrid work, as 
individuals move across several places that turn into offices in their embodied experience and use of it. 
In their use, several places that are otherwise designed for different purposes create several workspaces; 
for example, ‘home spaces’ turn into ‘office spaces’ when individuals work from home (Breideband et 
al., 2022, 2023; Ciolfi et al., 2020). Working from these different places can increase the effort required 
by the individual worker who continuously needs to configure their setup. is dynamic configuration 
can relate to both technological, organizational, and contextual constraints, which can set different 
requirements for technology support (Erickson & Jarrahi, 2016). For example, the conditions for 
working remotely from home are different from the conditions at the office. In this relation, Paper V 
introduces the concepts of collaboration effort and collaboration technology effort, reflecting the work 
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required for engaging in the continuous reconfiguration to adapt to the specific cooperative contexts 
that change over time – both when the individual person changes location and when one of the relevant 
coworkers does.  

 
Besides the multiplicity of physical spaces covering the organizational offices and private home spaces, 
hybrid practices are further shaped by the digital cyberspace (Halford, 2005). Paper II presents a case of 
hybrid workers who rely on the digital space for their shared work, facilitating a collaborative virtual 
environment (Benford et al., 2001). During the pandemic lockdown, they abruptly transitioned all their 
work activities online, creating a common information space (Bannon & Bødker, 1997), which existed 
solely in the digital space. For example, these workers, before the pandemic, utilized the office’s 
whiteboard to provide an overview of work progress and project management, just as they conducted 
teaching-related activities in physical meeting rooms. During the pandemic, this was digitalized, with 
whiteboards being replaced by digital Kanban boards and teaching activities facilitated through 
Microso Teams. While this was an effective strategy during the pandemic, these digital practices 
continued aer the lockdown regulations eased. Relying on digital applications enabled by individual 
computing devices allows the individual person to access the work and engage in collaboration 
independent of their location, as well as this location’s spatial conditions. However, Paper II exemplified 
how this strategy also can invite new challenges in re-introducing the physical space in return to the 
office aer the pandemic. In this empirical case, the workers continue to rely on the stability of online 
and individual technologies, as this allows them to disconnect from the constraints set by the physical 
space. Although this organizational office was architecturally designed with affordances aiming to 
integrate both physical and digital collaboration, the workers’ actual practices did not align with the 
pre-defined opportunities set by the physical space. Instead, leveraging the opportunities of the physical 
space increased the required collaboration effort and collaboration technology effort, as the individual 
person had to reconfigure their work every time they changed their activity, group, or location.  

Hybrid practices can impact the requirements for the physical space, as organizational office 
spaces must facilitate collaboration for different activities unfolding in varying configurations – for 
example, maybe one day, only one person is located at the office site, while the next day, 20 people are 
on-site. e spatial multiplicity of hybrid work creates malleable team configuration, which increases 
the required collaboration effort in navigating and producing hybrid workspaces. e empirical case in 
Paper II demonstrates a newly renovated office that is designed for specific activities with five different 
types of meeting areas for cooperative activities. However, the fact that the office was designed for pre-
defined actions with specific activities instead led to a ‘lost space’ where these opportunities were never 
utilized – instead, all workers individually engaged in digital work from their personal computers at 
their own desks, engaging in digital work. e architecture and materiality of a space impact the 
constraints of the cooperative work (Alavi et al., 2019; Orlikowski, 2007). Designing without pre-defined 
boundaries has the potential to support flexible use (Bjørn & Østerlund, 2014). In line with this, this 
PhD thesis suggests that physical spaces for hybrid work should be designed to dynamically support the 
malleability of hybrid cooperative work without seing pre-defined boundaries for specific work 
activities and collaborative configurations. Embedding dynamics into the fabric of office buildings may 
support flexibility in use, thereby reducing the collaboration effort and technology effort required from 
individuals engaging in physical, collocated interactions in hybrid work. 
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5.3 EMERGING TECHNOLOGIES FOR FUTURE WORK PRACTICES  

Hybrid work practices are supported by diverse technologies that enable individuals to participate in 
collaborative activities and interactions across various collaborative configurations, reflecting changes 
in both work activities and geographical distributions. In this way, computer-supported work is not 
merely about human interaction with a single device or technology but involves individuals switching 
between multiple devices and applications, forming ecologies of artifacts (Lyle et al., 2020). ese 
technology artifacts are multiple in quantity but can also serve multiple functions for different purposes 
(Bjørn & Hertzum, 2011). is PhD research particularly emphasizes findings indicating that hybrid 
work practices should be supported by cooperative technologies that simultaneously support both 
collocated and distributed collaboration, facilitate individuals in transitioning across different locations, 
and enable continuous adaptation to the specific work context (e.g., changes in the people involved).  

Starting with the laer, Paper IV explores contemporary design challenges in cooperative 
technologies for hybrid work, based on two empirical cases in office seings where work relies on 
various digital tools and computing devices, such as laptops and meeting room equipment.  e paper 
highlights the importance of technologies to support reconfigurability and alignment with existing 
artifacts. e need for reconfigurability emerges from hybrid practices being supported by digital 
technologies for various types of cooperative activities.  For example, Paper IV demonstrates how MS 
Teams facilitates diverse cooperative activities, such as presentations, brainstorming, and social 
activities. ese practices are enabled by MS Teams’ ability to continuously adjust subgroups involved 
in the work concerning both communication and information sharing.  

In relation to this, Paper III emphasizes that the scope of relevant individuals in cooperative work 
evolves over time, requiring technologies to dynamically adapt to shiing work contexts. e paper 
illustrates how a local work context is shaped across multiple scales through interdependencies with 
external people, technologies, and policies. Consequently, cooperative technologies should 
accommodate continuous adjustment of relevant individuals (such as subgroups in MS Teams) and 
establish connections beyond local boundaries. As interdependencies extend beyond local work contexts, 
cooperative technologies should support collaboration among individuals with differing local 
constraints, such as varying organizational affiliations and access to technologies. Organizational 
structures and unique local characteristics — such as distinct practices, technologies, and policies — 
affect the reach of cooperative technologies, influencing how well they support collaboration across 
work seings (Gerson, 2008). erefore, cooperative technologies for hybrid work should oen account 
for the constraints tied to interdependencies that are outside the immediate scope of work.  For example, 
a hybrid cooperative activity may be facilitated by MS Teams yet involve cross-organizational work 
where one participant relies on MS Teams while another only has access to Zoom.  

 
Cooperative technologies for distributed work facilitate collaboration across distances (G. M. Olson & 
Olson, 2000). However, this PhD thesis suggests that cooperative technologies for hybrid work should 
support collocated and distributed collaboration simultaneously. e empirical findings highlight the 
importance of where people situate their bodies in hybrid environments, with emphasis on the 
collocated context. Hybrid collaboration involves people and technologies located across multiple sites, 
which can change over time. is malleable nature of hybrid configurations introduces dynamic 



 

50 
 

changes in collocated seings that must be considered in the implementation of technologies. However, 
this collocated context is sometimes neglected in cooperative technologies for distributed collaboration.  

Research on emerging technologies for distributed collaboration covers, for example, 
‘Perspectives’, which aims to increase symmetric participation and accessibility in hybrid meetings 
(Tang et al., 2023). Similarly, Reilly et al. (2015) explore how to create a blended physical and digital 
project room for shared work activities. With a focus on integrating bodily elements into hybrid 
environments, explorations investigate ways to give a remote person a physical presence in the 
collocated context (M. K. Lee & Takayama, 2011; Misawa & Rekimoto, 2015), which can also increase 
awareness of the remote participant (Venolia et al., 2010). However, these explorations into cooperative 
technologies primarily focus on connecting geographically distributed sites without supporting collocated 
interactions. Unlike fully distributed configurations, hybrid work inherently includes collocated 
subgroups. Papers I and II demonstrate that when technologies support distributed collaboration but 
neglect to facilitate collocated interaction simultaneously, there is a risk that users will not take 
advantage of their collocation. Instead, they may rely on digital practices, collaborating as if they were 
working entirely remotely, even when they are situated within a shared geographic site.   

 
Paper II’s conceptualization of location multiplicity in hybrid work suggests that cooperative 
technologies should be location-independent, allowing people and artifacts to remain connected across 
time and space. Advanced technologies for hybrid collaboration, such as Hybridge and Perspectives 
(Panda et al., 2024; Tang et al., 2023), aim to support equal opportunities for engagement. However, 
these technologies require individuals to be physically present at specific locations. As hybrid work 
offers flexibility for individuals’ locations, these configurations are, unlike cases on distributed work 
that represent a constant in the distributed configurations (Bjørn & Christensen, 2011), not always 
located at the same location. is inconsistency in hybrid configurations likely increases the required 
collaboration technology effort when using location-specific technologies.   

While the empirical data in this PhD does not include organizational offices using similar 
emergent technologies, Paper IV provides an example of other advanced technologies that remain 
unused due to their location dependency. e paper exemplifies that engaging with these technologies 
increases the collaboration technology effort because it does not extend the existing artifact ecologies 
that the workers already rely on in their hybrid practices. Artifact ecologies are dynamic and adapt to 
changes in work practices (Bødker & Klokmose, 2012). However, cooperative technologies for hybrid 
work must adapt not only to changing work activity but also to changing human configurations. 
Consequently, Paper IV argues that hybrid work technologies should align with the existing artifact 
ecology, providing seamless reconfiguration of the technology setup supporting their next activity.  

e flexibility individuals can have in choosing their own locations creates cooperative conditions 
that continuously change. is means that even in routine work involving the same task, the same 
people, and at the same time, the collaboration can unfold in different ways due to changes in 
geographical distributions. is malleability requires an increased collaboration technology effort to 
continuously adapt the technology setups. To support these dynamics of hybrid work, activity-based 
computing offers a perspective where multiple technologies support mobility within specific 
collaborative activities (Bardram, 2005). is emphasis on technologies being tailored for specific 
activities across diverse work contexts can align with the notion of location independence.  
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Being a remote worker in a distributed collaboration can involve several challenges for participating in 
hybrid cooperative work (Bjørn et al., 2024; Ciolfi et al., 2020; M. K. Lee & Takayama, 2011). However, 
in hybrid configurations, the additional effort required to integrate remote participants into the hybrid 
collaboration oen falls on the collocated group, for example, in managing extra cameras and 
microphones. Cooperative work inherently requires articulation work, and it is not uncommon that the 
value of this extra effort is not experienced by those who must perform it (Grudin, 1994; Schmidt & 
Bannon, 1992). Yet the inherent asymmetry of hybrid work means that even when individuals invest in 
additional collaboration effort and collaboration technology effort for creating technology setups 
supporting hybrid collaboration, they rarely achieve equal conditions for participation (Bjørn et al., 
2024). is PhD thesis suggests that to reduce collaboration effort and collaboration technology effort, 
cooperative technologies for hybrid work should be location-independent while still facilitating both 
collocated and distributed interactions simultaneously. In doing so, these technologies can support 
individuals in engaging in cooperative work, regardless of whether they or their relevant coworkers are 
remote or collocated, thereby reducing the effort required for hybrid collaboration. 

5.4 ORGANIZATIONAL STRUCTURING OF CONTEMPORARY WORK ENVIRONMENTS   

Collaborating with the industry during this PhD process has demonstrated organizational challenges in 
structuring and managing conditions that support hybrid work practices. Organizational management 
is essential for facilitating cooperative engagements (J. S. Olson & Olson, 2014). In this context, this PhD 
research focuses on office seings (e.g. flexible seating), the distribution of cooperative engagements 
(e.g., team configurations), and organizational policies (e.g., remote work regulations). e findings 
suggest that organizational structures for hybrid work should emphasize management practices that 
ensure access to relevant interdependencies within organizational spaces, thus enabling collocated 
interactions within relevant subgroups while still maintaining remote work options. 

Cooperative engagements can be hybridly distributed in organizational office work, with teams 
collaborating across different countries, as demonstrated by InterFin in Paper II. Additionally, hybrid 
teams can exist in organizational teams that have access to a shared site for collocated collaboration, 
while remote options permit occasional distribution, as shown in the organization GlobalContent in 
Paper III. e comparative analysis in Paper IV indicates that both cases experience similar challenges 
in hybrid collaboration due to inconsistencies in team configuration resulting from remote options. e 
flexibility of individuals’ locations in hybrid work means that workers do not always experience 
improved access to their relevant colleagues when they are at the office – not even when the 
organization operates from a single office location.  In relation to this, Paper V suggests that 
geographical distribution within a team does not relate to an individual’s job satisfaction; however, 
being in an office that does not facilitate access to colleagues is correlated with lower job satisfaction.  

e management of hybrid cooperative engagements can be challenged in balancing 
empowerment and control (Cousins et al., 2007). Policies on remote work dictate physical presence at 
the office; however, the structure of these policies can provide less flexibility for employees. e 
empirical data in this PhD covers different examples of organizational policies that regulate employees’ 
work locations. Paper II presents an organization with defined regulations that were continuously 
adjusted in the time aer the pandemic. Paper III reflects an organization with no regulations, and Paper 



 

52 
 

V shows this survey data to represent employees where two out of three are employed in an 
organization with regulations. Misalignment between work practices, personal preferences, and 
organizational management can affect individual work experiences (Berger et al., 2021). For example, 
Paper II presents a case in which organizational policies required physical presence at the office most 
of the time. However, the cooperative teams were globally distributed, meaning a team would never be 
fully collocated and would always require technology support for collaboration. In this case, one of the 
workers reported feeling lonelier at the office compared to working remotely, as the work, in practice, 
involved siing at the desk with headphones on to participate in digital collaboration throughout the 
whole day. e office did not provide the contextual conditions needed to support the work; for example, 
it was designed as one large open space, which posed challenges with noise. Furthermore, it did not 
support greater access to relevant interdependencies, as the work was conducted online with coworkers 
located across various distributed sites. In this way, this empirical case illustrates how organizational 
management, in an aempt to support hybrid collaboration by enforcing physical presence at the office 
sites, may misalign with how this hybrid work unfolds in practice.  

Professional relationships are shaped by various factors, including prior experiences, the 
frequency of interactions, and the coupling of work (Christensen et al., 2014; Cummings & Kiesler, 2008; 
Tenório & Bjørn, 2019). In hybrid collaboration, the strongest ties may not always be among collocated 
workers, as relationships exist across both collocated and distributed seings, as well as across 
professional disciplines (Cummings & Kiesler, 2008). Professional relationships, for example, formed 
through tightly coupled work, can exist between coworkers located in different countries, as was the 
case in Paper II. Maintaining these relationships requires workers’ engagement in relation work (Bjørn 
& Christensen, 2011), and in this case, the worker engaged in relational activities with distributed 
coworkers, such as having virtual coffee. is illustrates the worker’s emphasis on fostering 
relationships through digital interactions with those involved in tightly coupled work. In contrast, the 
organizational office only provided the option for collocation with coworkers involved in rare or loosely 
coupled work. erefore, supporting collocated interaction in hybrid work goes beyond simply enabling 
shared geographical presence; it also involves facilitating meaningful access to relevant 
interdependencies. 

is PhD thesis suggests that providing remote options is important in contemporary work 
environments, with Paper V showing an equal distribution between employees who prefer to work 
remotely and those preferring to work at the office. However, remote options increase the instability 
and unpredictability of cooperative teams. erefore, this PhD thesis also suggests that the 
organizational structuring of hybrid work should create an experience of stability in the cooperative 
constraints and support increased access to relevant interdependencies. For example, flexible seating 
policies increase instability, while offices that support collocation with relevant coworkers, potentially 
across different organizational associations, can support hybrid work environments.    

5.5 DIMENSIONAL INTERDEPENDENCIES IN HYBRID WORK 

is PhD research has taken different methodological and analytical perspectives on hybrid cooperative 
work. Each of the five papers included in this PhD thesis explores distinct aspects of contemporary 
work practices, covering the nature of the work and the cooperative, organizational, and technological 
configurations. ese dimensions are intrinsically interdependent, so to confine them into one 



 

53 
 

conceptual model, this PhD thesis proposes a framework that integrates social and technical insights, 
unifying the PhD research and the inherent relations revealed in the papers that mutually shape hybrid 
cooperative work practices.   

A coherent framework for hybrid work aims to illustrate socio-technical complexities in 
contemporary work, which is relevant for structuring and designing for hybrid work. Notable CSCW 
frameworks, such as Johansen’s matrix for cooperative activities based on time and space (Johansen, 
1988), which have been updated for hybrid work (Neumayr et al., 2018), categorize activity types and 
their technology support. Lee and Paine’s (2015) model of coordinated actions nuance the 
conceptualization of cooperative work by present dimensions placed on a continuum. Further, Olson 
and Olson present the Distance Framework of important factors for success in distributed work. Paper 
V of this PhD thesis extended this framework to reflect the required collaboration effort and 
collaboration technology effort that are necessitated to engage in the dynamic conditions set by hybrid 
configurations. Each of these frameworks illustrates different conceptual relations of computing 
technologies for cooperative engagements. e aim of the framework proposed in this PhD thesis is to 
illustrate the relationships between the conceptualizations developed throughout the research process. 
In this way, the framework unifies empirical insights and theoretical concepts, building on previous 
research to illustrate the dimensional interdependencies relevant to designing cooperative technologies 
for hybrid work.  

 
e framework development involved synthesizing theoretical concepts, empirical practices, and 
organizational approaches across each of the five papers included in this PhD thesis. is analysis 
emphasized the inherent multiplicity and dynamics in hybrid cooperative work, leading this PhD thesis 
to propose four dimensional interdependencies in hybrid work: cooperative work, spatial contexts, 
artifact ecologies, and organizational structures. Each of the papers included addressed distinct questions 
but collectively demonstrated the interdependence of these dimensions in hybrid work. e discussion 
examined hybrid work from these different perspectives; however, none of these dimensions can be 
fully understood in isolation. erefore, this PhD thesis proposes that designing technologies for hybrid 
work should consider all four dimensions to align with how hybrid work unfolds in situated work 
contexts. Figure 9 illustrates the proposed framework, highlighting the interconnections between 
cooperative work, spatial contexts, artifact ecologies, and organizational structures. e following 
elaborates on how these dimensions extend existing research and their interdependencies.   
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Cooperative work in hybrid work environments involves at least three mutually dependent 

individuals who are distributed across fewer contexts than there are participants involved. Yet, this 
group is never fully collocated, making hybrid work always consist of both collocated and distributed 
individuals. is definition of hybrid work extends the definition of cooperative work (Schmidt & 
Bannon, 1992), and in this relation, the PhD research explored how this revision calls for new 
conceptualizations and design requirements. Paper I suggests that distance in hybrid cooperative work 
exists across and within geographically distributed subgroups. Further, Papers II and V suggest that 
hybrid work practices require all work, independent of the degree of coupling, to be conducted across 
dynamic configurations. 

Spatial contexts are inherently multiple in hybrid work. Spatial and material opportunities 
shape the conditions of interaction and collaboration (Bjørn & Østerlund, 2014; Orlikowski, 2007; 
Suchman, 2006). Paper II argues that people’s changing locations in hybrid work add continuous 
readjustment in the relevant spatial contexts. Paper III illustrates how this evolving scope of spatial 
contexts scales a specific work task due to potentially interdependent people, technologies, and policies 
placed out of sight. In hybrid work, aligning cooperative work with spatial opportunities is a continuous 
adjustment adapting to multiple local contexts.  

Artifact ecologies are core in supporting hybrid work with cooperative practices being 
supported by multiple technologies. Contemporary practices involve people switching between 
multiple devices and applications, creating dynamics in artifacts ecologies (Bødker & Klokmose, 2012). 
Paper IV suggests hybrid work requires reconfigurability to accommodate ongoing adjustments of the 
setup, as well as rebounding of technologies in practice. Technologies for hybrid work are multiple and 
together enable work in hybrid seings. Papers II and V suggest that dynamics in spatial contexts call 
for technologies that enable work independently of the individuals’ location while seamlessly extending 
existing technology portfolios in both remote and collocated contexts.  

Organizational structures shape the conditions for cooperative work, influencing how 
individuals interact and collaborate. Managing these structures involves negotiating and defining roles, 

FIGURE 9. Illustraঞve Framework of 
the Dimensional Interdependencies 
in Hybrid Work 
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locations, policies, and access to technology (J. S. Olson & Olson, 2014). Paper II illustrates the 
organizational challenge of aligning policies across individual flexibility and shared stability in 
cooperative engagements. Paper V suggests that the management of hybrid work should pay aention 
to providing organizational spaces that support increased access to relevant interdependencies while 
still providing the options of remote work for individuals.   
 
Illustrating the dimensional interdependencies in hybrid work aims to inform future theoretical and 
practical explorations into cooperative technologies for hybrid work. eoretically, the proposed 
framework synthesizes insights from the concepts developed in each of the five papers included in the 
PhD thesis. Collocated distance (Paper I), as well as collaboration effort and collaboration technology effort 
(Paper V) extend research on collaboration across geographical distance (Mark et al., 2003; G. M. Olson 
& Olson, 2000), highlighting the importance of the increased complexities of collaboration across 
multiple collocated and distributed subgroups in hybrid work. Emergent exception handling and 
exaggerated accessibility (Paper IV) support research on artifact ecologies (Bødker & Klokmose, 2012; 
Lyle et al., 2020), which, together with Paper II, highlight the complexities of producing and navigating 
technology configurations that support existing artifacts, while enabling digital and physical 
cooperative practices simultaneously. e ripple effect of working within information infrastructures 
(Paper III) extends research on infrastructural perspectives (Monteiro et al., 2013; Star, 2002) by 
suggesting ways in which local work activities are shaped and scopes on multiple scales by the 
information infrastructure in which the work unfolds, requiring an extended peripheral perception to 
identify interdependencies that are, sometimes invisibly, placed outside the immediate scope of work.  

Together, the dimensional interdependencies contribute to research on the design of cooperative 
technologies (Panda et al., 2024; Smite et al., 2023; Tang et al., 2023) by proposing that hybrid work’s 
inherent characteristics of dynamics and multiplicity require all four dimensions to be considered when 
designing for hybrid work.  

Practically, the framework highlights dimensional interdependencies that are relevant when 
making organizational changes to hybrid work structures, such as implementing new technologies or 
adjusting organizational policies. To evaluate this practical relevance and applicability, the framework, 
along with conceptualizations from the five papers included in this PhD thesis, was presented to one of 
the industry collaborators, GlobalContent. is organization was actively exploring how to redesign 
office spaces and determine what technologies to implement in meeting rooms. ey expressed that the 
framework’s emphasis on dimensional interdependencies clarified why simply introducing advanced 
technologies into meeting rooms would not necessarily support hybrid work without also reconsidering 
cooperative and organizational structures. Organizing hybrid work goes beyond providing 
technological support for synchronous hybrid meetings — it also requires considering the collaboration 
and technology effort required to accommodate the dynamic configurations and spatial contexts of 
hybrid work. 

 
Future research could test the framework by validating its applicability. For example, new studies could 
expand the framework by exploring the concepts’ relevance for hybrid work in domains outside the 
office, thus enriching the understanding of hybrid practices in other work contexts. While hybrid 
workers share similarities with nomads (Brown & O’Hara, 2003; Liegl, 2014) and data workers (Flügge 
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& Møller, 2023), the empirical data in this PhD research is limited to cooperative practices with low 
location dependency. Job professionals, such as healthcare workers, may rely on equipment located at 
specific sites, which makes their cooperative work more location-dependent and may require different 
approaches to designing cooperative technologies. Although this PhD research aimed to bridge industry 
and research agendas, the conceptualizations are based on empirical data, including ethnographic work 
conducted only at organizational offices, as well as existing research discussions. To further assess the 
framework’s applicability, it could be tested in organizational interventions to explore its role in 
implementing new technologies and restructuring policies or cooperative setups.  
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6 CONCLUSION  
is PhD researched the nature of hybrid cooperative work with the aim of identifying what is 
important in designing cooperative technologies for hybrid work practices. e COVID-19 pandemic 
introduced new ways of working with an accelerated digitalization of work practices and the 
normalization of flexibility in work locations. rough theoretical conceptualizations, this PhD 
addressed the unique characteristics of hybrid cooperative work, design challenges for hybrid practices, 
and organizational structuring for contemporary ways of working. e PhD employed a mixed-method 
approach, emphasizing empirical explorations into contemporary work. is involved qualitative 
studies of empirical cases in literature, ethnography at two distinct organizations, quantitative data from 
five organizations, and engagement in research activities across academic and industrial organizations.  
 
e PhD thesis comprises five research papers, each examining different facets of computer-supported 
hybrid work practices. Paper I defines hybrid work and identifies the unique characteristic of collocated 
distance in hybrid work. Paper II addresses spatial challenges from a temporal perspective, introducing 
the concept of location multiplicity in hybrid work. Paper III investigates how local work practices can 
have, sometimes invisible, interdependencies across the information infrastructure in which the work 
is articulated. Paper IV presents contemporary design challenges for developers of cooperative 
technologies for hybrid work. Finally, Paper V examines collaboration effort and collaboration 
technology effort as important factors for contemporary work environments.  

Collectively, the papers contribute to the field of computer-supported cooperative work (CSCW) 
by proposing conceptualizations of hybrid work. ese findings suggest that technologies for hybrid 
work should simultaneously support both collocated and distributed collaboration while still being 
location-independent. Further, technologies should be reconfigurable to accommodate the dynamic 
nature of hybrid configurations, with a focus on reducing collaborative effort and collaborative 
technology effort.  

 
To answer the overall research endeavor of what is important in designing cooperative technologies for 
hybrid work practices, this PhD thesis proposes a conceptual framework of four dimensional 
interdependencies in hybrid work: cooperative work, spatial contexts, artifact ecologies, and 
organizational structures. e framework emphasizes the multiplicity of spatial contexts and dynamic 
configurations in hybrid work, contributing to existing research by illustrating how these dimensional 
interdependencies shape hybrid work practices. is emphasizes the relevance of considering all four 
dimensions when designing computing technologies for hybrid cooperative work.    
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ABSTRACT 
After the pandemic, it is urgently important to explore the spe-
cial challenges which arise with hybrid work. Through cross-case 
analyses of published papers, we propose collocated distance as a 
design challenge uniquely relevant for hybrid cooperative tech-
nologies. We identify and conceptualize collocated distance as a 
design challenge that arises in hybrid work situations, where at 
least three actors are mutually dependent in their work while being 
located within fewer contexts than the number of actors. Collo-
cated distance reminds us that when designing hybrid technologies, 
we must not only focus on creating technologies that support the 
work across geographical locations but equally pay attention to the 
relations and possible disconnections which exist locally between 
collocated actors. When designing cooperative technologies sup-
porting distributed work, often focus is on the boundaries between 
geographical contexts – however, in hybrid work, we must not 
forget to pay attention to the collocated boundaries within the same 
context. 

CCS CONCEPTS 
• Human-centered computing → Collaborative and social com-
puting; Human computer interaction (HCI). 

KEYWORDS 
hybrid work, distributed work, cooperative work 

ACM Reference Format: 
Melanie Duckert, Louise Barkhuus, and Pernille Bjørn. 2023. Collocated 
Distance: A Fundamental Challenge for the Design of Hybrid Work Tech-
nologies. In Proceedings of the 2023 CHI Conference on Human Factors in 
Computing Systems (CHI ’23), April 23–28, 2023, Hamburg, Germany. ACM, 
New York, NY, USA, 16 pages. https://doi.org/10.1145/3544548.3580899 

1 INTRODUCTION 
Collaboration across geography is a core interest in CHI and CSCW 
research [33, 44]. The dedication to fnd ways to design technologies 
that allow for cooperative actors to be mutually dependent upon 
each other in a common feld of work [93] despite being dispersed 
geographically, has received increased attention with the COVID-19 
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pandemic [81]. With the pandemic, we witnessed how the long-
term research endeavor produced signifcantly important results in 
designing digital technologies allowing people across the globe to 
work from home. The infrastructures of working and teaching re-
motely during the pandemic included cooperative technologies such 
as Teams and Zoom [26]. These CSCW systems provide technol-
ogy support for awareness [34, 47, 49, 52, 92] and/or coordination 
[40, 47] reducing the eforts of articulation work [22, 45, 97] for the 
distributed actors. The spatial opportunities and resources available, 
as well as the distance produced as part of the place-based activities, 
matter for how actors can cooperate through digital means [38, 51]. 
How we design and use technologies supporting cooperation across 
geography therefore shapes the potential of collaboration in impor-
tant ways. 

The pandemic introduced new ways of working, and as health 
restrictions are being lifted in most countries, several organizations 
are using the pandemic to refect and rethink the nature of the 
workplace, including the use of cooperative technologies [105, 108]. 
Some employees are requesting to work remotely, while others 
want to return to the ofce. How work will be organized in the 
future is still being considered in many organizations. In this paper, 
we explore a particular type of cooperation emerging after the 
pandemic: The cooperative setup characterized by hybrid work. 
As a starting point, we defne hybrid work as situations where at 
least three actors are located at fewer geographical sites than the 
number of actors (but not all collocated), and all actors are mutually 
dependent in their work. Hybrid work is then situations where at 
least one of the geographical sites includes multiple collocated 
people. We acknowledge that hybrid work in this defnition is a 
large spectrum of diferent types of work. Our defnition builds 
upon the assumption that even if one person is becoming remote 
in a large group of people, it impacts the type of collaboration that 
can take place. Similarly, if all but two people are distributed in a 
large cooperative remote setup, it also impacts the conditions for 
cooperative work. The research question guiding our work is: What 
are the characteristics of hybrid cooperative work that introduce 
unique design challenges to be met by cooperative technologies? 

Hybrid work has multiple overlapping characteristics with dis-
tributed work, however, to fully understand which characteristics 
are unique for hybrid work, we decided to analyze previously pub-
lished papers that provide detailed empirical cases of hybrid work. 
We collected papers published at CHI, CSCW, GROUP, ECSCW, 
and JCSCW, all top research venues that have included research 
pertaining to cooperative technologies and practices over the last 
decades. Our selected papers were then grouped into four domain 
areas: Healthcare, Performance, Ofce, and Non-Ofce work, each 
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providing a number of papers that described rich empirical details 
on cases of hybrid work. 

Based upon cross-case analysis of the selected papers, we make 
three contributions identifying the design challenges for hybrid 
work technologies: Firstly, supporting previous research [29, 35], we 
identifed two core design challenges for hybrid work technologies, 
1) the increased complexities involved in creating common ground 
in hybrid work settings, and 2) the increased complexities involved 
in balancing sub-group dynamics in hybrid work. Secondly, we 
identifed a new design challenge that is uniquely relevant when 
designing hybrid work technologies compared to distributed work 
technologies. We label this challenge collocated distance. Collocated 
distance reminds us to not only focus our designs on mediating the 
geographical boundaries across sites, but also explore the collocated 
boundaries which exist in a hybrid setup and use these collocated 
boundaries as a design characteristic for hybrid technologies. Fi-
nally, we propose an analytical framework for hybrid work as a 
subset of distributed work and cooperative work, which we hope 
can help others continue the work of understanding the unique 
characteristic of hybrid work with the aim of designing hybrid 
work technologies. 

The paper is structured as follows; First, we introduce prior work 
on cooperation and distributed work, while situating our research 
in the broader literature on computer supported cooperative work. 
Secondly, we introduce our strategies for selecting and analyzing 
the literature. Then we introduce the results of our analysis zooming 
in on the four selected empirical cases. Finally, we discuss and 
theorize the characteristics of hybrid work by visualizing hybrid 
work as a subset of both distributed work and cooperative work 
developing the concept of collocated distance. 

2 FROM DISTRIBUTED WORK TO HYBRID 
WORK: DISCONTINUITIES AND SHARED 
MEANING 

While in this paper, we generally refer to distributed work as sit-
uations where multiple people are working together while being 
geographically distributed, distributed work has been explored un-
der diferent headings in the literature such as virtual teams [42], 
Far-fung teams [71], Global virtual teams [1], Virtual Learning 
teams [20], etc. It is therefore important that we start by clarifying 
the vocabulary – and make clear which dimensions are involved 
when we refer to distributed work. 

Distributed work is cooperative work [93] and as such is defned 
by situations where at least two people are mutually dependent in 
their work and thus engage in cooperative work requiring articula-
tion work. This means that distributed work situations take place 
within professional domains, and the activities which are involved 
are shaped by these domains, e.g., in terms of professional language 
and vocabulary [87]. What gets excluded by this defnition is casual 
interactions or social interactions without a common feld of work. 
Interdependence, domain, and professional language are all impor-
tant aspects of distributed work. What makes distributed work as 
professional work interesting is that the dependencies shape and 
create cooperative engagement in important ways. It is the depen-
dencies that require coordination [40] and it is the dependencies in 

work that requires actors to fnd and develop strategies for creat-
ing mutual awareness [47] as an approach to reduce the eforts of 
articulation work [92]. 

Distributed work is geographically distributed. Distance often 
refers to the geographical distance [82], while the discussion about 
how we defne geographical distance and where the boundaries 
between collocation and distribution exist remains. Geographical 
distance matters, yet it is important to acknowledge that the per-
ception of distance might in many cases be even more pertinent in 
shaping the collaboration [23]. Geographical distance can in the 
‘smallest’ defnition include actors being distributed across diferent 
foors – and there is work that shows that even a few meters [30] 
can create distance among collaborators. Geographical distance can 
also include actors which are in diferent countries and even on 
diferent continents. This type of work is often referred to as far-
fung teams [70] or global virtual teams [58] and in some cases also 
specifed by the domain such as ‘software development’ like global 
software development [54]. When the geographical distance is high, 
then additional aspects such as temporal, cultural, and geo-political 
concerns also enter the scene [14–16, 76]. Thus, while ‘small scale’ 
geographical distance matters, the larger geographical distance 
often includes additional dimensions that need to be taken into 
consideration when designing technologies to support such work. 
The complexities clearly arise when extending the geographical 
distance by introducing additional concerns, and when we design 
technologies for both distributed and hybrid work, it is crucial that 
we examine all the potential complexities of the specifc setup. Dis-
tance is not just about ‘the number of meters’ but includes various 
dimensions or discontinues which can be pertinent. 

Distributed work is characterized by various dimensions and dis-
continuities. Rather than considering complexities emerging in dis-
tributed work as a binary – where they either exist or do not exist 
– Mary Beth Watson-Manheim et al. focus on the organizational 
context and suggest conceptualizing these complexities in terms 
of dimensions [103]. They ofer the following potential discontinu-
ities/continuities which are important to consider for distributed 
work: Organizational afliations, Work group membership, Phys-
ical locations, Temporal locations, Tasks, or Projects [103]. Their 
argument is that each example of a distributed work setting can 
have diferent discontinuities/continuities across these diferent 
dimensions. Focusing on work practices and coordinative actions, 
Charlotte Lee and Drew Paine [62] similarly propose a conceptual-
ization for coordinative action suggesting the following dimensions: 
Synchronicity, Physical distribution, Scale, Numbers of Commu-
nities of Practices, Nascence, Planned permanence, and Turnover. 
They argue that each of these dimensions matters for the challenges 
of coordinative action. Following this way of thinking, we attempt 
to pay attention to the various types of dimensions or disconti-
nuities that might arise in concrete situations of distributed work 
as critically important to consider, when designing cooperative 
technologies for such work. 

The main challenge in distributed work is establishing a shared 
meaning context to develop and maintain common ground. One of the 
main challenges in cooperative work is establishing and maintain-
ing a shared meaning context [18, 111]. A shared meaning context 
in distributed work is a conglomeration of pieces from the various 
contexts that collaborators bring with them into the distributed 
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work setting such as the professional context, the local context, and 
the distributed context [18]. Each context has assigned languages 
and practices, which need balancing during the cooperative en-
gagements and can analytically be divided into the work practice 
level (work practices and professional language), the organizational 
level (norms and procedures), and the life world level (taken-for-
granted assumptions) [18, 74–76]. Professional disciplines shape 
work in important ways as the work practices, policies, protocols, 
and procedures emerge out of long-term disciplinary endeavors 
[13, 41, 53, 99]. Disciplinary activities also create specifc coordi-
native artefacts and stipulate how such artefacts are to be used in 
certain activities [8, 17, 91, 94]. While communication breakdowns 
often manifest within the cooperative practices, in many cases po-
tential breakdowns are grounded at a diferent analytical level. The 
shared meaning context allows and supports actors involved in 
distributed work to develop common ground [29, 81] and share 
mutual knowledge [31]. What makes common ground difcult in 
distributed work is the challenges in establishing a shared meaning 
context, by which the grounding practices can be based – especially 
in situations of multiple interlinked discontinuities and where the 
geographical distance implicates a diverse set of additional com-
plexities such as diferences between the global north and the global 
south [15, 21, 74, 86]. Without a shared meaning context, the con-
ditions to have a cooperative situation based on trust, commitment, 
and cultural sensitivity is challenged [96]. In addition, challenges 
related to technology use and technology readiness [75, 81], and 
whether such technologies support or constrain the distributed 
work [19], might arise. 

We explore the characteristics of hybrid work as a subset of 
distributed work and where all the above considerations and chal-
lenges might be pertinent. Hybrid work is a special type of dis-
tributed work where at least three people are geographically dis-
tributed on fewer sites than the number of participants and are mu-
tually dependent in their work and thus engage in cooperative work 
requiring articulation work. In this way, the geographical distri-
bution is an important part of the defnition and an important 
analytical lens for our examination. However, we are very aware 
that distance is more than geography, thus an important part of our 
analytical lens is to identify and bring into the analysis other discon-
tinuities and dimensions which add to the complexity of the cases 
of hybrid work. Further, we will take a work practice perspective 
and focus our analysis on the discontinuities shaped by geography, 
time, national culture, organizational culture, work practices, pro-
fessional disciplines, technologies, and languages. While each of 
these dimensions might not be relevant in all cases of hybrid work, 
we will explore whether they are available in the selected papers – 
and make them relevant for our analysis. Finally, using common 
ground and grounding activities as an analytical lens allows us to 
dive directly into the situations which often end in communica-
tion breakdowns, thus revealing the underlying assumptions and 
infrastructure which keeps collaboration afoat. 

3 METHOD 
In order to explore the characteristics of hybrid work with the aim 
of identifying the special design challenges to be met by cooperative 
technologies, we decided to search existing literature and identify 

previously published empirical cases on hybrid work arrangements, 
in human computer interaction and computer supported coopera-
tive work. The purpose was to learn from past studies that might 
provide empirical data about hybrid work – without necessarily 
having a focus on the nature of hybrid work arrangements. When 
we began our literature search, we assumed that while the increased 
interest and focus on new forms of work – remote work and hybrid 
work – has been spurred by the COVID-19 pandemic, the organiza-
tional structure of working across geographical sites in diferent 
constellations is not new but has in fact been a research interest 
for decades. It would therefore be benefcial to investigate historic 
cases from the past to learn from previous work, before initiating 
new empirical studies and design new cooperative technologies 
facilitating hybrid work after the pandemic. 

Interestingly, most research on geographically distributed work 
does not make a distinction between distributed work where all 
participants are geographically dispersed, and hybrid work situa-
tions. So, when searching for literature, we had to come up with a 
working defnition that allowed us to identify and select cases. In 
this process, it became clear to us what distinguishes distributed 
work from hybrid work: The diference lies in when the number of 
geographical sites is fewer than the number of actors involved, and 
hybrid work has a minimum of three actors involved. 

Our main methodological strategy for selecting papers was to 
look for papers that described empirical cases where at least three 
actors were involved in a common feld of work while being ge-
ographically distributed across fewer geographical sites than the 
number of actors – and where the paper produced enough insights 
into the empirical data that we were able to explore the character-
istics of hybrid work as emerging in the case. 

An interesting part of the process of developing an appropriate 
defnition for our literature search, was that it allowed us insights 
into the diverse nature of which empirical cases of hybrid work 
entails. To challenge our assumptions and pre-established under-
standings of hybrid work, we sought to identify cases that were 
diferent in nature (across diferent domains and types of work) to 
challenge and extend our defnition of hybrid work beyond ofce 
work as part of our theorizing. However, since most of the cases of 
hybrid work in the literature were in an ofce environment, it was 
important for our method to also identify cases of hybrid work that 
did not take place in an ofce environment. From this perspective, 
we were excited to identify empirical cases outside of the ofce. 
These cases took place within diferent domains such as healthcare, 
performance, or diferent types of industrial settings. What makes 
these types of empirical cases interesting is that the work described 
includes physical artefacts, mobility, and activities that often are 
not present in ofce work. We now continue by describing in de-
tail, how we searched and selected literature, as well as how we 
analyzed the data. 

3.1 Data Collection 
The identifcation of literature on hybrid work was inspired by a 
scoping study [2] where we iteratively identifed relevant cases 
using the defnition of hybrid work. In this process, we continu-
ously became familiar with the scale, domains, topics, and diverse 
nature of cases – using these insights to iteratively search in new 
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ways. The iterative approach enabled us to produce an overview of 
prior literature while identifying certain categories which help us 
navigate the material. 

Using EUSSET Digital Library (DL) and ACM Digital Library 
(DL), we searched for full papers. In the EUSSET DL we focused 
our search on ECSCW and JCSCW papers, while in the ACM DL 
we focused on publications from ACM CSCW, ACM CHI, and ACM 
GROUP conferences. We excluded workshops, posters, and posi-
tion papers from our searches. The search terms we used included 
“hybrid”, “tech” and “work”, however, we extended the search to 
include papers using synonyms to hybrid such as “remote” and 
“virtual” to not miss relevant papers. 

We used diferent search conditions in the two libraries; initially, 
the EUSSET DL gave 101 search results, and the searches across the 
ACM DL provided 7,389 papers. The frst author skimmed through 
the titles of the ACM DL papers and discovered that many of the 
papers did not include hybrid cooperative work. To scope the ACM 
DL papers, we required the frst search term (hybrid* OR remot*) to 
be mentioned in either the title or abstract of the paper. The search 
for papers mentioning virtual work was conducted separately as too 
many papers studied virtual reality technologies (VR) and focused 
on neither collaborative nor distributed work, therefore, either 
“work” or “team” had to be in the abstract too. This reduced our 
search results to 731 ACM DL papers. Combining the results from 
EUSSET DL and ACM DL the total number of papers after the initial 
searches was 832. 

The frst author then skimmed through the abstracts to determine 
whether the papers in fact provided empirical data on hybrid work 
cases. Surprisingly, it turned out that several of the papers were 
not focusing on hybrid cooperative work. Reading through the 
abstracts manually (in some cases also skimming the introduction 
and method section to confrm), papers that presented research with 
a focus on a work context supported by a hybrid/remote/virtual 
technology, were selected. During this stage, for example, papers 
focusing on a learning environment [12] or families [39, 106] were 
excluded. Further, it also turned out that there were papers that 
did not focus on cooperative hybrid work, but instead on hybrid 
combinations, e.g. of woodwork and carpentry [69]. The result of 
this sorting exclusion was a selection of 209 papers for detailed 
analysis, see Figure 1. 

3.2 Data Analysis 
All 209 papers were downloaded and imported into Nvivo. Further, 
the frst author created various spreadsheets for detailed analysis, 
note taking, and categorization. The classifcation work was done it-
eratively, where emergent categories were grouped and re-grouped. 
The purpose of the categorization was to identify what kind of 
papers had been published on hybrid work while also developing 
classifcations for the domains and types of empirical cases. This 
selection process was based on the introduction and method sec-
tions of the papers. A few of the papers did not present enough 
information to place them into any kind of category or domain and 
did not provide data allowing for new analysis and were therefore 
removed. What was important to us at this stage was to have a 
diverse set of papers that presented diferent types of hybrid work 

Figure 1: Literature selection process 

from diferent domains. This meant that papers presenting empiri-
cal material and data from new types of settings went through extra 
scrutinizing to determine if they would extend our classifcations 
of hybrid work. However, our selection criteria which said that the 
paper needed to have enough empirical data from a ‘real-life’ case 
sometimes meant that we had to leave papers behind, which other-
wise had provided insights into an interesting domain [7, 43]. To 
get an overview of the content of the remaining papers, these were 
grouped into initial domain categories based on the introduction 
and method section. At this stage we had a total of 176 papers and 
the emergent categories of empirical cases were: Ofce work (99 
papers); Out-of-ofce (21 papers); Performance (16 papers), and 
other (40 papers). 

The diverse nature of the cases helped us to become more ex-
plicit in our defnition of hybrid work and forced us to develop 
concrete ways to determine whether the cases were on hybrid work 
or something else such as individual work, distributed work, or 
independent system design. We also learned that laboratory studies 
did not provide much insight into the nature of hybrid work, since 
these often were done out of context and not in a real-life situation. 
In this iteration of the data analysis, we developed four criteria for 
the inclusion/exclusion of papers: 
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Table 1: Categorization of research papers studying Hybrid work build upon domains. 

Domain Reference Method Topic 

Health (4) Luk et al. (2008) [67] Field study Remote expertise sharing 
Mentis et al. (2020) [78] Ethnographic study Remote expertise in surgery 
Nardi et al. (1994) [80] Field study Coordination in surgical team 
Paoletti (2009) [83] Ethnographic study Emergency calls 

Performance (4) Baker et al. (1999) [5] Case studies Media production 
Bakhuus & Rossitto (2016) [10] Case study Theater 
Cai et al. (2021) [25] Empirical study Musicians 
Engström et al. (2010) [36] Ethnographic study Broadcasting of television 

Non-Ofce (4) Bayerl & Lauche (2010) [11] Field study Ofshore oil production 
Luik et al. (2019) [66] Empirical study Virtual hubs 
Lukosch et al. (2015) [68] Empirical study AR in security domain 
Rae & Neustaedter (2017) [85] Field study Telepresence robots at CHI 

Ofce: System focus (10) Castellani et al. (2009) [27] Field study Trouble shooting 
Grønbæk et al. (2021) [46] Qualitative study Video-conference system 
Lee & Takayama (2011) [63] Empirical study Mobile remote presence 
McGregor et al. (2019) [77] Ethnographic study Chat use at work 
Misawa & Rekimoto (2015) [79] Test study Telepresence system 
Ruhleder & Jordan (1999, 2001) [88, 89] Empirical study Technology generated delays 
Tang & Isaacs (1992) [100] Empirical study Video conference rooms 
Tutt et al. (2007) [101] Empirical study Group-to-group collaboration 
Venolia et al. (2010) [102] Ethnographic study Telepresent co-worker 
Yamashita et al. (2011) [104] Test study Tabletop collaboration 

Ofce: Collaboration focus Avram et al. (2009) [3] Field study Distributed software company 
(8) Bjørn & Christensen (2011) [107] Ethnographic study Meetings in global engineering 

Doherty et al. (2012) [32] Field study Localization teamwork 
Huysman et al. (2003) [57] Exploratory study Virtual team communication 
Kipp et al. (2008) [59] Project study Collaborative working 
Mark et al. (1999) [73] Empirical study Virtually collocated teams 
Mark et al. (2003) [72] Empirical study Group-to-group collaboration 
Saatçi et al. (2020) [90] Field study Global software company 

1. The empirical case must be a situation where at least three 
actors (actors ≥ 3) are involved in a common feld of work 

2. The empirical setting must include geographical distribu-
tion; however, the geographical sites must be fewer than the 
number of actors (if actors = 3 the geographical sites = 2) 

3. The empirical case must include information about the tech-
nology used to facilitate the hybrid work situations (either 
an existing or new technology) 

4. The paper must present sufcient empirical data and analysis 
of the cooperative work for us to be able to use it for our 
cross-case analysis. 

Based on this, we removed papers that introduced system design 
without a clear connection to a hybrid work situation [4, 24, 55, 61, 
65, 84, 95] and papers that turned out to focus on the individual 
person rather than the cooperative practice [6] such as a focus on 
distractions during remote meetings [64]. The result was 30 selected 
papers. 

3.3 Data Sources 
Through in-depth reading of the 30 selected papers, we categorized 
these papers into four main categories of hybrid work domains: 

Healthcare (4); Performance (4); Non-ofce work (4); and Ofce 
work (18). Ofce work was further divided into two sub-categories 
namely papers focusing on the system (10) and papers focusing 
on the cooperation (8). While some of the papers overlap in the 
domain categories – for example, papers working within the health 
domain can study work that took place in an ofce at a hospital 
– we grouped the papers based on their main research focus. The 
categories of domains were therefore not exclusive, but instead a 
strategy for us to analytically explore the diverse nature of hybrid 
work. The papers can be seen in Table 1. 

3.4 Selected Empirical Cases 
Based upon all the papers, we selected four papers with empirical 
cases for the detailed analysis, one from each of our classifcations of 
hybrid work: Healthcare [83], Performance [36], Non-ofce work 
[11], and Ofce work [72]. When selecting the four papers, we 
aimed for signifcantly diverse empirical studies concerning scale, 
time sensitivity, professional work, technologies, and geography. 
Moreover, when there were several cases from a certain category, 
we selected the papers with the most detailed empirical descriptions. 
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Before presenting the results of our analysis, we will briefy present 
the context of the four selected empirical cases. 

Emergency call: Our frst selected case is Paoletti’s [83] study 
of Communication and Diagnostic Work in Medical Emergency Calls. 
The context of the study is an emergency dispatch control room 
that received an emergency call from a factory reporting an injured 
person. The situation includes eight actors distributed over four 
geographical sites. The cooperative situation revolves around the 
situation where a caller reports an accident in a factory by calling 
the emergency call center and interacting with the operators. Two 
operators divide the tasks between them including tasks such as 
interviewing the caller, diagnosing the situation, and taking deci-
sions. Later a second caller, who is also present at the factory, calls 
to report the same accident. It is the operator’s role to coordinate 
the appropriate medical assistance to the patient. This coordina-
tion involves an ambulance and a helicopter with diferent medical 
providers onboard. 

Ice hockey game: The second selected case is a study of live 
broadcasting of an ice hockey game by Engström et al. [36], titled 
Temporal Hybridity: Mixing Live Video Footage with Instant Replay 
in Real Time. The work situation involves 16 actors placed in four 
diferent geographical sites. Five actors with diferent professional 
backgrounds are placed in a bus outside the arena, three camera 
operators are inside the arena, and two commentators are in the 
arena studio. The focus in on the coordinative activities when mix-
ing live and prerecorded images from the game, which need to be 
broadcasted to the audience. Thus, the cooperative work centers 
around decisions on what to broadcast, using which camera angles, 
supporting which kind of comments, and when to replay match 
activities. 

