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Abstract 

This dissertation presents a collection of four research articles that investigate how knowledge work 

coordination unfolds when working across multiple and heterogeneous technologies, and discusses the 

implications for organizing and managing knowledge work. While current literature offers many valuable 

insights into the role of technology in coordinating knowledge work, most empirical work in this area 

takes a feature-based approach to studying the consequences of introducing new technologies for how 

actors create and use knowledge, and ultimately, for how they coordinate and manage their work. 

However, I argue that additional insights into the role of technology in knowledge work coordination can 

be generated by taking a more holistic approach to studying workplace technologies, since knowledge-

intensive organizations rely on a wide array of technologies for enacting and managing knowledge work. 

These technologies often have varying capabilities, requirements and operating standards, and generate 

many workplace interactions and network effects when used together for accomplishing organizational 

work. Consequently, technologies not only impact coordination by way of feature-based affordances, but 

collectively, they also generate interactions and network effects that have consequences for how 

knowledge work is organized and coordinated.  

Against this backdrop, the work presented in this dissertation examines the conditions and interactions 

through which heterogeneous workplace technologies collectively impact work in knowledge-intensive 

environments. In particular, two aspects of knowledge work with technology are under the microscope: 

(1) the impact of heterogeneous technologies on knowledge work coordination in both distributed work 

groups and co-located teams, and (2) their performative role in relation to how knowledge is constructed 

and embedded in the practice of different knowledge work groups. The empirical material comes from 

two qualitative studies of healthcare practices at a Danish hospital. The first study is an in-depth 

ethnographic study of critical care practices, which are characterized by temporally distributed, 

interdisciplinary work and high technological complexity. This study represents the empirical foundation 
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for research articles I and III. The second study is an observational study of in-hospital cardiopulmonary 

resuscitation (CPR) practices, characterized by interdisciplinary work in co-located teams and 

technological complexity. This study represents the empirical foundation for articles II and IV.  

Separately, each research article addresses distinct aspects of knowledge work and coordination with 

technologies, and the consequences for managing knowledge work. Research article I shows that 

heterogeneous technologies create workflow gaps, which pose considerable coordination challenges for 

distributed knowledge workers. It identifies three coordination practices used to deal with technology 

gaps and discusses their functional and symbolic value for knowledge workers. Research article II 

addresses the impact of task-oriented technologies on team situational awareness, and discusses their 

implications for coordination in co-located teams. It shows that task-oriented technologies may be 

detrimental to shared situational awareness and team-oriented processes. Research article III focuses on 

information handoffs among heterogeneous and distributed actors, and discusses implications for 

information quality. The findings have important implications for understanding how knowledge is 

constructed and embedded in the practice of different work groups that rely on technology for cross-

boundary coordination. Finally, research article IV shows how socio-technical interdependencies are 

managed as work is handed over during time-critical interventions of co-located teams. It discusses 

implications for handoff coordination in knowledge-intensive and uncertain work environments.   

While the four research articles use different theoretical underpinnings and methodological approaches, 

together they provide insights into the organizing role of heterogeneous technologies in knowledge work. 

Holistically, this dissertation outlines the complexities of organizing and coordinating work with 

heterogeneous technologies in knowledge-intensive organizations. The findings therefore contribute to 

organization and information systems (IS) literatures, and are useful for knowledge workers and other 

audiences dealing with technology challenges in the workplace, and seeking ways to address these 

challenges. 
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Dansk Resumé  

Denne afhandling præsenterer en samling af fire forskningsartikler, der undersøger, hvordan mange 

forskellige teknologier organiserer arbejdet i videnstunge organisationer, ligeledes diskuteres 

konsekvenserne af at arbejde på tværs af forskelligartede teknologier for at organisere og varetage 

vidensarbejde. Mens den nuværende litteratur tilbyder mange værdifulde indsigter i teknologiens rolle i 

vidensarbejde, vælger det meste af det empiriske arbejde inden for dette område en feature-baseret 

tilgang til at studere konsekvenserne af at introducere ny teknologi og til, hvordan aktørerne skaber og 

anvender viden, og slutteligt til, hvordan de varetager vidensarbejde. Jeg argumenterer imidlertid for, at 

yderligere indsigter i teknologiens rolle i vidensarbejde kan skabes ved at vælge en holistisk tilgang til 

at studere teknologier på arbejdspladsen, da videnstunge organisationer er afhængige af en lang række af 

teknologier for at kunne udføre og varetage vidensarbejde. Disse teknologier har ofte varierende evner, 

betingelser og driftstandarter og skaber mange interaktioner og netværkseffekter på arbejdspladsen, når 

de anvendes sammen for at udføre organisatorisk arbejde. Som en konsekvens påvirker teknologier ikke 

kun vidensarbejde ved hjælp af feature-baseret brugspotentiale, men samlet skaber de også interaktioner 

og netværkseffekter, der har konsekvenser for organisatorisk viden og vidensarbejde.  

Mod dette bagtæppe undersøger arbejdet, der præsenteres i denne afhandling, de forhold og interaktioner 

gennem hvilke forskelligartede teknologier på arbejdspladsen samlet påvirker arbejde i videnstunge 

miljøer. Specielt er to aspekter ved vidensarbejde med teknologi under mikroskopet: (1) påvirkningen af 

forskelligartede teknologier på koordinering af vidensarbejde både i spredte arbejdsgrupper og nære 

teams, og (2) deres performative rolle i forbindelse med hvordan viden skabes og anvendes i forskellige 

kontekster inden for vidensarbejde. Det empiriske materiale kommer fra to kvalitative studier af 

praksisser inden for sundhedspleje på et dansk hospital. Det første studie er et tilbundsgående etnografisk 

studie af praksisser inden for kritisk sundhedspleje, der er karakteriseret ved spredt, tværfagligt arbejde 

og høj teknologisk kompleksitet. Dette studie repræsenterer det empiriske grundlag for 

forskningsartiklerne I og III. Det andet studie er et observationsstudie på hospitalet af 
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genoplivningspraksisser, karakteriseret af tværfagligt arbejde i nære teams og teknologisk kompleksitet. 