Oil production: The third selected case is from the pa-
per Technology Efects in Distributed Team Coordination – High-
Interdependency Tasks in Ofshore Oil Production by Bayerl and 
Lauche [11]. The data report a case where 78 actors were located 
on two geographical sites: Ofshore and onshore. The 52 actors 
are onshore and professionally act as support engineers or take on 
managing roles. The 26 technicians are team leaders and engineers 
all located ofshore. The main cooperative activities are to optimize 
the production and maintenance of the ofshore installation. The 
cooperative focus is on how technology afected the distributed 
team coordination in these high-interdependent tasks within the 
ofshore oil production domain. 

Ofce work: The fourth selected case is by Mark et al. [72] 
and studies Group-to-Group Distance Collaboration within space 
mission design. The collaboration consisted of four distributed 
engineering teams with respectively 1, 9, 12, and 24 collocated 
actors. The purpose of the collaboration was to connect diferent 
professional expertise in working towards a shared goal for the 
research, and through this invent and develop new technologies 
within space-based scientifc research. The focus is on the gap 
which exists in the “space between” the groups, and how this space 
is afected by the distance between the actors. 

All the empirical cases reported in the selected papers were con-
ducted at least ten years ago, and interestingly they are still relevant 
today despite the technological opportunities have evolved. Within 
the health domain category, current research is still addressing the 
challenges and advances of tele-triage [109]. Within performance, 

the increasing popularity of esports events has challenged the digi-
tal setup for live-streaming events [112] which also impact other 
sports disciplines. Current research also still explores the challenge 
of designing digital technologies to enable remote operation on 
ofshore platforms [110], and in general the COVID-19 pandemic 
has increased the interest in remote and hybrid work technologies. 
All these studies demonstrate that the challenges in hybrid work 
persist and despite the technological opportunities are evolving, 
we are yet to fully understand the basic nature of hybrid work with 
the aim of designing hybrid technologies. We in this paper, try to 
extend this current research by learning from the past. 

4 RESULTS 

4.1 The Hybrid Work Arrangements 
One of the essential dimensions in hybrid work centers on the 
actors involved in the cooperative work. Therefore, we initiate our 
analysis by focusing on the actors. We explored questions such as: 
Who are the actors? What are their professional disciplines? How 
do the actors’ individual, yet interdependent, professional practices 
unfold during the accomplishment of the cooperative activity? 

We begin by looking at the study by Paoletti [83] on communi-
cation challenges related to emergency operators’ diagnosis work. 
The paper introduces empirical data on a hybrid work arrangement 
where all actors are geographically distributed on fewer sites than 
the number of actors. All actors are dependent on collaboration 
with others and the work is characterized by interdisciplinary coop-
eration organized in time-dependent work activity. The empirical 
data demonstrate how the cooperative work is challenged by the 
professional disciplines of the actors (factory worker, emergency 
phone operator, medical doctor), consequentially leading to wrong 
decision-making. Let us take a closer look. 

The situation starts when a factory worker calls the emergency 
call center to report the accident at the factory and request an ambu-
lance. The call is received by two operators on duty at the call cen-
ter. One operator receives the information from the factory worker 
while the other operator dispatches an ambulance to the factory. To 
do medical assessment and diagnosis appropriately the operators 
need precise information from the factory worker, and they follow 
a protocol (script) for receiving emergency calls. Decision-making 
is dependent on information provided by the caller, and ambulances 
cannot be dispatched without knowing what type of medical help 
is requested. In the example analyzed by Paoletti [83], the factory 
worker (the caller) explains that the accident appears to be a faint-
ing ft, yet urgent since the patient is unconscious. The operators 
reach out to the ambulance station asking to dispatch an ambu-
lance, specifying the emergency code as ‘fainting ft’ indicating 
the urgency. When the paramedics arrive at the factory, they call 
the operators. The paramedics report that the patient is under an 
engine and “seemed not to be alive” [83], thus it is a work accident 
and not a ‘fainting ft’. Determining the appropriate action, and not 
erasing the previous information provided by the original caller 
(the factory worker) who reported a less severe situation, they dis-
patch a helicopter with a doctor on board. When the doctor arrives, 
he confrms that the patient is dead. The doctor fles a complaint 
about the operators’ incorrect decision of dispatching a helicopter, 
as helicopters should only be dispatched when the patient is alive. 
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In this hybrid work situation, we have four geographical sites: The 
factory, the dispatch center, the ambulance center, and the heli-
copter center – however the main hybrid interaction takes place at 
two sites: The factory and the dispatch center. At the factory site 
the factory worker and then later two paramedics and the doctor 
arriving by helicopter are physically collocated. At the dispatch 
center, the two operators are collocated. What we see in this ex-
ample is that the nature of a hybrid situation is malleable as the 
temporal development of the location change as time passes. Which 
actors are geographically dispersed and who are collocated is thus 
not a straightforward question to answer as it might change as the 
cooperative work situation develop over time. Answering the ques-
tion of who are collocated is dependent upon ‘when we ask’ during 
the cooperative activity. Further, we also see from this empirical 
example how the diferent professional disciplines matter for how 
the hybrid work task is accomplished. While the factory worker 
initially reporting the accident does not have medical expertise, the 
operators, the paramedics, and the doctor each have diferent types 
of medical skills and expertise. Communicating across the difer-
ent types of medical expertise while working across disciplinary 
boundaries combined with the changes in geographical boundaries 
of the actors are all factors shaping the nature of the hybrid work 
situation, and, in this case, produce a communication breakdown. 

The second empirical case of hybrid work arrives from Engström 
et al.’s [36] study of the live broadcasting of an Ice Hockey Game. 
In this case, the actors include camera operators, commentators, 
and visual image providers. All actors involved are divided into 
sub-groups, each with clearly defned roles and activities. The three 
camera operators cooperate to produce audio-visual material from 
diferent perspectives, e.g., overview shots and close-up shots. The 
vision mixer cooperates closely with the replay operator to decide 
on what to broadcast. The visual mixer decides what to broadcast, 
while the replay operator managed the work related to editing the 
sequences to be replayed, involving the producer, the script oper-
ator, and the graphic operator. The camera operators record the 
images selected for broadcasting by the vision mixer. The com-
mentators make the audio speech. During this process, the replay 
operator simultaneously selects and organizes recordings for re-
plays of the game. The replay operator scrolls through recordings 
and selects moments that are valuable to replay for the audience. 
The empirical case on the broadcasting of an ice hockey game pro-
vides insights into how closely coupled work tasks organized in 
tight coordination activities across three geographical sites take 
place. The geographical locations include the bus, the arena, and 
the studio, and the hybrid team includes 16 actors working in four 
diferent sub-groups. 

The third empirical case arrives from a study of ofshore oil 
production by Bayerl and Lauche [11]. The study of Ofshore Oil 
Production consists of actors who continuously coordinate inter-
dependent tasks required in the production and maintenance of 
the oil platform. The overall distribution of actors is divided be-
tween the onshore and ofshore personnel containing sub-groups 
of actors. Onshore includes support engineers, team leaders, tech-
nical authorities, and feld operators. Ofshore includes technicians, 
petroleum engineers, team leaders, operations engineers, and instal-
lation managers. Bayerl and Lauche [11] identify three main areas 
of recurrent coordination activities between onshore and ofshore. 

These activities include 1) the well and plant confguration for opti-
mized production, 2) planned and unplanned maintenance of the 
ofshore installation, and 3) reactions to unexpected events. All 
three types of activities are related to planning, executing, report-
ing, and negotiating across the geographical sites and sub-groups 
with diferent professional backgrounds [11]. Coordination across 
the actors is guided and managed by the actors located onshore, 
while execution and monitoring activities are performed ofshore 
(at the oil platform). For example, the specialized onshore engineers 
ensure that materials are available for the personnel on the rig in 
due time. The control room at the oil platform has access to data on 
the valves, pumps, fow rates, fre alarm systems, fuid pressures and 
temperatures in the plant. The main responsibility of monitoring 
and controlling the data is with the ofshore personnel, only sharing 
the data upon request. The Ofshore Oil production case is thus a 
hybrid cooperative situation, where long-term coordination and 
division of tasks onshore/ofshore impact the access to data. The 
empirical case shows how changing the access to data in a hybrid 
work arrangement impacts the cooperative work arrangement in 
important ways. 

The last empirical case by Mark et al. [72] takes place in a hy-
brid ofce environment. This case involves actors that are closely 
aligned in their engineering disciplines yet with diferent profes-
sional expertise. The study focuses on a cooperative task of a space 
mission design, which took nine hours distributed over a week – 
three hours on three diferent days. The work activity is distributed 
over four diferent teams with 1, 9, 12, and 26 actors, whereas each 
team is placed in diferent geographical positions. The cooperative 
work aims to combine diferent specialized expertise across various 
areas of responsibility relevant for the shared cooperative task. All 
teams had diferent methodological engineering approaches, which 
were required to be aligned to achieve the joined task. 

4.2 Cooperative Technologies 
All the selected empirical cases describe work activities that require 
highly cooperative activities between the diferent actors working 
in diferent types of hybrid settings. These cooperative tasks are en-
abled by diferent technologies that support the individual’s activity, 
as well as the coordination, and communication across individuals. 
Exploring the use of technologies in the selected cases allows us to 
explore and potentially identify the unique technological features 
embedded in hybrid cooperative settings as well as investigate how 
actors follow diferent strategies to bridge the hybrid setup. 

In the Emergency Calls case, the technical setup is characterized 
by disconnections and unstable infrastructure. The technological 
setup includes telephones, computers, and radio communication. 
All the interaction is enabled by audio technologies (phone or radio). 
The operators communicate with the factory worker reporting the 
case using the phone, however, the factory worker ends up hang-
ing up in frustration. The factory worker’s frustration is grounded 
in misunderstandings and unclear information about whether an 
ambulance has been dispatched or not. The paramedics call the 
operator using a phone when they arrived at the factory. In this 
call, the paramedics and the dispatch center are interrupted tech-
nically and experience several disconnections in their use of both 
the radio and the cellular phone for interaction. The operator can 
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hear the paramedics, but the paramedics cannot hear the operator. 
The lack of a stable technical setup made it impossible to discuss 
questions and concerns, which then infuenced their opportunities 
for developing common ground as part of the hybrid setup. 

In the ofshore Oil Production case, the technologies that the 
company implemented to support the cooperation between the on-
shore ofce and the ofshore rig include videoconferencing, desktop-
sharing, and real-time access to plant and process data – all in addi-
tion to technologies such as phone, email, and audio-conferencing. 
One core shared activity between onshore and ofshore is the in-
formation exchange of data between the sub-groups. The onshore 
team ofces have large, shared screens installed where real-time 
data about the oil platform is visualized. This allows the onshore 
engineers to follow the status of the plant from afar limiting the 
need to request information from the ofshore personnel. However, 
the introduction of new technology also changed the collocated 
activities as the projection of data on the shared screens in the 
room “provoke a conversation” [11]. With the data visually avail-
able for everyone to see (both onshore and ofshore), the onshore 
sub-group had immediate reactions to the data and was able to efec-
tively start investigations of sudden changes. Moreover, the ofshore 
control room had video-connections implemented, allowing the 
onshore personnel to visually follow the activities. Implementing 
live-feed video provided new ways for doing information exchange 
temporally, compared to the previous use of sending emails with 
images. With the videoconferencing, geographically distributed 
actors showed the relevant information directly during the call. 
The technologies in the Oil Production case enable cooperation by 
increasing the distribution of data and providing (almost) synchro-
nous access to information for both collocated and distributed team 
actors. 

Diferently, the technologies used to facilitate interaction in the 
Ice Hockey case did not increase access to information, instead, 
the technology setup was structured to limit the actors’ access to 
information. Let us take a close look. In the Ice Hockey case, actors 
use several diferent technologies. The producer, script operator, 
and graphic operator each have diferent screens however they 
all display and provide access to the same information. Some of 
the other actors, e.g., the vision mixer and the replay operator, has 
diferent technological setup providing diferent visual streams to 
be available. The replay operator is collocated with other actors but 
has a split-screen display of all four live camera feeds combined 
with two monitors which are used to record and manipulate video 
footage for replay. As such, the replay operator can react immedi-
ately when situations arise in the match stipulating the need for 
replay – and then use the technical setup to scroll back in time for 
any of the four camera feeds. The cooperation between the actors is 
enabled by radio communication, however, not all actors have radio 
access. The vision mixer and replay operator do not have radio 
access and can instead overhear the interaction by listing to the 
commentators from the loudspeakers. The vision mixer has direct 
audible contact with the commentators (due to physical proximity), 
while the replay operator is only able to contact the commentators 
by pressing a button to create an audio-stream. The technical setup 
shapes the access to information and access across sub-groups, 
professional expertise, and geographical sites, and thus creates the 
shared hybrid workspace for all actors. 

In the Ofce Work case, the collaboration between the four teams 
is enabled by a video conferencing service that displays the video 
stream from the site that is most vocally active. The sites have 
diferent large displays matching the size of the local contexts; Site 
1 has three public displays of 12 x 6 feet, Site 2 has two displays 
of 6 x 5 feet, and site 3 has a display of 6 x 5 feet. Additionally, 
they use a shared application linking spreadsheets and graphics, 
which enabled the actors to publish relevant specifcations and 
parameters. The collaboration across the diferent teams is mediated 
by video teleconferencing, which is available for all actors, and as 
part of subgroup conversation which is only available for selected 
actors either locally or across the four sites. Finally, the actors use 
telephones and voice conferencing technology. 

In all four selected cases, the hybrid setup includes multiple tech-
nological systems that together formed the technical infrastructure 
required to accomplish the work. While the technical setups were 
diferent across the four empirical cases, they all confrm that the 
implementation and use of technologies shape the basic nature for 
which type of cooperative engagement can take place [51] is also 
relevant in a hybrid work setting. 

4.3 Breakdowns in Communication and 
Creating Common Ground 

Collaboration between diferent actors requires a shared under-
standing of coordination and communication. The selected cases 
exemplifed both breakdowns and successes in creating common 
ground, which in hybrid arrangements is not only required for the 
geographically distributed actors but also the collocated sub-groups. 

The selected cases represent work where diferent professions 
and expertise is present, and that potential communication break-
downs can emerge due to the interdisciplinary nature of the work 
and the lack of common vocabulary. Unpacking the communica-
tion breakdown in the emergency call case, we fnd that the call 
operator and the factory worker reporting the accident lacked a 
shared understanding of the situation at the factory. The opera-
tor misunderstood the factory worker reporting the accident [83]. 
Developing common ground in the distributed situation was chal-
lenged by the actors’ (in)access to information. The operator strictly 
follows protocol, but the factory worker does not understand why 
he must provide the information requested and gets provoked by 
the assumed lack of action: “[the caller] see the questioning as an 
unreasonable way of postponing the delivery of help” [83:236–237]. 
In this case, the factory worker utters profanity and then hangs up, 
with no attempt to close the call. That the call operator has already 
requested an ambulance while starting the questionnaire with the 
factory worker was not visibly available for the factory worker. 
Thus, using the protocol for questions became a provocation for 
the factory worker who then expressed anger. After hanging-up 
the phone, the connection between the factory worker and the call 
operator was re-established (new call) but continued in the same 
unproductive tone. In the control room at the dispatch center, the 
computer monitors enabled the operators to see that an ambulance 
is on its way. However, the factory worker does not have access 
to this information and complaints about the lack of action by the 
operator. To establish common ground concerning the actions that 
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have been taken, the operators need to convey such information to 
the factory worker, and in the situation this did not happen. 

The inaccurate information provided by the factory worker, fur-
ther complicated due to stress and anxiety, makes the call operator 
misinterpret the accident as a fainting accident, rather than as a 
severe work accident. Despite the frustration in the communication 
between the two, the operator sticks to the information frst pro-
vided and registers the emergency as a ‘fainting ft’ and dispatches 
an ambulance. It then turned out that two diferent people had 
reported the accident - the frst factory worker reports a fainting ft 
and is unable to explain what has happened but can only report a 
colleague is on the ground unconscious; the second factory worker 
reporting the accident also mentions the fainting ft but also reports 
that his colleague is breathing but unable to talk. The operator pre-
sumed that all collocated actors (frst and second factory workers) 
have equal access to the same information. The operator presumes 
that the local actors must have access to the same and correct infor-
mation since they are collocated. When the paramedics report that 
the patient is dead, the operator does not “erase” the information 
previously provided by the two factory workers and decides to 
dispatch a helicopter with a doctor on board. Currently, we have 
three collocated actors (two factory workers and a paramedic) and 
the operator continues to assume that all collocated actors share the 
same information. It turned out that the patient was dead already 
when the paramedics arrived, also verifed by the doctor when they 
arrive at the factory. What this empirical case demonstrates is that 
we cannot assume that actors involved in hybrid work have access 
to the same information and share common ground despite being 
collocated. 

In contrast, the case of broadcasting an ice hockey game [36] 
demonstrates how the communication across disciplinary bound-
aries was successful despite the hybrid setup, because of the im-
portant efort of all actors in establishing common ground. Let us 
explore the concrete situation. A gaming incident where a penalty 
is committed takes place in the hockey game. When a gaming in-
cident occurs, the footage must be replayed for the audience. The 
replay operator searches the video bank and produces the rele-
vant replay footage. Another penalty is committed in the game, 
while the replay operator is searching for replay footage of the frst 
penalty. The new incident needs to be replayed directly after the 
frst incident. However, the replay operator does not look at the 
live footage while searching the video bank for the frst incident, 
thus they do not know who did the second penalty and the com-
mentators’ reactions (audio) are temporally out-of-synch with the 
game event. To reestablish common ground, the replay operator 
needs information from other actors. The replay operator requests 
additional information by asking openly, which makes their request 
for information audibly available to all collocated actors involved. 
The vision mixer hears the request and since he has access to dif-
ferent visual streams, he can identify the person involved in the 
second penalty and provide the number of the player to the replay 
operator. Further, to give the replay operator more time, the vision 
mixer asks the camera operators to swift their tasks. All this coor-
dination work is enabled by audio communication and all actors 
have a shared understanding of all actors’ actions in the cooper-
ative activities. Engström et al. write that “It is the availability of 
several media, visual and auditory, that makes this split of attention 

possible.” [36:1499]. The hybrid cooperative work therefore only 
succeeded because of the technology-enabled communication of 
the actors related to their activity and not related to their physical 
location. The vision mixer and replay operator act as distributed 
actors, so while all actors are geographically close to each other 
during the hockey game, not all are collocated. Yet, each specifcally 
defned work activity is accomplished only due to the seamless in-
teraction solving the interdependence of the other actors’ access to 
information. The replay operator is dependent on the commentator 
and vision mixer’s information as they do not have visual access to 
this themselves. 

In the Oil Production case, the geographical distance between 
sites in the hybrid setup is several kilometers, yet the technological 
setup made the distributed actors achieve an experience of copres-
ence. As the study is conducted under the process of implementing 
new information and communication technologies in the oil pro-
duction setup, the paper provides empirical data that display the 
change in technology and how such changes shape the condition 
for common ground in hybrid work. The core technological change 
is two-folded: 1) providing direct access to the data onshore and 
2) a continuous video link across the two sites. While some of the 
actors prefer using emails to document the coordinative decisions, 
the video links replaced a signifcant amount of phone calls and 
emails. One of the video connections is placed in the control room 
on the rig, which by the ofshore personnel is perceived as intrusive 
and adds pressure from the onshore. Bayerl and Lauche document 
in their fnding: “[. . .] ‘I just don’t like it. I mean, maybe it’s a bit 
of added pressure if somebody is watching you’. Especially in the 
early stages after the implementation of video-links, ofshore tech-
nicians reacted by placing cofee cups and hardhats on cameras 
or by pointing the cameras to ceilings or corner.” [11:151]. Thus, 
despite the technologies enabling synchronous collaboration im-
proving the conditions for common ground, the technological setup 
also introduces new challenges to the hybrid setup such as the rela-
tions between surveillance and privacy. Over time it facilitates new 
opportunities for hybrid collaboration and some actors experience 
a social connection between the onshore and ofshore engineers, a 
social connection they had not previously had: “some of the guys 
that I’ve hardly ever spoken to before I’m now chatting away like 
we’re best of friends” [11:152]. In this way, the continuous synchro-
nous connection over time supports the shared meaning context 
across sub-groups in the hybrid setup. While the video link impacts 
the hybrid work, the new data-sharing setup across onshore and 
ofshore also transforms the cooperation. After the implementation 
of the new technology setup, data are shared automatically between 
onshore and ofshore. This allows onshore personnel to monitor 
the plant from afar, yet it also blurs the boundaries between specifc 
roles and responsibilities across sites. The actors involved in the 
hybrid setup on the platform can be divided into the generalists and 
specialists, whereas the specialists are placed onshore to plan and 
guide the tasks, while the generalists organize the everyday work 
on the platform. It is the generalists’ job to analyze the day-to-day 
data, but the new setup of real-time sharing of data transforms the 
work. “[W]ith the availability of real-time data and the easier access 
to the control room, onshore engineers were now drawn closer into 
the day-to-day issues on the platform with the danger of losing 
their longer-term, strategic focus” [11:159]. Thus, the data sharing 
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invites onshore specialists to act upon the daily tasks, which blurs 
the roles between the actors. Consequently, this transformation in 
work adds additional work to the specialists, while erasing the job 
functions of the generalists. The Oil Production case reminds us 
that when designing technology setups, it is important to fnd ways 
to facilitate the establishment of common ground, but we must be 
aware of the potential consequences our eforts might also produce, 
which might be counter to our initial purpose. 

In the Ofce Work case, creating common ground was challenged 
by the diferent sub-groups. Mark et al. [72] explain how all teams 
entered the collaborative work with their own culture and prac-
tices, which complicate their ability to create shared language and 
terminology to solve the specifc space design activity. For example, 
the largest of the collocated teams (26 local actors) had worked 
together for several years. Therefore, they had shared experiences 
supporting the development of common ground. In such group-to-
group collaboration, the actors know about the methodology used 
by their collocated group, but the practices and processes of the 
groups are not visible between diferent groups. Technology can 
be used to enable a shared understanding between the diferent 
groups; however, it can also extend the misalignment between the 
actors - what Mark et al. [72] defne as the “space between” the 
subgroups. During the articulation work that supports the coopera-
tive work, the actors achieved to create hybrid solutions to create 
common ground, yet the subgroups were challenged in adopting 
the new language created, as they still hold on to their subgroup’s 
methodologies and processes. In this way, the Ofce Case shows an 
example of hybrid work that succeeds in the creation of common 
ground between the distributed teams, however, this does not nec-
essarily mean that the subgroups adapt to the new understanding 
created across the teams, as the collocated practices risk taking 
precedence. 

5 DISCUSSION 
We have explored the characteristics of hybrid cooperative work 
in diverse cases from previously published papers. Our selected 
empirical cases allowed us to scrutinize the nuances in hybrid 
work situations as an analytical frame for depicting the subtle 
diferences between distributed work and hybrid work. The subtle 
diferences become pertinent for design decisions for hybrid work 
and rest on the fundamental similarity between distributed and 
hybrid work in that they both are cases where the accomplishment 
of the cooperative task produces interdependence across actors 
requiring them to engage in articulation work despite geographical 
dislocation. As such, we view hybrid work as a subset of distributed 
work. This allowed us to consider hybrid work as a special entity 
and area of interest for CSCW design while utilizing the existing 
theoretical contributions emerging from literature on distributed 
work as a steppingstone. 

5.1 Hybrid Work as a subset of Distributed 
Work and Cooperative Work: Collocated 
Distance 

Across all the selected empirical cases, we identifed an interesting 
design challenge: The design of cooperative technologies tends to 

focus on the problem of creating common ground across geographi-
cal sites, yet another equally important design challenge emerging 
from our analyses is the challenge of supporting the development of 
common ground in the collocated part of the hybrid setup – however 
this design challenge tends to be completely neglected in hybrid 
technologies. In the Emergency Call case [83] the challenge became 
pertinent when the data revealed that the two collocated partici-
pants in the factory who were assumed to have common ground, 
clearly had divergent perspectives on the situation (as described in 
section 4.3). Or in the case of the Ice Hockey Game [36] where the 
participants who were collocated turned out to have very diferent 
access to information and thus did not have the otherwise assumed 
common ground which arrived with collocation. Across all our 
cases, collocation without common ground emerged as an interesting 
and surprising design challenge that is uniquely shaped in hybrid 
work situations, and we suggest labeling this challenge, the design 
challenge of collocated distance in hybrid work. 

Collocated distance refers to the challenge in hybrid work where 
collocated actors do not share common ground despite their im-
mediate shared context. In this way, collocated distance can be 
considered as depicting a boundary that entails a ‘distance’ within 
the collocated actors. Across all four cases, we saw that the hybrid 
work setup produced diferent types of sub-groups. The sub-groups 
emerged and were enforced by the technology setup where peo-
ple who were geographically distributed emerged as sub-groups. 
However, sub-groups also emerged between people who were col-
located in all our cases. For example, in the Emergency Call case, 
the call center sub-group assumed that the factory sub-group was 
collocated and thus had access to the same information and were 
interacting with each other. Similarly, in the Hockey Game, the 
control room sub-group and the camera sub-group had assumptions 
about the other sub-groups as well as who had access to the same 
information. However, in both cases, the actors in the collocated 
sub-groups were not interacting and thus did not share information, 
nor had access to the same information which created a situation of 
miscommunication. Miscommunication has been a core challenge 
within cooperative work for decades, and we therefore explore this 
issue further. 

In previous literature on common ground, the focus has been 
on the boundaries created by the geographical distance jeopardiz-
ing the establishment and maintenance of common ground. As 
such, prior research tends to focus on miscommunications between 
geographical dispersion, and not within the collocated context. 
Distributed work has similar challenges as collocated cooperative 
work, but the introduction of geographical distance transformed 
some of the conditions for how actors could engage. When we ex-
plore hybrid work within prior conceptual understanding of space 
and place [38, 51], our analysis shows how the opportunities for 
interactions in hybrid work technologies tend to focus on the re-
mote situations – the digital ‘space’ providing the opportunity for 
interaction despite dispersed participation. The design challenge in 
current research tends to focus on ‘creating a space’ for interaction 
when no resources exist without the technology. We expand this 
argument by emphasizing that – yes – we do need to consider 
how hybrid technologies can produce opportunities for interaction 
between distributed actors – however in this attempt we must not 
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forget that the space for interaction in hybrid work also exists be-
tween collocated actors. Based upon our analysis, we argue that the 
design challenge for hybrid technologies cannot take the ‘space 
for cooperation’ (the opportunity for interaction) in the collocated 
context for granted when designing hybrid technologies. Instead, 
the design of hybrid technologies must simultaneously fnd ways 
to shape the remote as well as collocated space for interaction - if we 
are to produce a hybrid space for collaboration where placed-based 
activities can take place. 

Considering geography at a dimensional scale [62, 103] mixing 
collocation with remote participation introduces potential chal-
lenges of diferent life worlds, time zones, assumptions, and lan-
guages into the mix of distributed work [18]. In all our selected 
empirical cases, the geographical distribution did shape the kind 
of collaboration that could take place. The geographical distance 
between some but not all participants produced sub-groups as per-
tinent for the hybrid setup. However, we identifed that an essential 
‘distance’ that jeopardized the establishment of common ground 
was not between remote participants but instead between the col-
located sub-groups. The distinction between geographical distance 
and perceived geographical distance matters [23]; however, in our 
selected cases it was not the perceived geographical distance or 
geographical distance which mattered the most. Instead, it was 
the non-geographical distance created within the collocated setup, 
shaped by access/lack of access to information combined with dif-
ferent types of professional expertise. 

We found that hybrid work situations inherit all the challenges 
and aspects from both collocated cooperative work and distributed 
work, including the challenges of creating common ground, identi-
fying the appropriate coordination strategies, supporting mutual 
awareness, and balancing the geography dimension to fnd ways to 
navigate multiple lifeworlds, assumptions, languages, etc. Further, 
we found that professional expertise, hierarchy, and information 
access matter for how the hybrid work situations produce certain 
conditions for establishing and maintaining common ground. All 
these factors can potentially also emerge in collocated cooperative 
work and distributed work. However, we would argue that these 
factors have increased complexity in hybrid work settings. Why? 
Firstly, in all the selected cases we found that when introducing 
collocated sub-groups into the mix of geographically distributed 
actors introduced misalignment and asymmetry by default. When 
we have a cooperative situation where actors do not have equal 
access to the same information, to other actors, or to monitor oth-
ers’ activities and act accordantly, additional boundaries emerge. 
Sub-group dynamics can be essential to all types of collocated and 
distributed work – however sub-groups based upon some partic-
ipants being collocated and others not, are always part of hybrid 
work situations. The geographically collocated sub-groups conse-
quentially increase the difculties of establishing and maintaining 
common ground [81]. Not because common ground is only difcult 
in hybrid work (it is always difcult), but because the condition for 
grounding activities is constrained due to unequal access. Further, 
we found that the additional boundary of collocated distance was 
pertinent impacting the potential for creating common ground. 

This means that when we design technologies for hybrid work, 
we can not only focus on the boundaries across geographical dis-
tances but must remember the potential boundaries which can be 

pertinent for the whole hybrid setup which is emergent within one 
geographical location. We propose collocated distance as a way 
to remind ourselves not to forget the collocated interaction when 
we design cooperative technologies for hybrid work and to pay 
attention to sub-groups that are collocated yet exist due to e.g., 
professional expertise, hierarchy, and diferences in information 
accessibility despite the collocation. Collocated distance comple-
ments previous distance conceptualizations such as geographical 
distance as a scale [62] and perceived distance [23], by nuancing 
our vocabulary and thus our design focus when developing hybrid 
technologies. Collocated distance teaches us that we must not for-
get the potential challenges that can arise in collocated work even 
though our design ‘entity’ includes geographical distance. If we 
are to design technologies that support hybrid work, we need to 
consider the dispersed nature of knowledge involved in cooperative 
work – in Hutchins’s words the distributed cognition [56] – since all 
cooperation is immediate social by nature and thus the knowledge 
and activities are distributed across actors (also between collocated 
actors). We must pay equal attention to the interaction across geo-
graphical sites and the interaction within geographical sites. Finally, 
we must remember that hybridity in a cooperative setup might 
change over time, thus we should consider the spatial-temporal 
aspects of hybrid work in future design. 

5.2 Design Challenges for Hybrid Work 
Technologies: Professional Disciplines, 
Hierarchy, and Information Accessibility 

As we have emphasized throughout the paper, the core challenges in 
hybrid work circle around the difculties in establishing and main-
taining common ground. The tools and technologies enacted in 
cooperative engagements shape the conditions for common ground, 
and many CSCW researchers have explored diferent technological 
design strategies to improve the conditions for common ground 
in distributed work, such as feed-through [49], articulation spaces 
[22], and interaction walls [60]. However, most of these solutions 
are based upon a situation where either all participants are geo-
graphically dispersed, or all participants are collocated, with only a 
few exceptions [37]. 

Where current design approaches for cooperative technologies 
tend to simplify the situation to be able to address the challenge of 
common ground [9, 17, 50]. Instead, we tried to follow the complex-
ities in the cases to see if they would allow us to create a nuanced 
understanding of the challenge. Following the complexities in de-
veloping common ground in the selected cases, we identifed two 
important dimensions which shape the characteristics of hybrid 
work, namely relations between hierarchy and professional exper-
tise, and the relations between information access and the diverse 
technological contexts. Let us look at each in turn. 

Across the cases, the conditions for establishing common ground 
were impacted by which actors are involved (who) and how these 
actors are ‘sorted’ hierarchically within the organizational setup. 
The actors involved each have their own disciplinary background 
including domain-specifc language, procedures, and practices. Pro-
fessional backgrounds impact participants’ expectations of the coop-
eration. In this way, each actor brings with them to the interaction 
in the hybrid work their own social context including professional 
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Figure 2: Visualizing Hybrid work as a subset of Distributed work and Cooperative work 

language and assumptions [18], which are challenged when inter-
acting with others with diferent professional disciplinary back-
grounds. For example, this was the situation in the Ofce Work 
paper [72] where the diferent groups brought their individual and 
professional practices into the mix, challenging the development 
of a shared understanding across all participants. When various 
actors interact, each bringing their own background assumptions 
and social contexts into the mix, they negotiate the common feld 
of work by engaging in grounding activities [29]. However, the 
geographical dispersion of the actors and the constellation of who 
is collocated and who is dislocated impact the conditions for cre-
ating common ground across professional boundaries. In the Oil 
Production case, the actors making the long-term planning were 
placed onshore while the actors the activities were placed ofshore. 
Thus, the professional disciplinary boundaries aligned with the 
geographical boundaries. Not only did the diferent professional 
expertise complicate the establishment of common ground in the 
Oil case, but the hierarchical positioning of the actors also impacted 
the hybrid situation. Professional background and hierarchy are 
often linked together, as diferent professional disciplines often are 
situated in a hierarchical order. When dividing shared tasks into 
subtasks through segregation the purpose is to reduce the complex-
ity of solving the task through coordination [40], in such a way 
that everyone does not need the complete overview of the shared 
task but only focuses on specifc assigned tasks. Decisions on who 
then should do which subtasks are then decided upon based on 
professional expertise as well as hierarchy – thus simpler tasks 
are distributed to people with less expertise, allowing for people 

with high expertise to focus on the more complex part of the work 
and solve complicated problems and breakdowns. Such setup often 
means that the details of the work become invisible by distance 
[98], and thus the detailed information of certain tasks slides into 
the background. 

Interestingly, the Oil Production case showed that providing 
information access to all actors, risks moving the tasks and responsi-
bilities across actors and in this way erases job functions. In contrast, 
the actors in the Ice Hockey game case are limited to only access-
ing the information relevant to their own individual activity. In 
this way, the hierarchy defned by expertise and the hierarchy across 
members in the collaboration was shifted by the changes in setup 
and information accessibility in the Oil case. From the early days 
of groupware research, we know that cooperative technologies can 
disrupt social processes [48]. For example, email can disrupt the 
hierarchy in an organization by allowing low-level organizational 
members to have direct access to top management by sending them 
an email. The Oil Production case does not refer to email, but what 
emerged in the case was that the accessibility to information was 
transformed because of a re-arrangement of the technological setup 
which again disrupted existing professional expertise division of 
the tasks, impacting the actors’ conditions for establishing common 
ground. 

Professional expertise and hierarchy thus shaped and were 
shaped by the technological context stipulating specifc conditions 
for information accessibility. Further, we also saw that specifc sub-
group dynamics [35] emerged within the hybrid setup – and in the 
cases where the demarcation of the sub-groups was overlapping 
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with both professional discipline and hierarchy – and the impact 
of ‘distance’ was increased and can consequentially develop fault 
lines within the cooperation [35]. This means that if the sub-groups 
shaped by geographical distance also overlap with diferences in 
professional disciplines and hierarchy it increased the impact of dis-
tance and challenged the conditions for creating common ground. 

Considering our analytical fndings in a design context for hy-
brid work technologies, we propose that hybrid technologies should 
not simply focus on supporting the remoteness embedded within 
the arrangement. We argue that by only focusing on the remote 
boundaries, we risk neglecting the important collocated boundaries. 
Further, we argue that in this attention to collocated distance, we 
must consider the professional disciplines, the hierarchy, and the or-
ganization of information accessibility. So how does this extend the 
design space? Referring to one concrete hybrid technology namely 
the Sidebar technology [37], we see an example of how the de-
signers focused on facilitating the connections between distributed 
actors placed in hybrid meetings. However, we also discover that 
their design is based upon the assumption that the collocated par-
ticipants in the hybrid meetings do not experience any boundaries 
for interaction requiring technology support. 

We argue that designers of hybrid technologies cannot assume 
that collocated actors share the same information and have the 
opportunities for seamless interaction simply because they are 
collocated. Thus, our work extends the design challenge for hybrid 
work technologies such as Sidebar [37] to include additional design 
considerations for supporting or reducing the risk of collocated 
distance jeopardizing the development of common ground. 

6 CONCLUSION 
We sat out to investigate the characteristics of hybrid cooperative 
work to determine how hybrid work situations introduce unique 
design challenges for hybrid technologies. Through cross-case anal-
ysis of existing empirical cases from literature, we categorized hy-
brid work into four categories: Hybrid work in healthcare, Hybrid 
work in performance, Hybrid work in the ofce, and Hybrid work 
in non-ofce work. Selecting one paper from each category each 
providing rich empirical details allowed us to unpack the charac-
teristics of hybrid work as a subset of distributed work with related 
design challenges. We propose collocated distance, an oxymoron, 
which makes visible an overlooked challenge reminding us not only 
to focus on the geographical boundaries but also to pay attention 
to the collocated boundaries which are produced in hybrid setups 
when we design hybrid technologies. Hybrid work arrangements 
take many diferent formats – and our conceptualization proposes 
hybrid work as a continuum of diferent work setups. We know 
that we have not unpacked all the variety within hybrid work in 
this paper, and we will encourage future research to further nuance 
the details embedded within hybrid work, for us to start classifying 
and developing diferent categories of hybrid work technologies. 
Finally, we hope that our categorization and visualization of hybrid 
work can help others to continue the work of understanding the 
special characteristic of hybrid work with the aim of designing 
hybrid technologies. 

ACKNOWLEDGMENTS 
This work is supported by the Innovation Fund Denmark for the 
project DIREC (9142-00001B). 

REFERENCES 
[1] Anne P. Massey, Mitzi M. Montoya-Weiss, and Yu-Ting Hung. 2003. Because 

Time Matters: Temporal Coordination in Global Virtual Project Teams. J. Manag. 
Inf. Syst. 19, 4 (April 2003), 129–155. DOI:https://doi.org/10.1080/07421222.2003. 
11045742 

[2] Hilary Arksey and Lisa O’Malley. 2005. Scoping studies: Towards a method-
ological framework. Int. J. Soc. Res. Methodol. Theory Pract. 8, 1 (2005), 19–32. 
DOI:https://doi.org/10.1080/1364557032000119616 

[3] Gabriela Avram, Liam Bannon, John Bowers, Anne Sheehan, and Daniel K. Sulli-
van. 2009. Bridging, Patching and Keeping the Work Flowing: Defect Resolution 
in Distributed Software Development. Comput. Support. Coop. Work CSCW 18, 
5–6 (December 2009), 477–507. DOI:https://doi.org/10.1007/s10606-009-9099-6 

[4] Gagandeep Singh Bachhal and Amanjot Kaur Sandhu. 2013. Remote Patient 
Health Alert System. In Proceedings of the 11th Asia Pacifc Conference on Com-
puter Human Interaction (APCHI ’13), Association for Computing Machinery, 
New York, NY, USA, 167–173. DOI:https://doi.org/10.1145/2525194.2525282 

[5] Ellen Baker, John Geirland, Tom Fisher, and Annmarie Chandler. 1999. Media 
Production: Towards Creative Collaboration Using Communication Networks. 
Comput. Support. Coop. Work CSCW 8, 4 (December 1999), 303–332. DOI:https: 
//doi.org/10.1023/A:1008616002814 

[6] Lyndsey L. Bakewell, Konstantina Vasileiou, Kiel S. Long, Mark Atkinson, Helen 
Rice, Manuela Barreto, Julie Barnett, Michael Wilson, Shaun Lawson, and John 
Vines. 2018. Everything We Do, Everything We Press: Data-Driven Remote 
Performance Management in a Mobile Workplace. In Proceedings of the 2018 
CHI Conference on Human Factors in Computing Systems (CHI ’18), Association 
for Computing Machinery, New York, NY, USA, 1–14. DOI:https://doi.org/10. 
1145/3173574.3173945 

[7] Aruna D. Balakrishnan, Susan R. Fussell, and Sara Kiesler. 2008. Do Visual-
izations Improve Synchronous Remote Collaboration? In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (CHI ’08), Associ-
ation for Computing Machinery, New York, NY, USA, 1227–1236. DOI:https: 
//doi.org/10.1145/1357054.1357246 

[8] Jakob E. Bardram and Claus Bossen. 2005. A web of coordinative artifacts: 
collaborative work at a hospital ward. In Proceedings of the 2005 international 
ACM SIGGROUP conference on Supporting group work (GROUP ’05), Association 
for Computing Machinery, New York, NY, USA, 168–176. DOI:https://doi.org/ 
10.1145/1099203.1099235 

[9] Jakob E. Bardram, Thomas R. Hansen, and Mads Soegaard. 2006. AwareMedia: 
a shared interactive display supporting social, temporal, and spatial awareness 
in surgery. In Proceedings of the 2006 20th anniversary conference on Computer 
supported cooperative work (CSCW ’06), Association for Computing Machinery, 
New York, NY, USA, 109–118. DOI:https://doi.org/10.1145/1180875.1180892 

[10] Louise Barkhuus and Chiara Rossitto. 2016. Acting with Technology: Rehearsing 
for Mixed-Media Live Performances. In Proceedings of the 2016 CHI Conference on 
Human Factors in Computing Systems, ACM, San Jose California USA, 864–875. 
DOI:https://doi.org/10.1145/2858036.2858344 

[11] Petra Saskia Bayerl and Kristina Lauche. 2010. Technology Efects in Distributed 
Team Coordination—High-Interdependency Tasks in Ofshore Oil Production. 
Comput. Support. Coop. Work CSCW 19, 2 (April 2010), 139–173. DOI:https: 
//doi.org/10.1007/s10606-010-9107-x 

[12] Gabrielle Benabdallah, Sam Bourgault, Nadya Peek, and Jennifer Jacobs. 2021. 
Remote Learners, Home Makers: How Digital Fabrication Was Taught Online 
During a Pandemic. In Proceedings of the 2021 CHI Conference on Human Factors 
in Computing Systems (CHI ’21), Association for Computing Machinery, New 
York, NY, USA, 1–14. DOI:https://doi.org/10.1145/3411764.3445450 

[13] Pernille Bjørn. 2003. Re-negotiating protocols: a way to integrate groupware in 
collaborative learning settings - researchr publication. ECIS New Paradig. Organ. 
Mark. Soc. Proc. 11th Eur. Conf. Inf. Syst. Napoli (2003). Retrieved September 11, 
2022 from https://researchr.org/publication/Rasmussen03%3A1 

[14] Pernille Bjørn. 2016. New fundamentals for CSCW research: from distance 
to politics. Interactions 23, 3 (April 2016), 50–53. DOI:https://doi.org/10.1145/ 
2903753 

[15] Pernille Bjørn. 2019. Dark Agile: Perceiving People As Assets, Not Humans. In 
Rethinking Productivity in Software Engineering, Caitlin Sadowski and Thomas 
Zimmermann (eds.). Apress, Berkeley, CA, 125–134. DOI:https://doi.org/10.1007/ 
978-1-4842-4221-6_11 

[16] Pernille Bjørn and Nina Boulus-Rødje. 2018. Infrastructural Inaccessibility: Tech 
Entrepreneurs in Occupied Palestine. ACM Trans. Comput.-Hum. Interact. 25, 5 
(October 2018), 26:1-26:31. DOI:https://doi.org/10.1145/3219777 

[17] Pernille Bjørn and Morten Hertzum. 2011. Artefactual Multiplicity: A Study of 
Emergency-Department Whiteboards. Comput. Support. Coop. Work CSCW 20, 
1 (April 2011), 93–121. DOI:https://doi.org/10.1007/s10606-010-9126-7 

[18] Pernille Bjørn and Ojelanki Ngwenyama. 2009. Virtual team collaboration: 
building shared meaning, resolving breakdowns and creating translucence. Inf. 

https://doi.org/10.1080/07421222.2003.11045742
https://doi.org/10.1080/07421222.2003.11045742
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1007/s10606-009-9099-6
https://doi.org/10.1145/2525194.2525282
https://doi.org/10.1023/A:1008616002814
https://doi.org/10.1023/A:1008616002814
https://doi.org/10.1145/3173574.3173945
https://doi.org/10.1145/3173574.3173945
https://doi.org/10.1145/1357054.1357246
https://doi.org/10.1145/1357054.1357246
https://doi.org/10.1145/1099203.1099235
https://doi.org/10.1145/1099203.1099235
https://doi.org/10.1145/1180875.1180892
https://doi.org/10.1145/2858036.2858344
https://doi.org/10.1007/s10606-010-9107-x
https://doi.org/10.1007/s10606-010-9107-x
https://doi.org/10.1145/3411764.3445450
https://researchr.org/publication/Rasmussen03%3A1
https://doi.org/10.1145/2903753
https://doi.org/10.1145/2903753
https://doi.org/10.1007/978-1-4842-4221-6_11
https://doi.org/10.1007/978-1-4842-4221-6_11
https://doi.org/10.1145/3219777
https://doi.org/10.1007/s10606-010-9126-7


x 

CHI ’23, April 23–28, 2023, Hamburg, Germany Melanie Duckert et al. 

Syst. J. 19, 3 (2009), 227–253. DOI:https://doi.org/10.1111/j.1365-2575.2007.00281. 

[19] Pernille Bjørn and Ojelanki Ngwenyama. 2010. Technology Alignment: A New 
Area in Virtual Team Research. IEEE Trans. Prof. Commun. 53, 4 (December 
2010), 382–400. DOI:https://doi.org/10.1109/TPC.2009.2034926 

[20] Pernille Bjorn, Ada Scupola, and Brian Fitzgerald. 2006. Expanding Technological 
Frames Towards Mediated Collaboration. 18, (2006), 41. 

[21] Pernille Bjørn, Anne-Marie Søderberg, and S Krishna. 2019. Translocality in 
Global Software Development: the Dark Side of Global Agile. Human–Computer 
Interact. 34, 2 (March 2019), 174–203. DOI:https://doi.org/10.1080/07370024.2017. 
1398092 

[22] Alexander Boden, Frank Rosswog, Gunnar Stevens, and Volker Wulf. 2014. 
Articulation spaces: bridging the gap between formal and informal coordination. 
In Proceedings of the 17th ACM conference on Computer supported cooperative 
work & social computing (CSCW ’14), Association for Computing Machinery, 
New York, NY, USA, 1120–1130. DOI:https://doi.org/10.1145/2531602.2531621 

[23] Erin Bradner and Gloria Mark. Why Distance Matters: Efects on Cooperation, 
Persuasion and Deception! 

[24] Boyd Branch, Christos Efstratiou, Piotr Mirowski, Kory W. Mathewson, and 
Paul Allain. 2021. Tele-Immersive Improv: Efects of Immersive Visualisations 
on Rehearsing and Performing Theatre Online. In Proceedings of the 2021 CHI 
Conference on Human Factors in Computing Systems (CHI ’21), Association 
for Computing Machinery, New York, NY, USA. DOI:https://doi.org/10.1145/ 
3411764.3445310 

[25] Carrie J Cai, Michelle Carney, Nida Zada, and Michael Terry. 2021. Breakdowns 
and Breakthroughs: Observing Musicians’ Responses to the COVID-19 Pan-
demic. In Proceedings of the 2021 CHI Conference on Human Factors in Computing 
Systems (CHI ’21), Association for Computing Machinery, New York, NY, USA. 
DOI:https://doi.org/10.1145/3411764.3445192 

[26] Clara Caldeira, Cleidson R.B. de Souza, Letícia Machado, Marcelo Perin, and 
Pernille Bjørn. 2022. Crisis Readiness: Revisiting the Distance Framework During 
the COVID-19 Pandemic. Comput. Support. Coop. Work CSCW (April 2022). 
DOI:https://doi.org/10.1007/s10606-022-09427-6 

[27] Stefania Castellani, Antonietta Grasso, Jacki O’Neill, and Frederic Roulland. 
2009. Designing Technology as an Embedded Resource for Troubleshooting. 
Comput. Support. Coop. Work CSCW 18, 2–3 (June 2009), 199–227. DOI:https: 
//doi.org/10.1007/s10606-008-9088-1 

[28] Lars Rune Christensen, Rasmus Eskild Jensen, and Pernille Bjørn. 2014. Relation 
Work in Collocated and Distributed Collaboration. In COOP 2014 - Proceedings 
of the 11th International Conference on the Design of Cooperative Systems, 27-30 
May 2014, Nice (France). Springer International Publishing, 87–101. DOI:https: 
//doi.org/10.1007/978-3-319-06498-7_6 

[29] Herbert H. Clark and Susan E. Brennan. 1991. Grounding in communication. In 
Perspectives on socially shared cognition. American Psychological Association, 
Washington, DC, US, 127–149. DOI:https://doi.org/10.1037/10096-006 

[30] Matthew Claudel, Emanuele Massaro, Paolo Santi, Fiona Murray, and Carlo 
Ratti. 2017. An exploration of collaborative scientifc production at MIT through 
spatial organization and institutional afliation. PLOS ONE 12, 6 (June 2017), 
e0179334. DOI:https://doi.org/10.1371/journal.pone.0179334 

[31] Catherine Durnell Cramton. 2001. The Mutual Knowledge Problem and Its 
Consequences for Dispersed Collaboration. Organ. Sci. 12, 3 (June 2001), 346– 
371. DOI:https://doi.org/10.1287/orsc.12.3.346.10098 

[32] Gavin Doherty, Nikiforos Karamanis, and Saturnino Luz. 2012. Collaboration 
in Translation: The Impact of Increased Reach on Cross-organisational Work. 
Comput. Support. Coop. Work CSCW 21, 6 (December 2012), 525–554. DOI:https: 
//doi.org/10.1007/s10606-012-9175-1 

[33] Paul Dourish and Victoria Bellotti. 1992. Awareness and coordination in shared 
workspaces. In Proceedings of the 1992 ACM conference on Computer-supported 
cooperative work - CSCW ’92, ACM Press, Toronto, Ontario, Canada, 107–114. 
DOI:https://doi.org/10.1145/143457.143468 

[34] Paul Dourish and Sara Bly. 1992. Portholes: supporting awareness in a dis-
tributed work group. In Proceedings of the SIGCHI Conference on Human Factors 
in Computing Systems (CHI ’92), Association for Computing Machinery, New 
York, NY, USA, 541–547. DOI:https://doi.org/10.1145/142750.142982 

[35] Catherine Durnell Cramton and Pamela J. Hinds. 2004. SUBGROUP DYNAM-
ICS IN INTERNATIONALLY DISTRIBUTED TEAMS: ETHNOCENTRISM OR 
CROSS-NATIONAL LEARNING? Res. Organ. Behav. 26, (January 2004), 231–263. 
DOI:https://doi.org/10.1016/S0191-3085(04)26006-3 

[36] Arvid Engström, Oskar Juhlin, Mark Perry, and Mathias Broth. 2010. Temporal 
Hybridity: Mixing Live Video Footage with Instant Replay in Real Time. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(CHI ’10), Association for Computing Machinery, New York, NY, USA, 1495– 
1504. DOI:https://doi.org/10.1145/1753326.1753550 

[37] Morten Esbensen, Paolo Tell, and Jakob E. Bardram. 2014. SideBar: Videoconfer-
encing system supporting social engagement. In 10th IEEE International Con-
ference on Collaborative Computing: Networking, Applications and Worksharing, 
358–367. DOI:https://doi.org/10.4108/icst.collaboratecom.2014.257335 

[38] G. Fitzpatrick. 2003. The Locales Framework: Understanding and Designing for 
Wicked Problems. Springer Science & Business Media. 

[39] Yumei Gan, Christian Greifenhagen, and Stuart Reeves. 2020. Connecting Dis-
tributed Families: Camera Work for Three-party Mobile Video Calls. In Pro-
ceedings of the 2020 CHI Conference on Human Factors in Computing Systems
(CHI ’20), Association for Computing Machinery, New York, NY, USA, 1–12. 
DOI:https://doi.org/10.1145/3313831.3376704 

[40] Elihu M. Gerson. 2008. Reach, Bracket, and the Limits of Rationalized Coordi-
nation: Some Challenges for CSCW. In Resources, Co-Evolution and Artifacts. 
Springer London, London, 193–220. DOI:https://doi.org/10.1007/978-1-84628-
901-9_8 

[41] Elihu M. Gerson and Susan Leigh Star. 1986. Analyzing due process in the 
workplace. ACM Trans. Inf. Syst. 4, 3 (July 1986), 257–270. DOI:https://doi.org/ 
10.1145/214427.214431 

[42] Christina B. Gibson and Jennifer A. Manuel. 2003. Building trust: efective 
multicultural communication processes in virtual teams. Virtual Teams Work 
Creat. Cond. Virtual Team Ef. (2003). 

[43] Nitesh Goyal, Gilly Leshed, Dan Cosley, and Susan R. Fussell. 2014. Efects 
of Implicit Sharing in Collaborative Analysis. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems (CHI ’14), Association for 
Computing Machinery, New York, NY, USA, 129–138. DOI:https://doi.org/10. 
1145/2556288.2557229 

[44] Irene Greif. 2019. How we started CSCW. Nat. Electron. 2, 3 (March 2019), 132– 
132. DOI:https://doi.org/10.1038/s41928-019-0229-y 

[45] Rebecca E. Grinter. 1996. Supporting articulation work using software confgura-
tion management systems. Comput. Support. Coop. Work CSCW 5, 4 (December 
1996), 447–465. DOI:https://doi.org/10.1007/BF00136714 

[46] Jens Emil Grønbæk, Banu Saatçi, Carla F. Griggio, and Clemens Nylandsted 
Klokmose. 2021. MirrorBlender: Supporting Hybrid Meetings with a Malleable 
Video-Conferencing System. In Proceedings of the 2021 CHI Conference on Human 
Factors in Computing Systems (CHI ’21), Association for Computing Machinery, 
New York, NY, USA. DOI:https://doi.org/10.1145/3411764.3445698 

[47] Tom Gross. 2013. Supporting Efortless Coordination: 25 Years of Awareness 
Research. Comput. Support. Coop. Work CSCW 22, 4–6 (August 2013), 425–474. 
DOI:https://doi.org/10.1007/s10606-013-9190-x 

[48] Jonathan Grudin. 1994. Groupware and social dynamics: eight challenges for 
developers. Commun. ACM 37, 1 (January 1994), 92–105. DOI:https://doi.org/10. 
1145/175222.175230 

[49] Carl Gutwin and Saul Greenberg. 2002. A Descriptive Framework of Workspace 
Awareness for Real-Time Groupware. Comput. Support. Coop. Work CSCW 11, 3 
(September 2002), 411–446. DOI:https://doi.org/10.1023/A:1021271517844 

[50] Carl Gutwin, Reagan Penner, and Kevin Schneider. 2004. Group awareness in 
distributed software development. In Proceedings of the 2004 ACM conference on 
Computer supported cooperative work (CSCW ’04), Association for Computing 
Machinery, New York, NY, USA, 72–81. DOI:https://doi.org/10.1145/1031607. 
1031621 

[51] Steve Harrison and Paul Dourish. 1996. Re-place-ing space: the roles of place 
and space in collaborative systems. In Proceedings of the 1996 ACM conference on 
Computer supported cooperative work (CSCW ’96), Association for Computing 
Machinery, New York, NY, USA, 67–76. DOI:https://doi.org/10.1145/240080. 
240193 

[52] Christian Heath and Paul Luf. 1992. Collaboration and controlCrisis man-
agement and multimedia technology in London Underground Line Control 
Rooms. Comput. Support. Coop. Work CSCW 1, 1–2 (March 1992), 69–94. 
DOI:https://doi.org/10.1007/BF00752451 

[53] Christian Heath and Paul Luf. 1996. Documents and professional practice: “bad” 
organisational reasons for “good” clinical records. In Proceedings of the 1996 ACM 
conference on Computer supported cooperative work (CSCW ’96), Association for 
Computing Machinery, New York, NY, USA, 354–363. DOI:https://doi.org/10. 
1145/240080.240342 

[54] J.D. Herbsleb, A. Mockus, T.A. Finholt, and R.E. Grinter. 2001. An empirical 
study of global software development: distance and speed. In Proceedings of 
the 23rd International Conference on Software Engineering. ICSE 2001, 81–90. 
DOI:https://doi.org/10.1109/ICSE.2001.919083 

[55] Erzhen Hu, Md Aashikur Rahman Azim, and Seongkook Heo. 2022. Fluid-
Meet: Enabling Frictionless Transitions Between In-Group, Between-Group, 
and Private Conversations During Virtual Breakout Meetings. In CHI Conference 
on Human Factors in Computing Systems, ACM, New Orleans LA USA, 1–17. 
DOI:https://doi.org/10.1145/3491102.3517558 

[56] Edwin Hutchins. 1995. Cognition in the Wild. MIT Press. 
[57] Marleen Huysman, Charles Steinfeld, Chyng-Yang Jang, Kenneth David, Mir-

jam Huis In ’t Veld, Jan Poot, and Ingrid Mulder. 2003. Virtual Teams and the 
Appropriation of Communication Technology: Exploring the Concept of Media 
Stickiness. Comput. Support. Coop. Work 12, (2003), 411–436. 

[58] Timothy Kayworth and Dorothy Leidner. 2000. The global virtual manager: a 
prescription for success. Eur. Manag. J. 18, 2 (April 2000), 183–194. DOI:https: 
//doi.org/10.1016/S0263-2373(99)00090-0 

https://doi.org/10.1111/j.1365-2575.2007.00281.x
https://doi.org/10.1111/j.1365-2575.2007.00281.x
https://doi.org/10.1109/TPC.2009.2034926
https://doi.org/10.1080/07370024.2017.1398092
https://doi.org/10.1080/07370024.2017.1398092
https://doi.org/10.1145/2531602.2531621
https://doi.org/10.1145/3411764.3445310
https://doi.org/10.1145/3411764.3445310
https://doi.org/10.1145/3411764.3445192
https://doi.org/10.1007/s10606-022-09427-6
https://doi.org/10.1007/s10606-008-9088-1
https://doi.org/10.1007/s10606-008-9088-1
https://doi.org/10.1007/978-3-319-06498-7_6
https://doi.org/10.1007/978-3-319-06498-7_6
https://doi.org/10.1037/10096-006
https://doi.org/10.1371/journal.pone.0179334
https://doi.org/10.1287/orsc.12.3.346.10098
https://doi.org/10.1007/s10606-012-9175-1
https://doi.org/10.1007/s10606-012-9175-1
https://doi.org/10.1145/143457.143468
https://doi.org/10.1145/142750.142982
https://doi.org/10.1016/S0191-3085(04)26006-3
https://doi.org/10.1145/1753326.1753550
https://doi.org/10.4108/icst.collaboratecom.2014.257335
https://doi.org/10.1145/3313831.3376704
https://doi.org/10.1007/978-1-84628-901-9_8
https://doi.org/10.1007/978-1-84628-901-9_8
https://doi.org/10.1145/214427.214431
https://doi.org/10.1145/214427.214431
https://doi.org/10.1145/2556288.2557229
https://doi.org/10.1145/2556288.2557229
https://doi.org/10.1038/s41928-019-0229-y
https://doi.org/10.1007/BF00136714
https://doi.org/10.1145/3411764.3445698
https://doi.org/10.1007/s10606-013-9190-x
https://doi.org/10.1145/175222.175230
https://doi.org/10.1145/175222.175230
https://doi.org/10.1023/A:1021271517844
https://doi.org/10.1145/1031607.1031621
https://doi.org/10.1145/1031607.1031621
https://doi.org/10.1145/240080.240193
https://doi.org/10.1145/240080.240193
https://doi.org/10.1007/BF00752451
https://doi.org/10.1145/240080.240342
https://doi.org/10.1145/240080.240342
https://doi.org/10.1109/ICSE.2001.919083
https://doi.org/10.1145/3491102.3517558
https://doi.org/10.1016/S0263-2373(99)00090-0
https://doi.org/10.1016/S0263-2373(99)00090-0


Collocated Distance CHI ’23, April 23–28, 2023, Hamburg, Germany 

[59] Alexander Kipp, Lutz Schubert, Matthias Assel, and Terrence Fernando. 2008. 
Dynamism and Data Management in Distributed, Collaborative Working Envi-
ronments. (2008). Retrieved September 13, 2022 from https://dl.eusset.eu/handle/ 
20.500.12015/2810 

[60] Scott R. Klemmer, Katherine M. Everitt, and James A. Landay. 2008. Inte-
grating Physical and Digital Interactions on Walls for Fluid Design Collab-
oration. Human–Computer Interact. 23, 2 (May 2008), 138–213. DOI:https: 
//doi.org/10.1080/07370020802016399 

[61] Grete Helena Kütt, Kevin Lee, Ethan Hardacre, and Alexandra Papoutsaki. 
2019. Eye-Write: Gaze Sharing for Collaborative Writing. In Proceedings of 
the 2019 CHI Conference on Human Factors in Computing Systems (CHI ’19), 
Association for Computing Machinery, New York, NY, USA, 1–12. DOI:https: 
//doi.org/10.1145/3290605.3300727 

[62] Charlotte P. Lee and Drew Paine. 2015. From the matrix to a model of coordinated 
action (MoCA): A conceptual framework of and for CSCW. In CSCW 2015 -
Proceedings of the 2015 ACM International Conference on Computer-Supported 
Cooperative Work and Social Computing, Association for Computing Machinery, 
Inc, 179–194. DOI:https://doi.org/10.1145/2675133.2675161 

[63] Min Kyung Lee and Leila Takayama. 2011. “Now, i Have a Body”: Uses and 
Social Norms for Mobile Remote Presence in the Workplace. In Proceedings 
of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’11), 
Association for Computing Machinery, New York, NY, USA, 33–42. DOI:https: 
//doi.org/10.1145/1978942.1978950 

[64] Minha Lee, Wonyoung Park, Sunok Lee, and Sangsu Lee. 2022. Distracting 
Moments in Videoconferencing: A Look Back at the Pandemic Period. In 
Proceedings of the 2022 CHI Conference on Human Factors in Computing Sys-
tems (CHI ’22), Association for Computing Machinery, New York, NY, USA. 
DOI:https://doi.org/10.1145/3491102.3517545 

[65] Thomas Ludwig, Oliver Stickel, Peter Tolmie, and Malte Sellmer. 2021. shARe-IT: 
Ad hoc Remote Troubleshooting through Augmented Reality. Comput. Support. 
Coop. Work CSCW 30, 1 (February 2021), 119–167. DOI:https://doi.org/10.1007/ 
s10606-021-09393-5 

[66] Jandy Luik, Jenna Ng, and Jonathan Hook. 2019. Virtual Hubs: Understanding 
Relational Aspects and Remediating Incubation. In Proceedings of the 2019 CHI 
Conference on Human Factors in Computing Systems (CHI ’19), Association for 
Computing Machinery, New York, NY, USA, 1–12. DOI:https://doi.org/10.1145/ 
3290605.3300471 

[67] Rowena Luk, Melissa Ho, and Paul M. Aoki. 2008. Asynchronous Remote Medical 
Consultation for Ghana. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’08), Association for Computing Machinery, 
New York, NY, USA, 743–752. DOI:https://doi.org/10.1145/1357054.1357173 

[68] Stephan Lukosch, Heide Lukosch, Dragoş Datcu, and Marina Cidota. 2015. 
Providing Information on the Spot: Using Augmented Reality for Situational 
Awareness in the Security Domain. Comput. Support. Coop. Work CSCW 24, 6 
(December 2015), 613–664. DOI:https://doi.org/10.1007/s10606-015-9235-4 

[69] Shiran Magrisso, Moran Mizrahi, and Amit Zoran. 2018. Digital Joinery For 
Hybrid Carpentry. In Proceedings of the 2018 CHI Conference on Human Factors 
in Computing Systems (CHI ’18), Association for Computing Machinery, New 
York, NY, USA, 1–11. DOI:https://doi.org/10.1145/3173574.3173741 

[70] Ann Majchrzak, Ronald E. Rice, Arvind Malhotra, Nelson King, and Sulin 
Ba. 2000. Technology Adaptation: The Case of a Computer-Supported Inter-
Organizational Virtual Team. MIS Q. 24, 4 (2000), 569–600. DOI:https://doi.org/ 
10.2307/3250948 

[71] Arvind Malhotra and Ann Majchrzak. 2004. Enabling knowledge creation 
in far-fung teams: best practices for IT support and knowledge sharing. 
J. Knowl. Manag. 8, 4 (January 2004), 75–88. DOI:https://doi.org/10.1108/ 
13673270410548496 

[72] Gloria Mark, Steve Abrams, and Nayla Nassif. 2003. Group-to-Group Distance 
Collaboration: Examining the “Space Between.” In ECSCW 2003, Kari Kuutti, Eija 
Helena Karsten, Geraldine Fitzpatrick, Paul Dourish and Kjeld Schmidt (eds.). 
Springer Netherlands, Dordrecht, 99–118. DOI:https://doi.org/10.1007/978-94-
010-0068-0_6 

[73] Gloria Mark, Jonathan Grudin, and Steven E. Poltrock. 1999. Meeting at the 
Desktop: An Empirical Study of Virtually Collocated Teams. (1999), 12–16. 

[74] Stina Matthiesen and Pernille Bjørn. 2016. Let’s Look Outside the Ofce: Analyt-
ical Lens Unpacking Collaborative Relationships in Global Work. In COOP 2016: 
Proceedings of the 12th International Conference on the Design of Cooperative 
Systems, 23-27 May 2016, Trento, Italy, Springer International Publishing, Cham, 
107–122. DOI:https://doi.org/10.1007/978-3-319-33464-6_7 

[75] Stina Matthiesen and Pernille Bjørn. 2017. When Distribution of Tasks and 
Skills are Fundamentally Problematic: A Failure Story from Global Software 
Outsourcing. Proc. ACM Hum.-Comput. Interact. 1, CSCW (December 2017), 
74:1-74:16. DOI:https://doi.org/10.1145/3139336 

[76] Stina Matthiesen, Pernille Bjørn, and Claus Trillingsgaard. Implicit bias and 
negative stereotyping in global software development and why it is time to move 
on! J. Softw. Evol. Process n/a, n/a , e2435. DOI:https://doi.org/10.1002/smr.2435 

[77] Moira McGregor, Nicola J. Bidwell, Vidya Sarangapani, Jonathan Appavoo, 
and Jacki O’Neill. 2019. Talking about Chat at Work in the Global South: An 

Ethnographic Study of Chat Use in India and Kenya. In Proceedings of the 2019 
CHI Conference on Human Factors in Computing Systems, ACM, Glasgow Scotland 
Uk, 1–14. DOI:https://doi.org/10.1145/3290605.3300463 

[78] Helena M. Mentis, Yuanyuan Feng, Azin Semsar, and Todd A. Ponsky. 2020. 
Remotely Shaping the View in Surgical Telementoring. In Proceedings of the 
2020 CHI Conference on Human Factors in Computing Systems. Association for 
Computing Machinery, New York, NY, USA, 1–14. Retrieved from https://doi. 
org/10.1145/3313831.3376622 

[79] Kana Misawa and Jun Rekimoto. 2015. ChameleonMask: Embodied Physical 
and Social Telepresence Using Human Surrogates. In Proceedings of the 33rd 
Annual ACM Conference Extended Abstracts on Human Factors in Computing 
Systems (CHI EA ’15), Association for Computing Machinery, New York, NY, 
USA, 401–411. DOI:https://doi.org/10.1145/2702613.2732506 

[80] Bonnie A. Nardi, Allan Kuchinsky, Steve Whittaker, Robert Leichner, and Hein-
rich Schwarz. 1994. Video-as-data: Technical and social aspects of a collaborative 
multimedia application. Comput. Support. Coop. Work CSCW 4, 1 (1994), 73–100. 
DOI:https://doi.org/10.1007/BF00823364 

[81] Gary M. Olson and Judith S. Olson. 2000. Distance matters. Hum.-Comput. Inter-
act. 15, 2–3 (2000), 139–178. DOI:https://doi.org/10.1207/S15327051HCI1523_4 

[82] Judith S. Olson and Gary M. Olson. 2013. Working Together Apart: Collaboration 
over the Internet. Synth. Lect. Hum.-Centered Inform. 6, 5 (November 2013), 1–151. 
DOI:https://doi.org/10.2200/S00542ED1V01Y201310HCI020 

[83] Isabella Paoletti. 2009. Communication and Diagnostic Work in Medical Emer-
gency Calls in Italy. Comput. Support. Coop. Work CSCW 18, 2–3 (June 2009), 
229–250. DOI:https://doi.org/10.1007/s10606-009-9091-1 

[84] Thammathip Piumsomboon, Gun A. Lee, Jonathon D. Hart, Barrett Ens, Robert 
W. Lindeman, Bruce H. Thomas, and Mark Billinghurst. 2018. Mini-Me: An 
Adaptive Avatar for Mixed Reality Remote Collaboration. In Proceedings of 
the 2018 CHI Conference on Human Factors in Computing Systems (CHI ’18), 
Association for Computing Machinery, New York, NY, USA, 1–13. DOI:https: 
//doi.org/10.1145/3173574.3173620 

[85] Irene Rae and Carman Neustaedter. 2017. Robotic Telepresence at Scale. In 
Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems
(CHI ’17), Association for Computing Machinery, New York, NY, USA, 313–324. 
DOI:https://doi.org/10.1145/3025453.3025855 

[86] Poster Winifred Rebecca. 2007. Saying ‘Good Morning’ in the Night: The Re-
versal of Work Time in Global ICT Service Work. In Workplace Temporalities, 
Beth A. Rubin (ed.). Emerald Group Publishing Limited, 55–112. DOI:https: 
//doi.org/10.1016/S0277-2833(07)17003-5 

[87] Mike Robinson. 1991. Double-level languages and co-operative working. AI Soc. 
5, 1 (January 1991), 34–60. DOI:https://doi.org/10.1007/BF01891356 

[88] Karen Ruhleder and Brigitte Jordan. 1999. Meaning-Making Across Remote 
Sites: How Delays in Transmission Afect Interaction. (1999), 12–16. 

[89] Karen Ruhleder and Brigitte Jordan. 2001. Co-Constructing Non-Mutual Re-
alities: Delay-Generated Trouble in Distributed Interaction. Comput. Support. 
Coop. Work CSCW 10, 1 (March 2001), 113–138. DOI:https://doi.org/10.1023/A: 
1011243905593 

[90] Banu Saatçi, Kaya Akyüz, Sean Rintel, and Clemens Nylandsted Klokmose. 
2020. (Re)Confguring Hybrid Meetings: Moving from User-Centered Design to 
Meeting-Centered Design. Comput. Support. Coop. Work CSCW 29, 6 (December 
2020), 769–794. DOI:https://doi.org/10.1007/s10606-020-09385-x 

[91] Kjeld Schmidt. 1999. Of maps and scripts: The status of formal constructs in 
cooperative work [1999].Inf. Amp Softw. Technol. (January 1999). Retrieved 
September 11, 2022 from https://www.academia.edu/1760985/Of_maps_and_ 
scripts_The_status_of_formal_constructs_in_cooperative_work_1999_ 

[92] Kjeld Schmidt. 2002. The Problem with ‘Awareness’: Introductory Remarks on 
‘Awareness in CSCW’. Comput. Support. Coop. Work CSCW 11, 3 (September 
2002), 285–298. DOI:https://doi.org/10.1023/A:1021272909573 

[93] Kjeld Schmidt, Liam Bannon, Mike Robinson, and Lucy Suchman. 1992. Taking 
CSCW Seriously Supporting Articulation Work. Comput. Support. Coop. Work 
CSCW 1, (1992), 7–40. 

[94] Kjeld Schmidt and Ina Wagner. 2002. Coordinative artifacts in architectural 
practice. In In. 

[95] S. A. R. Scrivener, S. M. Clark, and N. Keen. 1993. The LookingGlass distributed 
shared workspace. Comput. Support. Coop. Work CSCW 2, 3 (September 1993), 
137–157. DOI:https://doi.org/10.1007/BF00749012 

[96] Anne-Marie Søderberg, S. Krishna, and Pernille Bjørn. 2013. Global Software 
Development: Commitment, Trust and Cultural Sensitivity in Strategic Part-
nerships. J. Int. Manag. 19, 4 (December 2013), 347–361. DOI:https://doi.org/10. 
1016/j.intman.2013.04.004 

[97] Anselm Strauss. 1988. The Articulation of Project Work: An Organizational 
Process. Sociol. Q. 29, 2 (1988), 163–178. DOI:https://doi.org/10.1111/j.1533-8525. 
1988.tb01249.x 

[98] Lucy Suchman. 1995. Making work visible. Commun. ACM 38, 9 (September 
1995), 56–64. DOI:https://doi.org/10.1145/223248.223263 

[99] Lucy A. Suchman. 1983. Ofce procedure as practical action: models of work 
and system design. ACM Trans. Inf. Syst. 1, 4 (October 1983), 320–328. DOI:https: 
//doi.org/10.1145/357442.357445 

https://dl.eusset.eu/handle/20.500.12015/2810
https://dl.eusset.eu/handle/20.500.12015/2810
https://doi.org/10.1080/07370020802016399
https://doi.org/10.1080/07370020802016399
https://doi.org/10.1145/3290605.3300727
https://doi.org/10.1145/3290605.3300727
https://doi.org/10.1145/2675133.2675161
https://doi.org/10.1145/1978942.1978950
https://doi.org/10.1145/1978942.1978950
https://doi.org/10.1145/3491102.3517545
https://doi.org/10.1007/s10606-021-09393-5
https://doi.org/10.1007/s10606-021-09393-5
https://doi.org/10.1145/3290605.3300471
https://doi.org/10.1145/3290605.3300471
https://doi.org/10.1145/1357054.1357173
https://doi.org/10.1007/s10606-015-9235-4
https://doi.org/10.1145/3173574.3173741
https://doi.org/10.2307/3250948
https://doi.org/10.2307/3250948
https://doi.org/10.1108/13673270410548496
https://doi.org/10.1108/13673270410548496
https://doi.org/10.1007/978-94-010-0068-0_6
https://doi.org/10.1007/978-94-010-0068-0_6
https://doi.org/10.1007/978-3-319-33464-6_7
https://doi.org/10.1145/3139336
https://doi.org/10.1002/smr.2435
https://doi.org/10.1145/3290605.3300463
https://doi.org/10.1145/3313831.3376622
https://doi.org/10.1145/3313831.3376622
https://doi.org/10.1145/2702613.2732506
https://doi.org/10.1007/BF00823364
https://doi.org/10.1207/S15327051HCI1523_4
https://doi.org/10.2200/S00542ED1V01Y201310HCI020
https://doi.org/10.1007/s10606-009-9091-1
https://doi.org/10.1145/3173574.3173620
https://doi.org/10.1145/3173574.3173620
https://doi.org/10.1145/3025453.3025855
https://doi.org/10.1016/S0277-2833(07)17003-5
https://doi.org/10.1016/S0277-2833(07)17003-5
https://doi.org/10.1007/BF01891356
https://doi.org/10.1023/A:1011243905593
https://doi.org/10.1023/A:1011243905593
https://doi.org/10.1007/s10606-020-09385-x
https://www.academia.edu/1760985/Of_maps_and_scripts_The_status_of_formal_constructs_in_cooperative_work_1999_
https://www.academia.edu/1760985/Of_maps_and_scripts_The_status_of_formal_constructs_in_cooperative_work_1999_
https://doi.org/10.1023/A:1021272909573
https://doi.org/10.1007/BF00749012
https://doi.org/10.1016/j.intman.2013.04.004
https://doi.org/10.1016/j.intman.2013.04.004
https://doi.org/10.1111/j.1533-8525.1988.tb01249.x
https://doi.org/10.1111/j.1533-8525.1988.tb01249.x
https://doi.org/10.1145/223248.223263
https://doi.org/10.1145/357442.357445
https://doi.org/10.1145/357442.357445


CHI ’23, April 23–28, 2023, Hamburg, Germany 

[100] John C. Tang and Ellen Isaacs. 1992. Why do users like video?: Studies of 
multimedia-supported collaboration. Comput. Support. Coop. Work CSCW 1, 3 
(September 1992), 163–196. DOI:https://doi.org/10.1007/BF00752437 

[101] Dylan Tutt, Jon Hindmarsh, Muneeb Shaukat, and Mike Fraser. 2007. The dis-
tributed work of local action: Interaction amongst virtually collocated research 
teams. In ECSCW 2007, Liam J. Bannon, Ina Wagner, Carl Gutwin, Richard 
H. R. Harper and Kjeld Schmidt (eds.). Springer London, London, 199–218. 
DOI:https://doi.org/10.1007/978-1-84800-031-5_11 

[102] Gina Venolia, John Tang, Ruy Cervantes, Sara Bly, George Robertson, Bongshin 
Lee, and Kori Inkpen. 2010. Embodied Social Proxy: Mediating Interpersonal 
Connection in Hub-and-Satellite Teams. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (CHI ’10), Association for Computing 
Machinery, New York, NY, USA, 1049–1058. DOI:https://doi.org/10.1145/1753326. 
1753482 

[103] Mary Watson-Manheim, Katherine Chudoba, and Kevin Crowston. 2002. Discon-
tinuities and Continuities: A New Way to Understand Virtual Work. IT People
15, (September 2002), 191–209. DOI:https://doi.org/10.1108/09593840210444746 

[104] Naomi Yamashita, Hideaki Kuzuoka, Keiji Hirata, Shigemi Aoyagi, and Yoshinari 
Shirai. 2011. Supporting Fluid Tabletop Collaboration across Distances. In Pro-
ceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI 
’11), Association for Computing Machinery, New York, NY, USA, 2827–2836. 
DOI:https://doi.org/10.1145/1978942.1979362 

[105] Longqi Yang, David Holtz, Sonia Jafe, Siddharth Suri, Shilpi Sinha, Jefrey 
Weston, Connor Joyce, Neha Shah, Kevin Sherman, Brent Hecht, and Jaime 
Teevan. 2022. The efects of remote work on collaboration among information 
workers. Nat. Hum. Behav. 6, 1 (January 2022), 43–54. DOI:https://doi.org/10. 
1038/s41562-021-01196-4 

Melanie Duckert et al. 

[106] Svetlana Yarosh and Gregory D. Abowd. 2011. Mediated parent-child contact 
in work-separated families. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’11), Association for Computing Machinery, 
New York, NY, USA, 1185–1194. DOI:https://doi.org/10.1145/1978942.1979120 

[107] Pernille Bjørn and Lars Rune Christensen. 2011. Relation work: Creating socio-
technical connections in global engineering. ECSCW 2011 Proc. 12th Eur. Conf. 
Comput. Support. Coop. Work 24-28 Sept. 2011 Aarhus Den. (2011), 133–152. 

[108] Melanie Duckert, Eve Hoggan, Louise Barkhuus, Pernille Bjørn, Nina Boulus-
Rodje, Susanne Bødker, Naja Holten Møller, and Irina Shklovski. 2022. Work 
of the Future. In Adjunct Proceedings of the 2022 Nordic Human-Computer 
Interaction Conference (NordiCHI ’22), Association for Computing Machinery, 
New York, NY, USA, 1–4. DOI:https://doi.org/10.1145/3547522.3547707 

[109] Mehrdad Farzandipour, Ehsan Nabovati, and Reihane Sharif. 2023. The efec-
tiveness of tele-triage during the COVID-19 pandemic: A systematic review 
and narrative synthesis. J. Telemed. Telecare (January 2023), 1357633X2211502. 
DOI:https://doi.org/10.1177/1357633X221150278 

[110] Vidar Hepsøand Elena Parmiggiani. 2022. From Integrated to Remote Opera-
tions: Digital Transformation in the Energy Industry as Infrastructuring. In 
Digital Transformation in Norwegian Enterprises, Patrick Mikalef and Elena 
Parmiggiani (eds.). Springer International Publishing, Cham, 21–41. DOI:https: 
//doi.org/10.1007/978-3-031-05276-7_3 

[111] Rasmus Eskild Jensen and Pernille Bjørn. 2012. Divergence and Convergence in 
Global Software Development: Cultural Complexities as Social Worlds. (2012). 
Retrieved February 13, 2023 from https://dl.eusset.eu/handle/20.500.12015/2759 

[112] Junjie H. Xu, Yu Nakano, Lingrong Kong, and Kojiro Iizuka. 2023. CS-lol: a 
Dataset of Viewer Comment with Scene in E-sports Live-streaming. DOI:https: 
//doi.org/10.1145/3576840.3578334 

https://doi.org/10.1007/BF00752437
https://doi.org/10.1007/978-1-84800-031-5_11
https://doi.org/10.1145/1753326.1753482
https://doi.org/10.1145/1753326.1753482
https://doi.org/10.1108/09593840210444746
https://doi.org/10.1145/1978942.1979362
https://doi.org/10.1038/s41562-021-01196-4
https://doi.org/10.1038/s41562-021-01196-4
https://doi.org/10.1145/1978942.1979120
https://doi.org/10.1145/3547522.3547707
https://doi.org/10.1177/1357633X221150278
https://doi.org/10.1007/978-3-031-05276-7_3
https://doi.org/10.1007/978-3-031-05276-7_3
https://dl.eusset.eu/handle/20.500.12015/2759
https://doi.org/10.1145/3576840.3578334
https://doi.org/10.1145/3576840.3578334


87 

 

 

 

 

 

PAPER II 
Melanie Duckert and Pernille Bjørn.  

 

2025  

 

Location Multiplicity:  
Lost Space at the Hybrid Office.  
 

In Proceedings of ACM Human-Computer Interaction. 9, 2, Article CSCW126 (April 2025), 25 pages. 
hps://doi.org/10.1145/3711024      
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Navigating the complexities of shared hybrid workspaces presents significant challenges, with a risk of
producing problematic spatial dynamics. Drawing on an ethnographic study, we scrutinize how office workers
produce and negotiate hybrid spatial arrangements and identify location multiplicity as a core challenge for
reintroducing physical elements into hybrid office workspaces after the COVID-19 pandemic. From a temporal
perspective, hybrid work represents multiple locations, separated across several ‘homes’ and office spaces.
Location multiplicity emphasizes the mobility of individuals, introducing instability and unpredictability into
cooperative work. To navigate the temporal nature of constellation change, our findings reveal workers rely
on the stability of the digital space, while consequently disconnecting from the malleable physical space. Thus,
the physical space risks becoming a lost opportunity for the collocated subgroup - a ‘lost space’ in hybrid
work. We suggest that a CSCW design challenge for hybrid work is designing hybrid infrastructures that
facilitate an experience of stability and predictability across temporal and spatial dimensions, with embedded
affordances for integrating both physical and digital elements across multiple locations.
CCS Concepts: • Human-centered computing → Empirical studies in collaborative and social com-
puting; Computer supported cooperative work.
Additional Key Words and Phrases: Hybrid work, Workspace, Office work
ACM Reference Format:
Melanie Duckert and Pernille Bjørn. 2025. Location Multiplicity: Lost Space in the Hybrid Office. Proc. ACM
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1 Introduction
The COVID-19 pandemic has significantly influenced work and careers, and its long-term impact
is still unfolding [44]. Few professions remain unaffected by the pandemic, yet they face distinct
challenges, depending on their reliance on physical proximity. Occupations such as health and
social care, which are heavily dependent on collocation, experienced significant disruptions [62],
while other types of work transitioned more easily to online formats. One type of work that
successfully went remote during the pandemic was computer-based office work, which a priori is
computer-supported, thus producing fewer challenges when transitioning from physical offices to
remote work at people’s homes compared to other occupations [21, 35, 48, 62, 86]. Despite an initial
decrease in productivity caused by disruptions such as technology issues, family responsibilities,
and collaboration difficulties [20], computer-based office workmanaged to avoid a long-term decline
in productivity during the pandemic [86]. However, the period of remote work has significantly
influenced people’s preference for work in the post-pandemic era, with a continuing wish for remote
work [1, 78]. After the pandemic lockdown, remote work was initially presented as an option by
companies [57], though challenges in encouraging employees to return to the office have caused
some companies to modify policies that instead mandate physical office presence [59, 84]. This is
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further complicated by the pandemic-induced ‘great resignation’ phenomenon with employees
leaving positions that enforce in-office work for job opportunities offering remote flexibility [25, 81].
The changing perspectives on work impact employees’ relationships with the workplace [45, 46].
Companies struggle with finding the balance between remote and collocated work to allow their
workers to thrive and be productive without sacrificing opportunities for innovations for the future
good of the organization. As a result, many organizations dedicate time and resources to finding
the most effective ways to shape a future workplace.
To combine the flexibility of remote work with in-office interactions, companies are adopting

hybrid work models that allow employees to work from home a few days per week [18, 31, 77].
These hybrid arrangements connect employees across collocated and distributed configurations
through digital technologies that many companies relied on during the pandemic [64, 72, 85]. While
hybrid work shares characteristics with distributed work, the inherent partial collocation introduces
new design requirements for cooperative technology [30], making it relevant to understand how
hybrid scenarios unfold in practice, across organizational, digital, and physical spaces [39]. This
paper explores the spatial challenges of producing and negotiating a shared workspace in hybrid
office work arrangements. Through an ethnographic study of an IT organization working hybridly
across six office spaces in two countries, we consider the temporal nature of hybrid office work
and identify a core challenge in reintroducing the physical space in post-pandemic office work.
We find that individuals engaged in hybrid work continuously change their locations due

to remote work options, resulting in an inherent condition of location multiplicity. In hybrid
configurations, we never know who will work from where the next day, and consequently, who will
be collocated. This mobility of hybrid workers requires continuous reconfiguration of the spatial
practices [17], making it complicated to plan for collocated subgroup interaction. In our case, the
flexibility in locations led organizational office workers to develop strategies that rely on the stability
embedded into the digital options to in this way reduce the effort required for leveraging collocation
and physical elements. Integrating both physical and digital components required continuous re-
spatialization, consequently making office workers standardize their practices independently of the
physical space. The approach of always structuring the work as if all participants are geographically
distributed, despite some being collocated, evens out asymmetries and creates stability in the work.
However, the “always remote” strategy also risks missing important opportunities for collocation
facilitated by hybrid settings. Thus, we suggest that a design challenge for CSCW technologies
supporting hybrid work is to facilitate seamless interaction in situations of location multiplicity
with shifting constellations of people, locations, and digital applications. We must recognize the
dynamic nature of hybrid interactions as they are produced differently on a day-to-day basis. Hybrid
workspaces must include an experience of stability in both the physical and digital space, despite
the mobility of individuals involved in the work who navigate location multiplicity.

2 Theoretical Framework: Hybrid Space
Our work concerns how a shared workspace is produced and negotiated in hybrid office work arrange-
ments; thus, we need to unpack the nature of a ‘hybrid workspace’. Hybrid work is characterized by
cooperative engagements where at least three people are mutually dependent upon each other in a
common field of work while being geographically distributed across fewer sites than the number of
people, meaning that some are collocated while others are distributed [30]. Physical space in hybrid
work is thus the ‘sum’ of the different geographical locations where people are situating their
bodies. Hybrid work is enabled by digital technologies extending hybrid workspaces to the digital
space, further constrained by organizational conditions [39, 69]. The concept of space has been a
core interest for CSCW since the early 1990s and researchers explore, discuss, and continuously
interrogate what space entails still. The abundance of literature on space demonstrates from various
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perspectives that space is an important concern. However, it is difficult to constrain into one ‘thing’,
instead, it produces multiple intertwined conceptual understandings, which are all relevant when
people engage in a common field of work.
The conceptual work distinguishing ‘space’ from ‘place’ put forward the idea that ‘space’ is an

architectural opportunity where place-based activities (produced through social engagements) can
happen [40]. Later discussions point to that all spaces are immediately socially constructed, and
thus the distinctions between space and place might be less simple [26]. The discussions on ‘space’
for CSCW design circle two main interests, namely how physical space for cooperative work shapes
activities in certain ways. For example, how the physical surroundings in hospitals create different
technical requirements on hospital information systems [2] and how space metaphorically can
produce relevant design requirements for cooperative work [3, 23]. This design interest further
sprouts into three long-standing interests. First, (1) the design of cooperative virtual environments
(CVE) including blended spaces [6], and immersive Cooperative Work Environments (CWE) [11].
This stream of research is dedicated to exploring how virtual reality, augmented reality, and extended
reality technologies can be utilized to create ‘digital spaces’ for cooperative engagements [6, 56, 76].
Second, (2) the design of media spaces (sometimes referred to as virtual spaces) which fundamentally
entails research on technology-mediated synchronous interaction across cooperative actors working
together focusing on awareness and communication [19, 29]. Third and finally (3) the design of
common information spaces, which fundamentally is about knowledge production and interpretation
of information used within cooperative coordinative tasks [4, 5]. While all the above streams of
research have focused on the cooperative activities shaping the collaboration, they simultaneously
consider how the digital or physical environments matter conditioning how cooperative activities
unfold. Our interest focuses on establishing a shared space for collaboration in hybrid work as it is
produced in our empirical study of hybrid office work, and since our case does not entail any kind
of virtual reality or extended reality features, we situate our theoretical CSCW concerns for hybrid
space as media spaces and hybrid space as common information spaces.
Hybrid space as media space guides us to dedicate our empirical concerns to exploring how

hybrid space allows for engagements and enactments in communication and awareness activities
across geographically distributed participants. The seminally work on media space arrived from
the research conducted at Xerox PARC in the 1980s and 90s. Already back then, researchers had
access to digital systems which allowed them to have digitally mediated interaction with video
across locations as well as within the actual office [28, 36]. This meant that the research early on
had access to long-term use of these types of technologies, which today are commonplace. One of
the interesting findings back then was that the technology did not only impact the people using
it but also extended beyond the individual using the technology and impacted the wider social
grouping of use [27, 68]. Physical surroundings matter for where work can take place, and while
spatial properties can be mimicked in the design of digital systems, they can also transcend and
extend the affordances of the physical space thus extending the environments in new ways [19, 55].
Geyer et al. develop a matrix between work-related, meeting-related, and people-related interaction
patterns and then combine this with individual mode, meeting mode, and social mode [37]. In
their design, they consider articulation work, awareness, and communications in all the boxes in
the matrix – demonstrating the focus on the virtual space is to design for reducing the effort of
articulation work connected with communication and awareness. Further Healey et al. show how
textual interaction and communication online produce communication beyond just ‘being there’
because the textual interaction allows participants to engage in multiple, overlapping, concurrent
conversations across partially overlapping groups [41, p. 189].
Most research on media spaces and communication includes audio-visual feedback and here

research has demonstrated how it takes more time and effort to build social relations in remote
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situations [7]. In the early studies it was even argued that if people did not already know each other
prior to online engagements, their collaboration rarely led to new forms of social interaction [54].
Moreover, design challenges such as the lack of peripheral awareness caused by the limitations of the
camera feedwere detected, and design agendas formulti-camera setupwere explored [42]. Exploring
the use of audio-visual interaction in the design of cooperative technologies developed into multiple
different types of digital systems including but not limited to ClearBoard [49], t-Room [43], and
Perspectives [83]. Multiple audio-visual technologies have been taken up by organizations, including
full-immersive meeting setups like Polycom, as well as desktop/laptop/mobile device applications
that are particularly widespread in global software development setups [14, 50, 66], and even more
widespread during the pandemic such as Zoom, MS Teams, and Skype [20]. Whether organizations
choose to create dedicated offices for technology-mediated interaction [8, 22] or the interaction
is done using only laptops, phones, and screen sharing [9, 33] the challenges of creating social
relations mediated solo by technology – engaging in relation work [7] – continue to be reported as
a challenge. Information sharing and communication are important for cooperation [58].

Hybrid space as common information space research is dedicated to understanding and designing
for knowledge production and coordination across cooperative practices. Well-designed common
information spaces (CIS) allow participants to share information in such a way that interpretation
allows for meaningful interaction [3]. A CIS does not just exist but requires participants to socially
engage using the space (digital or physical) in meaningful ways. Common information spaces
require that both the producer of information and the receiver consciously try to understand
each other’s context [3] and thus through engagement create a common context, which supports
their interaction concerning information. Common information spaces are dialectic in nature,
meaning that they are both malleable allowing participants to adapt technological structures
and content to their purpose; while being intact, stable, and immutable allowing participants to
negotiate and make sense of their common information space over time. In this way, common
information spaces can appear as boundary objects in some situations allowing for interaction and
interpretation across different contexts [80], while being flexible and configurable at other times.
Common information spaces do not need to be online, in many cases the physical environment
and available artifacts are part of what makes the common information space. For example in the
War Room meetings, where engineers are collaborating between Copenhagen and Chennai, the
physical paper posters and post-it notes placed in duplicate in the two geographically dispersed
offices together created a common information space [8]. Similarly, Mark et al. demonstrate the
physical space impact on the interpretation of cooperative practices, by arguing the ‘space between’
hybrid teams to increase the risk of errors in common products [65]. While literature on common
information spaces often concerns organizational practice, new research studies have explored
common information spaces outside work, but still related to concerns about work [67]. Møller
et al. found an online platform that supported healthcare workers to discuss the implementation
challenges of a healthcare platform, and in this way emerged as a worker-driven CIS [67]. Finally,
research on co-working spaces demonstrates how the physical space can be important for workers,
even if they do not collaborate. Self-employed workers would choose to go to co-working spaces to
do work, supporting social interactions, even if the physical environment also produces certain
constraints and tensions [82].

3 Method
To investigate the challenges of producing shared hybrid workspaces, we conducted an ethnographic
workplace study at an IT company in the Spring of 2023 [13, 71]. Representatives from the company
had engaged in workshops and discussions over 12 months before we initiated the ethnographic
fieldwork. Along with 12 other organizations they shared their perspectives, experiences, and
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challenges in their ongoing efforts to establish a modern hybrid workplace in the post-COVID-19
era. These workshops were part of a larger research project exploring the challenges of hybrid
work (reference excluded for anonymity). During the events, the organizational representatives
described a desire to embrace a hybrid work model but faced difficulties in organizational and
spatial conditions, such as empty office spaces with employees working in silos at their desks.
To explore the challenges of producing hybrid workspaces in greater detail, we chose one of the
companies for ethnographic data collection, which is the focus of this paper. The chosen company,
which we in this paper pseudo-name InterFin to protect their anonymity, had been remodeling
their offices post-pandemic to welcome back their employees after almost 2 years of remote work.
However, they were surprised with how the employees reacted and management was concerned
with the low percentage of physical presence in the office by employees. InterFin was therefore
an interesting case for empirical data collection to explore how the challenges of producing and
negotiating hybrid workspaces unfold in real-world settings.

InterFin is organized as computer-based office work, allowing us to gain access to an empirical
case where work transformed digitally to enable remote work during the pandemic, and thus is an
excellent case to explore the conditions for new hybrid work arrangements. Hybrid work involves
multiple physical locations in combination with digitally mediated collaboration [8, 32] and groups
of physical and digital artifacts [53, 63]. When we studied the role of the physical space, it was
clear that all hybrid activities were always digitally shaped, and thus we cannot understand the
physical space without including the digital space. Thus, rather than only observing the physical
office space, our ethnographic strategy was to follow organizational members and study the kind
of activities they produced when engaging in hybrid work. Observing their work practices allowed
us to comprehend the importance of technologies for collaboration, how these technologies were
utilized, and to explore physical surroundings, architectural design, and movement within the
office space – factors that all shape the hybrid workspace. Our goal was to capture organizational
members’ interaction and negotiation of a shared workspace when engaging in hybrid work through
informal conversations, observations, and document analysis [13, 73], employing sociomaterial-
design approaches [10]. Our sociomaterial reflections were therefore not limited to what to observe
but also how we observed it [75], including the contextual circumstances of connections between
artifacts, between artifacts and locations, and between artifacts and mobility [12]. The analytical
work began within the field, prompting us to continually seek relations and connections between
practices, artifacts, spaces, and organizational members’ movements.
Ethnographic explorations of hybrid situations provide distinct methodological challenges due

to work being spread across several physical and digital spaces, involving both analog and digital
artifacts [52, 71, 73]. We were not able to observe employees at their home office, however, collecting
ethnographic data at the office (i.e. excluding remote home offices) was aligned with our focus
on the role of the organizational office space that hosts collocated subgroups in the hybrid setups.
We talked with employees about their home offices, they explained how their work practices
differentiated when working from their home, and we included our limited ‘access’ to observe the
home offices during observations of synchronous technology-mediated activities (as could be seen
in the video feed). While we fully acknowledge that hybrid work includes various challenges, such
as geographical locations [16], personal preferences [34], and remote workspaces at home [23], our
study is situated in the role of the ‘hybrid workspace’, with a particular interest in the partially
collocated subgroup. Understanding the role of the physical office space in hybrid work is critically
important, as the design and use of office environments have demonstrated significant value for
companies [1, 59, 79, 84], and the collocated environment remains crucial for hybrid office work in
general [30].
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3.1 Empirical Case: InterFin
InterFin is an IT company with 1700 employees designing, implementing, and maintaining IT
infrastructure for the financial industry. The company was established as a Danish company but
expanded to Poland in 2018. Currently, InterFin has employees in two countries spanning multiple
office buildings – five offices in Denmark (three different cities), and two offices in Poland (two
different cities). Before the pandemic, less than 10 % of the employees were in Poland, however
during the pandemic the office in Poland grew to approximately 50 %. Under the COVID-19
lockdown, all employees worked from home. The pandemic restriction in Denmark took place
between March 2020 and January 2022; while in Poland the restriction took place between March
2020 to March 2022.

Post-pandemic company policy combined with the increased recruitment in Poland meant that all
teams included employees from both Denmark and Poland. Thus, teams are never fully collocated
even when all team members are working from the company office since they are located in
different buildings. InterFin remodeled the physical office space and hired an architecture company
to help re-think the office layout as well as the office colors, etc. The first part of the renovations
finished in 2023 in both Denmark and Poland and are currently continuing. The renovation of the
office allowed us to also observe discussions between employees and the architects about their
experiences of the new office spaces during our ethnographic study.

Our ethnographic study took place in one department, following two teams working on respec-
tively delivering (Team-1) and planning (Team-2) both for the development and implementation of
agile work processes in the organization. The work is hands-on implementation in close collabora-
tion with other departments in the company, covering activities such as coaching team managers,
teaching tools and work processes, and other tasks to support agile work processes. Members of
both Team-1 and Team-2 are therefore daily in touch internally within the teams, as well as with
multiple departments across the company placed in both Denmark and Poland. Both teams had ten
team members distributed across four office locations – one in Poland and three in Denmark.
While our study focused on two specific teams, it provides insights into the reasoning behind

hybrid practices that are applicable in other office contexts. The research emphasized a temporal
understanding of how office workers navigate and produce hybrid workspaces, allowing us to
uncover nuanced understandings of organizational practices. Despite the limited number of teams,
their diverse interactions across multiple departments and locations provide insights into the
important challenges of continuous reconfigurations in hybrid workspaces.

3.2 Data Collection
The data collection focused on how the two teams established a shared workspace when arranged
in hybrid arrangements. This included data on cooperative activities, the technologies used, and
the organization of work. An important distinction between distributed and hybrid work is that
hybrid work includes partially collocated participants, therefore, our observations focused on the
shared organizational office spaces and the collocated practices in the hybrid arrangements.

Initially, the authors interviewed the head of facility management, who showed us around the of-
fice and explained the architectural changes implemented. This tour outlined actions taken to create
an attractive workplace for employees, making the commute to work more relevant. Additionally,
we interviewed the department manager, who provided access for empirical observation, and one
employee from the relevant department to understand their interest and perceived challenges with
hybrid work. These interviews covered department organization, regulations for working, and
challenges in adapting hybrid work.
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Table 1. Data Sources

Source Frequency Comments
Observation 55 hours
Informal interviews 8 people
Preliminary meetings with management 2 hours
Participation in meetings (passive observation by
being present in physical/online meeting room)

22 (2/20) meetings

People observed (physical office) 35-40 people
Internal documents 3 documents

Following these managerial and organizational perspectives, we initiated the ethnographic
fieldwork. The data collection included observation, in-situ questions, informal interviews, and
document analysis [51]. The fieldworkwas conducted by the first author, with continuous discussion
of impressions, insights, and methodological adjustments among all authors to ensure alignment
between the method and findings given the constraints.