Dette studie repræsenterer det empiriske grundlag for forskningsartiklerne II og IV. 

Forskningsartiklerne adresserer hver for sig forskellige aspekter af vidensarbejde med teknologier og 

konsekvenserne for at organisere og varetage vidensarbejde. Forskningsartikel I viser, at forskelligartede 

teknologier skaber huller i arbejdsprocesserne, der giver betydelige koordineringsudfordringer for 

vidensarbejdere, der arbejder spredt. Den identificerer tre koordineringspraksisser, der anvendes til at 

afhjælpe teknologihuller og diskuterer deres funktionelle og symbolske værdi for vidensarbejdere. 

Forskningsartikel II adresserer effekten af opgaveorienterede teknologier på teamets opmærksomhed på 

situationen og diskuterer deres konsekvenser for koordinering i nære teams under tidspressede indgreb. 

Forskningsartikel III fokuserer på overdragelse af informationer blandt forskelligartede aktører og 

diskuterer deres konsekvenser for kvaliteten af informationen på arbejde, der er fordelt over tid. 

Resultaterne er vigtige for at forstå, hvordan viden bliver (re)produceret i spredte arbejdsgrupper, der er 

afhængige af teknologi for udvekling af information mellem forskellige grupper. Endeligt viser 

forskningsartikel IV, hvordan sociofaglig gensidig afhængighed varetages, når arbejde overdrages af 

nære teams under tidspressede indgreb. Den diskuterer konsekvenser for koordinering af overdragelse i 

videnstunge og usikre arbejdsmiljøer.  

Mens de fire forskningsartikler anvender forskellige teoretiske understøttelser og metodiske tilgange, 

giver de tilsammen indsigter i de forskelligartede teknologiers organiserende rolle i vidensarbejde. 

Holistisk opridser denne afhandling kompleksiteterne ved at organisere og varetage arbejde med 

forskelligartede teknologier i videnstunge organisationer. Derfor bidrager resultaterne til litteratur inden 

for informationssystemer (IS) og organisation og er nyttige for vidensarbejdere og andet publikum, der 

beskæftiger sig med teknologiudfordringer på arbejdspladsen og søger veje til at adressere disse 

udfordringer. 
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Research background and aim  

Owing primarily to ongoing advancements in workplace technologies, the nature of work in knowledge-

intensive organizations (KIOs) is constantly changing (Yoo, Boland, Lyytinen, & Majchrzak, 2012; 

Zammuto, Griffith, Majchrzak, Dougherty, & Faraj, 2007). This inextricable and mutually reinforcing 

relationship between technology and the nature of knowledge work is well underscored in IS and 

organizational studies (e.g., Schultze and Boland Jr, 2000; Orlikowski, 2006; Zammuto et al., 2007; 

Orlikowski and Scott, 2008; Mitev and Howcroft, 2011; Ribes et al., 2013; Cecez-Kecmanovic et al., 

2014; Jones, 2014; Pachidi et al., 2021). For example, technologies have important consequences for the 

content of knowledge work in KIOs, as they have the power to define organizational activities and roles 

(Barley, 1986; Leonardi, 2011), redesign knowledge boundaries (Barley, 1986; Barrett, Oborn, 

Orlikowski, & Yates, 2012; Beane & Orlikowski, 2015), and challenge worker control and expertise 

(Kellogg, Orlikowski, & Yates, 2006; Pachidi et al., 2021). Furthermore, given that knowledge and 

knowing are inextricably entwined with work practices (Nicolini, 2011, 2016; Orlikowski, 2002), 

workplace technologies also influence organizational ways of knowing – i.e., what counts as valuable 

knowledge, and how knowledge is constructed, used and shared (Carlile, 2002; Orlikowski, 2002). 

Technologies may even completely change existing work practices and coordination needs, by 

automating routine tasks originally accomplished by knowledge workers (Bailey & Leonardi, 2015) and 

by changing individuals’ dependence on each other (Bailey, Leonardi, & Barley, 2012). Consequently, 

work coordination is becoming less dependent on managing task interdependencies and more dependent 

on knowledge and technology integration practices (Bailey, Leonardi, & Chong, 2010; Faraj & Xiao, 

2006). 

These studies have brought to the fore the agency of technology in organizing and coordinating 

knowledge work, and have produced important contributions for understanding the ways in which 
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technology changes the nature of work (Zammuto et al., 2007). Yet, considering that the adoption rate 

of new technologies in organizations continues to increase, much remains to be understood about the 

ways in which technology is consequential to coordination and knowledge work organizing. For 

example, technologies nowadays perform not only routine or unskilled tasks, but technologies such as 

data analytics, machine learning or continuous motioning are also replacing knowledge tasks, potentially 

rendering workers’ expertise obsolete, and changing regimes of knowing and organizing paradigms 

(Pachidi et al., 2021). As technologies increasingly provide us with the power to automate knowledge 

tasks, understanding how to keep the knowledge worker relevant and what can be “lost in automation” 

becomes paramount. Furthermore, as heterogeneous technologies increasingly aid or perform knowledge 

tasks, it is also important to ask how these reconfigure organizational interdependencies and redefine the 

form and degree of coordination necessary to accomplish organizational goals. These phenomena present 

academic opportunities for further developing our understanding of the various challenges and 

opportunities that organizational individuals face on a daily basis as they work with knowledge across 

heterogeneous technologies. In particular, several IS and organization scholars argue for the need to 

revisit concepts and theories of work with technologies, since in contemporary work settings, interactions 

among heterogeneous technologies have performative outcomes in relation to how knowledge work is 

accomplished (e.g., Bailey, Leonardi, & Chong, 2010; Faraj, Pachidi, & Sayegh, 2018; Gkeredakis & 

Constantinides, 2019; Pachidi et al., 2021; Ribes et al., 2013). These scholars call for studying how 

workplace technologies replace rather than enhance coordination (Ribes et al., 2013), how they generate 

new work practices and ways of knowing (Gkeredakis & Constantinides, 2019; Pachidi et al., 2021) and 

how they impact the social dynamics of work (Bailey et al., 2010; Faraj et al., 2018). To contribute to 

this development, this dissertation aims to answer the following research question: 

How do heterogeneous workplace technologies influence the accomplishment 

of knowledge work coordination, and what are the consequences for 

knowledge work organizing and management? 
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To answer this overarching research question, I study different aspects of knowledge work with multiple 

technologies that together provide an understanding of the role of heterogeneous technologies in 

knowledge work and their consequences for organizational ways of knowing, i.e., the practices through 

which knowledge workers develop and use knowledge in different organizing contexts. Drawing on 

insights from two qualitative studies of healthcare practices, I empirically examine the consequences of 

heterogeneous technologies for how knowledge work is accomplished and managed in temporally 

distributed work groups and in co-located teams. This dissertation is structured around four research 

articles, which together provide an answer to the overall research question. Below, I provide an overview 

of each of the four research articles in terms of their aim and core concepts. 

Research article I draws on an in-depth field study of critical care practices at a Danish regional hospital, 

and examines how heterogeneous technologies impact the coordination of knowledge work in temporally 

distributed forms of organizing. It does so by problematizing current literature on knowledge work 

coordination with technology, which has largely developed under the assumption that technology is a 

coordination mechanism used to mediate interdependent individuals and integrate tasks. In a different 

vein, this research article departs from traditional conceptualization of technology mediation and feature-

based affordances and treats heterogeneous technologies as constitutive of work practices and ways of 

knowing. In doing so, it shows how heterogeneous technologies enable workplace interactions rather 

than task integration, and how their capabilities require integrating in the course of carrying out 

knowledge work. It contributes to the overall aim of the dissertation by theorizing how heterogeneous 

workplace technologies trigger unique coordination responses and by discussing the influence of 

heterogeneous technologies on knowledge work organizing. The research article is titled “Coordinating 

knowledge work across technologies: Evidence from critical care practices” and answers the following 

bipartite research question: 
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How is coordination accomplished across multiple, heterogeneous technologies, and what 

are the implications for knowledge work? 

Research article II addresses the impact of multiple task-oriented technologies on team situational 

awareness, and discusses their implications for coordination in co-located teams during time-critical 

interventions. The article adopts a situational awareness perspective, suggesting that workplace 

interactions between knowledge workers and the technologies and artifacts in their environments activate 

different knowledge and knowing processes at individual and team levels, and have important 

consequences for team coordination processes. Drawing on observational data of CPR teams during 

cardiac arrest interventions at a Danish regional hospital, this research article contributes to the overall 

aim of the thesis by showing how heterogeneous technologies engage knowledge workers at different 

levels of awareness. Implications for how shared knowledge is constructed and how knowledge work is 

coordinated in co-located teams are discussed. The research article is titled “The impact of IT on team 

situational awareness during in-hospital cardiac arrest interventions: Implications for team coordination” 

and is guided the following research question: 

How does IT use impact team situational awareness during cardiac arrest interventions, and 

what are the implications for team coordination? 

Research article III investigates information handoffs among heterogeneous and distributed actors, and 

discusses implications for different aspects of information quality. Drawing on the in-depth field study 

of critical care practices at a Danish regional hospital, the article applies social and visual network 

analyses to uncover the role of technology actors in preventing or contributing to information decay 

within and across knowledge boundaries. The article has important implications for understanding how 

knowledge is constructed in distributed work that relies on various technologies for cross-boundary 

information exchange. It contributes to the overall aim of this dissertation by showing how socio-

technical encounters define the quality of organizational information and how they are consequential to 
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workers’ ways of knowing in KIOs. The research article is titled “Information handoffs in critical care 

and their implications for information quality: A socio-technical network approach” and answers the 

following research question:  

To what extent can information handoff patterns across heterogeneous healthcare actors 

explain and predict patient information quality issues? 

Research article IV explores how socio-technical interdependencies are managed as work is handed 

over during time-critical interventions of co-located teams. Drawing on the observational study of 

resuscitation practices at a Danish hospital, the article applies the notion of handoffs as relations between 

organizational activities (Pentland, Recker, & Wyner, 2017) to study how knowledge, tasks and 

technologies are integrated towards accomplishing interdependent work. The article contributes to the 

overall aim of this dissertation by revealing how complex work handoffs are coordinated in knowledge-

intensive environments characterized by task uncertainty, interdisciplinary knowledge and technological 

complexity. The research article is titled “Interdependence and handoff coordination in resuscitation 

teamwork: A socio-technical perspective” and answers the following research question: 

What interdependence patterns are exhibited during resuscitation teamwork and what are 

the implications for coordination in complex and uncertain work? 

Collectively, the four research articles aim to provide novel insights into the role of heterogeneous 

workplace technologies in knowledge work coordination, while using different theoretical underpinnings 

and methodological approaches. Table 1 provides an overview of the four research articles. 
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Table 1. Overview of research articles 

 Research article I Research article II Research article III Research article IV 

Title Coordinating Knowledge Work 

across Technologies: Evidence from 

Critical Care Practices 

The Impact of Task-Oriented 

Technology on Team Situational 

Awareness during In-Hospital Cardiac 

Arrest Interventions: Implications for 

Team Coordination 

Information Handoffs in Critical 

Care and their Implications for 

Information Quality: A Socio-

Technical Network Approach 

Interdependence and Handoff 

Coordination in Resuscitation 

Teamwork: A Socio-Technical 

Perspective 

RQ How is coordination accomplished 

across multiple, heterogeneous 

technologies, and what are the 

implications for knowledge work? 