The observation took place at the office in Denmark where the selected department teams, Team-
1 and Team-2, were located. We focused on how the team members navigated the office building
and managed the hybrid setups. Due to GDPR (as the company handles personal and financial data)
and geographical limitations, we only had access to one building. However, we were informed by
the head of facility management that all office buildings in both Denmark and Poland mirrored
the one we observed. The observation covered both synchronous and asynchronous activities
related to cooperative work internally within the team, across departments, and with external
stakeholders. Most synchronous work was planned as meetings, so to observe these activities, we
participated in different types of interactions among various groups of participants. We ensured
our observations included hybrid work within the two teams, across the two teams, and between
teams and participants from external departments and stakeholders.

We applied different observation strategies [73] to gain insight into hybrid work activities from
different perspectives, such as being at the office, in a meeting room, or remotely. When meetings
were held online, we observed the interaction by participating digitally through a company laptop
and a guest login while being physically located in the office space. To observe all local office
events, the first author joined the local team members and quickly noted that nearly all activities
were conducted online. Collaborative activities in both Team-1 and Team-2 were structured as
calendar invites with MS Teams links to online meetings. Observing the details of the complex
interaction of online activities was challenging due to the simultaneous occurrence of several
activities and the noise in the office space. Therefore, we complemented in-office observations with
remote observations of online activities and reviewed archived data of these activities, such as text
messaging and backchannel communication during meetings.
To study asynchronous work, we identified workers who allowed observation of their daily

activities. The first author sat next to these employees on different days to observe all activities
throughout the day, with opportunities to ask elaborative questions either at the moment, during
breaks, or in follow-up interviews later. These questions clarified the nature of different activities
and the reasoning behind specific practices. This approach provided insights into the different work
tasks, sub-groups the person engaged in, and which technologies were used for different activities.
When allowed, we documented the work with pictures and screenshots. Otherwise, all observations
were written down in detail in a notebook. Afterward, all observations were written up into rich
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descriptions ready for analysis. Due to GDPR, we were not allowed to record the employees’ voices,
so we made sure to write memos and thoroughly document all observations in written format.
The observation started in March 2023. Each observation activity was structured between 4

and 7 hours for one day observation allowing for time to write up notes afterwards. In total, the
first author spent 55 hours observing the two teams. Observations were conducted on different
weekdays allowing us to notice specific temporal patterns. Further, we knew from preliminary
meetings that some employees work from home on different days of the week. Despite focusing on
one specific department, the open office space allowed peripheral observations of employees from
other departments as well. The total period of empirical data collected at InterFin spanned five
months, from the first interview in December 2022 to the last observation day in Ultimo April 2023.

3.3 Data Analysis
All data, including internal documents and policies, pictures, screenshots, and observation notes,
were imported into Nvivo. We carefully reviewed the data to analyze how workers navigate and
negotiate the physical office space as part of their hybrid engagements. The iterative analysis
was conducted concurrently with the data collection, as the empirical work revealed insights that
refined the focus on the ethnography. Early in the observation process, we noticed that workers
strategically minimized their use of the physical space by either avoiding the office, choosing not
to use meeting rooms, and in other ways not utilizing the collocated space while collaborating with
others in hybrid settings. While our initial study broadly aimed to explore how hybrid work unfolds
in a real-world office case, our analysis specifically focused on understanding why collocated
organizational members do not fully incorporate the available space when collaborating in hybrid
settings.
During the observations at the office, we found that all asynchronous work was conducted

digitally at the individual’s desk using laptops. Surprisingly, almost all synchronous collaborative
work was scheduled and performed as online meetings, also facilitated by personal laptops at desks,
regardless of whether collaborators were geographically located at the same site. The employees
did not utilize the physical space despite these being newly renovated for supporting various work
events. Therefore, we decided to delve into the digital workspace in greater detail to explore the
broader challenges of producing shared hybrid workspaces utilizing both the physical and digital
space. We strategically mapped out the work activities performed in the digital space to conduct an
inductive thematic analysis [15].
Firstly, we identified the online tools and communication channels supporting the work (e.g.,

Microsoft Office, Jira), and then analyzed which tools were used for different types of activities.
Subsequently, we linked these tools to collaborative activities among different employees, mapping
out cooperative groups and subgroups along with their geographical locations to explore how the
employees’ location affected their work practices. This analysis allowed us to understand how team
members created a digital space to support their work, comparing it to their actions in the physical
space.

Using NVivo, we identified various events and collaborative activities (e.g., social events, planning,
evaluation) and correlated them with insights from the interviews (e.g., noise from colleagues,
uncomfortable headphones) and observations of how the office space was utilized (e.g., location
changes, artefact use). By mapping out the entire ecosystem of artifacts and applications, as well as
the work activities and cooperative groups in which organizational workers engage, we uncovered
that all cooperative work activities are facilitated by digital technologies that support hybrid work
among organizational members, while also being constrained by shared physical elements within
the office space. In this analysis, we point to three main categories essential for understanding
why workers choose to disconnect from the physical environment and work digitally regardless of
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their geographical location and cooperative engagements: 1) the organizational policies regulating
workers’ condition for teamwork, 2) the affordance of artifacts in the physical environment, and 3)
the affordance of the artifacts in the digital environment. In our results, we delve into these three
categories to understand the consequential choice of not fully utilizing the physical space but,
instead, creating a stable digital workspace and engaging in collocated digital work.

4 Results
As hybrid workspaces are shaped by physical, digital, and organizational conditions, we divide our
result section into these three perspectives. First, we elaborate on InterFin’s organizational approach
to adopting a hybrid work model with a focus on their organizational policies and architectural
spaces. Hereafter, we present findings on the contradictions between the nature of the work and the
organizational interventions for adopting hybrid work. Thirdly, we elaborate on the digital space
enabling distributed collaboration, yet, adding complexities for integrating physical components
when engaging in hybrid arrangements.

4.1 Re-Organizing from Remote Office to Hybrid Office
Since the COVID-19 pandemic, InterFin reformulated their organizational policies and implemented
architectural renovations to enforce conditions for hybrid office work. Our findings indicate the
management’s impact on workers’ engagement in hybrid work, therefore we initiate the results
with the organizational practices that were shaped and re-shaped post and during the ethnographic
work.

4.1.1 Organizational Policies. During the COVID-19 pandemic, InterFin adhered to governmental
policies demanding remote work, transitioning all activities online. As regulations eased, the top
management faced the decision of how to reintroduce physical office presence. In the summer of
2021, just before the regulations were lifted, the company updated its policies to reflect a desire
for a modern, collaborating, and flexible workplace. The policies allowed remote work one or two
days per week, to meet the wishes for work-life flexibility from the employees yet emphasized
performance expectations equivalent to office work. A year later, in the summer of 2022, the policies
were revised due to low on-site attendance of around 35 %, while the ambition of allowing remote
work was to have 70 % of employees regularly working on-site. Management expressed concerns
about a lack of sense of belonging, decreased engagement, and increased feelings of loneliness
among employees working remotely. During the observation, we noticed fluctuations in-office
presence. While the average number of on-site workers aligned with InterFin’s estimate, day-to-day
variations were substantial. One day only one person worked on-site, while the next day, more
people were present than available desks.

The company policy links the office presence to challenges such as increased employee turnover
and a sense of loneliness. Management’s shift from encouraging employees back to the office to
mandating physical presence is noteworthy. Despite acknowledging sustained effectiveness and
productivity, they expressed concerns about stagnation in innovation and employees perceive the
company as less attractive. This was expressed during our interviews with the department manager,
who explained that remote work had not decreased the department’s productivity, instead they
experienced an impact on innovations and new ideas that otherwise would come from physical
collocation. The department manager described a vision for “a vibrant office”, which seemed elusive
with empty spaces. Further, he presented the contradicting challenges, that employees left the
company due to not feeling a sense of belonging, while they still demanded the option of working
remotely from home. Differently, the strategy of pushing employees back with regulations was
perceived as controlling from some employee’s perspectives.
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Fig. 1. Image of workstation layout at the company office site

“I’ve been in the company for 7 years, and my relationships date back to before the
pandemic. Most of the team members I work with today I’ve never met – and I never
will. It doesn’t make sense to demand rules on physical attendance at the office [. . . ]
often, I feel more lonely when I’m at the office than when I work from home.” (Informant
from Team-2).

The quote illustrates how employees felt that managers deciding their location on specific days
created a less welcoming atmosphere, resembling micromanagement that hindered engagement
rather than fostering it. An organizational member additionally expressed feeling lonely at the
office but not when remotely, questioning the need for commuting to the office.

4.1.2 Organizational Office Space. During our interviews, the facility manager explained that
InterFin had invested significantly in renovating the office building following the COVID-19
pandemic. Their goal was to establish an appealing office space that encouraged physical presence
in a hybrid environment. The renovation aimed to create a vibrant workplace supporting flexibility,
diverse work arrangements, remote participation, and an inspiring atmosphere. However, the
organization’s perspective on architectural measures promoting a modern hybrid office was not
aligned with the employees’ utilization.
The redesigned physical space featured an open office space with only a few closed rooms.

Workstations were arranged in groups of four desks, each equipped with two monitors. Various
sub-areas were designated for different types of work activities, including lounge areas for informal
discussions, rooms with two individual monitors for focused work, meeting rooms of varying sizes
(2 to 8 people), and silent boxes for private phone calls. All meeting rooms were equipped with a
table and chair(s), and the larger rooms included a shared screen. Reservations of the rooms operate
on a first-come, first-served basis. See Figure 1 for the workstation layout at the office site.

InterFin adhered to a free seating policy, requiring employees to clear their desks when leaving
the office. Most employees complied with this rule, ensuring tables were clean and available for
everyone. Lockers were placed around the office for employees to store items such as laptops,
computer accessories (mouse, keyboard), and small belongings (e.g., headphones, pens, paper,
wires). Employees would retrieve their belongings from the locker in the morning and select an
available seat. At the end of the day, they either left their belongings in the locker or took them
home.
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The architectural design and free seating policy aimed to facilitate flexible work, allowing em-
ployees to move freely within the office space and choose suitable areas for specific tasks. However,
there was a misalignment between the management’s vision, organizational and technological
conditions, and the actual cooperative setups. Despite the intention for an open and dynamic office
environment, we observed instances where the actual use of the office posed challenges to work
rather than supporting it.

4.2 Collocated Digital Work
When exploring hybrid office workers’ navigation of the office space, we were surprised about the
tendency to disconnect from the physical environment in their cooperative work rather than taking
advantage of the collocation. During the observation, we participated in 22 synchronous events: 2
in collocated settings, 20 in hybrid settings (involving both collocated and remote participants),
and 2 in fully distributed settings. Despite the presence of collocated participants in nearly all
synchronous work, the activities were approached as if they were in a fully distributed setup. The
majority of work, synchronous and asynchronous, took place individually at desktops using laptops,
and we observed no instances of individuals utilizing any physical artefacts in the office space (e.g.,
whiteboards, etc.), instead, all physical whiteboards were empty and clean. See Figure 2. Informants
from both Team-1 and Team-2 described that they had never used any of the whiteboards, and
rarely saw other employees using them. Focusing on synchronous work activities, the choice
to disconnect from the office space becomes particularly pertinent. Synchronous activities were
consistently performed in the same manner as distributed activities regardless of the geographical
distribution of the participants or the content of the activity.
The two teams engage in different configurations in their work. While each team followed the

agile work approach with daily check-in meetings, they also collaborated in subgroups within the
team, and across the teams and departments. A typical day for team members may involve a series
of back-to-back meetings lasting from 15 to 60 minutes, with only brief intervals between sessions.
On other days, the team is immersed in a single digital meeting for the entire day, such as during
extended teaching activities.
To illustrate our findings, we present three empirical scenarios: 1) a hybrid meeting performed

as a distributed meeting, 2) a hybrid meeting indicating the added challenges of the hybrid work
mode, and 3) a collocated meeting showing the reliance on digital tools even in collocated settings.

4.2.1 Collocated Digital Work Event. The first empirical example is with participation of both
teams to present updates and receive feedback from external clients. The meeting took place online
using the MS Teams application to accommodate remote participation. There were 12 participants:
six located at the office, whereas three of the team members were only a few meters apart, one was
ten meters away, and the remaining two were placed down the hallway. To indicate the proximity
of the team members, the researcher observing the situation experienced an echo effect from
the collocated participants’ voices in both the physical office and MS Teams call, despite using
noise-cancelling headphones. The remaining participants were distributed across various locations,
all joining individually from their laptops with cameras on. When the participants at the office
joined the meeting, they put on their headphones (if not already wearing them), turned on their
cameras, and connected through MS Teams. All participants at the office stayed at their desks.

The proximity required the participants to mute their microphones when not speaking and use
noise-cancelling headphones to manage ambient sound. During the meeting, other employees in
the department (not joining the meeting) were in the office space next to people speaking on other
calls. Noise-cancelling headphones were used by all employees independent of being involved in
meetings or not.
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Fig. 2. Images from the field site showcasing various office areas, including meeting areas in the open office
setting, whiteboards, and lounge areas.

The meeting followed a remote format, with the facilitator sharing slides to outline the agenda,
and participants taking turns presenting their input. This approach characterized almost all work
activities in our observation, where out of the 20 hybridly distributed meetings, 19 followed the
described scenario. This includes the regular meetings internally in the departments, and therefore
not including external clients. Figure 3 illustrates the geographical distribution of one of the internal
events, that regularly took place between the organizational members.

The visualization illustrates the proximity of the collaborative participants and is an example of
a “collocated digital” event. While our observation focused on the specific department, peripheral
observations on the other floors and departments revealed similar scenarios. The majority of
workers at the office consistently stayed at their desks throughout the day for various cooperative
work activities, acting more like remote workers than utilizing physical office space and artifacts.

4.2.2 Hybrid Work Event. The sole event observed during the fieldwork where participants utilized
the physical space to create a hybrid setup with both collocated and remote members, involved an
internal team meeting in Team-1 to plan their upcoming activities. This meeting included eight
participants, with five team members present at the office and three joining remotely. Before the
meeting commenced, the five collocated participants moved to an available meeting room. Since
rooms cannot be booked in advance, they roamed the office to find a suitable space. After settling
down, the team manager connected the laptop to the shared screen in the meeting room. However,
technical issues with connecting the laptop to the shared monitor and audio caused a delay. After
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Fig. 3. Visualization of a hybrid setup of a synchronously collaborating team distributed across eight sites in
two countries. Stick figures represent employees physically present at the office, whereas the colored figures
indicate participants involved in the shared digital meeting.

resolving the issues with cables and wiring, they set up the screens to display the MS Teams meeting.
In the MS Teams call, the three remote participants and a shared Jira board are visible. Jira is a
project managing tool, where all tasks can be illustrated, assigned to team members, simultaneously
updated, and interlinked to different visual boards and canvases. All team members have access to
the Jira board on their laptops, which some team members during the meeting had open, while
others had calendars and notes on their laptops. During the meeting, challenges emerged including
collocated team members discussing in their native language, making it challenging for remote
participants to follow. Moreover, sound issues and a lack of visual representation for the remote
participants occurred when collocated team members pointed to their local screens. This scenario
highlights some of the challenges that arise when participants leverage the physical environment
and the additional effort required to establish a shared cooperative setup when the same attendees
are remote. Later in the same day, the team had another meeting but chose to remain at their desks,
participating ’remotely,’ even though the same team members were still collocated in the office.
This means that five participants engaged in the same MS Teams meeting, seated at a shared office
and therefore only a few meters apart, necessitating the use of noise-cancelling headphones, and
simulating geographical distribution.

4.2.3 Collocated Work Event . We observed a collocated work event involving two workers, John
from Team-1 and Patrick from Team-2. To present their interaction and reasoning, we have assigned
pseudonames to these individuals making it easier to understand. They intentionally scheduled the
meeting on a day when both were physically present at the office. The purpose was to update a
task in the Jira board. Both members brought their laptops, along with notebooks and pens, to the
meeting room. John connected his laptop to the shared monitor, displaying the Jira board, while
Patrick closed his laptop and referred to the shared monitor. John suggested using the physical
whiteboard instead of the screen monitor to “disconnect from the laptop” now that they were both
collocated. However, after a quick search for a pen, they returned to the laptop. They opened the
Jira board, discussed the task, and considered what to write on the digital Board.
Interestingly, they explained afterward that moving to a meeting room in the office further

complicated their work instead of making the work easier. John mentioned they planned the
meeting on this day because they were both at the office; he even postponed it from the original
plan when he chose not to commute to the office that day. As the work was produced in the online
application Jira, they argued it might have been easier to use individual laptops, allowing both to
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edit simultaneously. Although they initially considered using the whiteboard to discuss the task, the
physical board would have necessitated duplicating their work to implement it into the digital Jira
board afterward. Moving to a meeting room meant that they had to disconnect from their laptops
at the desk, and only one person could control the actions executed in the IT application. While
not a hybrid setup, this scenario illustrates how synchronous cooperative work in our empirical
case is further complicated when articulated in collocated settings – even when all participants are
at the same site.
The empirical scenarios indicate the complexity of producing a shared workspace in hybrid

settings, as opting for digital options allows for equal participation across hybrid setups. Moreover,
the observed attempts to utilize the physical space show how it does not efficiently support the
work, instead, it adds challenges. While the office’s architectural design aims to encourage flexible
work activities, practical work scenarios do not always align with office availability. The physical
space not only invites flexible conditions but also requires flexibility from the workers. Whenever
organizational workers utilize the office space, they must disconnect from their desk setups to find
appropriate spaces in the office, available at that moment. The added work makes the employees
stay at their desks, though, the open office layout contributed to sound issues, particularly when
the workspace was crowded. Employees commonly cited sound problems as a significant challenge
when working from the office, which was also seen in the extensive use of noise-cancelling
headphones. The value of commuting to the office diminished on days of sparse attendance or
excessive crowding, which impacted the overall experience for employees, as commuting to the
office could risk being perceived as a waste of time.

4.3 Navigating the Technology Complexities in Hybrid Work
Examining the role of the office space revealed hybrid collaboration to always be digitally mediated
even when participants were fully collocated. To support the varying nature of the work activities,
the digital space represents a complex interconnected infrastructure of applications supporting
various work activities. InterFin primarily relies on eight IT applications, accessible via laptop with
data securely stored in the cloud. Key software tools include Microsoft Office (Teams, Outlook,
PowerPoint, Word, Excel), internal and external team sites, as well as Jira and Confluence. These
IT applications are employed in diverse constellations, for various activities, and over different
durations.
As agile mentors, the teams focused on educating others in agile work methods. They utilized

various applications and tools for distinct purposes, such as Excel for data management, Word
for text production, PowerPoint for education, Confluence for brainstorming, and Jira for process
management. Internal and external sources, like the Intranet, were used to gather organizational
information, while MS Teams were particularly crucial for supporting communication, information
sharing, and knowledge exchange within and across work groups. MS features such as chat,
sub-groups, and organized sub-folders, for tasks, and documents were essential in this process.

The software tools were used in different configurations depending on the context. Their inter-
connected nature allowed, for example, the daily meetings in MS Teams involved sharing a Kanban
board in Jira to display task overviews, and PowerPoint was shared for presentations or sometimes
in edit mode for collaborative content discussions.
The overlapping features of communication and coordination in, for example, MS Teams and

Jira raised challenges in inconsistency and disagreements on where this work should take place.
We for example observed situations where coordination and communication on a task was articu-
lated both in the Jira application’s comment feature and in the MS Teams sub-group, leading to
miscommunication and misunderstands.
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Fig. 4. Illustration of digital applications used by the individual worker. The red lines indicate applications
used for information sharing, such as the morning updates held by both teams. The green lines represent
applications that support knowledge exchange, such as collaboration on updating a digital board used to
educate in agile work methods. The blue lines exemplify a meeting with external clients where new products
were reviewed.

A detailed exploration of the connectedness between applications reveals complex interactions
across sub-groups and platforms. Office workers continuously create new sub-groups, and each MS
Teamsmeeting is automatically accompanied by a backchannel in the Chat section. This backchannel
supported synchronous communication during meetings and asynchronous interaction both before
and after them. For example, Team-1 occasionally posted updates within this backchannel chat,
even though they had a designated group page in the MS Teams. The automatic creation of chat
groups resulted in numerous channels within the MS Teams, sometimes overlapping sub-groups,
as individual workers participated in multiple meetings across various departments and teams.
To illustrate the interconnected nature of the digital workspace, Figure 4 shows the software
applications and examples of how they are connected in different configurations depending on
specific activities.
When asked about the complexity of the digital space, the team members explained that using

the multi-connected applications was less complex, as they got familiar with the systems during
the pandemic that required abrupt transition and intense adoption. One of the team members from
Team-2 described:

“We were used to going out [before the pandemic lockdown] to educate [the orga-
nizational teams in agile work methods], but during COVID, we had to transform
it to online. We were actually pretty good at this transition. Today, we’re no longer
dependent on the physical; we can accomplish [the work] completely online, which
we also have to do since we’re distributed. I had to adapt to not using the whiteboards.
I do miss that, but it’s just easier to do it digitally.” (Informant from Team-2)

The digital space was facilitated by different devices, such as laptops and several monitors. A
member from Team-2 described the simultaneous use of various software applications to require a
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Table 2. Example of an office worker’s sequential order of various planned cooperative activities performed
in different digital configurations throughout one day.

Length Activity Participants Technology Distribution
15 min Information sharing 9 team members MS Teams,

Jira, Notes
Cross-country

30 min Knowledge exchange 2 team members MS Teams,
Confluence

Local office

60 min Presentation
and feedback

12 internal and
external members

MS Teams,
PowerPoint

Cross-country

15 min Coaching 2 cross-departmental
members

MS Teams Cross-office
sites

30 min Knowledge exchange 4 team members MS Teams,
Excel

Cross-country

15 min Knowledge exchange 2 team members MS Teams,
Jira

Cross-office
sites

30 min Coaching 2 cross-departmental
members

MS Teams Cross-office
sites

carefully structured setup to appropriately create a ‘workspace’ both at her desk in the office and
at her desk at home:

“In the beginning, I did spend a lot of time figuring out how to manage the screens and
applications, and which application should appear on which monitor to create a setup
that supports the work most efficiently. I’ve found a good setup [of the applications]
now, but I still struggle with how to handle the noise at the office.” (Informant from
Team-2).

During the observation, she further experimented with different headphones to manage the
noise at the office, as almost all work was conducted from the desktop and required participation
in online meetings, leading to discomfort from wearing headphones for prolonged hours each day.
Since the team members are geographically dispersed, they must schedule all collaborative

activities. All synchronous activities, irrespective of their nature, are uniformly scheduled in the MS
Teams application. The term “meeting” was broadly used by employees to refer to synchronouswork,
be it planning, teaching, brainstorming, or socializing. Though all these activities are facilitated by
the MS Teams application, the use of additional digital application(s) and tool(s) was also included
in the online meeting.

In table 2, we have exemplified the planned synchronous cooperativework of an individual worker
through one day. The table shows how diverse planned and structured activities are supported by a
complex setup of various digital applications in different cooperative arrangements. Workers must
navigate the digital workspace while simultaneously managing the sequential changes in various
cooperative work arrangements.

As illustrated, office workers collaborate across the organization in various configurations during
the day. However, the workers are not only participating in planned synchronous activities, There
are numerous unplanned activities, such as direct calls and digital messaging requiring immediate
access to specific individuals and digital applications. These emerging interactions were facilitated
by existing MS Teams chat channels or through newly created channels to include additional
participants in sub-discussions. In our empirical data, we observed several situations where com-
munication in one channel was linked to interactions in other channels simultaneously, involving
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both text-based exchanges and online meetings. For example, we observed an unplanned MS Teams
meeting being interrupted by a scheduled meeting involving some of the same participants. In this
case, three people had to leave their ongoing digital meeting to join a different online meeting, to
which a fourth person was also invited. Thus, the same individuals moved from one digital meeting
room to another.

While some cooperative activities involved workers associated with the shared office site, remote
work options made it difficult to predict cooperative setups and plan for collocated activities. For
scheduled meetings, this was managed by making all meetings online, meanwhile, the MS Teams
‘availability status’ feature was extensively used for ad-hoc interactions. To check a colleague’s
availability, workers would rely on the availability status in MS Teams, regardless of whether
the relevant person was at the office or working remotely. Scanning the office would not provide
insights about availability, as most employees wore headphones for noise management, even when
not participating in meetings.

In summary, team members utilize multiple IT applications and platforms for their work, serving
diverse purposes in different constellations. Digital interlinks facilitate and support complex collab-
oration despite the distributed nature of the cooperative setup. Teammembers seamlessly transition
between virtual meetings, applications, and contexts, interacting online for most of the day. This
pattern persists even after the return to the office, with observations indicating that employees
in the two teams predominantly function as online workers, even when physically present at the
office. All organizational members produced a digital space that supports their work and enables
access and communication for cooperative engagements – independent of their physical location.
The challenges in hybrid practices are linked to the confidence and stability in remote practices
and the unpredictability of the hybrid setup.

5 Discussion
We explored how organizational workers produce and negotiate a shared workspace in hybrid
office arrangements through an ethnographic study at an IT company embracing a hybrid work
model. The post-pandemic era has introduced the challenge of organizing hybrid environments
that leverage in-person interaction at the office while still delivering the flexibility of remote work.
Here, we discuss the challenges of re-introducing physical elements into shared hybrid workspaces
that integrate digital and physical work practices. Our findings indicate that treating locations in
hybrid office work as a binary (home and office) does not align with how hybrid office work is
enacted in practice. We suggest the concept of location multiplicity, which refers to the inherent
condition in hybrid office work that encompasses several physical spaces at the office as well as
numerous remote sites outside the office. We discuss how location multiplicity requires a temporal
perspective on hybrid work to understand the unique requirements for technologies that provide
an experience of stability and predictability across continuously reconfiguring cooperative work
settings, supporting individuals in navigating location multiplicity.

5.1 Location as a Multiplicity
Our findings showed that team members engaging in hybrid collaboration relied on the digital
space even when working collocated in the same office space. The workers in our case seemed to
specifically disconnect from the physical space to manage their hybrid work conditions, though
also producing a digital workspace more than a hybrid workspace, utilizing the partial collocation
of the physical environment in hybrid work.
The teams did not have a single platform, but rather a group of collaborative, interrelated

applications that together created a coherent space for their work. The group of collaborative
applications together formed their cooperative infrastructure – or rather their collaborative platform,
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within a pertinent ecology of artefacts [7, 53, 63] fundamental to their engagements. The ecology of
artifacts enacted within the team collaboration was the backbone of the engagements between all
team members and served as one large digital common information space [3]. Common information
spaces are specifically designed to support and enable knowledge production across participants.
In our findings, we see that the common information space included all the applications and their
interrelated connections as the foundational ground by which participants could collaborate. A
collaboration that sometimes involved only geographically distributed participants and sometimes
collocated participants – and often in between.

The digital common information space also produced and made available awareness information
among participants [28]. Awareness as a feature of cooperative work is essential and allows
participants to make visible their activities in such ways that other team members can monitor
activities and act accordingly. We saw in our findings that, for example, MS Team indicates the
availability of the team members, whereas Jira is used to coordinate activities by visually assigning
tasks. Interestingly all the awareness information was only available digitally, and even when
people were collocated, team members would still monitor the digital track to gain awareness
information as gazing the office would not produce information about availability, since people
would wear headphones all the time. Collocated team members continued to rely on MS Teams
and Jira to communicate, coordinate, and update, despite being physically collocated.

Communication was embedded in their use of the ecology of artefacts creating the digital com-
mon information space. Here we saw how multiple intertwined communication channels were used
synchronously as well as asynchronously. Past communication was stored while supporting future
directions for the teams, while new communication threads were connected to share documents.
Though, the digital space supported communication outside information exchange such as social
interactions [68], the digital common information space comprised the multiple connected cooper-
ative applications supporting knowledge coordination, storing of information, communication, and
awareness. In this way, the digital ecology of artifacts as ‘one platform’ emerged as one complete
common information space supporting awareness and communication [3, 29].
Moving our lens from the digital towards the physical environment, we witness how team

members were working in constantly changing environment configurations, depending on, and
impacted by how the team members are located at different times. Interestingly, we notice that
organizational members and managers often referred to ‘location’ as a binary distinction between
‘home’ and ‘office’. In our results, this is for example seen in the organizational policy on hybrid
work, as well as the informants’ presentation of their work practices. However, ‘location’ was far
from a binary distinction between two entities. Instead, location concretely took the form of complex
multiplicities, where different locations ‘entered’ or ‘left’ the cooperative hybrid engagement over
time. The ‘office’ could mean five different buildings in two countries. Further, all buildings consist
of several different types of spaces, and with ‘the floating chairs policy’ employees are not assigned
to a specific seat. The conceptual understanding of ‘office’ can therefore not be reduced to one
specific location, but instead includes multiple locations.
Similarly, the conceptual understanding of ‘home’ in the hybrid work arrangement does not

refer to one geographical location, but instead always and immediately includes several different
locations, as there exist as many ‘homes’ as there are employees in the company. This is not
the same as the ‘third place’ identified in co-workspaces for nomadic workers [60], but instead
includes considerations for temporal constellations where participants as individuals and together
create hybrid workspaces, which are location independent. Due to the cross-team and -department
work, there are multiple sub-groups within the organization, and all sub-groups comprise people
who span multiple ‘office’ spaces and numerous ‘homes.’ Sub-groups are therefore not simply one
team but include multiple intertwined constellations across locations. These constellations change
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depending on the contextual nature of the work and based on the required competencies and
qualifications for the work task. Adding in that the participants also continuously change location
over time – team members might work from the office or home across days and even in different
concrete locations in the office on the same day. Hybrid workers therefore meet similar challenges
as individual and mobile workers in configuring space and technology [17, 47, 61, 70], despite the
person in our case is connected to a company office. The sociomaterial circumstances of the team
shaping the boundaries for team engagement are thus malleable over time [10] and thus need to be
considered when we try to understand the hybrid constellations.
Comparing our empirical findings with prior research on hybrid work, a case study from 2010

explores engineers working in hybrid teams across Denmark and India, and in this case, the
workers managed to include and take advantage of the physical artefacts and circumstances in
their hybrid arrangements [8]. Teams of 10–15 people divided across two locations conducted
‘war room meetings’ across sub-teams engineering a cement factory. The war room meetings
were weekly stand-up meetings produced to visualize the dependencies across teams and were
conducted as short 15-minute meetings in batch order twice a week. For structuring the meetings,
large brown-paper posters with post-it notes, and printed diagrams and tables were critical to the
execution [8]. The digital tools for connection comprised low-level video camera and audio links
(long before Zoom and MS Teams), however, participants managed to connect the physical post-its,
war room posters, and documents across the hybrid setup, why the common information space
in the war room meetings included both digital and physical artefacts. So, the question becomes
how the engineers succeeded in including physical artefacts into their hybrid work arrangement
with ‘bad digital connections’ in 2010 when the IT workers in our empirical case in 2023 were not
able to take advantage of the physical space. The main difference between the cases are that in our
empirical case, it is only the infrastructures of the digital common information space that remain
constant despite people moving around. The situation makes the physical work environments
outside the digital common information space an added complexity. Additionally, the workers in
our case transitioned all their tasks to the digital space during the pandemic lockdown. In this
period, they exclusively engaged in digital cooperative work, creating familiarity and confidence in
the use of the systems. They had established a functional digital workspace. After the pandemic
and reopening of the office, the digital collaborative applications remained the same. What makes
team members able to work in the inconsistency of locations is that digital common information
space makes the work independent of who is placed where and when since a team’s collaboration
always takes place online. Differently in the ‘war room’ setup, the two locations in Denmark and
India always remained the same in all meetings across all projects [8]. While participants entered
and left the physical ‘war rooms’ locally, the space and artefacts (posters, post-its, and printed
diagrams) remained in the location. A fundamental difference in the two cases of hybrid setups is
that in the ‘war room case’ the hybrid space is binary (only two dedicated rooms in two specific
office buildings in Denmark and India) and this location binary served as the foundation for the
hybrid collaboration between the engineers. The binary understanding of location does not exist in
our case. Instead, we have a case of location multiplicity.
With location multiplicity, the ‘digital space’ is the only ‘space’ that remains stable and reliable

across collaborative constellations. Keeping the digital cooperative environment consisting of the
same digital artifacts, applications, folder structures, communication treads, etc., allows the workers
to navigate the hybrid setup by disconnecting from the physical space and in this way reduce the
effort of articulation work [24, 74]. By not taking advantage of the physical space and only including
digital artifacts, the hybrid team members standardize the technology setup enabled by their digital
common information space by continuing to use the artifacts that are available independent of time
and space – and therefore also the next day when they might work in a different configuration.
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5.2 Stability and Predictability across Spatial and Temporal Dimensions
The remote option of hybrid work provides individuals with flexibility while challenging the
cooperative team’s production of a hybrid workspace utilizing the shared physical space. Duckert
et al. [30] argue that hybrid arrangements are determined by collocated distance, which future
technology should try to bridge. The concept of location multiplicity extends this argument. The
challenge in hybrid work is not only to create andmaintain connections across and within collocated
subgroups but includes the fact that individuals engaging in the work leave and enter multiple
locations in the cooperative setup on a day-by-day basis. Hybrid workspaces lack stability and
predictability, as office workers cannot foresee which colleagues will be located where and when.
The extra work required for producing a hybrid setup always lies with the individuals located

in the space with collocation – the dominant space. To navigate location multiplicity in hybrid
work in our case relied on the stability of the digital space. A stability built upon a confidence
developed during the pandemic lockdown. Leveraging the opportunities of the shared collocated
space increased the required effort of articulation work, as the opportunities for interaction in the
physical and the digital space were not connected. The hybrid workers lack access to the hybrid
infrastructure where the physical components are stable, consequently making the office a ‘lost
space’ that brings no advantages to the execution of work.
To support hybrid workspaces, it is not enough to deliver space as an architectural opportu-

nity [40], as this does not necessarily link the office to the multiple locations, digital spaces, and
artefacts existing in hybrid office work. The instability of the hybrid workspace is further seen
in the missed opportunity for letting these traces of the work exist beyond the singular event.
The lack of ‘permanence’ in traces digitally when using a whiteboard increases the work effort
when added to hybrid events. This is in contrast to the distributed team in for example the war
room meetings where the physical spaces were a stable factor [8]. Since hybrid work constellations
are always immediately malleable, changeable, and flexible, the locations will not be the same the
next day. Thus, we extend existing research on hybrid work beyond the insurmountable gaps of
asymmetry [7] to include a temporal nature of constellation change.
Due to the location multiplicity in hybrid work, technologies must be embedded and aligned

with the physical spaces allowing hybrid participants to create and maintain connections across
the physical and digital circumstances when they change locations to provide the opportunity for
cooperative actors in creating a hybrid common information space. Including physical artefacts
directly into their cooperative space requires the option to create and maintain connections between
the physical and digital environment without adding further efforts of articulation work. Previous
research on technologies for hybrid work already presents design solutions supporting collaboration
between collocated and remote participants [49, 55], and solutions aiming to align symmetry across
collocated and distributed participants [43, 83]. However, these solutions do not introduce physical
elements of the local space without requiring the increased effort of articulation work from the
collocated subgroup, for example, by requiring the collocated participants to move to a meeting
room and produce an appropriate technology setup. Differently, we suggest that technologies
for hybrid work should consider the inherent location multiplicity of hybrid work, which sets
different requirements for producing a hybrid workspace that continues to exist across temporal
and spatial dimensions. Engaging in spatial practices always requires additional effort [38, 47, 61],
and hybrid workers’ need for continuous configuration is similar to mobile workers [17]. Though,
in our case, the hybrid workers make the space workable by exclusively relying on the digital space,
whereas the physical space adds increased requirements for the effort of articulation work without
contributing to an experienced added value in the work. We suggest that future design research
on technologies for hybrid work should further explore ways to produce shared workspaces that
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support individuals in navigating location multiplicity by embedding affordances for connecting
physical and digital practices across multiple sites.

6 Conclusion
We investigated the challenges of creating shared hybrid workspaces connecting both digital and
physical spaces in hybrid office work. We propose location multiplicity as an inherent characteristic
of hybrid work. Understanding physical space in hybrid work through a ‘location binary’ perspective
between the home and office provides a problematic and limited comprehension of navigating the
complexity of re-introducing physical elements in hybrid arrangements. Alternatively, we suggest
approaching the challenge of navigating the physical locations in hybrid work as a negotiation of
‘location multiplicity’. The location multiplicity approach further invites new design challenges for
CSCW technologies supporting hybrid work, as producing shared workspaces in hybrid work is
constrained by the malleability and unpredictability of location multiplicity. We suggest that future
work on developing technologies for hybrid work should explore ways to create sociomaterial
connections linking digital and physical elements to produce hybrid infrastructures in which both
digital and physical components remain stable across spatial and temporal configurations.
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Abstract. This paper explores how the nature of work is impacted by the information infrastruc-
ture within the work exists. Drawing on an empirical case of a global organization replacing the 
local area network (LAN), we examine the work required for (re)designing, implementing, main-
taining, and managing the sociotechnical aspects of the LAN. We identify breakdowns related to 
cooperative, technical, and organizational work, revealing faultlines in boundary-crossing activi-
ties. By exploring the characteristics of these faultlines, our study highlights how work and infra-
structure co-evolve. Work may appear to take place within a local context, yet in practice, it trans-
forms the global infrastructure, with interdependent entities located elsewhere in the infrastructural 
setup, such as people, artifacts, and policies that only have peripheral (or invisible) relations to the 
work. This interplay impacts not only the characteristics of the work itself but also the inherent 
characteristics and legacy of multiple work contexts beyond immediate boundaries. We argue that 
viewing work from an infrastructural perspective is crucial for identifying who and what is needed 
to accomplish work tasks. The ripple effect of information infrastructures impacts local work con-
texts in unanticipated ways, extending beyond visible work practices. Transforming infrastructures 
thus requires an extended peripheral perception in shaping and scoping the work at multiple scales.

Keywords: Work, Information infrastructure, Collaboration, Internet

1 Introduction

The expanding interconnectivity of the world has led to an increasing reliance on 
the Internet to facilitate communication, coordination, and collaboration among 
various CSCW systems (Bly and Anderson 1996; Olson and Olson 2000). As 
technology advances, the Internet is indispensable for shaping the landscape 
of future work environments, giving rise to the development of expansive and 
intricate infrastructures (Khodeir and Nabawy 2019). The COVID-19 pandemic 
prompted the emergence of hybrid workplaces, further heightening the impera-
tive for robust information systems to support cooperative work across office sites 
and private homes, positioning information infrastructures as the cornerstone of 
modern work environments (Busboom and Boulus-Rødje 2023; Duckert et  al. 
2022; Duckert and Bjørn 2024). These infrastructures are both technological and 
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deeply embedded in social and organizational contexts, influencing how work 
is situated and performed (Suchman 2006). Understanding the connectedness 
between work and information infrastructures is essential to understanding how 
local work tasks are shaped by the characteristics of global infrastructures.

To identify particular ways in which the context and content of work and infra-
structure co-evolve, we examine an empirical case within a globally networked 
organization composed of multiple sub-organizations. The organization is replac-
ing the local area network (LAN) across 30 sites in 12 countries. Although the 
organization operates as a holding company in diverse work domains unrelated 
to network provision, all workers share the reliance on intra- and Internet access, 
which is considered a default integration across all sites. The LAN replacement 
involves a comprehensive redesign and reconfiguration of the network, referred to 
in this paper as the Network Project. The Network Project is a response to organi-
zational growth, post-pandemic work practices, such as remote work, and gen-
eral advancements in information technologies, setting new requirements for the 
LAN architecture to bolster security and support contemporary work practices.

The Network Project is an interesting case for exploring the relationship 
between work and infrastructure, as while the network’s integration often appears 
seamless, the infrastructure supporting it is complex, and the work to maintain its 
functionality often goes unnoticed (Star and Ruhleder 1996). The network infra-
structure is both material and digital, with the ‘digital cloud’ being very much 
physical (Dourish 2017), requiring various people’s work to function (Bowers 
1994, 1995). Understanding the work within the Network Project thus requires us 
to explore the work on maintaining and managing the sociotechnical aspects of 
the global information infrastructure. Our research explores how the information 
infrastructure impacts the nature of work as it emerged in the Network Project. 
Specifically, we examine the characteristics of the work and the necessary articu-
lation work required to manage and navigate the interdependencies within the 
common field of work (Schmidt and Bannon 1992), which are further dependent 
on actions not directly linked to the task at hand (Lee and Paine 2015). Through-
out the project’s execution, we observed different breakdowns in the cooperative, 
technical, and organizational work, forcing the project to expand beyond its bor-
ders continually. Rather than being a mere redesign of the LAN, the Network 
Project transformed the information infrastructure, exerting a reciprocal impact 
across the entire organization.

Information infrastructures are always invariably embedded into policies, 
relationships, and technologies (Star and Ruhleder 1996), rendering transforma-
tion a complex challenge (Hanseth, Monteiro, and Hatling 1996). While prior 
research has advocated a shift in perspective from ‘artifacts to infrastructures’ 
(Monteiro et  al. 2013), our study suggests that the interrelation between work 
and infrastructures requires CSCW examinations of work practices to adopt an 
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infrastructural perspective to understand how the characteristics of the global 
information infrastructure are shaping and scoping local work contexts at multi-
ple scales.

We propose that adopting an infrastructural perspective when examining work 
can contribute to identifying the people, technological artifacts, and organiza-
tional policies crucial for successful infrastructural transformations. Work activi-
ties cannot be isolated from the infrastructural context in which they occur, as 
the ripple effect of information infrastructures impacts local work contexts in 
unexpected ways, extending beyond visible work practices. Confirming previ-
ous research (Ciolfi, Lewkowicz, and Schmidt 2023; Schmidt and Bannon 1992; 
Suchman 1996), we observe that characteristics of the information infrastructure 
are pivotal in defining the nature of work, meaning that the articulation work 
required for handling specific tasks is directly influenced and shaped by the coop-
erative task at hand. We extend this as our data demonstrate the relation between 
work and infrastructures are scoping local work contexts by detailing who and 
what is pertinent. Identifying these interdependencies may require excavation 
of the infrastructure (Matthiesen and Bjørn 2015), causing the scope to evolve 
dynamically and reveal hidden connections. Further, our data indicate that the 
nature of work inherits characteristics across various contexts. Local work con-
texts adopt the legacy embedded within the infrastructure, and the complexity of 
the work, along with potential breakdowns, can be attributed to different interre-
lated contexts – often extending beyond the immediate context where the work is 
performed, due to invisible people, artifacts, and policies, thereby impacting the 
required articulation and scaling work.

The rest of the paper is structured as follows: First, we present the theoreti-
cal background of CSCW and information infrastructure. Then, we present our 
methodological approach and the empirical case in greater detail. Hereafter, we 
demonstrate our results by presenting the challenges of identifying work activi-
ties as infrastructural transformations, implementing these transformations, and 
finally, breakdowns expanding the project’s boundaries. Finally, we discuss how 
the ripple effect of information infrastructures impacts the nature of the work, 
particularly when the work transforms the infrastructure.

2  Working in information infrastructures

When people engage in complex cooperative work, they are not only engaging 
immediately in social relations (Bjørn and Christensen 2014; Christensen, Jensen, 
and Bjørn 2014) but also seek out ways to reduce the efforts of articulation work 
by creating and implementing protocols and structures for work, often embed-
ded within various types of digital systems, physical artifacts, or professional 
choices (Bardram and Bossen 2005; Møller and Dourish 2010; Jensen 2014). 
Research into coordination in CSCW has led to a wide conceptual understanding 
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of coordination activities, such as the work of Schmidt and Simone (1996) on 
coordination mechanisms, the work of Schmidt and Wagner (2004) on ordering 
systems, and the work of Gerson (2008) on standardization, aggregation, and 
segregation. Across this work, CSCW researchers have been driven by an interest 
in conceptualizing the empirical ethnographic observations in the workplace to 
understand complexities while considering how the design of cooperative sys-
tems can address coordination activities within their design.

While the majority of CSCW research on coordination has emerged from 
workplace studies of specific professional practices such as architectural work, 
healthcare work, or software development work (Boden, Nett, and Wulf 2007; 
Christensen 2010; Grinter et al. 1999; Kobayashi et al. 2005), there has been a 
shift in research focus from coordination practices focusing within a collocated 
entity of work such as in emergency departments (Bjørn and Østerlund 2014) 
towards coordination as it occurs within large infrastructural distributed sites of 
interaction (Bjørn and Boulus-Rødje 2015; Blomberg and Karasti 2013). Coop-
erative work may depend on individuals at various levels within loose and tight 
structural integrations, with the work relying on all involved activities, practices, 
and technologies (Strauss 1988). This shift in the research perspective fundamen-
tally involves scaling CSCW research endeavors from understanding practice 
to design artifacts to understanding practice to design infrastructures (Monteiro 
et al. 2013). In this shift from artifacts to infrastructures, it becomes evident that 
many existing theoretical framework, conceptual understandings, and design 
strategies developed for collocated cooperative entities are not applicable when 
considering CSCW at scale. Infrastructures are inherently invisible and relational 
simultaneously, yet they shape the action space for what is possible or not pos-
sible (Bjørn and Boulus-Rødje 2018; Bowker et al. 2010). Infrastructures are part 
of what shapes activities, technologies, and actions while setting the boundaries 
for what is possible by being embedded within standards, templates, policies, 
and technologies, and are very resistant to change (Jabbar and Bjørn 2018b; Mat-
thiesen and Bjørn 2015; Star 1999). Infrastructures are mostly hidden and only 
become visible upon breakdowns; thus, studying infrastructures is challenging 
and requires different empirical strategies compared to studying artifacts (Ran-
dall et al. 2021).

The embeddedness of infrastructures means that the “design” never starts 
from nothing; instead, infrastructures are developed over time, continuously 
building on existing components with history and legacy (Cohn 2016; Fürstenau 
et al. 2019; Matthiesen and Bjørn 2015). Neither can it remain static, as it must 
adapt to changes such as emerging technologies (Jabbar and Bjørn 2018a; 2019) 
and organizations’ evolution (Cramton and Hinds 2004; Hanseth, Monteiro, and 
Hatling 1996; Mark and Poltrock 2003; Sharma and Sawyer 2016). Design work 
on infrastructures is different from artifacts due to the embeddedness of ecologies 
and policies. When we design infrastructures, we must simultaneously consider 
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the inertia of the infrastructure shaped by history and legacy while considering 
what we want to do and where we want to go for the future. By wresting with the 
inertia of the infrastructure, we can push the infrastructure into a new direction, 
but this process is slow and requires dedication from all actors. Lee and Schmidt 
(2018) emphasize the need for conceptual clarity in defining ‘infrastructure,’ 
highlighting the complexities and ambiguities that arise from its varied interpre-
tations over time.

Replacing infrastructures is never a quick fix but requires collaborative repair 
work to deal with the ambiguity in infrastructure projects. This means that “to 
infrastructure” work includes uncovering components hidden by the legacy of 
the infrastructure, identifying breakdowns, and engaging in repair work. Repair 
work of infrastructures can take different forms, including value-network repair, 
process repair, and participation repair (Mikalsen, Farshchian, and Dahl 2018). 
Repair work is a creative process extending the lifecycle of existing technolo-
gies (Henke 2017; Maestri and Wakkary 2011) to enhance sustainable societies 
(Graham and Thrift 2007) in collaborative processes (Ludwig et al. 2018). Such 
collaborative, participatory processes play out in the messy and complex inter-
play among people, organizations, and levels of political authority, providing a 
vocabulary for articulating the makeup and dynamics of these processes (Bødker, 
Dindler, and Iversen 2017). Consequentially, infrastructures do not break down; 
they continue to exist albeit in new forms and constellations - only individual 
components of infrastructures can break (Steinhardt 2016).

Studying integrations in infrastructures, Ellingsen et al. (2013) observed sev-
eral unforeseen circumstances rooted in existing policies, systems, and practices, 
however, also incidents that could not be linked to a single concrete cause, as 
these were linked to several interlinked causes leading to an escalation of from 
small local issues transforming intro-large scale global issues. As argued by 
Latour (1993), the global and local relationship is interconnected and cannot be 
viewed as a simplified dichotomy. This underscores the complexity inherent in 
infrastructure integration, where multiple factors interact to influence outcomes. 
Further, considering the temporal nature of infrastructure work, the changing 
constellation of collaborating actors challenges cooperation, work synchroniza-
tion, and work assemblage (Grisot and Vassilakopoulou 2015). The vision of 
infrastructures should, therefore, take long-term thinking concerning human and 
technological components, but also the interrelated social, organizational, and 
technical components or systems (Bowker et al. 2010; Karasti, Baker, and Mill-
erand 2010; Ribes and Finholt 2009). Taking a longer view of infrastructural sys-
tems enables more detailed analyses and understandings of how the development 
and maintenance of particular system components requires ongoing negotiations 
among stakeholders and the continual reorganization of work in order to serve a 
variety of groups engaged with different problems (Neang et al. 2023).
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Combining the study of infrastructures and the cooperative work of Paine and 
Lee (2020) on actions taken by coordinative entities stands out. In their work, 
they develop a conceptual landscape of how to analyze and make sense of com-
plex organizations, which can help guide empirical investigations. Coordinative 
entities are groupings of actors ranging from dyads to sub-organizations that can 
connect, disconnect, and reconnect in different ways over time. Coordinative 
entities can be used by researchers (and others) to classify and illustrate messy 
and dynamic changes in the context and content of collaborations through empir-
ical and analytical strategies of identifying, comparing, and tracing coordinative 
activities and practices across shifting organizational landscapes (Paine and Lee 
2020) that act as multiple interlinked sites of design (Bjørn and Boulus-Rødje 
2015). Ultimately, coordinative entities are analytical tools that allow us to iden-
tify what is centered or peripheral to coordinative practices in complex work 
arrangements at scale. In scaling the study of coordinative actions, seven dimen-
sions have been identified as important: Synchronicity, physical distribution, 
scale, numbers of communities of practices, nascence, planned performance, 
and turnover (Lee and Paine 2015). Each of these dimensions has been proven to 
shape the potential of coordinative action in large infrastructural projects. Thus, 
they assist researchers in understanding the challenges or potentials for coordina-
tive action that exist in an empirical field of research. Since large complex infra-
structures, by definition, comprise multiple interlinked entities, the success or 
failure of such endeavors can often be characterized in terms of synergy (Bietz, 
Baumer, and Lee 2010) or by reverse synergy (Langhoff et al. 2018) within the 
coordinative actions which take place across entities.