How do information technologies 

impact team situational awareness 

during cardiac arrest interventions, and 

what are the implications for team 

coordination? 

To what extent can information 

handoff patterns across 

heterogeneous healthcare actors 

explain and predict patient 

information quality issues? 

What interdependence patterns 

are exhibited during 

resuscitation teamwork and 

what are the implications for 

coordination in complex and 

uncertain work? 

Core concepts Performative coordination 

Heterogeneity 

Technology integration 

Team coordination 

Situational awareness 

Technology design 

Information (knowledge) sharing 

Information handoffs 

Heterogeneous actors 

Socio-technical networks 

Interdependence 

Socio-technical handoffs 

Relationality  

Coordination 

Method In-depth field study 

Grounded theory 

Video ethnography 

Communication content analysis 

In-depth field study 

Social network analysis 

Visual network analysis 

Video ethnography 

Observational research 

Visual and communication 

analysis 

Key 

Contribution 

Shows how heterogeneous 

technologies impact the 

coordination of knowledge work in 

complex socio-technical settings. 

Discusses functional and symbolic 

aspects of technology coordination 

practices.  

Shows that task-oriented technologies 

support team coordination by aligning 

members’ complementary situational 

awareness, but may be detrimental to 

shared knowledge and team-oriented 

processes. Discusses implications for 

team coordination.  

Shows that technologies play key 

roles in the CCU handoff network, 

e.g., information intermediaries, 

gatekeepers, boundary objects. 

Discusses the influence of different 

handoff types on information quality 

and on knowledge construction in 

distributed work groups. 

Shows how task, technology and 

knowledge interdependencies 

are managed during 

resuscitation teamwork. 

Discusses implications for 

handoff coordination in complex 

and uncertain work 

environments. 

Co-authors Sune Dueholm Müller  Sune Dueholm Müller  

Kasper Glerup Lauridsen 

Bo Løfgren 

Amelie Hansen 

Mathilde Tarp-Havmose 

Sune Dueholm Müller  Sune Dueholm Müller  

Kasper Glerup Lauridsen 

Bo Løfgren 

 

Status Published in Information and 

Organization 

Published in the proceedings of the 30th 

European Conference on Information 

Systems (ECIS 2022) 

Published in Journal of Biomedical 

Informatics  

Published in the proceedings of 

the 55th Hawaii International 

Conference on System Sciences 

(HICSS 2022) 
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Section overview 

Whereas the first section provided an overview of the background and aim of the dissertation and the 

four research articles, this section discusses the theoretical grounding of the presented research studies. 

It starts by providing a historical perspective on knowledge-intensive organizations, focusing on the 

defining characteristics and organizational challenges of knowledge work. Then, this chapter proceeds 

to position the dissertation within the organization literature, focusing on two distinct, yet interrelated 

research streams: knowledge work management and coordination. Last, it reviews literature concerned 

with the role of technology in coordinating knowledge work, within the frames of which the articles 

presented in this dissertation are more narrowly positioned.  

Knowledge-intensive organizations 

The idea that organizations can generate economic and societal value by improving the ways in which 

they create, use and disseminate knowledge (Choo, 1998; Hamel & Prahalad, 1994) emerged during the 

last quarter of the 20th century, when societies witnessed a drastic shift in the structure of their economy 

(Drucker, 1993). Owing primarily to unprecedented levels of competition and technological 

developments (Blackler, 1995; Schiefloe & Syvertsen, 1996), this shift manifested not only through the 

growing importance of information and knowledge in labor- or capital-intensive organizations, but also 

through a surge in “pure” knowledge organizations. These organizations differed from traditional 

organizations in one important aspect: their primary activities consisted in the accumulation, creation 

and dissemination of knowledge for generating economic and societal value (Bettencourt, Ostrom, 

Brown, & Roundtree, 2002).  

By the early 1990s, management and organization scholars began to take notice of this ongoing 

transformation, paying close attention to the growing importance of knowledge as a key driver of 

competitiveness, and to the challenges associated with managing knowledge, knowledge workers and 
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knowledge work. At the same time, phrases such as knowledge-intensive firms (Starbuck, 1992, 1993), 

knowledge-based organizations (Winch & Schneider, 1993), or knowledge-intensive organizations 

(Schiefloe & Syvertsen, 1996) found common usage in academic literature, describing organizations 

where highly-educated and skilled individuals autonomously apply specialized knowledge and judgment 

to innovate and solve complex problems (McDermott, 1995). For the purpose of this thesis, I prefer the 

term knowledge-intensive organizations (KIOs), since it encompasses all forms of knowledge-based 

organizing, and allows me to emphasize the organizational aspects of knowledge work.  

Defining characteristics  

The literature on KIOs has mainly focused on the distinctiveness of this type of organizations, and has 

devoted attention to the consequences of such distinctiveness for work organization and management. 

While there is no agreed upon definition in literature, KIOs are widely regarded as people organizations 

(e.g., Alvesson, 1993; Blackler, 1995; Lönnqvist & Laihonen, 2017; Starbuck, 1992), with the central 

role of knowledge workers being a key characteristic (Von Nordenflycht, 2010). Drucker (1993) 

describes the knowledge worker as someone who performs both physical and cognitive work, and who 

relies on formal education and theoretical knowledge to complete organizational tasks. Knowledge 

workers are experts in complex task domains, where they apply esoteric knowledge to accomplish 

intellectual and analytical work (Alvesson, 2004). Because knowledge workers perform complex tasks 

that are difficult to comprehend for individuals outside their knowledge domains (e.g., managers), KIOs 

exert less formal control over their workforce, and endow individual workers with high degree of 

autonomy and decision-making power (Sulek & Marucheck, 1994). As a result, KIOs are also 

characterized by a high degree of worker autonomy, arising from the need to accomplish expert work 

that is subject to many serendipities and unexpected developments (Ditillo, 2004).  