When we explore work in our empirical case on network infrastructural 
change, we utilize the conceptual landscape of cooperative work as an analytical 
lens to unpack the otherwise invisible infrastructures that serve as the background 
in our complex organizational practice. The concepts guide the empirical investi-
gation in terms of how and where we encounter and comprehend the breakdowns 
and how these breakdowns emerge in the project’s everyday practices.

3  Method

Our research takes an empirical approach to explore the relationship between 
work and information infrastructure by examining the process of a global organi-
zation redesigning the local area network (LAN). We focus on a specific pro-
ject, labeled the Network Project, tasked to replace a new LAN design across 
the organizational structure. This involved 30 sites spanning 12 countries, yet all 
managed from a single office location. This empirical case offers insights into 
how a work task evolves over time, starting from a client request and progressing 
through task assignment, design development, project establishment, and cross-
disciplinary infrastructural modifications. We observed the project from when 
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the organization established the task as a ‘project’ until they defined it as ‘com-
pleted’. This provides insights into the organizational challenges encountered 
during the project and how the progress was impacted by the nature of working 
across the global information infrastructure. Studying work within infrastructures 
is relevant for understanding how cooperative actions must take the (sometimes 
invisible) characteristics of the information infrastructure into account, given the 
necessity of collaborating across different departments, work professions, and 
geographical borders.

Information infrastructures are recognized as both relational and ecological 
(Star 1999; Star and Ruhleder 1996), presenting challenges in defining the “field 
site” when employing ethnographic methods to study large-scale infrastructures 
(Karasti and Blomberg 2013). Defining infrastructure’s boundaries is blurred 
due to the interconnections and imbrications of infrastructural components (Star 
2002), wherein one person’s work may constitute another’s infrastructure (Star 
and Ruhleder 1996). Methods to study such cases range from examining break-
downs to exploring the process from ‘backstage’ and ‘in the making’ (Bowker 
et  al. 2010; Randall et  al. 2021), whereas Garfinkel (1984) argues that break-
downs are a tool for making taking-for-granted aspects visible and analyzable. 
Our strategy was to study the Network Project’s progress, which involved vari-
ous tasks of (re)designing, implementation, and management. Throughout our 
observation, we encountered various breakdowns in the execution of the work 
that revealed the expanding borders of what the Network Project involved. As 
researchers, breakdowns in infrastructures allow us to gain insights into the 
‘engine room’ of the infrastructure (Star 1999). We meticulously followed these 
breakdowns and the subsequent efforts required to resolve them by observing 
the people, technologies, and policies involved in this process. Exploring break-
downs as they coincided offered insights into working within information infra-
structures, showing this embeddedness to make the Network Project emerge as a 
transformation of the information infrastructure. Observing this project enabled 
us to transcend the organization’s perception of the work scope and utilize break-
downs as analytical tools to explore interdependent infrastructural elements, such 
as ownership, responsibility, space, devices, policies, and relationships – infra-
structural interdependencies that are otherwise not immediately visible. In the 
following sections, we present the empirical case in greater detail, followed by 
our data collection and analysis method.

3.1  Empirical case

The chosen organization specializes in producing and distributing entertainment 
content for a diverse global audience. The collaboration with the company is 
solely for research purposes, and none of the authors contributed to the execution 
of the work; our role was limited to observing work activities. This agreement is 
based on a shared interest in the challenges of global work in large organizations 
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and involves no financial exchange, only the sharing of knowledge. To protect 
the anonymity of the company, we name them the pseudonym GlobalContent. To 
maintain confidentiality, specific details regarding the content domains produced 
by the organization and the organizational sites’ geographical locations have been 
modified. Labeling domain content areas reflect the company’s involvement in 
various work domains, and the fictional countries reflect the organization’s global 
distribution while still protecting the organization’s anonymity.

Being a 150-year-old organization, GlobalContent has undergone significant 
expansion since its early establishment. Consequently, the organization’s infor-
mation infrastructure has continuously evolved along with its history. Today, 
GlobalContent is a holding company comprising four main sub-organizations, 
identified in this paper as Book, Movie, Radio, and Game. Each of these four 
sub-organizations manages subsidiary companies within its organizational struc-
tures, representing 200 companies of varying sizes and ownership structures 
(including associate, joint venture, and subsidiary entities with diverse ownership 
percentages and individual contractual agreements). See Figure 1. The 200 com-
panies related to GlobalContent are globally distributed across Asia, Australia, 
Europe, and the US. The geographical distribution across the subsidiary compa-
nies varies; while some operate across multiple countries, others are consolidated 
within a single office building.

Our empirical investigation centered on GlobalContent’s IT department, which 
is responsible for parts of the IT infrastructure across the organizational setup. 
The IT department develops IT solutions for various companies within the organ-
izational structure and maintains and provides appropriate equipment required 
for various work activities. Ownership and responsibility within the IT infra-
structure are delineated by individual agreements with all subsidiary companies. 

GlobalContent

Book

Professional

Fiction

…

Movie

Action

Drama

…

Radio

Live

Podcast

…

Games

Platform

Sports

…

Figure 1.  GlobalContent’s organization structure.
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For example, the IT department may oversee network maintenance and internet 
connectivity, while the ownership of local devices may rest elsewhere. The IT 
department is mainly centralized at one local site, with limited presence in other 
regions of the world. We focused on the IT department because of its integral 
role in the information infrastructure, leading to daily collaboration with multiple 
sub-companies dispersed throughout the organization and their work on ensur-
ing internet access across the hybrid organizational structure. This work requires 
collaboration across organizational hierarchies, professional domains, and global 
borders. The IT department comprises approximately 55 employees, segmented 
into five sub-areas: data, security, devices, infrastructure, and business. This 
paper includes the holding company (GlobalContent), its IT department (IT), and 
the subsidiary main organizations (Book, Movie, Radio, and Game).

3.1.1  Organizational infrastructure
Work within information infrastructures span different organizational levels. 
The LAN must continuously be redesigned to meet the current organizational 
needs and technological advancements, including implementing and maintain-
ing physical and digital components. The LAN work primarily involves two peo-
ple employed in the internal IT department: a network architect responsible for 
overseeing and identifying relevant actions to be made and a supporting network 
engineer executing daily ad-hoc tasks. Maintenance is outsourced to an external 
agency that also occasionally is contracted for additional assistance in design and 
implementation tasks. Besides the hands-on work related to the LAN, manag-
ing positions from other levels of the organization are relevant for work related 
to negotiations of organizational agreements between different sub-organizations. 
As GlobalContent involves subsidiary companies, negotiations of contractual 
agreements defining ownership and responsibility of LAN components are an 
important. These agreements are continuously renegotiated and evolve alongside 
technical updates and organizational growth. For instance, the subsidiary com-
pany Movie had retained outdated components at one of its office sites prior to 
integrating into GlobalContent. Although Movie maintained ownership of the 
technical components, the IT department assumed the responsibility for their 
clean-up and upgrade following the integration. The complexity of these agree-
ments often stems from the embedding nature of various infrastructure compo-
nents. This is exemplified by the security locks on the LAN components at local 
sites, which depend on the IT department to select appropriate locks and handle 
their installation and maintenance, while Movie retains ownership of the locks 
and the associated financial expenditure. Consequently, the work related to the 
LAN is interconnected and depends on individuals across the organizational 
structure and geographical sites.

Various roles are essential for executing this work, each represented by differ-
ent individuals. These roles change over time due to organizational restructuring 
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and employee turnover, with individuals altering their work tasks and new peo-
ple joining and leaving the organization. In this paper, we confine our empirical 
focus to include individuals employed at the organization during our data col-
lection, regardless of any changes in their roles during our fieldwork. Table  1 
enumerates the relevant individuals, their associations, and areas of work. We 
label them according to their roles in our empirical case, recognizing the evolv-
ing nature of their positions throughout our fieldwork.

3.1.2  Technical components
The LAN connects multiple groups of computer systems to share resources, 
Internet connection, applications, and devices (e.g., printers). It consists of both 
hardware and software components: the physical equipment includes network 
switches responsible for managing the network’s configuration. These switches 
are housed in network racks, which provide secure and organized space for 
mounting and placing multiple switches, ventilation, and cable management. 
Each office site is equipped with at least one rack, based on their size. The soft-
ware components of the network include management and surveillance tools to 
control user access, manage data storage, and ensure security protocols are in 
place.

As with any technological infrastructure, the LAN components may become 
outdated over time and require updates or modernized solutions. This can be 
necessitated by organizational changes or technological advancements. For 
example, if a company relocates to new office buildings or restructures its office 
site, the network rack may need to be relocated accordingly. Additionally, as the 
offices expand, the network may require extensions to ensure effective connectiv-
ity and new devices may need to be added to shared spaces such as receptions 
and meeting rooms.

Maintenance of the LAN involves activities such as handling LAN outages 
and ensuring all user clients have access, as well as updating and cleaning up 
old racks when new ones are implemented. Over time, as the LAN evolves and 
expands, new cables may be added, leading to disorganization and clutter on the 
racks that necessitate updates. Responsibility for LAN hardware maintenance at 
the subsidiary companies’ local office sites varies depending on the organiza-
tional agreements and protocols.

3.1.3  Network project
We draw on the intricate details of the Network Project, which is managed by 
the IT department and aims to modernize the LAN architecture. The project 
was motivated by various internal and external factors. First, GlobalContent has 
shifted to cloud computing, migrating its IT infrastructure, data storage, software 
applications, and services from on-premises computing resources to cloud-based 
services hosted on the Internet. Secondly, remote work has become standard 
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following the COVID-19 pandemic, necessitating improved security for connect-
ing to the LAN from different locations outside the office. Thirdly, office spaces 
have seen an increase in internet-dependent devices, following contemporary 
work practices supported by advanced meeting room equipment for hybrid setups 
with remote participants. Fourthly, GlobalContent has expanded organizationally, 
taking on responsibility for additional sub-companies with varying work domain 
characteristics. To reduce the need for unique solutions for these sub-companies, 
a standardized LAN design was preferred to facilitate effective implementation 
and maintenance in the future. Together, these factors imposed a new LAN infra-
structure that securely and effectively facilitates employees’ connections to inter-
nal resources, regardless of their locations, and dynamic cooperative work sup-
ported by various artifacts.

The redesigning of the LAN began in September 2022, albeit with several 
adjustments to the work approach, and concluded in October 2023. The first 
phases covered design work, while the plan for implementation across the 30 
sites was initiated in the Spring of 2023. The LAN replacement occurred in two 
stages: first, the new LAN design was implemented, and subsequently, the old 
LAN was decommissioned. These two procedures were separated into differ-
ent events, sometimes months apart. Consequently, two disruptive events were 
required at each site, amounting to 60 events in total. Before each event, the local 
devices must be identified to prepare for efficient reconfiguration. The techni-
cal work for replacing the LAN involves implementing new configurations for 
all network switch ports, a task managed by External C and D. Once replaced, 
the new network connections become operational. To verify the success of the 
replacement, the IT Architect and Engineer test the access and whether the local 
devices have successfully connected. During the procedure, the LAN is disabled, 
preventing Internet access at the local site. Since failures in connecting devices 
cannot always be handled remotely, a local person must be present at the office 
site for hands-on procedures such as replacing cables or testing the printers.

Given that the Network Project involved local replacements at 30 sites – result-
ing in 60 disruptive events where Internet access would be unavailable – schedul-
ing activities required coordinating multiple individuals and adhering to a com-
prehensive timeline to complete the replacement phase within the four-month 
timeframe. The schedule was designed for replacement events on Mondays and 
Wednesdays, targeting one or two sites per day, starting at 3 PM to minimize 
work disruptions. Each replacement event must be completed on the same day to 
restore network access for local employees by the next morning Table 2.

3.2  Data collection

The data collection began with a broad focus on cooperative work activities 
within the IT department to obtain an overview of current projects. Two of the 
authors interviewed the IT Director, who provided insights into the organization’s 
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structure and the roles and responsibilities of the IT department. During the data 
collection, we became familiar with the Network Project, which had been dis-
cussed in the company for years but had only recently been initiated as a project. 
We focused on this project due to its nature of being dependent on both digital 
and physical components and actions across the organization. Despite only three 
people being involved, it had a significant impact, particularly when it did not 
proceed as planned.

We studied the Network Project through observations combined with inter-
views, in-situ questions, and document analysis. The data collection was con-
ducted by the first author, but strategy and focus were continuously discussed 
with fellow authors. Only one person worked full-time on the Network Project, 
the IT Conductor, and was the sole relevant employee who was associated with 
GlobalContent from the project’s inception, thus becoming our main informant. 
The IT Conductor was interviewed in several iterations to understand the his-
tory of the project and the reasoning behind relevant activities that were later 
observed. Much of the work on the Network Project was often not immediately 
visible, so our strategy was to observe all work activities conducted by the IT 
Conductor, whose responsibility was to coordinate all actions related to the 
execution of the project. In this way, the IT Conductor also guided us to other 
relevant people, artifacts, and activities that ended up being relevant for accom-
plishing the work. Specifically, the first author observed the IT Conductor’s 
activities, introducing us to new people who were relevant to the project. This 
included joining meetings and sitting next to the IT Conductor’s desk, oversee-
ing the screen to cover digital actions like texting, conversations, and information 
sharing. Since we discovered a misalignment between the scope of the Network 
Project as presented by GlobalContent and the relevant people and activities we 
observed while following the IT Conductor, this became our observation strategy 

Table 2.  Locations and sub-
organizations involved in the 
network project.

Pseudo Location IT Movie Books SUM

Avalora 1 1
Balunga 7 1 7
Cordonia 1 1 2
Drome 1 1
Elexor 1 2 3
Flerund 1 1 1
Goshal 1 1
Honspain 8 8
Idris 1 1
Jakovia 1 1
Kasnia 1 1
Lyrobia 1 1
SUM 7 11 12 30
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for “infiltrating” the project in practice, allowing us to map out the landscape of 
the infrastructural components that comprised the project.

Planned and unplanned interactions happened between various individuals, 
including internal meetings in the department, between managing positions inter-
nally and externally, individuals delivering either components or information to 
the project, the scheduling process, and the execution of the replacement. In this 
way, we were guided to relevant dependencies of the project, who then became 
a subject for our scrutiny to uncover their position, role, and tasks. Each time a 
person was introduced, we added this to our mapping of the infrastructure of the 
project work.

During the data collection, we observed various challenges and break-
downs in the work delivery. Realizing that these breakdowns happened weekly, 
though with varying impact, and sometimes easily solved, we observed that 
they were sometimes linked to actions not immediately a part of the work set-
ting. As we were interested in how the work continuously expanded and showed 
to be dependent on more people than was first considered relevant, we used the 
breakdowns to uncover relevant individuals and components that are normally 
otherwise not visible (Randall et  al. 2021; Star and Ruhleder 1996). When a 
breakdown happened, we observed the work conducted to solve the problem. 
Depending on the emergency of the breakdown, we asked elaborating questions 
either during the repair work or waited until an appropriate time later. In some 
cases, the incidents expanded more days, and we made sure to follow up on the 
situation later by interviewing the relevant individuals when possible. For exam-
ple, we observed an incident of an external site reporting challenges in the newly 
implemented LAN, leaving local office users unable to connect to the network. 
Here, we observed the IT workers’ communication and actions that transpired 
across the organization but always included representatives from the IT depart-
ment’s local office site. Concurrently with the IT workers’ identification of the 
problem and their efforts to solve it, we documented observations on their scruti-
nizing work. We gained access to this through our observational presence at the 
office site, and at the end of the day, we asked the relevant individuals elaborating 
questions about the reasoning behind their actions and for additional information 
on the challenges encountered during the repair work for the specific breakdown.

Our data collection began in the Spring of 2023 and ended in the Fall of 2023. 
Since the planning of the LAN modernizations predates the actual project, inter-
views were conducted to document the history of the preparatory work. The first 
author carried out the observations and interviews during the ethnographic study, 
while the last author also interviewed the IT Director and other relevant man-
agement personnel. The ethnographic fieldwork entailed 75 h of observations, 
16 field visits, and involved 55 people. To document the data, we took observa-
tion notes throughout all empirical work, supplemented with documents when 
available (i.e. screenshots of communication and policies in an anonymized 
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format). Since recording images and audio was prohibited, we relied on written 
notes taken during meetings and work activities. Upon completing fieldwork, we 
documented detailed descriptions daily. These accounts were used for subsequent 
analysis of the landscape of the infrastructure. Quotes from informants presented 
in the paper have been verified by those individuals, confirming the accuracy of 
their statements.

In collecting data, we recognize the limitations of conducting ethnographic 
research only at one of the office sites. Nevertheless, our objective was to exam-
ine the evolution of the work practices within the Network Project. Given that the 
project’s management and execution were centralized at this office, it served as 
an ideal vantage point for gaining insights into the operation of information infra-
structures. The significance of various individuals and subgroups, both internal 
and external, along with organizational policies and technical components not 
initially considered integral to the Network Project, became visible only through 
our observations at this site, which is why our methodological approach main-
tained this strategy throughout the data collection.

3.3  Data analysis

To analyze how the context and content of the work and information infrastruc-
ture co-evolve throughout the progress of the Network Project, we gathered all 
relevant data, including observation notes, interview transcripts, site pictures, 
screenshots, company documents, and other relevant material. When examining 
the work associated with the Network Project, multiple actions occur simultane-
ously that may or may not be organizationally connected. During the data col-
lection, we realized that identifying relevant interdependencies across the infra-
structure was a core challenge of performing the work – and for us as researchers 
to define our scope of research. The data analysis, therefore, began already dur-
ing the data collection, allowing us to follow the complexities of the work. We 
mapped out individuals and activities relevant to accomplishing the work, as well 
as when they were only involved in a short time or minor activity of the project. 
Upon diving into the details of the project and the observed challenges in the exe-
cution, we realized that the work related to completing the task extended beyond 
the scope of the Network Project as it was presented by the organization. In par-
ticular, the observed breakdowns provided insights into relevant people, compo-
nents, and policies that the work depended on despite not being within the scope 
of the project. This, for example, includes other projects in the IT department and 
companies that are not a part of GlobalContent’s organization.

For our analysis, we included 12 breakdowns, all representing different charac-
teristics, such as who was involved, the scale of the breakdowns’ impact, and the 
geographical location of the breakdown and the involved individuals. We wrote 
detailed empirical descriptions of all the breakdowns to map out the technical cause 
of the breakdowns, the situation where the breakdown became visible, and who was 
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involved in the repair work. Inspired by affinity diagramming (Lucero 2015), we 
mapped out the infrastructural details of each of the breakdowns to explore all con-
tributing causes. For example, refer to Figure 2, which illustrates our analysis of a 
breakdown. Here, we map out the breakdown, the work required to solve it, the indi-
viduals participating in the work, the physical space where the work takes place, rel-
evant organizational policies, and the software and hardware components involved. 
In this analysis, we also explored potential reasons for the breakdown (e.g., lacking 
knowledge, disagreements) and areas of manifestation (e.g., space, people, technol-
ogy). The breakdown illustrated involved overlooking the local workspace beyond 
the directly involved collaborators, thereby encompassing additional work contexts 
and individuals placed outside the scope of awareness.

When comparing the characteristics of the different breakdowns, we group them 
into distinct categories based on the activity, the cooperative work, the technical 
components, and the responsibility and ownership of the infrastructure. In this ana-
lytical process, we found that while some breakdowns were more straightforward 
to map out and link to causing components, others had links to causing elements 
that were not immediately visible or solvable. The breakdowns revealed the LAN 
replacement to be a transformation of the information infrastructure. Failure to rec-
ognize this risked creating faultlines in the boundary-crossing activities among dif-
ferent ‘work contexts’ represented in the infrastructure. Based on the characteristics 
of the breakdowns we analyze the work on the Network Project from different ana-
lytical lenses, starting from the initial phases of the design work, leading to the final 
steps for accomplishing the project. Each breakdown expands the work’s borders in 
different ways, providing insight into the implications of transforming information 
infrastructures.

BREAKDOWN
Network replacement 

during local event

ACTIVITY
Scheduling

ORGANIZATION
POLICY/ AGREEMENT

Maintenance of network 
equipment

SPACE
1) IT department office

2) Movie’s local site

HARDWARE
Network switch

SOFTWARE
Network configuration

ENTITIES
Network team (3)

Local entities (2+)

Board approval (5+)

Device team (2)

External team (2)

Local work

context

Local work

context

Figure 2.  Example of affinity diagram of breakdown in work accomplishment.
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4  Results

The perception of the Network Project changed throughout the execution of the 
work, initiating it as a design task and evolving it into a defined cross-organiza-
tional project. To present the actions, artifacts, and policies that contributed to 
the expanded borders of the work, our result section takes different viewpoints 
on the project. First (4.1), we focus on the design phase of LAN architecture and 
present the challenges that followed when the new LAN was to be implemented, 
relating to overlooked complexities in the nature of the work. Secondly (4.2), we 
demonstrate how the establishment of the Network Project altered the perception 
of the work, leading to a predefined workflow acknowledging the dependence of 
actions from people around the organization. However, our analysis of the break-
downs revealed faultlines between not only recognized dependencies within the 
project but also extending to invisible infrastructural components. The remainder 
of the result Sect. (4.3) presents breakdowns related to people, artifacts, and poli-
cies that occur within the recognized field of work, as well as boundary-crossing 
activities that are out of sight.

4.1  Identifying work as infrastructural transformations

Analyzing the process of the Network Project, the initial challenge was to com-
prehend that the project was an infrastructural transformation. The organization’s 
perception of the work was shaped by the early stages of the project where the 
LAN reconfigurations were approached as a design task for outlying the architec-
tural design when moving to cloud-based solutions. The redesign was motivated 
by a request from one of Book’s sites in Lyrobia. The Lyrobia site relocated to 
a new office building, and the organizational agreement between GlobalContent 
and Book defines GlobalContent as responsible for delivering appropriate LAN 
infrastructure. Book requested a network solution that supported external access 
to the LAN, enabling guests to have Internet access. At that time, the LAN was 
supported by an old data center in the basement. Since then, the organization 
has moved to cloud-based solutions requiring a modern network architecture. In 
addition, after the COVID-19 pandemic, employees across the organization had 
normalized hybrid work models, where employees occasionally work remotely 
from home, which set new requirements for secure LAN access from locations 
outside the office. Furthermore, the type and number of devices have changed, 
and the work involves multiple devices at various locations; for instance, office 
spaces are equipped with monitors and speakers connected to the LAN that must 
be available for both internal employees and external guests, also setting a new 
requirement for the security of the network infrastructure. Finally, the organi-
zational structure has changed over the past decades, resulting in GlobalCon-
tent consisting of several sub-companies with varying characteristics. The IT 
department is responsible for providing LAN infrastructure for some of these 
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sub-companies. Prompted by the specific request, the general status of the LAN 
led to the decision to create a new standardized design to be implemented organ-
ization-wide and meet the increasing demand for secure network infrastructure 
supporting modern work environments, such as working across multiple loca-
tions enabled by various artifacts.

Responsible for designing the new LAN, the IT Architect joined the IT depart-
ment on September 1, 2022. Together with an external consultant, External A, 
they, with the use of pen and paper, brainstormed design solutions that could be 
implemented at all sites while accommodating different needs. When necessary, 
they collaborated with coworkers from the security team at the IT department to 
ensure the development of a secure solution. The design requirements included: 
(1) availability for external guests at the local office site and (2) enhanced secu-
rity measures to accommodate the current work conditions with multiple devices 
requiring internet access and remote work from multiple locations.

When a design solution was developed, it was presented to the management 
team at the IT department, which included five managers across the IT depart-
ment. As the solution was approved, the IT Architect and external consultant 
started prototyping and testing the solution. At the local IT office, they created 
a test setup including switches, access points, laptops, cell phones, and other rel-
evant devices. Over a few weeks, they created a LAN design that was considered 
ready for being tested where Book’s Lyrobia office site acted as a test place for 
proof-of-concept. In December, when Book moved into their new offices in Lyro-
bia, External A traveled to the site to set up all the required IT equipment for 
the new office space. This included the setup of racks, switches, access points, 
connecting cables, etc. After a week, External A returned to the local IT office, 
and together with the IT Architect, they spent a month solving emerging issues 
with the LAN solution. For example, challenges with connecting equipment in 
the meeting rooms. Throughout this month, final adjustments to the LAN design 
were implemented.

After the proof-of-concept, the Network Project was considered a completed 
design task ready to be implemented at the other sites and was, therefore, handed 
over to the external agency responsible for network maintenance. The second site 
was Book’s office site in Balungu as they had to replace all their hardware equip-
ment. This replacement was handled by the external agency, as the LAN replace-
ment was considered a re-configuration of the Network switches and, therefore, 
could be defined as maintenance. While the external agency did solve this task, 
several challenges arose. The external consultant responsible for maintenance, 
External B, reported that the LAN reconfigurations expanded beyond the scope 
of maintenance and that it was beyond their capabilities to solve the problems 
that were arising, and they declined to proceed with the following sites. The IT 
Conductor was appointed to the Network Project, and through discussions with 
External B, they defined requirements for accomplishing the replacement. The 
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IT department requested a report from the external agency outlining the specific 
requirements to complete the work, and the external agency, in turn, requested 
a project manager and a detailed plan for the replacements. A team comprising 
three workers from the internal IT department – the IT Conductor, the IT Archi-
tect, and an IT Engineer – was established to create the detailed script of actions 
required for replacing the LAN. In this reprocess, the newly established network 
team realized the work’s level of complexity. The work was dependent on not 
only technical work but also detailed communication and coordination work 
across the organization. The IT Conductor explained:

‘With this script of actions, we realized that replacing the LAN is not just 
a reconfiguration of the switches, it requires detailed information from 
each of the individual sub-sites, that could not be handled by [an external 
agency] but must be handled internally [within GlobalContent’s IT depart-
ment]. We therefore agreed that it must be a joined project performed in 
collaboration between us [IT] and the external agency [responsible for Net-
work maintenance]’. (IT Conductor)

The changed perception of the Network Project evolved over more than six 
months, shifting from merely a design task to a complex undertaking involving 
replacement and reconfiguring of the LAN on a global scale. During this time, 
managing positions were replaced with new individuals, and the organization 
continuously underwent structural changes, leading to changes in the roles of 
individuals involved in the LAN replacement. Exploring the activities that led to 
the establishment of the Network Project provides insights into how the complex-
ity of even recognizing the nature of work was indeed a transformation of the 
information infrastructure. The task description evolved continuously with the 
organizational structure. The individuals involved in the management and per-
formance of the work simultaneously redefined the conditions and requirements. 
These redefinitions led to neglect of interconnected relations and consequences 
of the procedure, requiring the work to not only be seen as a technical task but as 
an infrastructural transformation dependent on actions beyond the immediately 
linked individual doing the technical procedure.

4.2  Implementing infrastructural transformations

A detailed workflow was established, addressing both technical and coopera-
tive tasks to plan the implementation of the LAN changes. The IT Conduc-
tor was responsible for coordination and communication, while the IT Archi-
tect, who designed the LAN, continued to support the implementation. The 
IT Engineer provided technical assistance, which included local site visits. 
GlobalContent collaborated with an external agency to define the necessary 
technical knowledge for specific tasks. The LAN replacement relied on the 
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expertise of two external consultants, External C and External D, who man-
aged the technical aspects of the LAN reconfigurations. Although these indi-
viduals constituted the Network Project team, the success of the project hinged 
on additional roles within the organization. Each office site appointed a contact 
person responsible for providing local knowledge that was crucial for planning 
the replacement event as well as coordinating activities during the event itself. 
In some cases, this contact person was the local IT department manager, while 
in others, it was the local facility manager.

Due to the impact of the work on the local sites, all LAN replacement events 
were required to go through a specified acceptance process before proceeding 
with any implementations. This process is illustrated in Figure 3. First, a writ-
ten request for the procedure had to be submitted, including a description of 
the procedure covering both the goal and technical details. Then, the potential 
impact of the procedure should be rated, which was high in this case since the 
LAN would be disconnected, preventing local workers from having Internet 
access. Further, the individuals involved in and responsible for the procedure 
and the relevant divisions covering the local sites were listed. Additionally, an 
evaluation of potential risks should be listed with their rating of likelihood, 
impact rating, and mitigation plan. Finally, a fallback plan was required in case 
of problems in the replacement. This request was assessed by a board with 
representatives across the organization, which had to approve the procedure 
before it was performed. This meeting occurred weekly, and, besides the man-
datory participants, it extended an open invitation to anyone who deemed it 
relevant. All LAN replacement events were required to adhere to this process.

This detailed workflow shows how the implementation of the LAN con-
figurations was approached completely differently in the summer of 2023 
compared to the initial replacement events in the previous winter. All LAN 
procedures required preparatory planning activities involving several people 

Replacement plan
• External C fills out a 

request form to be 
approved before the 
LAN replacement. 

• IT Conductor schedules 
the LAN replacement 
with local sites.

Replacement prep
• Identification of devices 

at the local site.

• If relevant, a field visit 
to the local site to check 
the conditions of 
physical equipment. 
Performed by the IT 
Engineer when possible.

Replacement approval
• Board meeting 

representing individuals 
across the organization 
who negotiate the 
approval of the LAN 
replacement event.

Replacement procedure
• IT Conductor leads the 

replacement event. 

• External C and D 
reconfigure switches. 

• IT Architect and 
Engineer test device 
connections to the LAN. 

• Local representative 
assists when needed.  

Hypercare
• IT Architect is on stand-

by for local 
complications in LAN 
connections. 

Figure 3.  The envisioned workflow for LAN replacements and the individuals involved.
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across the organization. Although only a few of these individuals were directly 
related to the Network Project, the work was highly dependent on their actions. 
Despite the detailed plan, various breakdowns occurred during the execution 
of the work, which we will elaborate on in the following sections.

4.3  Breakdowns in boundary-crossing activities

During the fieldwork, we observed different breakdowns despite the predefined 
workflow related to both relational and technical actions. The breakdowns can 
be categorized into the cooperative work, technical work, and organizational 
negotiations. While all three aspects are interlinked, we take different analytical 
perspectives to present the different sources of the breakdowns. We present two 
different examples of breakdowns under each category: First, a breakdown occur-
ring locally within the recognized field of work, making it possible to identify 
the sources for misalignment, and, secondly, a breakdown manifested in people, 
artifacts, or policies that are not immediately linked to the work yet having a sig-
nificant impact on the progress of the Network Project. Since all the breakdowns 
happened despite the envisioned flow being followed, analyzing them reveals 
connections to relevant people and components across the broader infrastructure, 
which severely impacted the work’s success.

4.3.1  Collaboration across Subgroups
The first breakdown centers on scheduling the LAN replacement event. Due to the 
nature of the work required for the LAN replacement, i.e., turning off network access 
at local sites and connecting distributed individuals from different organizations, 
scheduling an appropriate time for the work was an important activity, depending 
on a tight schedule. We draw on two incidents: one within the project team and the 
second that emerged as an unexpected event at the sub-company’s local site.

Misalignment within the project
Team The technical work configuring the LAN required at least six peo-

ple, whereas three were from GlobalContent’s IT department, two were 
from the external agency, and one was from the local sites where the LAN 
was implemented. As these people had to be available at the same time, any 
cancellations affected the Network Project substantially. GlobalContent hired 
two external consultants to decrease the risk of cancellation and ensure a con-
sistent workflow. During our observations, we observed instances where the 
external consultants did not show up for the planned replacement event. While 
this was caused by natural circumstances like sickness and personal occupa-
tions, the consequences of the cancellation were impactful. The work plan-
ning assigns specific individuals to specific roles in the execution. What was 
perceived as a small change from the external consultant – rescheduling to a 
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different day – added additional work for rescheduling within an already tight 
timeline involving numerous individuals across the organization.

Invisible local event
Moving to a breakdown that occurred outside the immediate project group, 

we examine an incident where a LAN replacement event was planned to be con-
ducted simultaneously as a local event that took place at Movie’s office site in 
Goshal. The scheduling of the LAN replacement followed the planned work-
flow and was therefore approved by various people. Two hours before the LAN 
replacement was planned to be executed, the IT Engineer visited Movie’s office 
site in Goshal for maintenance work not related to the Network Project. When 
the IT Engineer arrived at the site, they noticed extensive preparation for a major 
event, including red carpet, reception staff, and presence of celebrities. The IT 
Engineer contacted the IT Conductor to confirm the scheduled plan of the LAN 
replacement and informed them about the local event. After some inquiry, they 
discovered that Movie hosted a local event on that day, within the same scope 
as the planned LAN replacement. Recognizing the potential impact of shutting 
down the LAN and preventing network access during the event, they immedi-
ately canceled the replacement event.

The discovery of Movie’s event was purely coincidental, as the IT Engineer 
visited the local site earlier than planned and for work related to a different activ-
ity. Given the significant impact shutting down the network would have had on 
Movie’s work, discussions later ensued on how the scheduling agreement could 
happen. However, they found that the planning did follow the envisioned work-
flow, meaning that both managing positions, technical workers, and local repre-
sentatives from Movie had approved the execution of the LAN replacement event 
within the timeframe.

This breakdown is interesting because all individuals involved consider their 
work to have been successfully completed, and no one, whether internally or 
externally, would have done anything differently. The local representatives from 
Movie explained that they cannot be expected to be familiar with such events as 
this is out of their work context, and they cannot guarantee that the same inci-
dent will not happen again in the future. The project team cannot implement any 
actions into the workflow to prevent this from happening again, as they do not 
have access to information on local activities.

Comparing this breakdown to the misalignments within the project group, 
both are challenged in planning the replacement. However, this breakdown 
reveals that the work on the LAN had dependencies that were out of sight, as 
information on local activities was missing. Interestingly, this information is not 
only outside the scope of the individuals associated with the Network Project and 
the IT department in general but also outside the local representative’s view of 
the local context.
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4.3.2  Identifying and connecting devices
In the second category of breakdowns, we explore the technical work and mis-
alignment of connecting and identifying the physical devices. Before a LAN 
replacement event, devices at the local site must be identified to plan for any 
unique items requiring special attention. A subgroup in the IT department is 
responsible for managing devices across the organization and they therefore 
provided this information to the project team. However, we observed instances 
where this information exchange did not occur smoothly, leading to delays in 
the project.

Forgotten devices
The first breakdown occurred during a LAN replacement event at two of 

Book’s sites, Cordina and Drome. The replacement included seven people over 
a time span of 5 h; the IT Conductor was placed at the IT department office, 
while the remaining participants, the IT Architect, IT Engineer, and two exter-
nal consultants, were working remotely from home. Further, two local repre-
sentatives joined the work when needed, and both were placed at their local 
office sites in Cordina and Drome. The communication and collaboration were 
facilitated by Microsoft Teams, with two separate calls – one for each of the 
sites. The two local representatives joined the respective calls from their local 
office. The LAN replacement was estimated to take one hour, with the event 
in Cordonia planned for 3 PM and the event in Drome planned for 4 PM. At 3 
PM, all participants joined the MS Teams call. The manager confirmed with 
the two external consultants which change they were about to perform and 
informed the local representative about the expected time frame. Hereafter, the 
local representative left the MS Teams call but stayed accessible to assist with 
the testing from the local site.

The external consultant began the procedure of replacing the network. While 
the technical work on reconfiguring the LAN switches went successfully, they 
encountered difficulties in connecting the local devices to the new network. To 
identify the problem, they discussed the types of devices in use and determined 
that one of the external consultants had identified it as a Dell computer. After an 
hour of troubleshooting without finding a solution, the local person joined the 
call. During the discussion, they realized that it was a Mac computer, and the 
local person did not have access to a Windows computer. Mac devices require 
special configurations to be connected to the LAN. While the project team was 
aware of the need for special configurations, they did not know that the local site 
included Mac devices or that the configuration had not been implemented. Since 
it was not the project team’s responsibility, this work was expected to have been 
performed by the IT department’s subgroup for devices before the LAN replace-
ment event. Therefore, the project team did not have either access or qualifica-
tions for implementing the reconfigurations during the replacement work. This 
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specific incident was solved by the coincidence that the representative in Drome 
had access to GlobalContent’s internal documents and was knowledgeable about 
Mac devices. This was a fortunate coincidence, as he is the only external person 
with this access due to his expertise in Mac devices, yet he solved the situation as 
he assisted in the identification and configuration of devices at the Cordonia site. 
The issues caused a delay of two hours in LAN replacement at the Cordonia site, 
subsequently delaying the start time on the site in Drome, thus requiring the local 
person to remain at work for an additional five hours. The tight schedule for the 
LAN replacement event made the team proceed with the procedure, as reschedul-
ing would have impacted the entire project plan and other office sites.

In this breakdown, the devices were not configured before the procedure, and 
the team was not prepared for the local representative to only have access to Mac 
devices. As a result, they could not ascertain whether the connection issues lay 
with the network replacement or with the devices themselves, causing delays in 
their work for several hours. However, this lack of workflow before the replace-
ment event was not an isolated occurrence. A similar breakdown occurred dur-
ing a LAN replacement at one of Book’s office sites in Avalora, where a printer 
was not identified. This required the project team to handle the assignment of IP 
addresses to these devices and investigate the presence of other unique devices 
during the replacement event, which again caused delays in the work. In these 
breakdowns, the workers figured out what the issue is (devices not identified and 
configured beforehand), though the examples present the impact of breakdowns 
in the technical work not following the planned process. There were misalign-
ments in the understanding of the individual’s role in the Network Project, which 
consequently later made GlobalContent assign an additional person to the Net-
work Project whose responsibility was to identify and configure devices.

Invisible devices
After a LAN replacement had been executed and completed at a Book site 

in Elexor, the old networks were removed, and all devices were successfully 
connected. However, the local office site in Elexor experienced unexpected net-
work problems after the replacement, as they were unaware that having external 
guests would be an issue when using the new network. The morning after the 
implementation, the local representative from Elexor contacted the IT Architect 
to report that the network functioned differently than they expected. The local 
representative made use of the hypercare service, a five-day period during which 
sites were permitted to bypass the regular service request process and contact the 
IT Architect directly after a LAN replacement. The local representative described 
that not everyone present at the office could connect to the network. A meeting 
was arranged between the local representative and the IT Architect to identify the 
problem. During this meeting, they discovered that the Elexor site had individu-
als sitting at their offices, who were a special type of external guests associated 
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with a company owned by the Book organization but without affiliation to 
GlobalContent. Before the LAN replacement, the external guests had access to 
all services at the office, including printers and monitors. After the replacement, 
they no longer had access. Allowing external devices access to printers and mon-
itors in the old setup was a security risk. This security vulnerability was one of 
the motivations for redesigning the network. In the new LAN architecture, this 
security breach was prevented by segregating internal, external, and IoT devices 
into separate networks. Consequently, this requires external guests to connect to 
the publicly available network that provides Internet access yet prevents access to 
internal systems, meaning they do not have access to local IoT devices.

In this incident, the newly implemented LAN functioned as designed – it 
provided access to their guests’ devices while preventing them from accessing 
internal resources. However, the external guests in this situation needed access to 
internal devices doing their work, such as monitors in meeting rooms for online 
meetings. The new LAN infrastructure was, therefore, an insufficient solution for 
the Elexor site. This realization occurred eight months after the implementation 
of the new LAN, as the old options were removed. Since the core team cannot 
make changes to the network infrastructure design at this time, managers from 
both companies met to discuss the situation and possible solutions.

This breakdown is linked to the technical design of the LAN causing issues 
on connecting devices; however, it relates to the organizational structure of 
GlobalContent and its subsidiary companies. The breakdown became evi-
dent when the old LAN design was removed, but the challenge existed even 
before that, as the external guests had been using the internal resources without 
GlobalContent’s knowledge. Compared to the challenge of connecting devices 
during a LAN replacement, this incident is related to external users that are not 
related to GlobalContent, but instead to GlobalContent’s subsidiary Book organi-
zation. The IT department was not aware of the guests at the site, and until this 
point, the Director from the Book organization had not had a reason for shar-
ing this information with GlobalContent. Interestingly, this specific site in Elexor 
was the site requesting a redesign of the LAN initiating the project. Explor-
ing the details of this breakdown, we found that the misalignment had already 
occurred in the early design phases of the LAN when Books requested a new 
LAN infrastructure. The individuals from Book and the IT department did not 
have a shared understanding of what a “guest” is and what “connection” entails. 
When Book made the request, they wanted external guests to have equal access 
to internal devices, while the IT department designed a LAN that only allowed 
guests to access the Internet through the LAN. The consequences of this break-
down became apparent eight months later when it was realized that the imple-
mented LAN did not sufficiently meet the requirements. This breakdown shows 
how the infrastructural setup can represent relevant subgroups that are not visible 
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from the local work context. In this situation, the work depends on information 
of technical components from people placed across the infrastructure, however, 
in this case, these people only had a reason to report on this after the breakdown 
had already happened.

4.3.3  Responsibility and ownership of an infrastructure
The third category of breakdowns concerns responsibility and ownership. The 
organizational structure of GlobalContent makes assigning specific roles impor-
tant, yet sometimes challenging, as one component can represent responsibilities 
from different individuals or subgroups.

Local turnover
The first incident relates to a disagreement regarding responsibility aris-

ing from a request from the subsidiary Movie organization. The Movie Direc-
tor requested that the IT department connect an iPad to the LAN. The iPad was 
placed in the reception area at the Honspain site for external guests, so it was 
mainly used by individuals not associated with GlobalContent. The request to 
connect the iPad to the LAN was sent to the IT department’s subgroup man-
aging devices. The Director further requested the IT Conductor to connect the 
iPad to the LAN. The IT Conductor guided the iPad to be connected to have 
a ‘device’ log-in, meaning that the device does not have a unique person con-
nected to the account, but was contradicted by the IT department’s manager for 
security. The IT Conductor and the security manager disagreed on how a device 
in a partly public reception should be connected. During the LAN design phase, 
the IT department’s current security manager participated in the LAN design to 
ensure security requirements. However, this person had been replaced since the 
LAN was designed and when it should be implemented. The turnover of secu-
rity responsible introduced new opinions on the security of the LAN design. 
This specific event consequently halted the process of connecting the iPad. The 
request from the Movie Director looped within the system, with different individ-
uals in the IT department denying it due to disagreements on the security of the 
new design. The access required for this specific device, therefore, necessitated 
re-negotiations of the LAN design responsibilities. We include this breakdown 
to highlight the challenges of turnover of individuals assigned responsible roles, 
as the LAN redesign is a part of information infrastructure requiring a long-time 
scope for making the solutions last. The main point here is of both technical con-
cern in terms of security on devices in public areas as well as organizational, 
since “who” would be the ‘sign-in’ user for public space devices.

Major incident
For this example, we draw on an incident of an unexpected LAN outage at 

Movie’s office. On a Friday during the fieldwork, a local representative from 
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Movie in Elexor reported an incident of LAN outage, which must be filled out 
in a digital system. The external agency responsible for maintaining the network 
received the incident report in the internal system. External A handled the report 
and began troubleshooting to identify the cause of the LAN outage, though with-
out success. Consequently, a local person at Elexor called the IT department 
directly, complaining about the LAN outage that had been ongoing for hours, 
making it impossible for the local employees to work. An IT manager from the 
network subgroup discussed the urgency of the incident with the local person and 
the need to declare a ‘Major Incident.’ Declaring a Major Incident is an option 
when the LAN outage prevents work, leading to significant damage, and requires 
top-level managers to halt their immediate tasks and focus solely on resolving 
the issue. Before the IT Manager called ‘Major Incident’, the IT Architect and IT 
Engineer from the Network Project stopped their own work to look at the prob-
lem. They restarted the APIs, which immediately solved the problem and made 
the LAN up and running. At this time, the LAN had been out for around 4 h but 
was solved by the IT Architect and Engineer in a few minutes. This incident was 
simply solved due to their knowledge of the LAN infrastructure, but this work 
was not their responsibility.

Concerning our analysis of the Network Project, this breakdown is interesting 
as it indicates the challenges in blurred responsibilities and knowledge in bound-
ary-crossing activities. While investigating the sources of the LAN outage, we 
discovered that the external agency had conducted a minor repair to the LAN 
configuration the day before the outage as part of their maintenance duties. The 
team associated with the Network Project maintains a close collaboration with 
the external agency, sharing knowledge on how to maintain the LAN efficiently. 
Consequently, they have advised the external agency that restarting APIs should 
be mandatory for all LAN configurations due to past challenges when this step 
was omitted. It is through their involvement with the Network Project that they 
possess the expertise to resolve the outage and prevent major incidents quickly, 
though it is not their responsibility to do this work, as the responsibility for main-
tenance lies with the external agency.

5  Discussion

In our empirical exploration of the content and context of a specific work task 
at GlobalContent, we studied the dynamic and reciprocal relationship between 
local work contexts and global information infrastructures. A detailed analysis 
of various breakdowns in the work revealed the expanding boundaries of what 
entails “the work,” allowing us to analytically unpack infrastructural transforma-
tions evolving in the background. In the discussion, we argue that these trans-
formations are not only intertwined with articulation work, thereby shaping the 
nature of work (Kobayashi et  al. 2005; Mark and Poltrock 2003; Schmidt and 
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Simone 1996), but further push the boundaries of how infrastructure transforma-
tions impact the nature of work in terms of scoping and scaling. The replacement 
of the LAN, as a transformative activity within our case, highlighted the intri-
cate entanglements of organizational elements and ecological components (Star 
1999). By adopting an infrastructural perspective, we uncover the ripple effect 
of information infrastructures that impacts local work contexts in unanticipated 
ways beyond the immediately visible work practices. This interplay adds com-
plexity to the work, technical setups, and organizational policies, delineating the 
nature of work in transforming and maintaining information infrastructures. The 
hidden interdependencies between local work contexts and information infra-
structures require an extended peripheral perception in shaping and scoping the 
work at multiple scales.

5.1  Shaping work

When transforming infrastructures, it is essential to understand the nature of 
the work, its impact, and the required activities to solve that task. The Network 
Project reminds us that identifying work as infrastructural transformations is 
not necessarily straightforward as the content and context of the work change 
and multiply over time. In hindsight, it might be simple to characterize the LAN 
replacement as a fundamental alteration to the organization’s information infra-
structure. However, our data present an empirical example of how large-scale 
transformations can begin as specific tasks – in this case, the redesign of a new 
LAN, initially involving only two individuals. As the work progresses, the chal-
lenges encountered reveal that, in practice, the Network Project extends beyond 
these initial boundaries due to the nature of the work and the context in which 
it is executed. Nonetheless, recognizing the articulation work required to bring 
these efforts into functional configurations remains a significant challenge (Ciolfi, 
Lewkowicz, and Schmidt 2023; Schmidt and Bannon 1992; Suchman 1996).

Our data demonstrated different situations where the work did not succeed as 
planned. When the work failed, it led to additional ‘repairing’ activities, and it 
is, in particular, the added effort put into repair work that reveals the local work 
required to have an infrastructural impact. Previous literature has identified vari-
ous types of repair work, which, in our case, are associated with technical work, 
management, and organizational activities (e.g. (Cohn 2016; Graham and Thrift 
2007; Henke 2017; Maestri and Wakkary 2011; Mikalsen, Farshchian, and Dahl 
2018). Repair work, in our case, emerged as a consequence of the project’s pro-
gressions yet also had implications that extended across the entire infrastructure, 
influenced by the local work contexts. Work and organizational structure are 
interdependent since adjusting one immediately impacts the other (Barley and 
Kunda 2001). This is particularly evident when transforming infrastructures. In 
our case, the Network Project was approached as a local work activity involving 
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technical implementation and scheduling among assigned project members. In 
practice, the work impacted the organizational structures, creating dependencies 
outside the project. Lacking accommodations for dependencies leads to break-
downs that require additional activities that are not directly related to the task 
but are “by-products” of these actions. This was an example seen in the technical 
breakdowns requiring not only work on the decay of technical components but 
also repairing activities related to the organizational relations between the indi-
viduals placed in the different sub-organizations. In these technical incidents, the 
breakdown related to the Network Project led to negotiations of ownership and 
contractual agreements.

Further, our empirical case demonstrates the challenges concerning the 
responsibility for actions and ownership of components when transforming infra-
structures. The intertwinement of infrastructural elements makes it impossible 
to own an infrastructure (Langhoff et  al. 2018) since the multiplicity of infra-
structural components often necessitates distinctly divided responsibility and 
ownership areas (Bjørn and Boulus-Rødje 2018; Jabbar and Bjørn 2018b). This 
increases the risks of clashes at the borders of responsibility areas (Jabbar and 
Bjørn 2018a), which can create misalignments in the progress of the work. In 
our case, challenges of responsibility and ownership became evident in both 
local and distributed contexts (Jensen 2014; Olson and Olson 2000). Starting 
with the local, the LAN replacement procedure required four people to connect 
one device to the LAN: one must identify the device, one must reconfigure the 
LAN switch, one must connect the device, and finally, one must test the suc-
cess of the procedure. One single replacement event, therefore, inherent overlaps 
in responsibility areas, yet these are blurred as some tasks are physical (open-
ing the computer) while others are digital (reconfigurations), yet impacting the 
same part of the infrastructure. The LAN replacement is therefore not limited 
to the digital work nor the scheduling of actions across the involved entities but 
further to identify which parts of the infrastructural work everyone is responsi-
ble for, where these activities need to take place, and when they will take place. 
For example, the device team continuously delivered their work of maintaining 
the local devices, but the accomplishment of the LAN replacement required spe-
cific knowledge at a specific time to be prepared for implementation and testing. 
Furthermore, the Network Project was approached as a standardization project, 
where the design solution was planned to be suitable for implementation across 
various subsidiary organizations and geographical locations. Also, the procedure 
of implementing the LAN was standardized following the same workflow, not 
distinguishing between different local characteristics. However, the breakdowns 
show that while the workers (the project team) and the work (reconfigurations 
of switches) might be the same, the context and nature of this work set different 
requirements for the articulation work required, depending on the characteristics 
of the local sites, both concerning the required scheduling and the design of the 



M. Duckert et al.

LAN. The perceived nascence of the work makes the project dynamically move 
across the continuum of being considered routine work due to the underrated 
complexity (Strauss 1988), as the approach to standardize design and process 
instead leads to breakdowns requiring additional work for “repairing” activities 
in order to accomplish the task.