While many scholars agree that formal education and worker expertise are key characteristics of KIOs 

(e.g., Drucker, 1993; Starbuck, 1992; Alvesson, 1993, 2004), some authors place a greater emphasis on 
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the actual content of work in defining KIOs (Makani & Marche, 2010; Swart & Kinnie, 2003). Thus, 

rather than focusing solely on the educational level of knowledge workers, it is equally important to 

understand the way in which KIOs use knowledge and expertise to create competitive advantage. In line 

with this assertion, knowledge intensity is viewed as residing within the organization itself, but without 

excluding the cognitive dimension of knowledge (Greenwood, 2009). Instead, an organization is the 

framework within which knowledge is created, shared and applied (Khadir-Poggi & Keating, 2013). A 

dominant and distinctive characteristic of KIOs, it follows, is their ability to foster and nurture knowledge 

and knowledge creation processes in increasingly dynamic and unpredictable environments (Alvesson, 

2004). More flexible and dynamic organizations provide a better environment for knowledge creation, 

since knowledge work is essentially unstructured, creative, and non-routine (Drucker, 1993). KIOs are 

considered dynamic organizations par excellence, where flexible organizational structures and 

interdisciplinary work foster creativity and innovation, and where the value of collaboration and mutual 

engagement is well underscored. As Greenwood (2009) keenly observed, KIOs are a “product of 

structures, relationships, and dynamics in the organizations, not of the quanta of knowledge they contain, 

the level of education of their personnel, or their sectoral location” (p. 35).  

Organizational challenges  

Considering the non-routine, ambiguous and complex nature of knowledge work, KIOs are considered a 

challenging organizational exemplar from a managerial perspective (Ditillo, 2004). In essence, the vast 

majority of KIOs challenges stem from the intangible nature of knowledge, which for KIOs is both an 

input and an output of organizational activity. For example, quality criteria for knowledge work are 

difficult to define (Alvesson, 2001). As a consequence, measuring and controlling knowledge work 

progress and the quality of work outcomes is not as feasible as in organizations whose central assets are 

tangible (Lev, 2001). Another typical management challenge is the ability to capture and codify 

knowledge in order to make it available to the whole organization (Walsh, 2014). While not all forms of 
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knowledge are equally problematic (see Polanyi, 1967), worker expertise – which is central to KIOs – is 

hard to capture since it is embodied, personal and rooted in practice and experience. Expertise is therefore 

difficult, if not impossible, to represent through symbol systems, and ultimately challenging to transform 

into an organizational asset. Moreover, because of the autonomous and non-routine nature of knowledge 

work, predefined organizational arrangements are less effective in KIOs (Alvesson, 2004). In 

manufacturing organizations, for example, management is responsible for planning the work, and 

workers are responsible for carrying out operations according to clearly specified standards and 

procedures. In contrast, knowledge workers enjoy high degrees of autonomy over their work (Alvesson, 

2004), and they are more likely to challenge control mechanisms and to resist the routinization of their 

work (Davenport, Jarvenpaa, & Beers, 1996). Because knowledge work is relatively unstructured, 

creative and consequently, hard to design, knowledge workers are expected to take responsibility over 

defining the content of their work, and even to improvise in their work (Wright, 2005). Decentralizing 

decision-making and control poses several managerial challenges, such as ensuring that knowledge 

workers are sufficiently motivated to work efficiently (Belfo, 2014), and establishing overall 

organizational objectives to ensure a common direction in the performance of individual knowledge 

workers (Kelloway & Barling, 2000).   

Furthermore, a major challenge faced by KIOs is the management of organizational interdependencies 

(i.e., coordination). Because knowledge work is often uncertain and non-routine, organizational 

interdependencies among, e.g., specialists or tasks, are difficult to anticipate and manage through formal 

structures and mechanisms. Furthermore, since work in KIOs is interdisciplinary and principally 

organized in work groups (either distributed or co-located), coordination is particularly contingent on 

knowledge integration processes and interpersonal relations (Faraj & Xiao, 2006a). Research on 

coordination in KIOs (e.g., Caldwell, 2008; Faraj & Xiao, 2006; Im et al., 2005; Kellogg, Orlikowski, & 

Yates, 2006) has indeed substantiated the idea that knowledge work requires less formal modes of 

coordination, and that flexible organizational structures lead to better performance in knowledge work. 
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Therefore, KIOs necessitate organizational designs that support creativity and ensure adaptability to the 

dynamic and unpredictable environment of the knowledge economy. In other words, the challenge is not 

only to “acquire” expertise, but also to ensure the means through which dispersed expertise is integrated 

towards the accomplishment of organizational goals.  

To summarize, knowledge work represents the basis for value creation for KIOs. However, due to its 

non-routine, ambiguous and complex nature, knowledge work is difficult to manage. The need to 

understand how organizations can manage knowledge and knowledge work in the face of constant 

change and increased uncertainty has attracted substantial academic interest. In particular, two distinct, 

yet interrelated developments occurred. On the one hand, the knowledge-based view of the organization 

emerged (e.g., Foss, 1996; Gherardi, 2000; Grant, 1996a, 1996b, 1997; Nickerson & Zenger, 2004; 

Nonaka, o Nonaka, Ikujiro, & Takeuchi, 1995; Spender, 1998; Sveiby, 2001), which focuses on how 

organizations can manage knowledge (work) in order to create and sustain competitive advantage over 

time. On the other hand, due to the distinct nature of knowledge work, organizational scholars became 

interested in exploring the limitations of coordination theory – heretofore concerned with the design of 

predefined coordination mechanisms – and sought to reconceptualize organizational coordination in 

order to address the dynamic and uncertain nature of knowledge work. In what follows, I consider both 

these developments. First, I discuss the knowledge-based view of organizations, and briefly consider the 

epistemological assumptions that underpin different approaches to this research area – knowledge as 

possession and knowing in practice. Then, I cover organizational literature that deals specifically with 

coordination. Herein, I review both classical coordination literature and recent approaches to 

coordination in practice. In doing so, I discuss the overlap between knowledge and coordination studies, 

which sets up the academic debate on the role of technology in knowledge work organizing and 

coordination.  
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Knowledge (work) management  