From our analysis, we see that the work’s nature drives the transformation 
of how it is executed and the evolvement of actors since it matters whether the 
work is a design task, network maintenance, or network replacement. While 
the Network Project was initially approached as a standardization project to 
reduce the complexity across sites, the progress of the work forced a change in 
the perception of the task to consider flexibility in use. Hanseth et  al. (1996) 
explored the tension between standardization and flexibility when developing 
information infrastructures; similarly, our case embodied tensions created from 
approaching the work as standardizations yet being challenged by the number of 
unique requirements. The Network Project was an embedded part of the infor-
mation infrastructure, and if the LAN malfunctions, local workers will be dis-
connected from the Internet, preventing them from working. The local work is 
embedded into the information infrastructures, shaping the nature of the work 
and the requirements for succeeding. In practice, it is almost impossible to distin-
guish between “work” and “articulation work” since they both shape each other 
(Schmidt and Bannon 1992). Looking into how the work is articulated, we agree 
with several other researchers that work and articulation is a seamless integration 
(Ciolfi, Lewkowicz, and Schmidt 2023) and confirm prior work that the evolving 
content and context of the multiple local work actions placed around the informa-
tion infrastructure is shaping the nature of the work.

5.2  Scoping work

Work on transforming information infrastructure extends the local context where 
the work is articulated, as dependencies can be located across the infrastruc-
tural setup. Here, we argue that the multiplicity of information infrastructures 
is scoping the nature of work by pushing the boundaries for where to look for 
interdependent entities. Gerson (2008) adopts the term “bracket” to examine the 
coordination mechanism required for making connections across a larger sys-
tem of dependencies. In our analysis, we identified different challenges related 
to ‘bracketing the task’ due to the reach of the work involved in transforming 
the infrastructure. Interestingly, the ‘bracketing’ challenges were linked to the 
work’s hyper-distribution, i.e., the work taking place across several subgroups 
in different parts of the world. Subgroups are created in individuals and groups’ 
attributes, locations, affiliations, or other cultures and characteristics, where the 
presence of faultlines between these groups increases the risk of misalignments 
(Cramton and Hinds 2004). In our case, the completion of the work depends on 
actions from individuals associated with different sub-organizations, creating 
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numerous subgroups across the organizational structure, covering both the local 
and global context. While the subgroups within the local context are easier iden-
tifiable, i.e. the subgroups within the IT department, including the project group, 
‘device’ group, and ‘security’ group, the subgroups outside the local work con-
text can be less visible.

In our case, the required knowledge from the local sites was a driver for 
the added complexity of the work. While designing the LAN was considered 
a “standard” solution, the breakdowns related to the implementation of the 
otherwise standardized design revealed the unique qualities of several of the 
local sites. The LAN replacement required expert knowledge on reconfigur-
ing network switches, as well as local knowledge on the work characteristics 
of the work content and context at each of the sites. The last was managed 
by assigning a local contact person. However, possessing local knowledge is 
not necessarily an easy task in distributed settings, as describing local cir-
cumstances requires access to information and an understanding of the local 
circumstances (Gerson 2008). Further, being physically present does not nec-
essarily mean access to the same and right information, as we see in the chal-
lenge of collocated distance (Duckert, Barkhuus, and Bjørn, 2023). During the 
Network Project, challenges related to both access and understanding arose in 
the use of local experts. The local person was defined to be available at the 
time of the local replacement, however, doing the work required more detailed 
knowledge. Concerning access, our data document a situation where the local 
person was accessible in the timespan requested yet was placed in a different 
location than the office (i.e. working remotely) and thus did not have access 
to the local information at the office. In a different situation, the role of being 
a local contact was assigned to a person from the finance department. The 
finance person did not have the required understanding and lacked important 
technical knowledge to work with the network components placed at the office. 
The lack of relevant knowledge at the local site thus complicated the coordina-
tion, requiring local assistance. In this way, the multiplicity of geographical 
locations and individual experts scopes the nature of the work. The need for 
local specialized technical knowledge at the distributed sites sets the require-
ments for the ‘right’ actor to be located accurately next to the network racks 
and office devices to synchronize the local information needed.

The scoping of the work is not limited to individuals; replacing the LAN is 
highly physical, depending on hardware components placed at sites distributed 
away from the actors doing the work. The interdependent social or organiza-
tional entities, in our case, therefore, include both people, artifacts, and organ-
izational agreements. Accomplishing the work involved in transforming the 
information infrastructure requires cooperation across different entities, which 
can inherit different characteristics. The reach of the work is scoped by the 
individuals involved, their geographical distribution, and which subgroups 
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they are associated with. Multiple entities include more people and character-
istics of additional domains, places, and artifacts.

Considering the temporal dimension, we found that, similar to Grisot and 
Vassilikapoulou (2015, 219), the constellation of the collaborating individuals 
cannot be predefined but evolves dynamically. The scoping of work is, therefore, 
not a constant scope of relevant individuals but is a dynamically changing net-
work of entities. This can challenge the work practices, for example, as seen in 
the turnover of the security manager. This replacement of the person prevented 
the work of connecting a device to the LAN due to the new security manager 
disagreeing with the design of the solution. Additionally, the example illustrates 
the dynamic scope of relevant devices. In this situation, the iPad was added to the 
subsidiary company’s local office site after the implementation of the new LAN. 
The temporally dynamic constellation of individuals and devices can complicate 
the work, as relevant entities might be placed outside of the current timeframe.

In large infrastructures, the interdependency in work and the coopera-
tive relationship between the entities is not necessarily equally visible for all 
engaged actors. In CSCW, we know the accomplishment of work requires 
mutual dependency between different entities (Ciolfi, Lewkowicz, and Schmidt 
2023), though each entity’s own perception of being relevant (and dependent) 
in the accomplishment of the work might not be shared. Our case illustrates 
this as the local workers are dependent on the LAN to access the Internet, just 
as the implementation of the LAN requires local knowledge from these actors, 
though this dependency only becomes visible for the local group when the net-
work does not function. This was, for example, seen when one of the subsidi-
ary company offices did not report on the specific needs of LAN availability to 
extend guests since they did not consider it relevant until they lacked Internet 
access from their devices. The loose connections and unequal perception of 
dependency in work can challenge progress when not all entities are aware of 
their relevance for the task at hand.

The co-evolution of local work contexts and the information infrastructure are 
dynamically scoping the content of the work, determining which actors, prac-
tices, and artifacts are involved in transforming the information infrastructure. 
The Network Project was initially approached as a simple task involving only 
two people but turned out to have dependencies around the entire information 
infrastructure involving 52 people from 36 different organizational subgroups. As 
these dependencies are associated with multiple local work contexts around the 
infrastructure, they might not immediately be visible. Acquiring this information 
to identify relevant dependencies can require additional excavation work (Mat-
thiesen and Bjørn 2015).
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5.3  Scaling work

All work in our empirical case arises from or is built on top of the existing 
infrastructure (including hardware, software, practices, policies, etc.) and is 
never “new” or independent, despite actors in the Network Project sometimes 
approaching it so. Work on infrastructure represents smaller components of 
a larger interconnected framework of people, policies, hardware, and software 
(Fürstenau et  al. 2019; Sharma and Sawyer 2016; Star and Ruhleder 1996). 
Exploring the details of the breakdowns, the consequences linked to the inherent 
premise that infrastructures adopt historical decisions, interactions, and artifacts 
emerge – with infrastructures consequently scaling the nature of work.

The work required for replacing the LAN met unexpected complications due 
to previous actions and past decisions that are still embedded in the infrastruc-
ture. Infrastructures are a conglomeration of several individual components, and 
they represent multiple temporalities as all elements have individual age paths 
(Cohn 2016; Monteiro et al. 2013; Steinhardt 2016). This can lead to “invisible” 
hardware and organizational agreements that have previously been decided and 
implemented as part of the organizational work but are hidden within the infra-
structure in the current work. These invisible elements and components can still 
be relevant; for example, agreements between organizational entities still exist 
despite the position being held by a new person. In our empirical case, the conse-
quences of the legacy infrastructure became visible in the hardware components 
and organizational policies. Starting with hardware, the legacy of infrastructure 
became an indistinguishable part of the Network Project due to rack mainte-
nance. Cleaning up the old racks was not a part of the Network Project, but the 
organization’s storage of old racks affected the implementation of the new LAN, 
as no one had a status overview of the old racks. Additionally, the legacy con-
cerning organizational management impacted the Network Project, particularly 
in cases where documentation or an overview of policies and agreements was 
lacking. Identifying which policies and agreements were relevant for the work 
was complicated, as this information was spread across the organizational sites, 
units, people, places, and artifacts, even extending to people who were no longer 
a part of the organization. For example, we identified stored organizational agree-
ments on responsibility clashing with current organizational decisions on owner-
ship, which, despite having no direct relation to the Network Project, challenged 
the progress of the LAN replacement. The specific task of replacing the LAN 
might happen on a local scale, though the actions required for accomplishing the 
transformations of the infrastructure, including both technical configuration and 
organizational negotiations, are shaped by these peripheral yet interrelated con-
texts. The existence of agreements, equipment, etc., that might seem peripheral 
to the work task, as well as the consequences and characteristics of these, are 
embedded within the infrastructure and critical for the work.
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When looking at the nature of the work from a temporal dimension, we see 
that there are no predefined boundaries of the different stages of the infrastruc-
ture project, instead, the nature of the work forced the changing perspective of 
the project, which only in retrospect could be seen as transformation of an infor-
mation infrastructure. Ribes and Finholt (2009) present the three scales of infra-
structure: institutionalization, organizing work, and technology enactment, as 
analytical concepts for studying people’s infrastructural work. In contrast, we do 
not look at the scales of the infrastructure but argue that the multiplicity of the 
infrastructure is scaling the nature of the work itself. The work of designing the 
LAN was initiated with a request from one of the subsidiary sites, with a lim-
ited scope of time and involving few people. However, from the beginning, the 
Network Project could have been approached as part of an infrastructural trans-
formation across the organization. Such an approach would likely have involved 
more subgroups in the early design phase. The reason why this was not the case 
is that identifying work as an infrastructure transformation is in itself a challenge. 
When changes in infrastructures are initiated, the boundaries between the differ-
ent stages are not pre-defined but evolve as the work unfolds. Karasti et al. (2010) 
studied the temporal dimension of infrastructure and differentiated between ‘pro-
ject time’ and ‘infrastructure time,’ whereas a project perspective often has a start 
and end time for work activity, and infrastructural perspectives are temporally 
open-ended. Our findings confirm their argument and further show that differ-
ent entities can have different perceptions of the scope impacted by both ‘pro-
ject time’ and ‘infrastructure time’. However, we also find that the boundaries 
between when or how to move from different perspectives are not pre-defined, 
leading to challenges in the unawareness of the potential tensions. The boundary 
of the work expands as the work progresses since more and more infrastructural 
transformations are made.

In our empirical case, individual age paths with unique legacies are also 
evident concerning tasks, projects, and organizational dependencies. For 
example, unique age paths are linked to organizational entities as new compa-
nies are continuously becoming a part of or leaving the holding company, as 
well as the hardware because the hardware equipment is continually added or 
removed. Initiating the LAN replacement in one part of the infrastructure and 
then distributing it to the different organizational entities risks overlooking the 
history and legacy associated with the individual sub-companies. Missing the 
legacy can lead to breakdowns in the execution of the work, which must be 
handled on short notice, acting as a “point of infrastructuring” adding addi-
tional work every time they must reconsider, redesign, or reschedule due to 
breakdowns (Ludwig et al. 2018). However, foreseeing these incidents is diffi-
cult (maybe even impossible) as the collisions can take place in different loca-
tions or exist across, beyond, and intertwined within the infrastructure, mak-
ing the cause and reasons for breakdowns immediately invisible.



The Ripple Effect of Information Infrastructures 

Ellingsen et al. (2013) studied how the local and global aspects interact and 
how local issues transform into large-scale global impacts. They find unforeseen 
circumstances emerging during the integration process, all rooted in existing pol-
icies, systems, and practices, but without a single concrete cause to be linked 
to why the envisioned workflow did not materialize. By taking different analyti-
cal lenses on the Network Project, we find that the complexity of the work (and 
possible sources for where the breakdown manifests) can co-exist but be hidden 
from view and misarticulated. This aligns with Latour’s (1993) perspective on 
the interconnectedness of global and local, as we find that the content and con-
text of the local work co-evolve with the information infrastructure. For example, 
a scheduled LAN replacement coincided with a local event, although all prepara-
tory activities were completed. The event was not visible to all relevant actors as 
their work exists in different local contexts, yet both are a part of the informa-
tion infrastructure. The complexity of the scheduling links to the coordination of 
relevant resources but further the organizational and infrastructure level of the 
subsidiary company. The different perceptions of infrastructure transformation 
indicate that information infrastructure represents several ‘local work’ contexts 
besides the shared global structures, where each work context adopts the char-
acteristics and challenges of the other. The local work is impacted by the infra-
structure, and the infrastructure is mutually shaped by the work. The character-
istics of the sub-company in question, therefore, scale the work of the Network 
Project despite it not being related to any of the actions required for solving the 
task at hand. The hybrid nature of infrastructures can inherent loosely coupled 
relations within the organizational structures. This can impact the required artic-
ulation work as dependencies might be located in a shifting variety of places. 
Consequently, the impact of the work becomes visible in a variety of new ways. 
The nature of the work is, in this way, extended to also peripheral work contexts, 
as the individuals performing the work must consider activities outside of their 
focus because the work is related to the domain of the subsidiary company. When 
working on the infrastructure, the complexity of the work can impact both the 
organization and the infrastructure, which is scaling the boundaries of the work.

While an increased scaling may be an effect of an increased scope of work, the 
difference lies in the boundary-crossing activities needed to address the potential 
invisible people, places, and artifacts elsewhere in the information infrastructure. 
We can only explain the creation of faultlines in our empirical case by consider-
ing both the scoping and scaling of the work context. The consequences of shut-
ting down the LAN (i.e., no Internet access) are different in the distinct domains 
and are more complicated to identify across the different subgroups. In this spe-
cific case, the nature of the work (removing and replacing the LAN) and the 
nature of the work at that particular organizational level where the work becomes 
visible (the local site) is scaling the work. The work related to developing and 
producing respectively Movies and Books have different characteristics, and 
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despite the work of replacing the LAN being the same, the unique characteristics 
of the local work sites are scaling when considering the nature of performing a 
certain transformation of the information infrastructure.

The mutual co-evolvement of work and information infrastructures during 
infrastructural transformation means that we, as CSCW researchers, must look 
beyond the immediately visible work practices to identify the impacts elsewhere 
in the infrastructure – the ripple effects. The ripple effect of infrastructural trans-
formations is continuously scaling what must be included and considered in the 
articulation work required for performing the work. This involves paying atten-
tion to the readjustment of legacy systems and the excavation, negotiation, and 
revision of organizational policies to align with the impact. It is critical to under-
stand how local work might impact areas outside the peripheral perception of the 
work. We must explore beyond immediate work practices, involve cooperative 
action, and consider how accomplishing work impacts otherwise invisible tech-
nologies, local site activities, and organizational policies that are situated around 
the multiple local work contexts shaping the information infrastructure and might 
be immediately out of sight Table 3.

6  Conclusion

This paper explored the impact of the information infrastructure on the nature 
of work, as demonstrated in a specific empirical case of a global organiza-
tion replacing the local area network (LAN). We observed the activities in 
(re)designing, implementing, maintaining, and managing the sociotechnical 
aspects of the LAN, showing how the local work task emerged as an activ-
ity of infrastructural transformation. Breakdowns in the work revealed hidden 
interdependencies, such as people, artifacts, and policies, located across the 

Table 3.  The ripple effect of information infrastructures for CSCW research.

Ripple effect Insights for CSCW research

Information infrastructures are shaping work Understanding the nature of work, articulation work, and their 
seamless integration is essential for identifying strategies to 
reduce the effort of articulation work.

Information infrastructures are scoping work The nature of work dictates the entities required to be involved, 
though the configuration of individuals, activities, and 
artifacts is a dynamic temporal network of entities, requiring 
attention to relevant actors and objects that may not be visible 
within the current time and space.

Information infrastructures are scaling work Work impacts beyond the immediately visible work practices. 
To be aligned with the impact of the work involves looking at 
sites beyond the local work, paying attention to the readjust-
ing of legacy systems, and the excavation, negotiation, and 
revision of organizational policies.
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infrastructural setup. Information infrastructures represent multiple work con-
texts; our case uncovered how the content and context of a local work activity 
can be shaped not only by the nature of the work itself but also by inheriting the 
characteristics and legacy of multiple work contexts across immediate bounda-
ries. We argue that the ripple effect of information infrastructures impacts the 
temporal and spatial boundaries of local work contexts in unanticipated ways 
beyond the immediate visible work practices. Adopting an infrastructural per-
spective in CSCW research is essential for understanding and managing infra-
structural transformations, as the complexities of the work can be situated 
within different interrelated contexts, often beyond the immediate bounda-
ries of where the work is articulated. The dynamic and reciprocal relationship 
between work and infrastructures requires an extended peripheral perception in 
shaping and scoping the work at multiple scales. Adopting this extended infra-
structural perception supports the identification of invisible yet interdependent 
people, technologies, locations, and organizational policies, aligning with the 
ripple effect of working within an interconnected infrastructure.
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Abstract: In 1994, Jonathan Grudin wrote his famous paper

Eight Challenges for Groupware Developers; The question

is whether these challenges still persist, or have we moved

on here 30 years later? We revisit the challenges empiri-

cally through ethnographic observations in two companies

examining their work practices, organizational structure,

and cooperative setups concerning their use of groupware

technologies. Today, groupware is seamlessly integrated

into organizations, considered essential infrastructure that

becomes part of the daily work routine. Contextualizing the

original challenges proposed by Grudin, we categorize them

into cooperative challenges, social challenges, and organi-

zational challenges, and refine their phrasings to reflect

present and future considerations faced by developers of

groupware technologies. While the main arguments of the

social and organizational challenges remain consistent, we

rephrase the cooperative challenges as emergent exception

handling and exaggerated accessibility to reflect the emerg-

ing characteristics associated with the ubiquity and seam-

less integration of groupware.

Keywords: cooperative technologies; groupware; future

work; cooperative work; distributed work; hybrid work

1 Introduction

In 1994, Jonathan Grudin proposed eight challenges for

developers of groupware technologies [1]. Today, three

decades later, groupware technology has gone through a

huge development – from the 1990s when we discussed
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email and electronic calendars as new types of group-

ware technologies that potentially could have a dramatic

impact on organizational practices, to 2020 where video-

conferencing technologies and the ability to work from

home using Internet and groupware technology to get us

through the pandemic. The technologies designed to sup-

port cooperative engagements within and across organiza-

tionswere adopted at a rapid pace during the COVID-19 pan-

demic where worldwide lockdowns forced millions of peo-

ple to work from home. When the regulations were lifted,

people returned to their offices, however, this transition

has not been without difficulties [2–4]. The post-pandemic

has not been a simple return to the “pre-pandemic status

quo”, instead, the new situation has initiated discussions

and negotiations within organizations about “the nature

of the workplace”, and what is desirable and efficient for

different organizationalmembers [5–10]. The changing per-

spectives on work and persistent demands from organiza-

tional members for flexible work conditions with remote

opportunities [11–14] have created a work environment

where people are partially distributed, and working from

different locations has become the norm rather than the

exception. The term hybrid work has become popularized

to describe the work model where some employees work

from home, while others are physically located at the office

[15, 16]. Hybrid work introduces new challenges for cooper-

ative work [15–18] also impacting the design challenges for

cooperative technologies [19–21]. Therefore, it is relevant

to consider, which challenges are prominent for developing

CSCW systems for work environments today – as well as

for the future [8, 22–24]. With such dramatic changes, the

fundamental question remains as to whether the eight chal-

lenges proposed by Grudin in 1994 still stand, or whether

we need to re-consider these challenges three decades

later.

In this paper, we ask the research question: What

are the challenges for developers of groupware technologies

in 2024? To answer the research question, we revisit the

challenges identified by Grudin three decades ago [1] and

interrogate these challenges in the empirical perspectives

from ethnographic studies of hybrid office work today. We

report from two empirical studies conducted in 2023 at two
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different organizations both struggling with establishing a

modern workplace allowing the employees to occasionally

work remotely from home, while still encouraging physical

presence at the office.

We find that groupware today is ubiquitously inte-

grated into organizations and is regarded as part of the

fundamental infrastructure in organizations, often fading

into the background as taken-for-granted technology. The

use of groupware is consequently viewed as an everyday

aspect of work, influencing the challenges associated with

developing new groupware systems. Based on our analy-

sis, we categorize the three-decade-old challenges [1] into

three main categories: cooperative challenges (no. 4, 5),

social challenges (no. 1, 2, 3), and organizational challenges

(no. 6, 7, 8). This classification aims to capture the evolv-

ing considerations and refine the phrasings to reflect the

present and future challenges faced by groupware devel-

opers. While the main titles and primary arguments of

the social and organizational challenges remain unchanged

(yet with added complexities), we rephrase the cooperative

challenges to reflect the emerging considerations of group-

ware being seamlessly integrated into work practices. We

find that enabling the design of groupware technologies

as “open-ended” and “immediate availability” is critical,

yet these characteristics also introduce new complexities.

For example, when organizational cooperative practices are

produced through continuouslymalleable configurations of

locations, people, and groupware – the additional challenge

for groupware design is the requirements to support con-

tinuous reconfiguration (sometimes on a day-to-day basis)

while allowing people to create sociomaterial bounding of

technologies in practice.

The paper is structured as follows: First, we contextual-

ize the eight challenges for groupware developers in current

CSCW research. Then we introduce our methods, and the

two empirical cases, before we dive into interrogating each

challenge, with empirical observations from our empirical

data. This work includes suggestions for re-focusing some

of the challenges. Finally, we discuss how the foundation

for groupware design has changed since the early 1990s

and speculate on the future challenges that contemporary

groupware developers facewhendesigning technologies for

cooperative environments for the next three decades.

2 Challenges for groupware

developers

In the early 1990s, Computer Supported Cooperative Work

(CSCW) emerged as a coherent research field in light of

existing insufficient approaches to the design of technolo-

gies [25–27]. The CSCW focus is on supporting people via

the design of computer tools [25] in cooperative arrange-

ments [26] where people are mutually dependent in work

[28]. CSCW systems are interacted with by individuals and

therefore possess the same interface challenges as individ-

ual user applications, however, new challenges arise when

technologies should support cooperative work [1]. In 1994,

Jonathan Grudin’s publication summarized and highlighted

the challenges identified by multiple researchers [1], and

the paper has been highly cited (more than 2000 citations

and in 2023 alone the paper has been cited 24 times1), and

in 2014, Grudin received the CSCW long-term impact award

celebrating his work.

The 1994 paper does not introduce empirical data,

instead, the paper is written as a reflective essay, where

the author considers suggestions for the nature of specific

challenges that arise with the introduction of groupware

technology into organizational practice. It is evident that, at

the time of writing the paper, the actual empirical insights

and experiences from empirical examples were less, as only

a few had the privilege to access and research organiza-

tional practices utilizing groupware systems. Two exam-

ples of the few researchers who successfully were able to

gain access to and study groupware in organizations was

Wanda Orlikowski, who with her famous paper ‘Learning

from Notes’ from 1992 [29] studied how groupware technol-

ogy was implemented and potentially failed within orga-

nizational practices – a paper which also was celebrated

with the Lifetime Impact award in CSCW in 2015; and Paul

Dourish and Victoria Bellotti [30] who studied the use of

video-conferencing tools within Xerox Parc in the early

1990s (again winning the long-term impact award in CSCW,

this time in 2016). Groupware technology was a key area of

important research in thinking about how organizational

practices were impacted by technologies designed to sup-

port the work of groups.

Groupware technology is fundamental to the very

definition of CSCWresearch, as IreneGreif (cited inRef. [28])

defines CSCW as “. . . an identifiable research field focused

on the role of the computer in group work” [28, p. 9]. While

the focus on ‘groups’ has been debated, researchers gener-

ally agree that the fundamental concern for CSCW research

concerns situations where at least two or more actors are

mutually dependent upon each other while being involved

in a common field of work using computer systems [31–35].

This means that groupware technology is not the sole inter-

est of CSCW technologies, but instead, a specific type of

1 The numerical counts are based on Google Scholar.
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CSCW application where the aim is to design technologies

that support groups in their joined engagement [36–39].

Grudin made the distinction between individual usages of

technology (single-user technologies), large main frame sys-

tems (organizational software systems), and then group-

ware [1]. Cooperative work entails situations where at least

two people are engaged in a common field of work in such a

way that they experience interdependence [40–43] – then

technology support depends upon the nature of articula-

tion work required for handling this extra work. In Lee

and Paine’s work on coordinative action, they unpack the

dimensions of the cooperative engagements in terms of the

number of participants, different communities, nascence,

etc., suggesting these dimensions as a scale to determine

the boundaries between the group as the smaller unite

of cooperative action and the infrastructure of more than

1000 people being part of a larger coordinative action

[34]. Thus, the discussions on cooperative technologies are

much larger than simply groupware – however, our interest

in this paper remains on groupware and the challenges

that developers of these technologies face today. But first,

let us remind ourselves about the nature of the original

eight challenges for groupware developers proposed by

Grudin [1].

2.1 Disparity in work and benefit

This challenge points to that groupware applications do

not apply the same benefit for all the people involved

in using the technology. In 1994, electronic shared calen-

dars were introduced into the offices as a new groupware

technology. These digital calendars were accessed through

large desktop computers, and organizational members did

not have a mobile phone in their pocket with access to

their calendars. Thus, for mobility in office work, mem-

bers would carry paper-based calendars reminding them-

selves of appointments and meetings. The electronic calen-

dar requires people to add their appointments andmeetings

to the shared digital calendar, for the benefit of other orga-

nizational members, such as the actors whose job it is to

identify availability for planning meetings. However, allow-

ing others access to your calendar required extrawork from

organizational members in updating both their electronic

as well as their paper-based calendars. Further, allowing

access also risks reducing the autonomy of the individual by

allowing others to take control of their time and schedule.

Thus, the transparency of the shared calendar introduces

extra work of the individual while reducing the autonomy

of the individual. The question then arises as towho benefits

from the shared electronic calendars. The benefit of elec-

tronic calendars is for the organizationalmembers involved

in planningmeetings. The shared electronic calendars allow

organizational members to compare and identify space for

shared meetings, which otherwise would be the tedious

work of calling around and checking people’s availability.

However, the work of planning meetings would often be

the work of secretaries while the extra work of calendar

updating between electronic calendars andpaper-based cal-

endars would be done by other organizational members

(e.g., salespeople) who did not plan meetings initially. In the

last decades, multiple studies have demonstrated different

technologies that add work on individual groups of orga-

nizational members for the benefit of others [44, 45], like

the work of healthcare professionals recording additional

data (or checking boxes) while interacting with patients for

the benefit of hospital management [46]. Thus, the chal-

lenge for groupware technology is the challenge of creating

technologies that consider and accommodate the disparity

of work and benefit between different individual organiza-

tional members. Mitigating the challenge is about ensuring

that the additional work required for the groupware tech-

nology to function is not experienced as unbeneficial for the

people doing this work.

2.2 Critical mass and Prisoner’s dilemma
problems

This challenge points to that for groupware technology to

work, enough people must use the systems for the shared

functions to work properly. Fundamentally, if an organiza-

tion has implemented a groupware system allowing mem-

bers to for example share documents (such as shared folder

systems) or communicate (e.g., email and Slack) the group-

ware system will only be useful if enough organizational

members use this system. If only a fewpeople use the shared

calendar system, the person planningmeetings still needs to

request additional information about individuals to identify

appropriate times and places for planned meetings. Simi-

larly, if only a few organizational members use a shared

file system, people would not be able to identify relevant

files, since several files would be outside the shared system

requiring organizationalmembers to request and sharefiles

in other ways (e.g., by email attachments). Thus, for organi-

zations to benefit from a groupware system, enough people

need to use it – however, getting people to use a newly

implemented system (before the benefits arrive) is a chal-

lenge. Groupware technologies are not instantly producing

cooperative efforts by simply being installed on the comput-

ers [29], instead, it takes time for groupware systems to gain

a critical mass of users. Thus, the challenge for groupware

developers is to design a groupware system that considers

the critical mass problem within the design to make it a
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successful tool, otherwise, the users will not experience the

advantages of using the system.

2.3 Disruption of social processes

This challenge points to that the introduction of groupware

technology can interfere with social dynamics and implicit

information such as social taboos and political structures.

Organizations have embedded hierarchies, and while these

hierarchical structures might take different forms and be

structured quite differently dependent upon the structures

shaping the social dynamics of the organization [47–49]. For

example, walking over to a colleague asking for assistance

with a specific taskwould be viewed as appropriate inmany

organizations, while taking the elevator to the top floor and

knocking on the door of the CEO requesting to be involved

in creating the strategic plan of the company would not be

appropriate inmany organizations. The social dynamics are

thus shaped by the organizational structures of hierarchy,

politics, and implicit organizational practices. When group-

ware technology is implemented into organizations, these

technologies risk disrupting the social processes within the

organization [50], since organizationalmembersmight have

different types of access and navigation [51]. For example,

while only a few would take the elevator and knock on the

door of the CEO, the bar to send an email to the CEOmight be

lower. Or as we have seen in recent years with social media,

citizens have direct access to politicians or other public

figures by commenting, liking, and sharing posts which they

otherwise would not have been able to do. Groupware tech-

nology impacts social dynamics and interaction, and not

always for the better, as we have seen with the challenge of

misinformation about disasters, health, and politics [52, 53].

Thus, the challenge for groupware developers is to design

technologies that consider the risk of disrupting social pro-

cesses appreciating productive interruptions while reduc-

ing problematic disruptions.

2.4 Exception handling

This challenge points to the fact that cooperative work

never just follows the plan; instead, disruptions occur and

are requiring exception handling. Groupware technology at

its core is about reducing the efforts of articulation work

for a cooperative engagement with the purpose of allow-

ing organizational members to focus on other activities,

finish tasks faster and more efficiently, or simply spend

time on the content of the task rather than the articulation

work [54]. This intention for groupware has caused devel-

opers of groupware technologies to focus on efficiency and

streamlining the work-embedded coordination strategies

[55, 56]. Workflow systems are a specific type of groupware

technology designed to make coordination easier by allow-

ing users to organize their individual, yet interdependent

tasks, in tandem [57–59]. However, a crucial problem with

these workflow systems is that cooperative work very sel-

dom follows the predetermined path andworkflow [60–64].

Instead, organizational members do what is required to

make the work function, and often this includes excep-

tion handling to resolve breakdowns [65, 66]. For example,

while bed management coordination in hospitals suppos-

edly follows a certain pattern, the actual work involved

in bed management might differ greatly from the pre-

scribed processes [67]. Exception handling is not something

that will be mitigated by technology. Instead, the design of

groupware technology needs to support exception handling

required for the work – and often we do not know which

type of exception handling to expect. Thus, the challenge

for developers of groupware is to create technologies that

are open-ended and flexible in use allowing organizational

members to accommodate and enact required exception

handling.

2.5 Unobtrusive accessibility

This challenge points back to the balance between when

organizational members are engaged in cooperative work,

and when they are engaged in individual work. In all coop-

erative setups, people do not always and only collaborate.

Instead, there are times when organizational members sim-

ply work individually. For example, co-authoring an aca-

demic paper does not mean that authors write all sentences

together, but often co-authoring includes individuals writ-

ing drafts or revising draft text to later discuss between

all authors. Cooperative work has dependencies, but there

will be times when cooperative actors engage in individ-

ual tasks. Unobtrusive accessibility points to the fact that

when designing cooperative technologies, it is important to

ensure that the groupware allows for individual work and

does not always have the cooperative engagement in focus.

Thus, groupware technologies should be able to stay in the

“peripheral background”,while individualswork alone, and

then be able to zoom into focus when actors need to cooper-

ate. Groupware should be accessible in anunobtrusiveman-

ner, blending into the background and only appear when

needed. Fundamentally the challenge of unobtrusive acces-

sibility is highly related to awareness in cooperative engage-

ment. Awareness as a feature of cooperative work entails

making activities visibly available for others can monitor

these actions and act accordingly [68]. Awareness has been

explored as a critical characteristic of cooperative work [69]

as well as a design requirement for groupware technology
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[70] and continues to be a core area of research in CSCW

[71]. While the conceptual understanding of ‘unobtrusive

accessibility’ can be identified to consider concerns for the

delivery of awareness data (such as howactors can unobtru-

sively access the cooperative engagement considering the

infrequent use of groupware) the conceptual understanding

of awareness has developed tremendously since 1994 [72].

Thus, the challenge for developers of groupware technology

in 1994 centers around the assumption that teams are often

organized to minimize social interdependencies, causing

groupware features to be used less frequently than fea-

tures for individual work. This infrequent use is a challenge

when designing new groupware technologies, thus Grudin

suggests that different design strategies should prioritize

adding cooperative features into existing systems – turning

these into groupware technologies [1].

2.6 Difficulty of evaluation

This challenge concerns the user-testing and evaluation of

groupware technology features and design decisions. The

methodologies for usability testing or user experience eval-

uation are appropriate when evaluating single-user sys-

tems. Differently, these methodologies are not appropriate

nor useful to evaluate the quality of groupware systems

[73, 74]. The problem is that the evaluation of the group-

ware is closely connected to the context of use, and thus

evaluating groupware includes considerations for hierar-

chy, motivations, and social engagement which single-user

methodologies do not allow us to capture. Usability testing

methods are not equipped to consider social interaction.

There are many empirical examples from CSCW research

where cooperative technologies have been implemented

into an organizational practice only to reveal fundamen-

tal design problems that only became pertinent after the

groupware system had been implemented in real-life situ-

ations [75–77]. In some cases, expensive IT systems were

taken out of use due to these problems [78], while in other

cases organizations were forced to live with problematic

systems and identify workarounds to survive [79, 80]. Con-

cretely, usability evaluation does not reliably capture the

complexities of cooperative engagements making it more

challenging to evaluate groupware systems than single-user

applications. Thus, the challenge for groupware developers

is that groupware systems are difficult to evaluate as they

are context-dependent [81–84] and affected by other actors

involved in the work, thus developers might not know

central design problems before the system has been fully

implemented.

2.7 Failure of intuition

This challenge is directed at the decision-makers and man-

agers who are responsible for identifying and requiring

groupware technology to be implemented in their organi-

zations. In 1994, when email was still a novelty in organi-

zations, managers had little experience in knowing which

groupware technologies would be relevant to acquire and

implement supporting the organizational practices. Mostly,

thiswas due to the lack of experience organizations had con-

cerning groupware, making it impossible for them to rely

upon their intuition when making decisions on IT systems.

The famous empirical case ‘Learning fromNotes’ is an excel-

lent example of this challenge. Here Orlikowski documents

how top management invested in acquiring Lotus Notes as

a cooperative technology for the whole organization with

the aim of creating ‘instant collaboration’, however, the sys-

tems did not have the expected effect in use [29, 85]. CSCW

research has documented several cases of failed implemen-

tations of groupware systems and many of these are based

upon a gap between the expectations of the groupware

and then the actual use and effort required to make the

IT system function in the organization [86–88]. Managers

can fail in their intuition in assessing the value of imple-

menting a system compared to the extra work required to

make the system successful when they decide if the system

should be purchased. Thus, the challenge for developers of

groupware technology includes that managers often under-

estimate the additional work that is needed when using

groupware applications.

2.8 The adoption process

This challenge concerns the organizational practice where

groupware is implemented and brought into use in the

organization. Unpacking this challenge, we start by mak-

ing a distinction between different concepts; ‘Implementing

groupware’ refers to the process of installing software on

machines while setting up access to the system for differ-

ent users. However, having groupware installed on com-

puters in an organization does not mean that these tech-

nologies will be used. ‘Organizational implementation of

groupware’ acknowledges that implementation is not just a

technical issue but includes concerns about organizational

changes [89, 90]. Research into organizational implemen-

tation has suggested to be affected by the timing within

the organization [91] and that the introduction of new IT

systems always will include a reduction in productivity,

which is why we cannot measure the success of groupware



6 — M. Duckert and P. Bjørn: Grudin’s eight challenges for developers

immediately after the implementation [92–94]. Further,

there is a large tradition within information systems

research focusing specifically on the ‘acceptance’ of tech-

nology based upon organizationalmembers ‘perceived’ use-

fulness and ‘ease-of-use’ [95–97]. In more recent years the

focus has been more on the ‘appropriation’ of technology

highlighting that when cooperative technologies are intro-

duced into an organization, both the organization as well

as the technology are transformed and hereof, they are

transforming each other. Across this large literature on the

adoption of groupware, it is clear that adopting a groupware

application requires carefully planned activities where the

group of future users is introduced to a clear purpose of

the groupware system, as well as how to use the system in

practice [98]. Thus, the challenge for developers of group-

ware technology is that groupware needs to be introduced

carefully as different actors involved in the common field

of work can have different perceptions of its usefulness.

Groupware applications which are only appreciated by a

minimum of the involved actors in the organization, risk

becoming a disaster.

3 Methods

The empirical data presented in this paper is part of a larger research

project investigating the future of work and the design of coopera-

tive technologies for hybrid settings (ReWork Research Project [8, 99]).

While the research interest of the ReWork project is at a larger scale,

this paper focuses on challenges for developing groupware technolo-

gies. To investigate the challenges for developing groupware technolo-

gies today and reassess whether the challenges from three decades

ago still persist, we employed empirical ethnographic research meth-

ods. Ethnographic methods provide insights into work and collabora-

tion [100] and have previously been used to unpack office work [48,

60]. Drawing on current empirical data from two organizations, our

analysis of challenges provides insights into present work conditions,

particularly the hybrid organizational setup faced by most companies.

Hybrid conditions manifest in various formats and constellations [16,

17, 101]. The flexibility and dynamic nature of geographical locations

inherent in hybrid work models contribute to a growing adoption

of computer-supported work practices facilitated by various group-

ware technologies to accomplish tasks. The groupware technologies

employed in our empirical cases comprise amix of systems used before

the pandemic lockdowns, those that were introduced or intensively

utilized during the lockdown to enable distributed team members to

collaborate, and new technologies implemented after the pandemic

to support the continuing partial remote work. This diversity in tech-

nologies and work practices makes these cases particularly interest-

ing for studying the challenges that groupware developers face in

2024, by leveraging empirical data about how groupware is enacted in

workwithin and across separate departments, small project teams, and

organizations.

When initiating the empirical work, we (expectedly) realized

that office work today is impacted by the possibility of remote work,

creating hybrid work arrangements across departments as well as

smaller project teams. Exploring the question of which challenges exist

for groupware developers today, therefore, also forced us to navigate

these challenges ourselves in our methodological considerations. The

fact that work today involves collocated and online interactions, as well

as physical and digital technologies, sets different requirements for

ethnographic methods [58, 102–104]. Cooperation unfolds in different

contexts, at different sites, both collocated anddigitally. Capturing these

elements using ethnographic strategies requires considerations for

how to capture insight on ‘online interaction’ unpacking organizational

members’ perceptions of the successes and failures of groupware tech-

nologies by different individuals or sub-groups in a context-dependent

perspective. Studying hybrid environments can pose challenges similar

to the findings of the challenges existing for designing technology sup-

porting such work conditions [103]. To navigate these, we focused the

ethnography on the office workplace, shifting our focus depending on

different days (digital vs. physical), and incorporated archival data to

recapture aspects of online interactions and cooperativework activities

(e.g., text archives from messaging).

The ethnography was conducted in 2023 to understand how

work unfolds in organizations striving to rebuild a “vibrant office

atmosphere” after the pandemic. Before initiating the ethnography, we

engaged with representatives from the organizations through work-

shops with multiple companies under the theme “The Future of Work”.

Through these interactions, we learned about the companies, their

departments, and some of their challenges with hybrid work. These

insights were critical for initiating the ethnography within the compa-

nies. Being familiar with the organizations beforehand allowed us to

build on existing discussions and concerns while directing our ethno-

graphic work both be relevant for us as researchers as well as the orga-

nizations. Thiswas crucial for providing access to conduct the empirical

work. We studied ethnographically how cooperative groups within the

two organizations arranged their cooperative work, which groupware

technologies they used to support their work, and how different orga-

nizational members perceived the work conditions before, during, and

after the COVID-19 pandemic. Particularly the new hybrid setup was

important for the organizations to understand, thus we explored how

work was performed after the reopening of the offices (for example,

how hybrid configurations influenced work and use of artefacts). We

focused on one department at each of the companies including conver-

sations with departmentmanagers. For each department, we identified

teams, and comparing the managerial perspectives with the everyday

work practices of teams operating under different contexts allowed us

insights into difference characteristics and nuances in the work.

3.1 Empirical cases

The two empirical studieswere conducted in two distinct organizations

operating within different business domains, yet both being mainly

computer-based and therefore less reliant on the physical company

facilities. The organizations differ in the type of work conducted, the

size, (global) team distribution, and degree of coupling, as well as the

need for collaboration across different groups (Table 1). The specific

departments in each of the companies were chosen based on their will-

ingness to be involved, access to data and office buildings concerning

GDPR, as well as the companies’ non-disclosure obligations.

3.1.1 InterFin (Org1): InterFin is an IT company with 1700 employ-

ees designing, implementing, andmaintaining IT infrastructure for the
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Table 1: Empirical cases.

InterFin (Org1) GlobalContent (Org2)

Employees (total in organization) 1700 6600

Employees (department for observation) 20 55

Countries (total in organization) 2 (6 office sites) 30 (200 office sites)

Countries (department for observation) 2 (4 office sites) 1 (1 office site)

Work domain Finance Entertainment

Main groupware applications Office, Jira, Confluence Office, Workplace, SolarWinds

Work model Agile Post agilea

Team sizes 8–10 people 3–12 people

Working across teams Yes Yes

aThe organization previously followed the agile work model but transitioned away from it a month before we started the ethnography.

financial industry. The company operates in two countries, Denmark

and Poland, and has multiple office buildings (five in each of two cities

in each country). InterFin expanded beyond its original presence in

Denmark in 2017 by establishing an office in Poland and later opening

a second office in a new city in Poland. Today, all 1700 employees are

evenly distributed between the two countries. During the pandemic, all

employees worked from home. In Denmark, pandemic-related restric-

tions were in place from March 2020 until the end of January 2022,

when all restrictions were lifted. In Poland, the restrictions were lifted

in March 2022.

The data collection took place in the Winter and Spring of 2023,

initiated with interviews with the department manager, followed by

empirical observations. We studied one department consisting of two

teams in total including approximately 20 employees with a focus on

respectively development and implementation of agilework practices.2

All teams adhere to the agile work model, defining their processes and

use of software tools for collaborative work. Both teamsmaintain close

coupling in their work, conducting team meetings every morning, and

engaged in collaborative activities throughout the day involving the

entire teams or sub-groups within the teams. Moreover, both teams

are interdependent, working across the department and collaborating

with individuals and sub-groups from other departments within the

organization. For example, they regularly meet with team managers

from various departments to educate and coach on how to structure

andmanage in line with the agile work mindset. Although our primary

focus is on work within the department, we also consider the cross-

department nature of the work, including findings from collaboration

with individuals outside this specific department.

The department in focus is situated in one office building in

Denmark and another in Poland, with additional locations being pri-

vate homes. The department as well as the sub-teams, are globally

distributed and therefore never able to be physically collocated at the

company office. Due to geographical constraints, our on-site visit was

limited to the office in Denmark. However, we virtually met with the

workers in Poland and were informed that their office mirrored the

one we visited in Denmark. For subsequent references to the company,

we use the designation ‘Org1’.

2 Agile work methodology is a project-based management approach,

where each project is broken down into separate phases to support a

consistent development phase with aim of improving job satisfaction

and flexible work practices.

3.1.2 GlobalContent (Org2): GlobalContent is a holding company

with a presence in 200 location sites worldwide. As a holding company,

its relationship with subsidiary companies varies. In our data collec-

tion, we focused on four companies that directly provide content to

the parent company and engage with organizational members daily.

Throughout the COVID-19 pandemic, the office experienced a lockdown,

aligning with the same period as InterFin, following regulations set by

the Danish government. Upon the reopening of the offices, teams were

rotated to gradually reintroduce people to the workplace.

The data collection took place in the Summer and Fall of 2023, with

a focus on the IT department, which is located at the headquarters. This

data collectionwas also initiatedwith an interviewwith the responsible

manager for the department, followed by a period of ethnographic

observations. The IT department was chosen because it maintains

close ties with subsidiary companies worldwide, by being responsible

for parts of their IT solutions and infrastructure. The organizational

members are dependent on global cooperation involving various stake-

holders. The department is structured around four sub-areas focusing

on data, security, infrastructure, government, and business partnering,

comprising a total of approximately 55 employees. The cooperative

group activities are structured within the departments, the sub-teams

within the department areas, project teams collaborating across the

sub-areas, and individuals from department and subsidiary compa-

nies. Depending on the work task, the teams sometimes collaborate

with coworkers within the department or with external parties. For

example, the ‘data’ group mainly collaborates within the team, while

the ‘business’ group must visit the subsidiary companies weekly.

All employees associatedwith the IT department are based inDen-

mark and have geographical access to GlobalContent’s office building.

However, work activities may necessitate collaboration with individ-

uals placed in other areas of the organizational structure. The ethno-

graphic work primarily focused on groups within the IT departments,

but due to the nature of the work, we include data from collaboration

across the organization. For subsequent references to the company, we

use the designation ‘Org2’.

3.2 Data collection

The department managers at Org1 and Org2 allowed us to join their

offices and observe their work activities. These activities include coop-

erative work both internally within the individual teams and across

departments, as well as with external stakeholders. We observed both

synchronous and asynchronous work. We quickly realized that most



8 — M. Duckert and P. Bjørn: Grudin’s eight challenges for developers

work activities were planned as meetings, so to observe synchronous

work activities, we participated in different types of meetings between

different groups of people. In this way, we got insights into the current

projects in the companies, who collaborated with whom, and the gen-

eral work goals and activities in the respective departments. Moreover,

we used the meetings to identify specific projects and/or sub-groups

who were willing to let us observe their work in more detail.

To study the asynchronous work, we identified team members

who allowed for observation of their work activities during the day.

This includes their location, which technologies were enacted (includ-

ing the written communication, and use of software tools), and gen-

eral work practices and task goals. The observations were conducted

by the first author who sat next to the employees on different days.

We observed the work practices and asked elaborating questions to

clarify observations on what and why. This was either in the moment

when it was appropriate to interrupt or otherwise noted down and

asked at follow-up interviews later. This approach provided insights

into the work task in focus, which sub-groups the person engaged in,

and which technologies were used for which activities. Additionally,

this approach revealed specific events that could be followed up on

during the following weeks, and therefore get a timely perspective on

the simultaneously synchronous/asynchronous work performed in the

cooperative practices required to accomplish work. When allowed to,

we documented the work events with pictures and screenshots. Other-

wise, all observationswerewritten down in detail in a notebook. Due to

GDPR, we were not allowed to record employees’ voices, and therefore

made sure to write memos and generally document all observations in

written format.

When collecting data, we were aware of the limitations due to

only conducting ethnography at the office when hybrid work also takes

place at other locations. We did not have access to people’s private

homes beyondwhat the participants expressed themselves about these

places during interviews. We focus our analysis on the groupware,

which technologies and applications were in use, how collaboration

unfolds in different groups, andhowgroupware enables and constrains

work. See Table 2 (Data sources).

3.3 Data analysis

To explore challenges for groupware developers, we gathered all col-

lected data, encompassing observation notes, site pictures, company

documents, screenshots, and similar materials. We carefully reviewed

all data to categorize empirical insights, focusing specifically on chal-

lenges in cooperative work and the support of groupware systems.

We identified all technologies in use – hardware and software

– to understand how they supported various work activities. Across

the two organizations, these applications included email, calendar,

intranet, MS Teams, PowerPoint, Word, Excel, Jira, Confluence, Work-

place, SolarWinds, DataDog, CiscoBoard, and FixIt. The physical arte-

facts include phones, laptops, keyboards, additional screen moni-

tors (personal at desks, shared at meetings rooms, and office space),

paper/tablets, pens, headphones, chargers, cameras, speakers, and rel-

evant adapters/cables. Subsequently, wemapped out cooperative activ-

ities observed during the ethnography such as planning, evaluation,

production, coordination, monitoring, documentation, data analysis,

testing, information sharing, knowledge sharing, and ideation.

For the identification of challenges in groupware technologies,

we employed a deductive orientation for the analytical process [105],

considering original phrases of Grudin’s challenges as ourmain themes

[1]. We directly converted the challenges into thematical descriptions

relying on both the descriptive parts of the challenges and the examples

given in the paper [1], as well as exemplifying specific groupware tech-

nologies the challenge was referring to at that time (e.g., email appli-

cation). The analysis was an iterative process, involving continuous

scrutinizing of our empirical data and exploration of theoretical con-

cerns. In the categorization process, we included observation data from

actions, statements during interviews, and information frombothman-

agers and organizational members, considering all information across

all teams andboth organizations. In this analyticalwork,weuse ‘post-it’

notes of relevant empirical observations inspired by affinity diagram-

ing [106]. This included the technologies that we mapped out (physical

and digital), the cooperative activities, the members involved and their

geographical locations, specific events observed during the observa-

tion as well as statements from the organizational members. For our

analysis, we identified empirical scenarios supported by diverse group-

ware technologies in both organizations, encompassing departmental

activities and concerns (e.g., cross-department information sharing)

and smaller team configurations (e.g., project work). These scenarios

represented various cooperative distributions (i.e., collocated, hybrid,

and remote setups). The empirical scenarios include events such as

managers’ decision process on which groupware to implement, appli-

cations used to stay updated on activities in the department (i.e.,

MS Teams and Workplace), and communication/coordination within

project teams (i.e., MS Teams, Excel, Jira).

Through several iterations of analytical discussions, we linked the

challenges in the empirical examples to the thematic descriptions of

the original challenges. First, we selected a specific groupware tech-

nology from the empirical data as an example to analyze the original

Table 2: Data sources.

Empirical cases InterFin (Org1) GlobalContent (Org2)

Interviews/in-situ conversations 10 (5–70 min) 7 (10–90 min)

Observation 55 h 75 h

Meetings 22 28

Teams 2 6

People 70 55

Observation notes and rich descriptions 107 pages 138 pages

Office visit 12 16

Document analysis 2 8

Capturing digital interactions 9 scenarios 7 scenarios

Documenting office layout Pictures Floor plan
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challenges, assessing whether they persist, change, or become irrele-

vant (e.g., file sharing in MS Teams application). In the next analytical

iteration, we focused on specific challenges presented in the original

paper, relating these individually to empirical examples and situating

concrete challenges in various scenarios. Then, we examined diverse

empirical descriptions to identifywhich of thehistorical challenges that

effectively pictured the current implications for groupware developers

thatwere illustrated in our empirical data. Combining different analyti-

cal approaches allowedus to iteratively considerwhich challenges exist

today, how these are different from 30 years ago, and how potential

revision of the original challenge most accurately would represent our

new empirical findings.

Throughout the process, we continually explored whether new

challenges had arisen or if original challenges had become irrele-

vant. For example, while we initially considered if the challenge of

unobtrusive accessibility had been conquered and thus ceased to be a

challenge, we also identified a new challenge of creating boundaries

across artefacts. Through our discussions, we found that proposing

the challenge of unobtrusive accessibility as “conquered” and the chal-

lenge of creating boundaries across artefacts as “emerging” fail to

acknowledge the link between what has been “solved” and what has

been “introduced”. Instead, a revision of the challenges indicates how

the challenges have historically evolved. The challenge of unobtrusive

accessibility has transformed from the challenge of allowing multiple

applications to run in parallel simultaneously allowing actors to easily

shift across applicationswhile working to instead introduce extrawork

of handling multiple artefacts (physical and digital) and their bound-

aries in as ecologies of artefacts (exaggerated accessibility). Moving

back and forth between empirical data and theoretical concerns of

the eight challenges, we iteratively discussed and reframed the chal-

lenges as we identified empirical examples in the data demonstrating

how the challenges emerge today. In our results section, we selected

empirical scenarios exemplifying each of the challenges, outlining how

groupware is perceived today, how the challenges have evolved, and

how these insights can assist developers of groupware systems in the

future.

4 Results

4.1 Disparity in work and benefit

The disparity between work and benefit refers to the poten-

tial misalignment between who benefits from the use of the

technologies and who needs to do the required work for

the technology to work. Examining the empirical observa-

tions from Org1 and Org2 on their use of groupware tech-

nologies supporting their hybrid synchronous meetings, we

identified several examples where the increased work of

making the hybrid technology function relied on specific

people, while others benefitted.Whatwas pertinent in these

empirical observations is how the sub-group of collocated

participants must engage in additional work activities to

accommodate the work of others – namely the individuals

who were geographically distributed from the collocated

sub-group. This additional work took different forms and

shaped activities in certain ways, however, all the work of

accommodating and adjusting the socio-technical setup for

including remote participants in the meeting was left to a

few people. Below we provide a few examples across both

cases.

4.1.1 Teamwork in software tool rollout

The first example concerns a situation where a project team

at Org2 was assigned the task of implementing a new soft-

ware tool into the organization. Part of the implementation

process includes detailed work of aligning multiple tasks

and activities across the participants within the project

team. This work includes creating a long-term plan for the

implementation, developing the educational material based

on information from the external provider of the tool aswell

as getting an understanding of the new features of the tool.

When the project implementation was to be executed, dif-

ferent team members were responsible for various parts of

the project, which required them to continuously align and

coordinate their tasks. Since the teammembers are also new

to the software tool, participants also need to learn about

the tool, while planning the implementation and education.

The project manager of the team is responsible for making

the plan and structure of the team meetings throughout

the project. The project team includes six participants who

are physically located in Denmark working either from the

office or remotely from home. The providers of the soft-

ware tool are located in Britain. The geographical distribu-

tion required all meetings to be organized as hybrid meet-

ings of blended collocated and geographically distributed

members. The hybrid setup shaped the project team’s col-

laboration as well as the conditions of using a collection

of groupware systems including video conferencing tools

and associated digital applications. Below we go into more

detail.

Initiating the software tool implementation project, the

project manager created a kick-offmeeting, where all mem-

bers of the project were introduced to the scope and plan

for the project. The initial meeting only included organiza-

tional members who were all internal to the organization

and the meeting was performed in a hybrid setting with

four collocated team members attending from the office in

Denmark and two team members attending online from

home. The collocated project members conducted the kick-

off meeting in a room six floors from their office, in a space

close to the canteen of the building. This room was large

enough for all project members and available, whereas all

the other rooms closer to their desks were too small and

reserved for others. During the kick-off meeting, different
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challenges occurred, and they experienced several techno-

logical issues delaying the work. The project manager con-

nected his laptop to the shared screen in the meeting room

and another collocated participant joined the MS Teams

meeting together with two other geographically distributed

team members who both worked from home. Sound issues

arose as the project manager connected a cable to their

laptop attaching the speaker in the room. The speaker did

not work. One of the team members went to the office six

floors down to get a new cable, which did not solve the

problem. One of the other team members changed the set-

ting on the screen setup in the room, which provided sound

from the speaker, however, echoing all thatwas said. After 10

minutes of troubleshooting, they gave up, and disconnected

from the speaker and microphone in the meeting room,

to use the laptop’s speakers instead. The project members

introduce themselves, starting with the virtual attendees.

When the physically collocated participants start talking,

new sound issues arise by echoing the sound, making it

impossible for the virtual attendees to hear the collocated

participants. The echo was also interrupting the collocated

sub-group. To solve the issue, the collocated sub-group had

to turn on and off the sound and the speaker several times

during the meeting depending on who (collocated or vir-

tual participants) was talking. When forgetting to do so, the

sound issues interrupting the meetings continued, either by

echoing the sound or preventing playing the sound. This

happened several times during the meeting, preventing the

online participants and collocated group from hearing each

other and delaying themeeting as participants had to repeat

themselves several times confused by who was muted, and

the constant attention to which speaker and microphone to

turn on and off and when. Likewise, there were challenges

in the online setup – the camera in the meeting room was

used. The video feed showed only the end of the table in

the frame, making it impossible for the online attendees to

see the collocated project members when they talked. The

project manager connected to the shared screen to share

his slides, however, during the meeting, they realized that

none of the online attendees were able to see these slides,

as the project manager mirrored his laptop’s screen on the

shared monitor but had not shared the slideshow in the

video conferencing tool. One of the participants should have

attended a newmeeting at the time this meeting ended, but

as he needed to go down six floors, he had to leave before

the meeting ended.

Interestingly, zooming out from the details on the kick-

off meeting for the software tool implementation project,

it is evident that the additional work required to include

geographically distributed team members is no small task

and that all the work is done by the collocated project

members. The collocated teammembers havemuchwork to

do in order to allow for remote participants to join – while

thework remote participants can provide to solve the issues

is limited. Remoteworkers dependupon the collocated team

members to do the work of allowing them to join. They

are ‘passive’ by design since their digital presence relies

upon how collocated teammember adjusts their bodies, the

technologies, and connect the digital and the physical setup.

While you can say that for the hybrid setting to work the

remote participants depend upon the collocated members

to engage in articulation work of the digital setup, while

the remote participants mostly are involved by logging in to

the groupware technology. Remoteworkers need to do extra

work to make sure that they can be heard – for example,

in this scenario see that the remote participants talk for

around 30 s before the collocated team members manage

to turn on and off the right microphones and can inform

the remote participant that they are muted. Because the

camera does not display any of the collocated participants

in the video feed, the remote participant does not know that

he is muted. The remote worker then needs to repeat him-

self. Thus, there is a disparity in work and benefit between

the people doing the required work, and the people being

able to benefit from the work. Based upon the experienced

challenges of the hybrid setup, the project manager after-

ward plans an additional 15 min before all their meetings

to test the technology setup. Due to logistic reasons, the

meeting room was also changed across meetings, thus the

project manager began to bring a speaker, microphone, and

camera for everymeeting as a backup in case the equipment

within the rooms did not work.

Challenge: In our empirical data, the challenge of dis-

parity in work and benefit from groupware use continues

to exist. Concretely we showed the extra work required

for accomplishing the cooperative work is related to the

work of including all individuals into the common field of

work. The project manager is required to do extra work

to include participants from different locations, and the

remote participants need to adapt to technical conditions

produced by the collocated sub-groups and adjust their

actions during breakdowns, like repeating themselves if

required. Furthermore, the project manager stated when

asked about hybrid meetings, that it is “easier to do the

meeting as virtual [only]”. However, remote work with-

out hybrid options also disregards the advantages of the

cooperation of collocation. Leveraging on the physical col-

located combined with remote participation might not be

perceived as beneficial by the project manager as an indi-

vidual; however, a hybrid arrangement does support the
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cooperative work when it is impossible to have everybody

collocated. We therefore suggest reframing the challenge

of disparity in work and the benefit to always depend-

ing on additional work from individuals or sub-groups,

as today the increasingly digitally performed work and

the possibility to work from different locations require

cooperative activities and/or information to include digital

features.

4.2 Critical mass and Prisoner’s dilemma
problems

Critical mass refers to the challenge that for groupware to

be useful, a high percentage of the involved actors must

use the groupware system. In our empirical cases, we found

that the cooperative participants all used the groupware

applications required for them to conduct their work. For

example, organization members in Org1 are present on the

Microsoft Teams application and engaged in different sets

of sub-group classification structures within the groupware

technology. Thus, in our empirical data, we did not identify

specific challenges related to critical mass. Instead, we saw

how the critical mass challenge was related to access to

technologies. For groupware to function, all involved people

must have user access to the groupware platform. There-

fore, in our cases, the challenge of critical mass was not

related to the number of participants refusing to use the

application, but instead, the challenge was in producing

access (as in security access) to the relevant technology. We

will provide an example below.

4.2.1 Mix-up in team scheduling

In Org2, we observed a team tasked with a substantial

project, namely, to replace the fundamental Internet net-

work infrastructure across 26 subsidiary office sites. This

intricate endeavour involves members from various inter-

nal departments, the wider organization, and external con-

sultants. The project encompasses different roles: internally

within the main company is the Network Team, dedicated

to designing the new network infrastructure and ensuring

alignment with the subsidiary sites’ needs. Another internal

team, the Device Team, focuses on managing devices across

different sites. Externally, external consultants are hired

for the technological procedures associated with replac-

ing the network at the sites, as well as ongoing network

maintenance.

The challenge in this empirical example arises from

scheduling network replacement events to avoid disrup-

tions to essential work activities at the local sites, ensuring

all relevant sub-groups are available at the specified time.

External consultants create andupdate the scheduleweekly,

sending it to the Network Team within the internal depart-

ment. However, without specific updates explicitly outlined,

confusion arises within the internal teams. As part of their

coordination responsibilities, the Network Team organizes

various activities based on a larger schedule, including coor-

dination with the internal team responsible for devices.

In preparation for a network replacement event, a joint

meeting is held between a member of the Network Team

and the Device Team to identify devices at the local site that

must be enrolled on the new networks. The meeting is put

into place to identify which devices are in use at the local

site before replacing the Internet within increased security

measures in order to prepare for any devices that require

special attention (e.g., printers, shared tablets) allowing for

a smooth transition.

In this specific example, the network replacement

occurs in Norway, necessitating the company’s physical

presence during the event to test its functionality on differ-

ent devices. Consequently, a team member from the Device

Team organizes a flight trip to Norway, as this team is

responsible for identifying and managing devices. A coor-

dinative complication arises when the two teams during

the meeting realize that the planned trip to Norway does

not align with the day scheduled for replacing the network.

While it is the responsibility of the Device Team to manage

devices, it is the responsibility of the Network Team to test

the network functions ensuring these behave as expected

after replacing the Internet. It is therefore a grey area who

should be physically present at the site inNorway during the

replacement event. The Device Team can identify devices on

the same day as the testing of the devices, and it is therefore

agreed to send only a person from the Device Team from

Denmark to Norway for the network replacement event to

reduce travel.

All the scheduling of the project is done by external

consultants. To share the schedules, they are distributed to

the Network Team by sending “photos” of the schedule. The

absence of direct access to the planning tools and actual

scheduling creates uncertainty in the team. It is unclear

who updates the schedule, when, and where – and this

opaqueness in coordinative processes exacerbates the sit-

uation, as the different sub-groups do not have the same

updated schedule available or are able to monitor changes

to the schedule. The external group of consultants is in

charge of scheduling, while the Network Team is responsi-

ble for coordination across different geographical sites and

sub-teams. This coordination includes securing agreements

with local representatives to turn off the network on the
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designated day of replacement. The complexity of the work

demands intricate coordination across different organiza-

tional groups. Unfortunately, the sub-groups involved in

various tasks lack access to the same tools. The internal

Network Team is without access to the tools used by the

external consultants, potentially leading to misalignments.

In this instance, conflicting information results in different

sub-groups planning the same network replacement activ-

ity on different dates.

Challenge: For groupware to function effectively,

access to the information stored in the groupware system

(in this case scheduling) is critical for all relevant individu-

als, irrespective of their organizational conditions (internal

employees as well as external consultants). Failure to do

so risks the groupware application’s failure and impedes

cooperative work. In the current landscape, most technolo-

gies are designed for collaborative use, and the critical chal-

lenge lies in ensuring that these systems accommodate the

appropriate number of users and individuals. This appro-

priate number is not necessarily the majority of employees

in the organization but includes all individuals relevant

to the common field of work, regardless of their organiza-

tional affiliations. If the relevant individuals involved in the

shared work activities do not have access, there is a risk of

miscommunication and failure in coordination. Thus, based

upon our empirical data on hybrid work, we propose to re-

think the criticalmass challenge frombeing ‘themajority’ of

all employees to being relevant individuals for the common

field of work.

4.3 Disruption of social processes

Disruption of social processes covers the challenge that

groupware can interfere with social dynamics and implicit

information such as social taboos and political structures.

Going through our empirical data, we find examples of col-

located sub-groups who interact directly person-to-person,

circumventing the groupware technology protocols for

interacting digitally to ensure that all participants in the

group have equal access to important information.

4.3.1 Oversight in shared folder structure negotiations

Exploring the complexities of managing social dynamics in

hybrid office environments, we turn our attention to a team

in Org1. This team operates across at least four locations

spanning two countries, engaging in daily collaboration.

They commence each day with a daily meeting to synchro-

nize current tasks and challenges. The team manager is

stationed at the company office in Denmark along with two

team members. Two other team members are geographi-

cally located in two different regional areas in Denmark,

unable to commute to the office, while the remaining team

members are situated in Poland. TheMicrosoft Teams appli-

cation serves as the central hub for their communication

including daily video meetings, direct messaging, updates,

and file sharing. Beyond internal organizational collabora-

tion, the team plays a pivotal role in coaching and educating

other company departments and teams in agile work prac-

tices, sharing teaching materials, and more.

Due to the growing sets of files sharedwithin the group-

ware system, two team members from the Denmark office

requested a restructuring of the folder system from the team

manager on behalf of the entire team. Subsequently, the

team manager restructured the folders and informed the

two teammembers in a team chat, including the three indi-

viduals who had previously discussed the need for restruc-

turing. While this communication continues a conversation

that originated in the office, communicating between mem-

bers of the sub-group from one Danish location, it was only

shared across the team digitally after the fact. Thus, other

members remote to the sub-group who are restructuring

are presented with the result of the conversations, but not

included in the conversation to find the solution. It should

be mentioned that the two collocated team members ini-

tiated the restructuring on behalf of the entire team, but

having a direct conversation with the manager, detached

the rest of the team from the conversation. Since the folders

are shared across the entire team, the restructuring has an

impact on all team members.

This scenario illustrates how collocated sub-groups risk

inadvertently sidelining a broader discussion by circum-

venting the groupware tool for dialogue. The manager’s

exclusive response to the two collocated team members

creates distinct sub-groups within the cooperative team,

impeding seamless information sharing. In hybrid work

configurations, there is a high risk that sub-groups will

emerge due to a lack of collocation. The risk of sub-groups

necessitates cohesive teamwork to counteract potential neg-

ative social dynamics. In our empirical case, Microsoft

Teams serves as a central platform for information and

knowledge sharing, facilitated through shared folders and

a chat forum, however, if only part of the conversation is

displayed digitally the risk of exclusion is high.

Challenge: Cooperative groups consist of different sub-

groups with varying conditions for accessing other individ-

uals or sub-groups engaging in the sharedwork activity, pre-

senting new challenges for violating social processes. While

the groupware MS Teams enables access between different

individuals and sub-groups, the organizational members
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risk violating social processes, if individuals engaged in the

common field of work choose to interact in the (collocated)

sub-groups either by circumventing the groupware technol-

ogy and interacting directly with collocated individuals or

by turning towards (existing or new) sub-groups within the

existing groupware technology.

4.4 Exception handling

The challenge of exception handling refers to the difficulty

of groupware being used differently than expected, espe-

cially when the cooperative work is organized variously

making exception handling critical to solve a given task.

Examining our empirical data, we see that groupware tech-

nology in our cases allows for exception handling by being

designed priori as open-ended, and therefore not stipulating

any specific ways of use. However, the open-ended design

requires that organizational members engage to configure

the groupware technology over time to accommodate for

emergent exception handling.

4.4.1 Teams application used in multiple contexts

Examining the reconfigurations of Microsoft Teams within

Org1 during the COVID-19 pandemic, which physically sep-

arated collaborating teams, sheds light on the challenges

of exception handling. The adjustments aimed to make the

software tool versatile for various work activities, evolving

from its original purpose of primarily facilitating online

meetings to becoming the central hub for all activities dur-

ing the pandemic-induced shift to remote work.

As the agile coaches in Org1, responsible for teaching

work practices to different departments, transitioned their

activities online due to social distancing and work-from-

home arrangements, Microsoft Teams became the platform

for seminars and coaching sessions. This period coincided

with Org1 revising its strategy, expanding activities, and

hiring new employees in Poland. Even as regulations eased

and some employees returned to the office, the workforce

remained evenly distributed betweenDenmark and Poland.

This led to a strategic management decision that all teams

must include members from both countries, which con-

sequently alters work conditions where teams will never

be geographically collocated. Post-pandemic, despite some

employees returning to the office, many activities, including

teaching activities, continued to be conducted online due to

the geographical distribution of team members.

Interestingly, one of the activities, the core agile prac-

tice of PI (Program Increment) planning, was referred to as

crucially requiring individuals to be geographically collo-

cated. PI planning involves the planning of the company’s

goals and objectives for the following time scope. However,

the post-pandemic work conditions did not allow for col-

location among all team members, initiating discussions

within the team on how to adapt to the partial distribu-

tion of teammembers. This included discussions before the

event on possible ways to conduct PI planning and post-

reflections. The team started using virtual digital white-

boards shared in theMicrosoft Teams folder, for example, to

brainstorm personal experiences of the PI planning event.

Recognizing the importance of team and departmental

cohesion, the organization initiates prioritization of social

activities for relationship-building. These social events, mir-

roring the format of planning and evaluation meetings,

were also conducted on Microsoft Teams. Each team mem-

ber attended these activities individually from their per-

sonal workspace. During one such event, they engaged in

a team-building game.

This example showcases how the Microsoft Teams

application, initially used for specific meeting functions,

evolved, and was adapted to multiple cooperative contexts,

becoming integral to various aspects of work, collaboration,

and team building in response to external challenges like

a global pandemic, and the partial distribution of closely

collaborating teams after the pandemic. What is important

and interesting is that we across both Org1 and Org2 saw

several examples where the same groupware system was

used inmultiple differentways and that the design of group-

ware technologies introduced all were fundamentally open-

ended by design allowing for participant to configure and

re-configure their used as needed. In this way, participants

would not experience the need for exception handling – as

in identifying aworkaround to allow for smooth interaction.

Instead, we, in both organizations, witnessed how the open-

ended design of groupware technologies made the partici-

pants reflect iteratively while making it possible for orga-

nizational members to adjust the technologies addressing

emergent situations of potential exception handling before

these became an issue.

Challenge: The dynamic reconfigurations of the MS

Teams application to accommodate diverse work scenarios

are possible due to the open-ended and flexible conceptual

structural design of the groupware technology. Teams as

a groupware application extend beyond routine patterns

of use to encompass various activities like quarterly plan-

ning, goal setting, evaluations, teaching, and social engage-

ments. The adaptability of the groupware proves invaluable

for supporting work in different contexts. The flexibility

demands ongoing adjustments of the groupware based on

reflection and action initiated by organizational members.

The continuous addition of activities to be done using the
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same groupware system necessitates new ways to share

files, link new applications, modify folder structures, and

more. Surprisingly, we found that in both organizations the

need for exceptional handling ‘outside the groupware’ to

accommodate emergent situations did not exist, since the

participants were able to adjust the technology.

4.5 Unobtrusive accessibility

Unobtrusive accessibility refers to the challenge of coop-

erative features to be infrequently used. Examining our

empirical data, we saw that the groupware used in our

cases enables unobtrusive accessibility by including intu-

itive built-in cooperative features. Concretely, the group-

ware technologies used allowed participants to engage in

multiple, parallel, and different types of activities simul-

taneously. The multiple and parallel use however also

creates challenges, since by allowing people to do multi-

tasking, shifting across individual tasks and cooperative

tasks seamlessly creates the challenge of creating bound-

aries for and around activities and technologies. In this way,

the groupware used emerged as exaggerated accessibility

that requires individuals engaging in group work to create

boundaries in technologies in practice.

4.5.1 Re-bounding technologies in practice

Considering the groupware technology used it is evident

across Org1 and Org2 that none of the organizations could

be said to have ‘one type of groupware’. Instead, both orga-

nizations had an infrastructure of artifacts, including phys-

ical technologies like laptops, mobile phones, tablets, note-

books, keyboards, monitors, cables, and wires, and digital

artifacts such as Microsoft Teams, Cisco Webex, Word, Pow-

erPoint, Jira, and Datadog. All these artifacts and devices

were interlinked; for example, it is possible to connect to

Teams on both laptops and cell phones, and participants

can share Word files in Teams folders or share an indi-

vidual screen displaying Datadog in Cisco Webex. All these

interconnections and relations created groupware setup as

an ecology of artifacts enabling exaggerated accessibility

supporting different types of activities, which blurred the

boundaries between artifacts (devices and groupware appli-

cations), necessitating continuous reconfiguration of the

setup.

Let us focus on one organizational member, Sophie, to

illustrate. Sophie, an agile coach at Org1, commutes to the

office three days per week, starting her day by picking up

her physical devices from the locker and setting up her

workstation. Her work setup for the daily catch-up meeting

involves connecting her computer to two monitors, arrang-

ing her keyboard andmouse, and placing her notebook and

pen next to the laptop. The firstmeeting is the daily catch-up

meeting with the team. Sophie facilitates the meeting using

notes on her laptop’s screen, with Microsoft Teams on the

second monitor, occasionally sharing her screen to display

a Jira board scheduling the team’s tasks and using her note-

book for meeting notes. During the meeting, a backchannel

is initiated, where teammembers share textmessages; how-

ever, she refrains from checking it until after the meeting

concludes to maintain focus on facilitating the meeting. The

timestamp in the backchannel assists her in understanding

the context in which the texts were sent during themeeting.

Sophie has meticulously organized both physical devices

and groupware applications to accommodate the needs for

specific work tasks, creating boundaries for the artifactual

setup.

After the meeting, Sophie worked on a task related

to educating managers in agile work practices. Her setup

includes Microsoft Teams on the laptop for immediate

responses, a workboard on one monitor, and an Excel sheet

on the third monitor. When collaborating with an organiza-

tional member (Bent) outside the team, Sophie goes to the

Teams application and makes a Teams call directly to Bent.

Bent and Sophie collaborate using the digital Board, sharing

screens in the video call setup during their synchronous

interaction. Sharing screens is the most essential function-

ality for their work including sharing the digital Board or

other digital content like illustrations. Sophie continuously

adapts her technical setup to support the collaborativework

at hand considering collaborating partners, the content of

the shared task, the digital opportunities as well as what

shall happen after concrete engagement.

As part of agile coaching, Sophie meets with a man-

ager in Microsoft Teams to discuss improving agile work

practices within the team. For this personal coaching meet-

ing, Sophie moves to a small meeting room, disconnects

her laptop, and reconfigures the technical setup for a two-

person meeting. Beyond office meetings, Sophie also works

from home, adapting her technical setup accordingly. For

example, she had a meeting with a colleague from the team

by the end of the day, thus she decided to leave the office

and then have the meeting when she arrived home. In this

situation, she brought her laptop home instead of putting it

back into the locker and then reconnected it to the setup she

had at home.

The flexible work conditions and dynamic contexts

require organizational members to rebound the technolog-

ical setup – both physical and digital devices – to fit the

specific work situation. For example, a manager at Org2
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is taking early morning meetings on the Microsoft Teams

application onhis phone from the car due to a long commute

time.

Challenge: Groupware supporting multiple, parallel

types of use simultaneously is transforming the prior chal-

lenge of unobtrusive accessibility towards a revised chal-

lenge of participants bounding and creating boundaries

around technologies. Instead of the challenge being the pos-

sibility of runningmultiple applications simultaneously, the

challenge emerges as the difficulties of creating boundaries

for the use of artefacts ecologies with an increased risk

for mental overload constantly shifting between multiple

interrelated contexts, artefacts, locations, applications, and

devices simultaneously.

4.6 Difficulty of evaluation

Groupware systems are difficult to evaluate as they are

context-dependent and affected by other actors involved in

the work. The work scenarios in our empirical data exem-

plify this through the malleable team configuration contin-

uously changing the context for the work. Despite engaging

in a common field of work engaging the same individuals,

the flexibility of the geographical locations of the different

team members and the sub-groups, affect the context for

work, making different technologies available to support

the work.

4.6.1 Dynamic team configurations

Our research reveals that the dynamic nature of team com-

positions poses a significant challenge, especially within

evolving group structures. Both Org1 and Org2 grapple

with hybrid distributed teams, each navigating distinct geo-

graphical configurations.While Org1 consistentlymaintains

geographical dispersion, both Org1 and Org2’s organiza-

tional members have the flexibility of accessing shared

office spaces andworking occasionally fromhome, allowing

employees to seamlessly transition between working from

the office and remotely. Org1 holds a free seating policy

while Org2 has permanent seats for the employees in the

organization. Both organizations have open office spaces

requiring employees tomove tomeeting roomswhen engag-

ing inmeetings either digitally orwith collocated colleagues.

Both organizations employ consistent department teams

including the same individuals and project teams that are

formed across departments working on a common field of

work within a time-limited scope.

To illustrate, we draw on the example from the begin-

ning of the Result section, which describes a project

team working in changing contexts. The team engages in

collaborativework, discussing specific steps in transitioning

to a new software tool during internal project meetings

and participating in educational sessions where external

providers present the tool’s capabilities. However, the com-

position of these sessions varies on different days. Dur-

ing some internal project meetings, team members work

from home while others are in the office, each day with

new configurations. The same variability occurs in the case

of educational sessions, where physical presence at the

office differs. The project manager planning these sessions

is unaware of the specific locations of team members for

each session. Consequently, the project manager plans the

sessions uniformly – booking a meeting room, bringing a

camera, and microphone, and connecting his laptop to a

second monitor. However, in some meetings, he is the sole

physical attendee, while in others, the team is fully col-

located, rendering the room size inadequate. Moreover,

the nature of the meetings varies, ranging from 1-h exter-

nal presentation to 10-min internal team discussions. This

example highlights how the practical work context of the

same project team can be entirely different, despite appear-

ing similar in theory.

Challenge:While evaluation of groupware has always

been challenging outside of real-life use cases, this chal-

lenge is further complicated as the cooperative configura-

tion changes from day to day, due to the floating locations of

individuals shaping the perceived usefulness of the group-

ware. The same systems must support work performed in

various surroundings. Difficulties of evaluation refer to that

we cannot simply test groupware within an experimental

setting, since the cooperative engagement is shaped by the

contextual nature of thework – which as the above example

shows constantly changes. Testing groupware technology

cannot be done outside the contextual use. Conducting a

lab study to test if the groupware technology is suitable for

Org2 or Org1 is not feasible because their work is shaped

by the contextual contingencies that change daily (locations,

rooms, content, people etc.). In this way, the dynamic nature

of team compositions and contextual contingencies under-

score the heightened complexity in evaluating groupware

technologies as it was back in 1994, but moreover, we see

how the locations are an added dynamic complexity when

considering hybrid settings.

4.7 Failure of intuition

Failure of intuition refers to the challenge of managers’

decision-making regarding the implementation of cooper-

ative systems. In our data, we see how managers strive

to provide a vibrant and attractive workplace and office
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environment, however, question the quality of managerial

decision-making related to groupware and the organiza-

tional conditions to perform the work.

4.7.1 Cultivating vibrant and attractive office

environment

Our engagementwith Org1 andOrg2 unveiled a shared aspi-

ration to foster vibrant and attractive hybrid offices. Work-

ing with the organizations we had several meetings with

themanagers fromboth organizationswhoopenly acknowl-

edged the challenge of creating a physical workspace

infused with a lively atmosphere – especially after the pan-

demic. The ongoing process of achieving the vision of an

attractive office involves intricate considerations. Org1, in

an attempt to cultivate a vibrant office, has implemented

policies mandating physical presence for a certain number

of days a week, but this effort has not been seamlessly

translated into the desired lively atmosphere. Despite recent

physical renovations of the office space geared towards

supporting various collaborative activities, employees often

find themselves engrossed in online meetings at their lap-

tops with headphones on and the challenge of finding a

location in the office without disturbing others.

In contrast, Org2 adopts a different managerial

approach refraining from enforcing physical attendance.

Instead, the organization aspires to create an inviting,

attractive, and innovative workspace that naturally draws

employees in. However, both the push towards mandatory

presence and the pull towards creating an appealing

environment fall short of realizing their objectives. Notably,

in terms of technology, both organizations have strategically

equipped their offices with an array of groupware and

devices, including laptops, tablets, and monitors at each

desk, shared monitors in meeting rooms, and hubs for

seamless connectivity. Org2 even invested in a Surface Hub

(85′ screen on wheels) that can be moved around the office

floor, for example, to be used for department meetings with

partially hybrid participation. However, during the period

of fieldwork at the office space, this screen was never

in use, and employees also commented that it was not

utilized.

The crux of the challenge lies in selecting a group-

ware portfolio and related devices that can effectively sup-

port the diverse work contexts prevalent in these organi-

zations. Managers at both organizations express eagerness

to implement strategies that cultivate a vibrant atmosphere

and work environment. However, they grapple with decid-

ing on specific actions to take. Cooperative groups within

these entities may operate in fully collocated settings at

times, shift to distributed work in various configurations, or

navigate hybrid arrangements. Each of these work contexts

imposes distinct requirements on the groupware technol-

ogy, emphasizing the intricate balance needed to create a

vibrant and effective hybrid office environment.

Challenge: The manager’s role in determining the

appropriate groupware has evolved.While the historic chal-

lenge revolved around selecting specific groupware tech-

nologies for distinct activities (such as email for communica-

tion), the contemporary landscape presents amore intricate

obstacle. Today’s challenge lies in curating a portfolio of

diverse groupware technologies and devices capable of sup-

porting a spectrum of work activities across different con-

texts. The complexity arises from the varied configurations,

contexts, and purposes for which groupware is expected

to provide support. The critical decision of which group-

ware to incorporate carries the risk of failure if it does

not effectively cater to the diverse needs inherent in the

organization’s multifaceted work environment.

4.8 The adoption process

The adoption process for cooperative systems is challenging

as the value and usefulness of the groupware system are

likely perceived differently by various individuals with a

high risk of failing the implementation. In both our empiri-

cal cases the groupware systems were already in use when

we arrived and thus it is difficult for us to see whether

specific groupware technologies in use had adopting chal-

lenges. However, what we did witness was that any group-

ware application cannot be considered as a single entity.

Instead, groupware technology in organizations today is

always and immediately part of a larger infrastructure, thus

the groupware adoption process is fundamentally about

how new groupware systems extend the existing infrastruc-

ture supporting the work.

4.8.1 Implementation of cross-organizational social

platform

In the intricate landscape of Org2’s organizational structure

of subsidiary companies, with cooperative activities across

different entities, the organization has incorporated the

Workplace3 software application into its extensive ecosys-

tem. Crafted by Meta, Workplace stands as an online plat-

form meticulously designed for fostering company-wide

collaboration. Encompassing a rich array of features such

as instant messaging, pages, and groups, WorkPlace posi-

tions itself as the professional sibling of Facebook. The

3 https://www.workplace.com/.

https://www.workplace.com/
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primary objective of Workplace is to facilitate the sharing

of work-related updates, critical information, IT develop-

ments, and events across diverse departments, subsidiary

companies, and various groups within the organizational

framework.

To encourage transparent communication and infor-

mation exchange, Workplace is to become a shared plat-

form accessible to different subsidiary companies at Org2.

However, the assimilation of Workplace into Org2’s existing

communication landscape encounters a challenge as the

features of the social platformoverlapwith features of exist-

ing groupware used for their work, making the employees

characterize Workplace as “yet another platform.”

Org2 heavily relies on Microsoft Teams as the primary

tool for communication, serving as the cornerstone for shar-

ing updates and information. The introduction of Work-

place is met with skepticism by employees who view it

as an additional layer of complexity. Microsoft Teams, a

frequently used groupware system for employees, already

offers a comprehensive suite of features, including shared

‘walls’ for information exchange, knowledge sharing, file

sharing, direct messaging, and more. Deciding when to use

Workplace instead (or additionally) is challenging due to the

ingraineduse of Teams,which can sometimes cause employ-

ees to forget about the new application. Introducing a

new platform demands extra effort from the organizational

members to post updates and stay informed. However, this

work is not just about doing the work but remembering and

consideringwhen it is relevant to use. Org2 faces the delicate

task of articulating Workplace’s unique value proposition

and relevance, ensuring it does not become an additional

burden for employees already adept at utilizing other

groupware systems (such as Microsoft Teams). The chal-

lenge lies not just in technological integration but in delin-

eatingWorkplace’s distinctive role to avoid redundancy and

ensure seamless integration into the organization’s collabo-

rative tapestry.

Challenge: While Workplace shares similarities with

Teams, including group connections, post sharing, and

direct messaging, the lack of a distinct value in use and

the redundancy of features make it an additional, rather

than an essential, tool. Consequently, the adoption pro-

cess of Workplace necessitates a thoughtful implementa-

tion strategy, clarifying its unique value and relevance com-

pared to the existing Teams platform. The challenge lies

in articulating Workplace’s distinctive role, ensuring that

it does not become an extra burden for employees who

are already adept users of Microsoft Teams. During the

adoption process of groupware applications and technolo-

gies, organizational members must integrate seamlessly

with the existing infrastructure supporting common work

processes. Failure to do so may result in these tools being

perceived as additional tasks and, consequently, over-

looked, or underutilized.

5 Discussion

Groupware technology is not just about designing and

deploying technology into an organization but includes all

the work of crafting socio-technical circumstances ensuring

that the technology enables rather than constrains the work

practices in which the technology is going to be situated.

We sat out to explore whether the eight challenges for

developers identified by Grudin in 1994 [1] were still perti-

nent in terms of creating and organizationally implement-

ing groupware technologies in organizations today three

decades later.We interrogated the challenges by introducing

empirical observations from ethnographic work conducted

in two organizations during 2023. By analytically consider-

ing our empirical data in terms of Grudin’s eight challenges,

we were able to identify patterns across organizations and

challenges, which allowed us to examine the empirical data

in specific ways focusing on the groupware design, use,

and adaption into the organizations. What is interesting

about these cases is that after the pandemic the use of

groupware has been ubiquitous within the organizations.

This means that the way the organizations consider the

fundamental technical infrastructure of the organization

includes access and use of groupware technologies includ-

ing, but not limited to, video-conferencing tools, shared

folders, electronic calendars, and digital messaging systems

(email, slack, etc.). Thus, when we went through the data

to identify empirical observations that allowed us to com-

prehendmore details about the design, use, and adaption of

groupware, we quickly learned how groupware technology

no longer is viewed as a potential add-on application within

an organization. Instead, groupware technology tends to

blend into the background assumptions of organizations

and thus becomes a taken-for-granted infrastructure. Thus,

the work people do to make groupware systems function

is viewed as everyday circumstances of work, and thus

requires an analytical gaze to pick apart for scrutiny. Dur-

ing this analytical scrutiny, it became clear to us that the

original challenges for groupware developerswere grouped

into different overall categories of how groupware systems

functioned.

The categories of the eight challenges are cooperative

challenges, social challenges, and organizational challenges.

Cooperative challenges (no. 4, 5) are related to how the coop-

erative engagement is conducted (in terms of articulation
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work and situated practices) and how well the groupware

technologies support these cooperative practices. Social

challenges (no. 1, 2, 3) are related to the social relations of

the work, and in particular how groupware systems enable

or constrain relationships among each other (including con-

cerns of sub-group dynamics). Organizational challenges

(no. 6, 7, 8) are related to the hierarchy and motivations

embedded into decisions on groupware technology to sup-

port organizational practices. Together these three areas of

challenges produce a set of relevant concerns that continue

to be critical for groupware developers in 2024.

5.1 Cooperative challenges

The cooperative challenges for developers of groupware

technology center the organization of work including pro-

cedures and protocols for work as well as the informal

structures of the work organization. Work procedures and

protocols are important for the design of groupware sys-

tems since these entail what people do, when andwhere [43,

56, 84]. Groupware systems embedded into organizations

create the boundaries for which activities organizational

members can do, and thus also bear the risk of constrain-

ing crucial activities of cooperative actors if these are not

considered [54]. Cooperative work is always immediately

socially organized [35], which means that the way partici-

pants interact and engage in the common field of work pro-

duces certain needs for groupware support. Different from

single-user technology, Groupware cannot be understood

outside the collective activities,making the design of generic

groupware vulnerable, since the risk of producing a system

that is completely aligned with an organizational practice

is difficult [66, 82]. Organizational practices can be slippery,

flexible, malleable, and unpredictable. The way people plan

activities is rarely completely alignedwith theway the activ-

ities actually are acted out in real-life practices [73, 74]. In

practice when people act, they simply do what is neces-

sary to accomplish the task, and often this is different from

the actual prescribed practices [65, 80]. Paraphrasing Lucy

Suchman, plans are only resources for practice, and situated

practices are what actually takes place [61–63]. This is not to

say that protocols and scripted activities are never followed

and are unimportant [59] – they clearly are important and

critical procedures following protocol (e.g., air traffic con-

trol). Instead, what CSCW researchers say is that the open-

endedness,malleability, and reconfigurability of groupware

systems are critical for success since groupware systems

require organizational members to have the opportunity to

change, revise, and realign the organizational procedures

embedded into the design [83]. Without such opportunities,

the participants would need to create workarounds (often

in parallel systems) in order to accommodate the exception

handling that often (close to always) is embedded in any

kind of cooperative task [58].

Surprisingly, we did not detect the challenge of excep-

tion handling in the ways the two organizations enacted

their groupware systems. Instead, our empirical data illus-

trated how the enacted groupware systems were open-

ended in use, and how the organizational members were

able to use the technologies across contexts and activities.

We were very surprised to experience two cases, where the

challenge of exception handling did not appear. Any litera-

ture review or summaries of empirical cases published in

CSCWwill demonstrate a wide range of exception-handling

problems [77, 81]. Reflecting analytically upon this surprise,

we discovered that the list of groupware systems that we

have explored in the empirical caseswere all fundamentally

open-ended in nature as well as re-configurable – and thus

the success of these concrete systems within the two organi-

zations is very much due to that the technologies used, have

in the very design of the groupware, including users’ ability

to revise, re-structure, and re-organize content, folders, and

structures. Further, we found examples where participants

discussed and re-negotiated the conceptual structure of the

groupware systems as part of their cooperative engagement.

This is not to say that developers of groupware technolo-

gies now have solved the issue of exception handling; there

are still multiple cases of for example workflow systems

documenting the challenges arising when systems are not

reconfigurable [74], and constraining important organiza-

tional practices, for example, in healthcare [57]. Instead, our

argument here is that designing for exception handling in

groupware systems continues to be crucially important to

enable rather than constrain organizational practices, and

our cases demonstrate how such designs can be success-

ful. Further, our empirical cases suggest that organizational

members have developed ways and practices that include

configuration and reconfiguration of groupware technol-

ogy as evidently important recurrent practices relevant to

groupware technology use.

In our two empirical cases, the organizationalmembers

expected the groupware systems to blend into the back-

ground and thus to some extent support seamless coopera-

tion in hybridwork arrangements. The seamless interaction

took the form of organizational members taking for granted

that they could work at various locations since the group-

ware systems allow them to access files and documents,

as well as people and activities. The hybrid workplace

‘fantasy’ grew out of the ‘work-from-home-emergency’ dur-

ing the pandemic, and thus organizational members knew

from experience that working from different locations is
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possible. However, as we also document in the empirical

data, the hybrid organization of work is severely more

difficult than the complete geographical distribution of all

participants. Further, our empirical cases demonstrate how

access to groupware is not about ‘one groupware system’,

but instead about a wide infrastructure of multiple par-

allel groupware applications that are interlinked across

applications and digital devices. Organizational members

move across organizational-, geographical-, application-,

and device-contexts, thus, the current challenge on acces-

sibility is not about allowing for unobtrusive accessibility

[1], instead, the current challenge arises asmental, organiza-

tional, and technical overload, which risk stressing the indi-

vidual [50]. Rather than focusing on designing groupware

systems that allow for unobtrusive accessibility, the chal-

lenge for groupware developers is to find ways to reduce

the mental load of navigating across contexts, applications,

and devices.

Challenge 4: Emergent exception handling: For

groupware flexibility to facilitate a wide range of activities

(e.g., exception handling and improvisation) requires par-

ticipants to reconfigure the groupware over time to accom-

modate emergent use reducing exception handling.

Challenge 5: Exaggerated accessibility: Groupware

supporting multiple, parallel, and different usages of appli-

cations and devices simultaneously, requires participants in

creating boundaries in technologies in practice.

5.2 Social challenges

When people cooperate, they are simultaneously engaged

in social activities and relationships. How people engage

socially includes considerations of motivational drivers and

different forms of hierarchy. How cooperative work is orga-

nized socially matters for how people cooperate, and thus

is also critical for the designers of groupware systems to

ensure that technology enables rather than constrains the

social organization of work. In our empirical cases, the

social organization of work is shaped by the hybrid work

organization [16], and this organizational structure shapes

the cooperative work, and thus also the requirement for

groupware technology in important ways. Re-thinking the

social challenges for groupware developers, a core chal-

lenge for hybrid organizations is that organizational mem-

bers are immediately and always in transition between

locations [15]. This ‘space between’ is difficult to navigate

[27] and the efforts of addressing relations work between

artefacts, locations, and people increase in complicity in

hybrid settings [47, 48]. This means that hybrid social orga-

nizations always are at risk of creating sub-groups. Sub-

groups are not necessarily problematic, however, if the

sub-groups align with the physical locations, there is a risk

of faultlines [60].

Faultlines increase the risk of disrupting social pro-

cesses, which often is related to hierarchy and motivation

within the work. However, interestingly we found that the

risk of disrupting social processes also arises when organi-

zational members circumvent the technology. If an organi-

zational member chooses to interact directly with another

member engaged in thework, they create sub-groupswithin

the team, consequently risking misalignment and faultlines

[60]. Problematic sub-groups can jeopardize the creation

of trust and commitment, which ultimately can lead to a

‘them/us’ binary [49, 51]. Organizational members work-

ing in different contexts are thus at risk of developing

problematic relationships acrossmembers. Simultaneously,

we found that for the hybrid interaction to function, it is

required that cooperative actors are ready to collaborate

[36], since without collaboration readiness the extra effort

required to bridge across contexts risks being neglected

[39]. Our empirical observations demonstrated that indi-

viduals working remotely in hybrid contexts are depen-

dent upon the extra work of collocated members in mak-

ing sure to include them remotely in the conversations.

However, this additional articulation work required does

not necessarily benefit the collocated members, especially

in situations where organizational or geopolitical concerns

make the dependencies asymmetric [37, 38, 44]. The chal-

lenges related to the disparity between work and bene-

fit [1] thus remain today in 2024, however, this adds to

existing complexities. The social organizational challenge

in hybrid workplaces introduced concerns about the extra

work required to execute and conduct hybrid meetings for

the people who are collocated in the same room. The collo-

cated sub-group must create a setup that supports both the

collaboration with the physically present individuals and

the individuals participating remotely, without this extra

work benefiting themselves directly.

The social organization of work supported by group-

ware also requires that there is a critical mass of users to

make the technology useful. Numbers of users are impor-

tant for success with groupware technology, however in our

empirical observations the challenge was not merely about

the number of users but instead included an important

extra concern. Namely, the groupware system needs to give

the ‘appropriate users’ access to the system. We observed

the importance of the relevant members engaged in the

common field of work having access to the groupware.

When organizations have complex organizational setups,

such as multiple sub-companies, multiple different consul-

tancy organizations involved, or engage in outsourcing or



20 — M. Duckert and P. Bjørn: Grudin’s eight challenges for developers

offshoring [45, 87], then the risk of people requiring access

to certain systems but not having access to these systems

increases. Access to technology and applications risks being

constrained due to security concerns or simply misunder-

standings; however, being excluded from important tech-

nologies jeopardizes both the organization, the team, and

the individual. In one of our cases, external members had

key areas of responsibility in the team, however, due to the

limited access to internal resources, they did not have access

to groupware applications and systems.

We acknowledge that our empirical cases both focused

on hybrid cooperative work, and we are aware that not

all types of organizational work are structured in a hybrid

setting. Thus, we cannot assert that the social challenges

we identified necessarily apply in the same way to organi-

zational structures outside hybrid. However, the challenges

of cost/benefit, critical mass, and disruption of social pro-

cesses exist in hybrid contexts (with some additional twists).

And we speculate that social challenges for developers of

groupware technologies still exist in various other contexts,

potentially with the ‘hybrid twists’. We did observe that the

empirical exampleswere not only linked to the hybrid setup

but to the organizational structures (complex subsidiary

structures etc.). The use of groupware and the related chal-

lenges, therefore, arise not only from the location of the

organizationalmembers but also from the individual’s orga-

nizational association. For example, a flexible seating pol-

icy produces the constraints of organizational members to

always think about and put together the technological setup

each time they enter the office space, which is not the case

if organizational members always are seated in the same

place.Weobserved that organizationalmembers sometimes

refer to the groupware technology when collaborating with

other organizational members even when being physically

present at the office, due to the efficiency of accessing

the digital application independent of where cooperative

members are located on the current day. This is a com-

plex and interesting challenge for developers of group-

ware – also taking into account the hardware and devices

available.

Challenge 1: Disparity in work and benefit: Group-

ware always depends on additional work from individuals

and/or sub-groups to support the cooperative work, which

is not necessarily perceived as beneficial by the individual

doing the work.

Challenge 2: Critical mass and Prisoner’s dilemma

problems: Groupware must be accessible for and in some

sense used by all individuals relevant to or being part of the

common field of work.

Challenge 3: Disruptions of social processes: Sub-

group dynamics risk violating negotiated social processes,

if participants circumvent the groupware technology and

instead interact directly with specific actors while neglect-

ing others.

5.3 Organizational challenges

The final set of challenges for groupware developers is

the organizational structures for which the groupware

application is situated. These challenges concern decision-

makers’ choices and processes of investing in groupware,

implementing groupware systems into the organization,

and finally being able to assess and evaluate whether

these groupware systems are supporting the organization

in important ways. Groupware technology is known to be

considerably more difficult to implement in an organiza-

tion because it requires convincingmultiple stakeholders at

multiple levels in the organization [1, 85].

Our empirical data observations focused on work prac-

tices and the use of groupware, and we did not follow deci-

sion makers’ process of selecting and implementing group-

ware technologies. However, our interviews and conversa-

tions with managers, as well as empirical study of orga-

nizational members did provide insights into the consid-

erations for which technologies the organization chooses

to invest in, and how the cooperative workers engaged in

activities of adopting groupware into their work practices.

Implementing groupware will always create reduced pro-

ductivity for a while, and if successful hopefully reach a

higher productivity after a while of use [93]. When new

technologies are implemented, it takes time for the organi-

zation to fully comprehend and learn how the technology

can assist organizational members in supporting their work

[94], and often success with new technology relies upon

the concrete moment where the technology presents itself

as a new relevant opportunity [91]. In our empirical cases,

the ‘windows of opportunity’ which was present before

our entrance into the field was the pandemic, where orga-

nizational members and organizational decision-makers

were presented with the constrain of going to the office

thus the opportunities of groupware entering the organiza-

tions presented a way to solve this challenge. Investing in

technologies allowing employees towork remotelywas thus

implemented and adapted into the organizational struc-

tures since 2020 – andnow several years later have emerged

as everyday technologies within the organization. The tech-

nology has been adopted into the work practices. However,

as the pandemic ended, and organizational members could

return to the office, it became clear that managers’ vision

of groupware technology and work practices did not align
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with how the organizational members acted. Managers

continue to struggle to get employees back into the office

and thus confirm previous empirical observations [6, 10,

18]. Our empirical data demonstrated the risk of managers

selecting groupware technology that potentially can support

their vision about work, while the organizational workers

choose to adopt the groupware technology to support the

way they want to work (in this case independently of being

at the office). Interestingly, the concrete groupware system

implemented in both cases allowed for both managers’ and

employees’ different visions, since the open-ended design

could accommodate diverse ways of working. Thus, the

groupware system did not constrain the different percep-

tions of use, and the conflicting agenda was visible in order

ways than the lack of use which prior work suggests [46].

Thus, managers’ failure of intuition is not so much related

to the actual purchase groupware system, but rather to their

ability to imagine use.