The vast majority of early knowledge studies, spanning disciplines such as organizational theory, IS or 

strategic management, were based on the assertion that knowledge is an organizational asset. Departing 

from this assertion, these studies assumed knowledge to be a commodity that can be extracted, possessed, 

accumulated and managed (Kuhn & Jackson, 2008). Similar to objects, this perspective implies, 

knowledge is the property of an individual or a collective (Spender, 1998) that can be stored and 

transferred – albeit more challenging due to its location in human cognition – without distortion (Nonaka, 

1994). Consequently, early knowledge studies focused on identifying the best ways to capture, codify 

and manage knowledge (Newell, 2015).  

More recent studies, however, argue that knowledge is more than an objective, transferable and stable 

commodity captured in individual and collective cognitions (e.g., Ewenstein & Whyte, 2007; Gherardi, 

2000; Kuhn & Jackson, 2008; Orlikowski, 2002). Instead, these studies assert, knowledge is a situated 

accomplishment, both embodied and anchored in the materiality of artifacts, and negotiated in practice 

(Gherardi, 2009). Much in the same way the organization literature shifted from the concept of 

organization to that of organizing, the concept of knowledge was replaced with that of knowing 

(Gherardi, 2009), implying that rather than a manageable organizational asset, knowledge is “emergent, 

intersubjectively negotiated and continually in flux” (Ewenstein & Whyte, 2007, p. 705). Based on 

theories of practice (e.g., Bourdieu, 1977; Giddens, 1979), studies in this line of inquiry foreground the 

situated nature of organizational knowing, and focus on the challenges and practices associated with 

managing knowledge work, rather than those related to managing knowledge itself (Newell, 2015).   

A way to consider these different assumptions about the nature of knowledge was first proposed by Cook 

& Brown (1999), who distinguish between an epistemology of possession and an epistemology of 

practice. The epistemology of possession, much like early contributions to the KM discipline, regards 

knowledge as a commodity that can be owned (either individually or collectively). Importantly, 
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knowledge is based on prior experience, but separable from that experience. Conversely, an epistemology 

of practice regards knowing as a context-dependent activity (i.e., something that people do) that is always 

emerging, situated and relational (Newell, 2015). It is important to note that according to Cook & Brown 

(1999), these two epistemologies of knowledge are not mutually exclusive, but rather complementary in 

a way that knowledge is conceived as both a tool of knowing and a product of past knowing (Cook & 

Brown, 1999; Newell, 2015). However, each epistemology underpins a different approach to studying 

knowledge organizations, and has important implications for the resulting academic contributions.  

Knowledge as possession 

With their roots in the resource-based view (Wernerfelt, 1984), and later the knowledge-based view of 

the organization (Grant, 1997; Spender, 1998), studies adhering to the “knowledge as possession” 

paradigm treat knowledge as a functional resource that can be managed. In this perspective, managing 

knowledge work involves a set of initiatives directed at improving the ways in which knowledge is 

explored and exploited in order to achieve organizational goals and sustain competitive advantage over 

time (Beijerse, 2000; Bhatt, 2001). Herein, dichotomies such as tacit-explicit or individual-collective 

knowledge are often employed for the purpose of breaking-down the knowledge creation cycle into 

manageable processes. Nonaka (1994), Nonaka et al. (1994) and Nonaka & Konno (1998) propose that 

organizations create knowledge through different types of conversion processes. These knowledge 

conversion processes transform knowledge from tacit to explicit knowledge and vice versa, and from 

individual to collective knowledge and vice versa, in ongoing knowledge creation cycles.  

A thorough account of knowledge conversion processes is beyond the scope of this thesis. It is sufficient 

to note that in much of the knowledge management literature, the premise is that understanding the 

knowledge creation cycle allows organizations to effectively utilize their knowledge assets by facilitating 

the choice of strategies appropriate for different types of knowledge (Mäki, 2008). For example, Hansen 

et al. (1999) propose that an organization’s knowledge management practices should be focused on either 
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a codification, or a personalization strategy. On the one hand, a personalization strategy focuses on 

sharing and creating tacit knowledge through direct interactions, and is useful for promoting 

organizational flexibility and innovation (Newell, Huang, Galliers, & Pan, 2003). A codification strategy, 

on the other hand, involves the transfer of explicit knowledge between organizational individuals and 

groups, and is heavily reliant on technology for increasing organizational efficiency (Newell et al., 2003). 

In a similar vein, Scarbrough et al. (1999) differentiate between a cognitive and a community approach 

to knowledge management. The cognitive approach, just like the codification strategy, involves the 

transfer of explicit knowledge, and is said to be most effective when organizational individuals possess 

shared mental models. The community approach, similar to the personalization strategy, is concerned 

with facilitating tacit knowledge sharing, and is said to be especially useful for interdisciplinary 

knowledge creation (i.e., different mental models).  

However, the empirical research shows that managing knowledge work is a complex and multi-faceted 

endeavor, and that such strategies often fail to produce the expected organizational benefits (Bock, Zmud, 

Kim, & Lee, 2005; Newell, 2015; Newell et al., 2003). Moreover, when the organizational context in 

which they are deployed is not considered, knowledge management initiatives may even produce 

increased knowledge asymmetries, disruptions in power dynamics, and cultures of distrust (Newell, 

2015). Indeed, the empirical record demonstrates the limitations of a purely cognitive, disembodied 

approach to knowledge work management and brings support to a more situated approach to 

understanding how knowing is produced through participation in social practice (e.g., Gherardi, 2000, 

2009; Nicolini, 2011, 2016; Orlikowski, 2002).  

Knowing in practice 

Departing from, and perhaps also building upon early insights, knowledge work studies adhering to an 

epistemology of practice focus on aspects of knowledge work that are difficult to grasp when defining 

knowledge as something that can be possessed, and hence, that exists a priori and independent of human 
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action and past experiences. The assertion underpinning knowledge work studies is that knowing how to 

accomplish complex knowledge work is grounded in everyday organizational activities (Orlikowski, 

2002). The theoretical proposal that knowledge – or more accurately, knowing – should be conceived as 

a collective and distributed activity led to the consideration that organizational knowing is constituted in 

work practices. Such work practices are conceptualized as complex and interactive activities enacted by 

goal-oriented individuals, and they typically involve a range of actors – both human and non-human 

(Gherardi, 2009). In this line of inquiry then, organizational knowledge is inextricably linked to localized 

practices in a way that knowledge emerges from these practices and cannot be separated from practice 

(Nicolini, 2011, 2016; Orlikowski, 2002).  

The practice-based perspective makes several important contributions to the study of knowledge work in 

organizations. First, it expands the notion of “knowledge construction” in organizations by focusing not 

only on how organizations can acquire, store or transfer knowledge, but also on the ways in which they 

can create the conditions necessary for individuals and teams to develop and enact everyday practices 

(i.e., ways of knowing) that make use of knowledge in unique and novel ways (e.g., Carlile, 2002; Doolin 

& McLeod, 2012; Nicolini, 2011; Orlikowski, 2002, 2006; Schultze & Boland Jr, 2000). These studies 

have substantiated the idea that organizational contexts – including their social, cultural, structural, 

technological or infrastructural elements – have performative outcomes in relation to how knowledge is 

constructed and used in organizations. Nicolini (2011) conceives of such contexts as “sites of knowing” 

to highlight that “knowing stems from a fundamental condition of human beings – engaging with our 

surroundings and others within the context of living activities” (p. 604). For studying knowing in 

practice, the same author argues, one must therefore observe the real-time accomplishment of specific 

sited practices, since it is there where knowing makes itself present.  

Second, the knowing in practice perspective shows how knowledge is always a part of productive 

inquiries, i.e., the active pursuing of problems and answer-seeking activities (Cook & Brown, 1999). 
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Consequently, knowledge work studies focus on understanding how goal-oriented activities are carried 

out in the workplace, and on describing the performative relations among knowledge work, knowing and 

context (Gherardi, 2009). Herein, empirical research has focused on how knowledge is produced and 

reproduced in practice (e.g., Schultze & Boland Jr, 2000), how organizational knowing is materially 

bounded (e.g., Beane & Orlikowski, 2015; Orlikowski, 2006), or how knowledge work coordination is 

accomplished in various organizing contexts (e.g., Beane & Orlikowski, 2015; Ben-Menahem, Von 

Krogh, Erden, & Schneider, 2016; Faraj & Xiao, 2006; Kellogg et al., 2006). Studies in this line of 

inquiry show that knowledge work is performative – (re)produced, coordinated and managed in the 

moment, as organizational individuals interact with their environments, and make sense of their work as 

it unfolds. These accounts highlight the need to look beyond social aspects of organizing, and to examine 

knowing as (1) emergent – arising from everyday activities, (2) embodied – enabled through lived 

experiences, (3) embedded – grounded in socio-historic contexts, and (4) materially entangled – anchored 

in the materiality of artifacts, spaces, and infrastructures (Orlikowski, 2006).  

Related to the above-mentioned conceptual proposals, the practice perspective also contributes to the 

study of coordination in knowledge organizations. Similar to the situated approach in knowledge studies, 

a practice perspective entails an ontological reversal from traditional conceptualizations of coordination 

as stable structural arrangements, to an understanding of coordination as an unfolding process of 

interrelated actions (Faraj & Xiao, 2006). In the following part of this chapter, I review the literature on 

coordination. First, I provide a historical account of early approaches to the study of coordination, and 

then I discuss the practice perspective in coordination literature, which emerged as a response to both the 

shortcomings of early perspectives, and the changing nature of (knowledge) work.  
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Coordination 

Coordination is arguably the defining characteristic of organizations and organizing, since it involves 

interdependent individuals and groups interacting with one another to achieve collective goals. In 

organization research, coordination is broadly defined as an interaction process that integrates a 

collective set of interdependent tasks (Okhuysen & Bechky, 2009). A commonly held view is that 

organizational individuals rely on both formal (e.g., roles, processes, rules, resource allocation) and 

informal (e.g., interpersonal relationships, mutual adjustments, shared mental models) ways of 

coordinating to realize collective performance.  

Early theories of coordination such as the information-processing model (e.g., Galbraith, 1973; 

Thompson, 1967) and coordination theory (e.g., Malone & Crowston, 1990, 1994; Malone, Crowston, 

Lee, & Pentland, 1993) focused on the formal aspects of coordination and the design of work and 

organizations (Okhuysen & Bechky, 2009). The shared assumption of early coordination research is that 

“the environment is predictable enough to characterize existing interdependencies and that predefined 

[coordination] mechanisms can be designed for various contingencies” (Faraj & Xiao, 2006, p.1156). In 

contrast, recent coordination research builds on the premise that interdependencies between tasks, 

individuals and processes are difficult to predict and specify in organizational designs (Okhuysen & 

Bechky, 2009). Accordingly, recent contributions (e.g., Beane & Orlikowski, 2015; Bechky, 2003; 

Constantinides & Barrett, 2012; Faraj & Xiao, 2006; Kellogg, Orlikowski, & Yates, 2006; Levina & 

Vaast, 2005) foreground the contextually situated and temporally unfolding nature of work, and show 

how coordination is shaped by ad-hoc interactions and emergent responses to novel task demands – and 

is thus less reliant on organizational structures than previously suggested. In what follows, I elaborate on 

both classical and contemporary perspectives on coordination. In doing so, I aim to portray coordination 

research as an ongoing debate that continues to offer significant contribution opportunities, as new forms 

of work and organizing continue to emerge. 
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Classical approaches to coordination 