Increased challenges of predicting the use of group-

ware technology in situated organizational practice are

introduced with hybrid work since work in this setting

is conducted in dynamic contexts where the location of

the individual members changes on different days, weeks,

and times. The dynamic reconfiguration of the work setup

across days challenges both the technical infrastructure and

the asymmetries arising due to connecting distributed sub-

groups [88]. Predicting the organizational use of groupware

technology in hybrid organizational work is thus very diffi-

cult (maybe even impossible), and only after an appropriate

time after the implementation would it be possible to evalu-

ate whether the technology features are appropriate for the

situated practices [63]. Our empirical data hint that the use

of groupware in the hybrid setting caused organizational

members to not take advantage of the physical spaceswithin

the office during work (invested in during a larger renova-

tion of the office building) nor take advantage of the tech-

nological artefacts (large screens and video-equipment etc.)

invested in to support collocation in hybrid events, since

the effort of connecting the infrastructure of the groupware

system to the larger infrastructure of buildings and devices

were not viewed as beneficial in comparison with the extra

effort of articulation work [43] and relation work [47, 48].

It is an organizational challenge for decision-makers to

provide a portfolio of groupware technologies and infras-

tructures available for organizational workers that support

cooperative work conducted in various and dynamic con-

texts, from different locations, and that which the organi-

zational workers simultaneously adopt in the ways that are

successful for the cooperative work.

Challenge 6: Difficulty of evaluation: Groupware

is difficult to evaluate outside real-life use practices,

compounded by flexible work conditions creating insur-

mountable obstacles for meaningful, generalizable analysis

of evaluation of groupware use.

Challenge 7: Failure of intuition:Manager’s intuition,

for selecting the specific portfolio of groupware applications

to be implemented in an organization, risks failing, if man-

agers are not aware nor in alignmentwith employees’ needs

for groupware support in relation to different cooperative

organizational setups (collocated, hybrid, distributed).

Challenge 8: The adoption process: Groupware

requires careful implementation to meaningfully extend

the existing infrastructure supporting the common field of

work.

6 Conclusions

We revisited Grudin’s Eight Challenges for Groupware

Developers, published three decades ago, to explore chal-

lenges for developing cooperative work technologies across

the past, present, and future. Applying the challenges from

1994 to empirical examples of cooperative work in 2023, we

reframed these challenges to reflect contemporary issues

in designing groupware technologies supporting work in

the future. Analyzing empirical data from two organiza-

tions practicing hybrid office work, we identify how group-

ware enables and constrains cooperative work in order to

investigate associated challenges. Examining cooperative

teams, the utilization of groupwarewithin teams and across

organizations, and the various ways in which groupware

technologies are employed, we analyze the challenges that

arise. Today, groupware is seamlessly integrated into an

organization, becoming an essential part of dailywork prac-

tices. Grounded in the challenges from 1994, we refined

the original phrasings to reflect current work practices

(Table 3).

We categorized the challenges into cooperative chal-

lenges, reflecting exceptionhandling andaccessibility (no. 4,

5), social challenges encompassing disparity in cost/benefit,

critical mass, and social processes (no. 1, 2, 3), and orga-

nizational challenges including evaluation, intuition, and

adoption (no. 6, 7, 8). We find that the social and orga-

nizational challenges face additional complexities related

to factors such as sub-groups’ locations and organizational

association, malleable group configurations, and dynamic

contexts, yet themain arguments concerning the challenges

from 1994 remain consistent. Differently, our empirical

data revealed insights into the cooperative challenges being

revised in light of the open-ended design of contemporary
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Table 3: Eight challenges for developers of groupware technology in 2024.

1 Disparity in work and benefit. Groupware always depends on additional work from individuals and/or sub-groups to support the

cooperative work, which is not necessarily perceived as beneficial by the individual doing the work

2 Critical mass and Prisoner’s dilemma problems. Groupware must be accessible for and in some sense used by all individuals relevant to

or being part of the common field of work

3 Disruption of social processes. Sub-group dynamics risk violating negotiated social processes, if participants circumvent the groupware

technology and instead interact directly with specific actors while neglecting others

4 Emergent exception handling. For groupware flexibility to facilitate a wide range of activities (e.g., exception handling and improvisation)

requires participants to reconfigure the groupware over time to accommodate emergent use reducing exception handling

5 Exaggerated accessibility. Groupware supporting multiple, parallel, and different usages of applications and devices simultaneously,

requires participants in creating boundaries in technologies in practice

6 Difficulty of evaluation. Groupware is difficult to evaluate outside real-life use practices, compounded by flexible work conditions creating

insurmountable obstacles for meaningful, generalizable analysis of evaluation of groupware use

7 Failure of intuition.Manager’s intuition, for selecting the specific portfolio of groupware applications to be implemented in an

organization, risks failing, if managers are not aware nor in alignment with employees’ needs for groupware support in relation to different

cooperative organizational setups (collocated, hybrid, distributed)

8 The adoption process. Groupware requires careful implementation to meaningfully extend the existing infrastructure supporting the

common field of work

groupware, as well as the immediate accessibility and inter-

connectedness in the portfolio of groupware applications.

In the future, developers of groupware technologies are

hereof challenged by the ways in which social relations are

enabled or constrained by the technology, the motivations

for embedding groupware into the organization, and how

cooperative engagements with groupware require contin-

uous reconfiguration and rebounding of technologies in

practice.
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ABSTRACT 
e long-term distributed work conditions during the COVID-19 pandemic normalized distance in teams 
that previously collaborated in a shared office seing. e continuing options for working remotely provide 
flexibility for employees to alternate between home and office locations, making distance a dynamic 
condition in contemporary work, with daily changes in team configurations. We explore how this dynamic 
distance maers to individuals’ work experience. Building on the Distance Framework, which addresses 
factors for collaboration across distance, we introduce two new factors: collaboration effort and collaboration 
technology effort, reflecting the complexities of working in dynamic work environments. rough a survey 
(N=664) of employees from various companies, we investigate the interrelations between the six 
collaboration factors of our Extended Distance Framework, job satisfaction, and external factors of team 
distribution, organizational policies, and personal location preferences. We show that the Extended Distance 
Framework predicts 24% of the variation in job satisfaction. ere is an equal distribution between 
respondents preferring to work from the office or from home. However, working from the office requires 
high collaboration effort with low technology readiness, highlighting the relevance of exploring how offices 
can support dynamically distributed teams while still providing employees the option of working from 
different locations.  

KEYWORDS: distance, dynamics, team collaboration, employee experiences 

1. Introduction  
Organizational teams today rely on digital information systems to collaborate across distances (Chudoba et 
al., 2005; Gibson & Cohen, 2003; Martins et al., 2004; G. M. Olson & Olson, 2000). e forced remote work 
from home during the COVID-19 pandemic introduced distributed collaboration in teams that earlier had 
been collocated at a shared office (Ciolfi et al., 2020; Flex Index, 2024; Waizenegger et al., 2020). is shi 
accelerated the digitalization of work practices, enabling teams to manage and produce their work using 
online tools (Hacker et al., 2020; Madsen et al., 2020). Aer the pandemic lockdown, some employees 
continued to prefer remote work, prompting research into the contemporary challenges in combining remote 
and traditional office seings, leading to hybrid work models (Schoch et al., 2023; Zamani et al., 2024). Hybrid 
work is characterized by including both collocated and remote participants and encompasses the 
complexities of distributed work while introducing unique challenges to the collocated interaction (Duckert 
et al., 2023). For example, hybrid collaboration requires technology support to connect geographically 
dispersed sub-groups (Cramton & Hinds, 2004; Mark et al., 2003), which dynamically change over time, 
complicating the simultaneous integration of digital collaboration and collocated interaction (Duckert et al., 
2023). In organizations that allow occasional remote work, hybrid teams emerge, with employees altering 
between working at the office or from home (de Souza Santos & Ralph, 2022; Smite et al., 2023). Consequently, 
teams with access to a shared office for collaboration do not necessarily utilize this option but work in 
constantly changing configurations across multiple office and home spaces (Duckert & Bjørn, 2025).  

To present factors important for success in distributed work, Olson and Olson (2000) introduced the Distance 
Framework, emphasizing the need for high common ground, low coupling of work, high collaboration 
readiness, and high collaboration technology readiness (G. M. Olson & Olson, 2000). e post-pandemic 
normalization of employees working from varying locations makes distance a dynamic condition since all 



collaboration must be conducted in hybrid, malleable team configurations that change on a day-by-day basis. 
Based on the Distance Framework, we explore how dynamic distance maers to individuals’ work experiences 
in contemporary cooperative teams. Applying the Distance Framework allows us to build on research that, 
with more than 3000 citations,1 is broadly recognized for presenting core aspects of collaboration across 
distance. We extend prior work updating (Bjørn et al., 2014; J. S. Olson & Olson, 2014) and quantifying 
(Caldeira et al., 2022) the framework to address contemporary challenges of dynamics in both cooperative 
seings and technologies (Bødker & Klokmose, 2012). Our revision introduces two new factors – 
collaboration effort and collaboration technology effort – reflecting the work required for collaborating in 
dynamically distributed teams. With the two new factors, we use our Extended Distance Framework to 
investigate employees’ work experiences within cooperative teams across different organizations with 
varying approaches to managing post-pandemic work conditions. 

Different from the original Distance Framework’s focus on success in distributed work, we apply it to 
investigate individual work experiences. Contemporary work conditions have increased confidence in the 
use of cooperative technologies for varying work activities (Caldeira et al., 2022); for example, seen in the 
distributed work during the pandemic did not significantly impact productivity (Smite et al., 2021; Williams 
& Shaw, 2024). Instead, employees value the flexibility of choosing their own work location (Sako, 2021; 
Smite, Moe, Klotins, et al., 2022), leaving offices empty as employees never returned to fully onsite work aer 
the pandemic lockdown (Appel-Meulenbroek et al., 2022; Smite, Moe, Tkalich, et al., 2022). Consequently, 
some organizations experience challenges in managing hybrid work environments that balance remote work 
and office presence. Providing remote and hybrid work options has become a competitive parameter for 
aracting employees (Winkler et al., 2022), highlighting its importance in individuals’ experiences of 
contemporary work environments.   

To study the relations between dynamic distance and individuals’ work experiences, we conducted a survey 
to investigate the interrelations between the six collaboration factors of our Extended Distance Framework, 
job satisfaction (Macdonald & Maclntyre, 1997), and external factors of team distribution, organization 
policies, and personal location preferences. With 664 respondents from different organizations, we found 
that the Extended Distance Framework predicts 24% of the variation in job satisfaction. Dynamic distance in 
contemporary work environments impacts not only the geographical team distribution but also affects the 
office’s ability to support collaboration, as well as employees’ personal location preferences. With an equal 
distribution between respondents who prefer to work from the office and work remotely, we suggest the 
relevance of exploring ways to support dynamically distributed teams’ collaboration at the office while still 
providing hybrid options.  

2. Extended Distance Framework  
e study is based on the Distance Framework, which outlines four socio-technical conditions to capture 
the complexities of working together across distance (G. M. Olson & Olson, 2000).  e concept of distance 
is widely discussed, with explorations of proximity itself  (e.g., Bradner & Mark, 2002; Kiesler & Cummings, 
2002), as well as collaboration challenges of global team distributions across time zones and organizational 
cultures (e.g., Chudoba et al., 2005; Fang et al., 2022). e forced work-from-home during the pandemic 
lockdown reshaped the notion of distance by normalizing geographical separation in previously collocated 
teams (Smite et al., 2023). e post-pandemic combination of on-site office work and remote options requires 
collaboration across hybrid team arrangements where team members’ locations change throughout the week 
(de Souza Santos & Ralph, 2022; Zamani et al., 2024). is mobility of each individual employee makes 
distance dynamic, as teams with hybrid options are inconsistently distributed due to variations in who is 
collocated at the office and who is working remotely.  

 
1 e citation count is based on Google Scholar.  



Dynamic distance can increase the effort required for collaboration, as being in the office does not necessarily 
improve access to team members. For example, additional work is needed to compensate for asymmetric 
opportunities for cooperation (Busboom & Boulus-Rødje, 2024) and to navigate the unpredictability of hybrid 
configurations (Duckert & Bjørn, 2025). e experience and extra work required can vary depending on the 
location of the individual employee (Breideband et al., 2023; Waizenegger et al., 2020). For example, the effort 
required by remote participants working alone at home differs from that required by collocated groups at 
the office, which must create a technology setup that includes remote participants in a shared hybrid 
collaboration (Bjørn et al., 2024). erefore, we add the concept of effort to our exploration of collaboration 
across dynamic distances. Distinguishing effort from readiness, as presented by Olsen and Olsen (2000), is 
relevant for understanding individuals’ motivation to use technologies despite the increased effort required. 
In this way, we extend the Distance Framework’s four factors – common ground, coupling of work, collocated 
readiness, and collocated technology readiness – with two new factors: collaboration effort and collaboration 
technology effort. 

2.1 Common ground  
Common ground describes different individuals’ shared information and understanding of what they have in 
common (Clark & Brennan, 1991). Creating shared information requires individuals to communicate and 
interact with one another to make themselves understood and follow the perspectives and reasoning of their 
collaborators. Achieving common ground is challenged in geographically distributed work when individuals 
do not share the same meaning context (G. M. Olson & Olson, 2000). Shared understanding is necessary for 
coordination and awareness and should be facilitated by technology in distributed contexts (Dourish & Bly, 
1992; Gutwin et al., 2004; Venolia et al., 2010). To create a shared meaning context, virtual team members 
must negotiate norms and work practices at both local and organizational levels to create a shared work 
language (Bjørn & Ngwenyama, 2009). Further, there is a high risk of breakdowns in communication among 
geographically dispersed sub-groups due to the lack of collocation (Bradner & Mark, 2002; Cramton & Hinds, 
2004). In contemporary work environments with dynamic distance, establishing and maintaining common 
ground remains a complex challenge due to asymmetric conditions (Bjørn et al., 2024; Duckert et al., 2023). 
Common ground is important for the success of cooperative work in varying team activities and 
configurations and is therefore continually relevant to explore. 

2.2 Coupling of work 
Coupling of work refers to the degree of communication necessary for achieving common ground and solving 
the task at hand (G. M. Olson & Olson, 2000). Cooperative work inherently involves coupling through mutual 
dependencies among individuals engaged in a shared field of work (Ciolfi et al., 2023; Schmidt & Bannon, 
1992). e degree of coupling varies, with some tasks requiring tight coupling with frequent and detailed 
communication, while others may involve loose coupling with less frequent interaction among the people 
involved in the work. Olson and Olson (2000) argued that loosely coupled work is easier to solve across 
geographical distances as it has fewer mutual dependencies, allowing one person to work on the task at a 
time, consequently requiring fewer interactions. In contrast, a later revision of this argument suggests that 
tightly coupled work will force participants to engage in frequent interaction (due to task dependencies) and 
consequentially facilitate virtual team members’ engagement in investing time and effort into their remote 
team members (Bjørn et al., 2014). e inherent presence of distance in dynamically distributed teams 
requires work to be conducted in malleable configurations, whether it is determined by tight or loose 
dependencies. erefore, organizational management of contemporary teams involves structuring work 
environments that consider the changing locations of employees in varying work activities (J. S. Olson & 
Olson, 2014; Wiatr & Skowron-Mielnik, 2023). 



2.3 Collaboration readiness  
Collaboration readiness describes the participants’ motivation to engage in cooperative and shared work 
activity. In distributed work, readiness for collaboration is needed to make the cooperative work function 
(G. M. Olson & Olson, 2000). Collaboration readiness is impacted by the socio-emotional experiences of 
employees. For example, it maers whether individual employees experience autonomy in decision-making 
about how their work is organized (Cousins et al., 2007). Collaboration readiness is not necessarily the same 
across different individuals and subgroups (Bjørn et al., 2014), for example, in situations where collaboration 
across distance is about moving work from onsite to offshore, employees working onsite would be less likely 
to engage positively with the remote workers who are taking over their work. With distance as dynamic, 
the experienced collaboration readiness can vary depending on the individual’s location at a specific time. 
For example, an employee’s collaboration readiness may be high or low depending on whether one is 
collocated with their team at the office or working remotely from home. Being a remote participant can 
increase the feeling of being excluded from the team, potentially impacting the readiness for engaging in 
collaboration (Bjørn et al., 2024). Collaboration readiness is an important factor to explore in dynamically 
distributed teams because it impacts the outcome of the collaboration. 

2.4 Collaboration technology readiness 
Collaboration technology readiness reflects the motivation to use technology to support collaboration across 
geographical distances, including video conferencing tools and shared editing tools (G. M. Olson & Olson, 
2000). e digitalization of work and confidence in technology use has increased since the original Distance 
Framework was published. In 2014 (Bjørn et al., 2014), collaboration technology readiness included concerns 
for organizational management of technology and technology stability rather than solely the willingness of 
individuals to engage and learn new technologies. With increased exposure to digitalized work practices, 
employees become increasingly confident in using technologies for various activities (Martins et al., 2004). 
Many companies (especially within office work) that began to work remotely from home during the COVID-
19 pandemic experienced a steep increase in employees’ confidence in using new technologies (Caldeira et 
al., 2022), which continued aer the pandemic lockdown. Contemporary challenges in the use of 
collaboration technology relate to the continuous reconfiguration of the technology setup, which can impact 
employees motivation to add new technologies to their existing technology portfolio (Bjørn et al., 2024; 
Duckert & Bjørn, 2024). Exploring collaboration technology readiness is thus about people’s perception of 
the usefulness and motivation to use existing and new collaboration technology as part of their everyday 
work practices.  

2.5 Collaboration effort 
Collaboration across dynamic distances can increase the effort required from employees due to the 
unpredictability of the team members’ locations (Wiatr & Skowron-Mielnik, 2023). Furthermore, hybrid 
work scenarios involve not only geographical distance in teams but also collocated distance within the 
shared geographical context (Duckert et al., 2023). is means employees must navigate team collaboration 
and potential misalignments both across distances and within the collocated group located at the same office 
site. e work required to make others aware of activities and actions varies depending on the location of 
both the individual and the team members involved in the shared field of work (Dey & de Guzman, 2006; 
Gutwin et al., 2004; Hirata et al., 2008). Contemporary teams can, therefore, oen not handle their work 
through everyday social interactions but require mechanisms of interactions to coordinate, increasing the 
articulation work required to solve various tasks (Schmidt and Bannon 1992). Collaboration effort is an 
important factor in dynamic work environments; if the effort is too high, people may not engage in the 
collocated subgroup at the office but solely rely on the convenience of the digital tools for collaboration as a 
strategy to manage the unpredictability of the dynamic team distributions (Duckert & Bjørn, 2025). 



2.6 Collaboration technology effort 
Distributed collaboration is enabled by various physical and digital technologies, which dynamically evolve 
over time as varying technologies support different activities (Bødker & Klokmose, 2012). Dynamic distances 
require cooperative technologies to be accessible from different locations, supporting continuous 
reconfigurations of the team arrangements, which can increase the required collaboration technology effort 
(Duckert & Bjørn, 2024; Fang et al., 2022). Several movable and digital technologies enable work, such as 
laptops providing access to a complex digital workspace. However, online digital work can challenge the 
utilization of the office (Sheikh et al., 2019), as aligning digital practices with the physical opportunities in 
the space is difficult (Duckert & Bjørn, 2025; Griva et al., 2024). For example, the whiteboard at the office is 
not accessible to remote team members and will be detached from the digital workspace unless additional 
work efforts are made. Collaboration technology effort is all the work required to make the collaboration 
technology function across the dynamics in cooperative teams and technology support (Bjørn et al., 2024). 
When exploring how dynamic distance maers, considering collaboration technology effort is essential for 
exploring when the extra effort for engaging in the dynamically distributed teams is perceived as relevant.  

2.7 From success to satisfaction 
e accelerated digitalization and increased confidence in collaborative technologies enabled work during 
the pandemic without significantly impacting productivity but affected collaborative and emotional 
experiences (Caldeira et al., 2022; Madsen et al., 2020; Smite et al., 2021). is shi from productivity to 
individual work experiences is evident in organizational explorations of how to manage contemporary work 
environments that support the preferences of both employees and companies (Cousins et al., 2007). e 
flexibility of working remotely and hybrid has shown to be important for employees’ work experience. 
However, providing employees with the flexibility to choose their own work locations risks offices remaining 
empty in organizations where employees prefer remote work (Appel-Meulenbroek et al., 2022; Smite, Moe, 
Tkalich, et al., 2022). is leads some companies to enforce physical presence to protect innovation and 
engagement (Appel-Meulenbroek et al., 2022; Yang et al., 2022). However, such policies risk employees 
leaving the company if the management does not align with personal preferences – a phenomenon called 
‘the great resignation’ (Cook, 2021; Sull et al., 2022). For example, soware developers in Bangalore moved 
to their villages and families and resisted returning to a daily commute in heavy traffic (Bjørn et al., 2019; 
Mahiesen & Bjørn, 2016). Research on remote and hybrid work’s impact on work experiences reveals mixed 
results. Flexibility in work locations can support work-life balance and increase job satisfaction (Orešković 
et al., 2024), but remote work also risks emotional experiences such as loneliness (Taser et al., 2022). 
Moreover, the technology effort required for efficient collaboration across dynamic distances can cause job 
stress and potentially reduce job satisfaction (Martin et al., 2022). Considering these varying insights into 
job satisfaction, we explore how dynamic distance maers to individuals’ work experiences to understand 
the contemporary challenges of working within dynamically distributed teams, organizational policies, and 
personal location preferences.  

3. Method 
To investigate how dynamic distance maers to the individual’s work experience, we conducted a survey 
exploring cooperative practices and experiences within organizational teams. e survey was based on the 
six factors in the Extended Distance Framework, supplemented with items to measure job satisfaction and 
five external variables. e survey was distributed in multiple companies in the summer and fall of 2024.  

3.1 Respondents and procedure 
e survey was distributed using various strategies to reach a wide range of respondents. We identified five 
companies that were interested in distributing the survey internally. We negotiated the strategy for 
distributing the survey with each company individually. A contact person was appointed in each company, 



responsible for distributing an email to a defined group of employees with the survey link and sending a 
reminder one week later. Additionally, the survey was distributed on LinkedIn. e surveyed group varied 
in each company because of their size and domain, see Table 1. For example, two of the organizations 
distributed the survey across the entire organization (Org 1 and Org 4a), whereas Org 4 further distributed 
the survey to their customer base (Org 4b). e respondents were not compensated for their participation in 
the study. 

Table 1. Survey distribution 

Organization Distribution scope Surveyed Respondents (N) Response rate (%) 

Org 1 Global 4431 231 5.21 
Org 2 Department 67 11 16.42 
Org 3 National 243 29 11.93 
Org 4a National 300 30 10.00 
Org 4b Customer Base 14800 349 2.36 
Org 5 Collaborative Network 40 1 2.50 
LinkedIn Professional Network  - 13 - 
SUM  19881 664 3.34 

 

 Regarding research ethics, we followed established practices for informed consent, anonymity, and the 
ethical conduct of research (Atkinson & Delamont, 2010; Brinkmann & Kvale, 2017). Specifically, we ensured 
the anonymity of the participants by not collecting any personal data that would enable us to identify the 
respondents. We also informed the participants about the purpose of the study and their right to withdraw 
from the survey at any time without consequences. We note that the authors’ research institutions do not 
have a mandatory Institutional Review Board (IRB) for studies. Table 2 gives the respondent profile.  

Table 2. Respondent profile, N = 664 respondents 

Classification N % 

Region of residence   

Africa 4 1 
Asia 59 9 
Australasia 2 0 
Europe 573 86 
North America 17 3 
South America 9 1 

Years in company   

0 – 1.9 221 33 
2 – 4.9 208 31 
5 – 9.9 122 18 
10 – 19.9 75 11 
20 – 39.9 38 6 

Year of most recent graduation   

1970 – 1999 151 23 
2000 – 2009 164 25 
2010 – 2019 214 32 
2020 – 2029 114 17 
Unspecified 21 3 

Gender   

Female 304 46 



Male 337 51 
Non-binary 1 0 
Gender not listed 2 0 
Prefer not to answer 20 3 

 

3.2 Survey instrument 
In addition to demographic questions for describing the respondent profile, the survey instrument contained 
28 items for measuring the six collaboration factors, 10 items for measuring job satisfaction, and 5 items for 
measuring external variables. 

e items for measuring the six collaboration factors were developed by the authors following the guidelines 
provided by DeVellis (2017). First, we generated a pool of items by browsing the transcripts of a set of 
interviews about contemporary work and by consulting the literature about the Distance Framework (Bjørn 
et al., 2014; Caldeira et al., 2022; G. M. Olson & Olson, 2000). Further, we referred to Schmidt and Bannon’s 
(1992) mechanism of interactions and Davis’s (1989) TAM model to capture the effort required in 
collaboration and for technology use. e items were refined through multiple rounds of discussion, external 
feedback, and rework. is process continued until the wording of the items began to stabilize. Second, we 
had the items reviewed by six research colleagues, all experts in cooperative work. We asked them to group 
the items into categories and to comment on the items and the categories. is review revealed several 
ambiguities, which we then addressed in the next rounds of revision. ird, we went through additional 
discussion rounds to remove ambiguities and finalize the items. Table 3 shows the resulting 28 items for 
measuring the six collaboration factors.  

Job satisfaction was measured using the generic job satisfaction scale developed by Macdonald and 
MacIntyre (1997). Its ten items constituted a pre-validated, one-factor measure of job satisfaction.  

To investigate how external variables affected the six collaboration factors, we devised items for tapping five 
such variables: participant distribution, improved access from the office, organizational policies, local 
arrangements, and office preference. Each of these variables was measured with a single item, see Table 4. 

All items had five response options: strongly disagree (1), disagree (2), neutral (3), agree (4), and strongly 
agree (5). In the survey instrument, the order of the items was randomized for each participant. e survey 
was created in SurveyXact, and the collected data were exported for analysis in SPSS version 28.0.1.0. 

 

Table 3. Items for measuring collaboration effort (CE), collaboration technology effort (CTE), collaboration 
technology readiness (CTR), collaboration readiness (CR), coupling of work (CW), and common ground (CG) 

Item Item wording 

CE1 All collaboration with my teams requires planning and scheduling. 

CE2 * In my teams, we cannot organize our collaboration exclusively through everyday emergent social 
interactions (e.g., unplanned face-to-face, phone, or email interactions). 

CE3 To collaborate with my colleagues, I must constantly align my work with theirs. 

CE4 In my teams, we spend considerable time keeping each other informed about what we are doing. 

CE5 To be productive in my teams, I spend considerable time keeping abreast of what my colleagues 
are doing. 

CTE1 R Overall, the digital technologies and devices that support my teams’ work are easy to use. 

CTE2 R It is easy to get the digital technologies and devices that support my teams’ work to do what I 
want them to. 

CTE3 Interacting with the digital technologies and devices that support my teams’ work is often 
frustrating. 



CTE4 It requires a lot of mental effort to use the digital technologies and devices that support my teams’ 
work. 

CTE5 It takes a lot of effort to become skillful in using the digital technologies and devices that support 
my teams’ work. 

CTR1 The digital technologies and devices that support my teams’ work assist me in critical aspects of 
my work. 

CTR2 Using the digital technologies and devices that support my teams’ work improves my job 
performance. 

CTR3 Using the digital technologies and devices that support my teams’ work allows me to accomplish 
more work than would otherwise be possible. 

CTR4 Overall, the digital technologies and devices that support my teams’ work are useful in my job. 

CR1 I like to work collaboratively with my colleagues. 

CR2 * As a team, my colleagues and I have the competencies necessary to get our work done. 

CR3 I make an effort to foster a positive collaborative environment.  

CR4 I make myself available for answering questions from my colleagues. 

CR5 * As a team, my colleagues and I are productive in professional collaboration.  

CW1 My teams’ work involves coordinating sequential tasks. 

CW2 My teams’ work requires coordinating tasks that are concurrent and interdependent. 

CW3 My teams’ work depends on integrating tasks assigned to different (groups of) people in our 
team. 

CW4 * My teams’ work depends on collaboration among team members at different locations. 

CG1 R I often find it difficult to follow my colleagues’ views and reasoning when collaborating. 

CG2 R It is often difficult to make myself understood by my colleagues when collaborating. 

CG3 It is straightforward to plan and distribute tasks with my colleagues in our teamwork. 

CG4 It is straightforward to sort out misunderstandings between me and my colleagues. 

CG5 When collaborating with my colleagues, I rarely need to explain myself to be understood. 

Note: * Dropped in the final factor model, see Section 4.1. R Reverse scored. 

 

Table 4. External variables 

Item Item wording 

Q1 On a daily basis, I work in teams whose participants are at different locations 

Q2 When I am at the company office, I have improved access to all relevant colleagues with whom 
I work. 

Q3 My company has organizational policies regulating work conditions, such as rules for office 
presence (e.g., at least three days a week) and office design (e.g., hot desking). 

Q4 In my teams, we have made local agreements about how to structure our collaborative work. 

Q5 I have a general preference for working at the office.  

 



4. Results 
We received 664 complete responses to the survey. With 28 + 10 + 5 = 43 items in the survey instrument, 
this corresponded to a very good 15:1 respondent-to-item ratio (DeVellis, 2017). Table 2Table 3 gives the 
respondent profile. Table 3 and Table 4 give the wording of the survey items developed for this study. 

4.1 Factor model 
We first tested whether the data for measuring the six collaboration factors were suitable for structure 
detection. Bartlet’s test of sphericity indicated factorability; that is, there were significant relations among 
the items, χ2(378, N = 664) = 5759.65, p < 0.001. In addition, the Kaiser-Meier-Olkin (KMO) measure of 
sampling adequacy was 0.888, indicating excellent sampling adequacy. antile-quantile plots of the data 
indicated that they were nonnormal. erefore, we used principal axis factoring (i.e., common factors) for 
the factor extraction. is choice followed the best practice recommended by Costello and Osborne (2005). 
To allow for correlations among the factors, we chose the oblique rotation method Direct Oblimin. Factor 
correlations are common in social science data (Costello & Osborne, 2005; DeVellis, 2017). In our data, the 
factor correlations ranged from 0.064 to 0.399. 

e “elbow” of the Scree plot suggested four to six factors, which all had eigenvalues above one and, thus, 
contained more information than the average item (DeVellis, 2017). We proceeded with six factors because 
that was consistent with our theoretical assumptions. Two items (CE2, CW4) had factor loadings below 0.30 
and two items (CE2, CR5) had cross-loadings above their factor loading. To arrive at a clean factor structure, 
we dropped these four items and reran the factor analysis. Table 5 shows the factor loadings for the 
remaining 24 items. All factor loadings were above the minimum of 0.32 recommended by Costello and 
Osborne (2005), and all but one were above the threshold of 0.40 recommended by Stevens (2009). Only a 
single item had a cross-loading above 0.30. All factors had three or more items, as recommended by Costello 
and Osborne (2005). e total variance explained by the six factors was 59%.  

 



Table 5. Factor loadings for the 24 retained items, N = 664 respondents 

Item 1 2 3 4 5 6 

CTE1 -0.564   -0.329   
CTE2 -0.551      
CTE3 -0.679      
CTE4 -0.638      
CTE5 -0.660      
CW1  0.595     
CW2  0.641     
CW3  0.579     
CG1   0.485    
CG2   0.594    
CG3   0.433    
CG4   0.551    
CG5   0.537    
CTR1    0.650   
CTR2    0.771   
CTR3    0.657   
CTR4    0.603   
CE1     0.346  
CE3     0.487  
CE4     0.530  
CE5     0.524  
CR1      -0.653 
CR3      -0.578 
CR4      -0.474 

Note: Loadings below 0.30 are not shown. Extraction method: principal axis factoring. Rotation method: 
direct oblimin. 

 

4.2 Model reliability and validity 
Table 6 summarizes the reliability and validity of the factor model. With respect to internal consistency, 
Cronbach’s alpha was above the widely used threshold of 0.70 for three factors. For the three other factors, 
it was below 0.70 but still above the minimum acceptable threshold of 0.60 (DeVellis, 2017). Composite 
reliability should preferably be above 0.60 (Bagozzi & Yi, 1988). It was slightly below for two of the factors, 
thereby indicating issues with internal consistency. With respect to convergent validity, the average variance 
extracted (AVE) was below the recommended 0.50 (Bagozzi & Yi, 1988) for all six factors, indicating that the 
factors captured less than 50% of the variance in the items. Discriminant validity was satisfactory because 
maximum shared variance was lower than AVE for all factors and because the square root of AVE for each 
factor was higher than its correlations with the other factors. at is, the six factors were sufficiently 
unrelated to one another to be considered separate constructs. On this basis, we proceeded with the factor 
model, but we acknowledge that it is somewhat fragile. 

 



Table 6. Factor reliability and validity, N = 664 respondents 

Factor Mean of 
items 

SD Cronbach α CR AVE MSV 

Collaboration technology effort 2.332 1.008 0.805 0.757 0.385 0.156 
Coupling of work 3.646 0.880 0.670 0.634 0.367 0.159 
Common ground 3.686 0.894 0.735 0.650 0.274 0.127 
Collaboration technology readiness 4.026 0.828 0.797 0.767 0.453 0.156 
Collaboration effort 3.011 1.046 0.668 0.536 0.228 0.117 
Collaboration readiness 4.261 0.720 0.611 0.591 0.328 0.159 

Note: SD = standard deviation, CR = composite reliability, AVE = average variance extracted, MSV = 
maximum shared variance 

 

4.3 Model relevance 
To test the relevance of the factor model, we assessed its ability to predict job satisfaction. With a Cronbach 
alpha of 0.858, the job-satisfaction scale had good internal consistency. All its ten items loaded on a single 
factor with loadings between 0.436 and 0.835. e factor scores for the six collaboration factors and the job-
satisfaction factor were computed using Bartle’s approach (DiStefano et al., 2009). 

Linear regression with the six collaboration factors as predictors produced a significant model, F(6, 657) = 
26.53, p < 0.001. e model explained 24% of the variation in job satisfaction, indicating that its factors 
captured aspects important to the respondents’ work experience. e regression coefficients showed that 
common ground was the strongest predictor of job satisfaction, followed by collaboration readiness and 
collaboration technology readiness, see Table 7. 

 

Table 7. Coefficients in regression model for predicting job satisfaction, N = 664 respondents 

Factor Regression coefficient 95% confidence interval 

 (unstandardized) Lower bound Upper bound 

Collaboration technology effort 0.010 -0.055 0.075 
Coupling of work -0.024 -0.083 0.035 
Common ground 0.259 0.199 0.318 
Collaboration technology readiness 0.147 0.081 0.212 
Collaboration effort 0.071 0.015 0.128 
Collaboration readiness -0.175 -0.231 -0.118 

 

4.4 Effect of participant distribution 
Table 8 shows the effect of the external variables on the six collaboration factors and job satisfaction. For 
each of the five variables, we compared the respondents who agreed or strongly agreed with those who 
disagreed or strongly disagreed. e neutral responses were le out. 

e first variable (Q1) was about working on a daily basis, in teams whose participants were at different 
locations. For this variable, there were significant differences between agreeers (N = 503) and disagreeers (N 
= 88) for collaboration technology readiness, collaboration readiness, collaboration effort, and coupling of 
work, F(1, 589) = 27.66, 9.27, 5.75, and 4.73, respectively (all p < 0.05). Collaboration technology readiness 
was 0.594 standard deviations higher for agreeers than disagreeers, suggesting that distribution practices 
were aligned with readiness for using technology to collaborate. However, the significantly lower 



collaboration readiness for agreeers indicated that respondents who on a daily basis worked in teams with 
distributed participants were less inclined to work collaboratively. In addition, collaboration effort and 
coupling of work were also significantly higher for agreeers. at is, working with distributed participants 
involved extra effort and occurred in spite of high coupling. ere was no significant effect of participant 
distribution on collaboration technology effort, common ground, and job satisfaction, F(1, 589) = 2.07, 0.34, 
and 0.12, respectively (all p > 0.15). 

 

Table 8. Effect of the five external variables on the six collaboration factors and job satisfaction. e table 
shows the difference in factor mean (expressed in standard-deviation units) between respondents agreeing 
and disagreeing on the external variables. 

Factor Participant 
distribution (Q1) 

Improved access 
from office (Q2) 

Organizational 
policies (Q3) 

Local 
agreements (Q4) 

Office 
preference (Q5) 

CTE  0.166  -0.363 *** 0.128  -0.033  -0.353 *** 

CW 0.250 * 0.169  0.105  0.142  0.161   

CG 0.068  0.166  0.197 * 0.550 *** -0.297 *** 

CTR 0.594 *** -0.186 * 0.197 * 0.325 ** -0.497 *** 

CE 0.276 * 0.470 *** 0.262 ** 0.349 ** 0.383 *** 

CR -0.349 * -0.159  -0.086  -0.182  -0.300 *** 

JS 0.040  0.481 *** 0.293 ** 0.662 *** 0.264 ** 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001 (F-test). CTE = collaboration technology effort, CW = coupling of 
work, CG = common ground, CTR = collaboration technology readiness, CE = collaboration effort, CR = 
collaboration readiness, JS = job satisfaction 

 

4.5 Effect of improved access from office 
Regarding improved access to colleagues when working from the company office, there were significant 
differences between agreeers (N = 320) and disagreeers (N = 170) for collaboration technology effort, 
collaboration technology readiness, collaboration effort, and job satisfaction, F(1, 488) = 15.05, 3.87, 25.75, 
and 27.11, respectively (all p < 0.05). Collaboration technology effort was significantly lower for respondents 
with improved access to their colleagues when working from the company office, possibly suggesting that 
they oen chose to benefit from the improved access by working from the company office. However, 
collaboration technology readiness was lower for these respondents and collaboration effort was higher. 
at is, the improved access to colleagues when working from the company office might be important for 
these respondents’ ability to cope with the issues introduced by distributed and hybrid work. e agreeers 
also had 0.481 standard deviations higher job satisfaction, suggesting that the superior technological setup 
at the company office was appreciated and coincided with other positive job features. ere was no 
significant difference between agreeers and disagreeers for coupling of work, collaboration readiness, and 
common ground, F(1, 488) = 3.18, 2.83, and 3.07, respectively (all p > 0.05). 

4.6 Effect of organizational policies 
Regarding organizational policies for regulating work conditions, such as rules for office presence or hot 
desking, there were significant differences between agreeers (N = 399) and disagreeers (N = 139) for common 
ground, collaboration technology readiness, collaboration effort, and job satisfaction, F(1, 536) = 4.01, 4.03, 
7.18, and 8.96, respectively (all p < 0.05). ese four factors were all higher when organizational policies were 
present, suggesting that the policies had a positive impact on collaboration and satisfaction but also that 
working under them made collaboration more effortful. ere was no significant effect of organizational 



policies on collaboration technology effort, coupling of work, and collaboration readiness, F(1, 536) = 1.68, 
1.13, and 0.77, respectively (all p > 0.15). 

4.7 Effect of local agreements 
Regarding local, team-specific agreements about how to structure the collaborative work, there were 
significant differences between agreeers (N = 395) and disagreeers (N = 106) for common ground, 
collaboration technology readiness, collaboration effort, and job satisfaction, F(1, 499) = 26.54, 8.96, 10.36, 
and 39.48, respectively (all p < 0.01). ese four factors were the same as those affected by organizational 
policies. However, local agreements led to larger differences than organizational policies for all four factors 
(Table 8). For example, common ground was 0.550 standard deviations higher in the presence of local 
agreements, compared to 0.197 standard deviations higher in the presence of organizational policies. ere 
was no significant effect of local agreements on collaboration technology effort, coupling of work, and 
collaboration readiness, F(1, 499) = 0.09, 1.69, and 2.78, respectively (all p > 0.05). 

4.8 Effect of office preference 
Regarding general preference for working at the office, there were significant differences between agreeers 
(N = 239) and disagreeers (N = 259) for collaboration technology readiness, collaboration technology effort, 
collaboration effort, collaboration readiness, common ground, and job satisfaction, F(1, 496) = 32.60, 15.98, 
18.94, 11.45, 11.22, and 8.78, respectively (all p < 0.01). Collaboration technology readiness and collaboration 
technology effort were both significantly lower for respondents with an office preference, suggesting that 
the preference was partly about leaving it to others to provide a functional technological setup for supporting 
distributed and hybrid work. However, collaboration effort was higher for respondents with an office 
preference, and both collaboration readiness and common ground were lower. at is, the preference 
possibly also indicated that it was experienced as challenging to collaborate in teams where other 
participants worked from locations external to the company office. Finally, respondents with an office 
preference were more satisfied with their job, suggesting that working at the company office had qualities 
important to job satisfaction and that these qualities suffered in out-of-office seings. ere was no 
significant effect of office preference on coupling of work, F(1, 496) = 3.23, p = 0.07. 

5. Discussion  
is study investigated how distance maers in contemporary work, with dynamic conditions in both 
cooperative team setups and technology support. We extended the Distance Framework (G. M. Olson & 
Olson, 2000) and identified collaboration effort and collaboration technology effort as important factors for 
organizational teams working across dynamic distributions. Further, we showed that the factors of our 
Extended Distance Framework predict individuals’ work experience, including that the model explains 24% 
of the variation in job satisfaction. is demonstrates that the Distance Framework is not only relevant for 
success in cooperative work (G. M. Olson & Olson, 2000) but also significantly affects individuals’ work 
experience. Here, we discuss how the six collaboration factors relate to job satisfaction and the external 
factors of team distribution, organizational policies, and personal location preferences.  

To measure the impact of our first category of external factors, team distribution, we analyzed the effect of 
participant distribution and whether offices provide improved access to colleagues. Our data showed that 
respondents who engaged in distributed teams experienced higher collaboration effort and higher 
collaboration technology readiness but lower collaboration readiness. Empirical studies on post-pandemic work 
environments have found remote options leading to unpredictable team configurations, which increase the 
effort required to collaborate (Duckert & Bjørn, 2025), which can add complexities in creating mutual 
awareness across all the multiple locations where team members are potentially placed (Dourish & Bly, 1992). 
When our data show that respondents engaging in teams with distributed participants relates to lower 
collaboration readiness, it is possibly associated with the increased effort required. Interestingly, we find that 
these respondents experience higher coupling of work. Coupling of work describes the degree of mutual 



interdependency in work and, therefore, suggests that respondents in distributed teams engage in tightly 
coupled work with a high degree of interdependence. is finding differs from the study by Caldeira et al. 
(2022), who found no effect on the coupling of work in the distributed scenario during the pandemic. Further, 
it misaligns with Olsen and Olsen’s (G. M. Olson & Olson, 2000) argument that work across distance requires 
low coupling of work.  at the respondents who are involved in teams with distributed participation 
experience higher collaboration technology readiness can indicate that these employees engage in the extra 
effort needed when the work depends on it, which is similar to the findings by Bjørn et al. (2014). erefore, 
our findings suggest that without interdependency in work, people do not prioritize the effort necessary for 
collaboration but instead decouple from each other.  

Additionally, the data show that improved access at the office correlates with lower collaboration technology 
effort and collaboration technology readiness but with a higher collaboration effort. ere can be different 
potential reasons for these results. Respondents experiencing improved access to colleagues at the office 
might engage in spontaneous face-to-face activities, increasing the collaboration effort as they engage in 
cooperative activities without requiring scheduling or technology. Collocated work can oen be supported 
by already established technologies in which the workers are confident, such as PowerPoint, whereas 
distributed work requires technology support for all articulation work related to the cooperative task 
(Lamovšek et al., 2024). Another potential reason can be that dynamically distributed teams are not 
necessarily located at the office at the same time. In such scenarios, the office can support improved access 
if all relevant colleagues are situated in the office, yet remote and hybrid options allow relevant team 
members to be located outside the office, leading to higher collaboration effort (de Souza Santos & Ralph, 
2022). Even in such cases, collaboration technology readiness and effort can be low if the individual employee 
chooses not to establish the technology setups required for hybrid engagement or if other employees, such 
as facility management, are responsible for doing this work. Differently, when a person is a remote worker, 
all collaboration with colleagues must be facilitated by technology, and they are the sole responsible for 
making this setup function (Ciolfi et al., 2020).  

Our second category of external factors, organizational management, shows that respondents at 
organizations with policies regulating employees’ locations experience higher common ground, higher 
collaboration technology readiness, and higher collaboration effort. Collaboration always introduces 
articulation work, which is justified by the necessity of collaboration because the work cannot be done by 
one person alone (Schmidt & Bannon, 1992). When our findings show that having organizational policies 
correlates with higher collaboration effort, it does not necessarily mean that it is problematic; for example, 
our data show that collaboration effort does not negatively correspond with job satisfaction. Introducing 
collaborative technologies into an organization does not create ‘instant collaboration’ (Orlikowski, 1992); 
instead, collaboration emerges. Our findings indicate that regulating team members’ locations coincides with 
a higher level of collaboration, thus requiring more effort from the individual employee because navigating 
organizational policies is not necessarily straightforward. While our study is limited to showing the 
correlations among the factors, we speculate that alignment between the nature of the work and 
organizational policies is important for collaboration and technology readiness. Other researchers have 
found that performance expectancy, effort expectancy, and organizational support are key factors 
influencing technology use (Brown et al., 2010). erefore, high collaboration effort can also indicate 
misalignment between individual preferences and enforced policies, and implementing policies that align 
with work practices might decrease collaboration effort while still promoting common ground.  

Our third category of external factors, personal location preference, measures the effect of the individual’s 
preference for working from the office. Our data showed that respondents who preferred to work from the 
office experienced higher collaboration effort, lower collaboration technology effort, and lower collaboration 
technology readiness. ese findings are similar to those for respondents who had improved access to 
colleagues at the office, indicating that preference to work at the office and improved access to colleagues 



align with lower use of technology due to increased challenges in making collocated collaboration function. 
However, unlike the effect of improved access at the office, common ground was lower for respondents who 
preferred to work from the office. Potential reasons for this can be that a personal preference for working 
from the office is not necessarily linked to improved access to colleagues, and therefore, collaboration 
challenges can arise from relevant team members being away from the office (Bjørn et al., 2024; Breideband 
et al., 2023).  

Our study shows that collaboration effort differs significantly for all five external factors. In contrast, 
collaboration technology effort differs significantly for only office access support and personal office 
preference, both of which had a negative effect. ese findings conflict with other research, which shows 
that technology use in dynamically distributed teams requires continuous reconfiguration (Duckert & Bjørn, 
2024; Fang et al., 2022), assumedly increasing the collaboration technology effort. Potential reasons can be 
found in the effect of collaboration technology readiness, which is positively associated with team 
distribution, organizational policies, and job satisfaction. If users perceive technology as useful, it positively 
impacts their acceptance of it (Davis, 1989); the high motivation to use technologies, therefore, potentially 
positively affects the experienced effort or makes the effort worth the extra work. However, both 
collaboration technology effort and readiness are lower for respondents experiencing improved access from 
the office and personal office preference, suggesting that the office is potentially utilized to decrease both 
the need and effort of technology interaction.  

Distance in contemporary cooperative work has become increasingly common, also evident from the 
majority of our respondents working in teams with distributed participants. Different from previous 
explorations into distributed teams, such as (Mark et al., 2003; G. M. Olson & Olson, 2000) with a focus on 
collaboration across geographically distributed sites, contemporary work practices also involve bridging 
collocated distances at the office due to individuals’ continuous movement between multiple home and office 
locations (Duckert et al., 2023; Duckert & Bjørn, 2025). Our findings support this by suggesting that dynamic 
distances impact not only the geographical distribution within a team but also the role of the office. e two 
external factors questioning if the office supports access to relevancies and personal office preference have 
a significant impact on collaboration effort, technology effort, and job satisfaction, highlighting the relevance 
of office environments in contemporary work. While being in teams with distributed participants also affects 
collaboration efforts, its impact is less pronounced and has no correlation with job satisfaction.  

Moreover, our study revealed an approximately equal distribution between respondents preferring to work 
in or outside the office. Although respondents preferring to work outside the office experience higher 
collaboration technology effort, they also experience lower collaboration effort, higher common ground, 
higher collaboration technology readiness, and higher collaboration readiness. erefore, employees who 
prefer working outside the office experience the positive impact of location flexibility, while the employees 
at the office must navigate the increased collaboration effort. Together, the external factors explore different 
perspectives on distance as a dynamic condition in contemporary work environments. In this way, dynamic 
distance in contemporary teams impacts not only the hybrid and distributed work within a team but also 
significantly impacts the role of the office in the collaboration. is highlights the relevance of further 
exploring ways in which offices can support team collaboration across dynamic distances.  

6. Conclusion 
is study investigated how distance maers for individuals’ work experience in contemporary cooperative 
teams. e post-pandemic continuing preferences for remote work normalize distributed collaboration in 
teams that have access to a shared office for collocated interaction. Employees’ flexibility to choose which 
location they want to work from creates dynamic distance in contemporary cooperative work due to these 
daily changes in team confirmations. We built on the Distance Framework to explore individuals’ work 
experiences of collaborating across dynamic distances. Adopting this framework allowed us to extend 



recognized research presenting common ground, coupling of work, collaboration readiness, and 
collaboration technology readiness, to be important for distributed work. Our revision of the framework 
introduced two new factors - collaboration effort and collaboration technology effort – representing the 
increased work required for collaboration across the dynamics of team distribution and technology use. 
Based on our Extended Distance Framework, we conducted a survey and found that the collaboration factors 
of the framework predicted 24% of the variation in job satisfaction. Additionally, we identified external 
factors that explore distance in contemporary work beyond proximity in cooperative teams. e first 
category, team distribution, covers both collaboration in teams with distributed participants and the 
experience of improved access to relevant colleagues from the office. e second category, organizational 
policies, addresses the management of employees’ location. e third category examines individuals’ 
personal preferences for working in or outside the office.  

e study showed that distance in team distributions affects collaboration readiness, effort, and technology 
readiness. However, distance in contemporary work environments also impacts employees’ access to their 
colleagues at the office, as relevant coworkers are not necessarily located at the same office site at the same 
time. While our study does not indicate how oen individuals work from different locations, it reveals an 
equal distribution between respondents who prefer to work from the office and those who prefer to work 
remotely. e factors related to the office, including access to colleagues and personal preference, 
significantly impact job satisfaction. erefore, we suggest that distance in contemporary work is dynamic, 
with the role of the office having a more significant impact on employees’ job satisfaction compared to the 
geographical distribution of cooperative teams. We suggest the relevance of exploring ways that offices can 
enhance employees’ experiences and access to their colleagues without eliminating hybrid work options.  
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