Early explorations of the concept of coordination in organization and management research can be traced 

back to the seminal works of Taylor (1916), Fayol (1949) and March and Simon (1958). Rooted in the 

study of manufacturing and production work, these early contributions suggested that organizations could 

maximize efficiency by dividing work into tasks and subtasks, thereby allowing for operational 

specialization and waste elimination. However, a consequence of work division and specialization was 

the need to bring the different parts of the organization into a unified arrangement (Argote, 1982; Heath 

& Staudenmayer, 2000). Therefore, early efforts focused on the configuration and integration of 

organizational work through mechanisms such standardization, scheduling and resource allocation, 

where the design of work played a central organizational role (Okhuysen & Bechky, 2009).  

As coordination literature developed in the 1960s and 1970s with the works of, for example, Chandler, 

(1962), Thompson (1967), Galbraith (1973) or Mintzberg (1979), scholars shifted focus from the design 

of work, to the design of management systems that specify organizational exchanges through dedicated 

structures, roles and rules (Okhuysen & Bechky, 2009). In this line of inquiry, scholars aimed to 

determine the contingencies organizations faced in their environment (e.g., Hickson, Pugh, & Pheysey, 

1969; Perrow, 1967; Woodward, 1970) and to design coordination mechanisms for the information-

processing demands generated by interdependencies between work units (e.g., Thompson, 1967). 

Overall, scholars in the design school – whether focused on the design of work or that of organizations 

– embraced a contingency view of coordination, arguing that optimal coordination mechanisms are 

contingent on the uncertainty of the environment. When uncertainty is high, informal modes of 

coordination (e.g., interpersonal communication, feedback) are a more effective way to organize tasks; 

when uncertainty is low, formal modes of coordination (e.g., hierarchy, rules, programs) are more 

effective (Galbraith, 1973; Thompson, 1967). The contingency approach resulted in a wide array of well-

known dichotomies of coordination mechanisms, such as personal versus impersonal (Van de Ven, 
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Delbecq, & Koenig Jr, 1976), programmed versus non-programmed (Argote, 1982), and formal versus 

informal coordination (Kraut & Streeter, 1995). 

Later contributions to coordination literature, such as the work of Malone and colleagues (e.g., Malone 

& Crowston, 1990, 1994; Malone, Crowston, Lee, & Pentland, 1993), focused on the management of 

interdependencies among organizational resources and activities (Faraj & Xiao, 2006). The coordination 

theory developed through these works defines organizational coordination as a problem of 

interdependence management, and suggests that by characterizing coordination components, processes 

and types of interdependencies, suitable coordination mechanisms can be identified and applied in a 

given context. The main contribution of coordination theory is a typology of interdependencies (e.g., 

shared resources, task assignments, task-subtask or producer-consumer) and related coordination 

mechanisms (e.g., priority order, managerial decision, goal selection, task decomposition, 

standardization or inventory management), and its strength lies in the recognition that organizations must 

deal with complex work interdependencies to realize collective performance. However, similar to earlier 

contributions, coordination theory is also rooted in the assumption that coordination can be designed in 

advance with enough precision to allow individuals to fully complete their work without the need for 

adaptation or improvisation (Constantinides & Barrett, 2012a; Faraj & Xiao, 2006; Okhuysen & Bechky, 

2009; Wolbers, Boersma, & Groenewegen, 2018).  

Practice-based approaches to coordination 

The limitations of information-processing and contingency approaches to coordination become more 

evident when considering the nature of work in knowledge organizations. In knowledge work, there is 

“less reliance on formal structure, interdependence is changing, and work is primarily performed in 

teams” (Faraj & Xiao, 2006). Consequently, top-down approaches to managing organizational 

interdependencies are less effective, as coordination becomes a product of ongoing negotiations, work 

adaptations and ad-hoc decision-making (Faraj & Xiao, 2006; Okhuysen & Bechky, 2009). Over the last 
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two decades, organizational scholars became interested in examining the limitations of early coordination 

theory, and began to explore the emergent nature of coordination in organizations, focusing on how 

coordination is accomplished on the ground, as the work progresses (e.g., Bechky, 2003; Carlile, 2002; 

Constantinides & Barrett, 2012a; Faraj & Xiao, 2006; Kellogg et al., 2006; Levina & Vaast, 2005)  

As previously noted, early work rested on the assumption that coordination mechanisms can be designed 

with enough precision to allow individuals to coordinate without the need for adaptation or 

improvisation. In contrast, the new wave in coordination research emphasizes a distinction between the 

structural and enacted dimensions of coordination mechanisms  (Jarzabkowski, Lê, & Feldman, 2012), 

and is more concerned with coordination as it emerges from practice, that is, with the enacted dimension 

of coordination. By emhapsizing the temporal unfolding and situated nature of coordination (Faraj & 

Xiao, 2006), studies in this line of inquiry adopt a practice-based pespective to examine the social 

dynamics – as opposed to the design – of coordination.  

Similar to the knowing in practice research, coordination studies adopting a practice lens examine 

organizational individuals as they go about their work, observing their dispositions and actions in specific 

situations and examining their emergent interactions in dynamic conditions such as task uncertainty, time 

constraints and fast changing work requirements. For example, in their study of emergency response 

practices across a geographical region of Greece, Constantinides and Barrett (2012) show how 

responders engage in improvisation practices  in order to account for the uncertainty related to limited 

patient information and time constraints. Similarly, Faraj and Xiao (2006) demonstrate how teams 

members in a trauma center engage in dialogic coordination practices – i.e., situated responses to 

unexpected work developments – which often involve highly contested responses such as protocol-

breaking or cross-boundary interventions. Furthremore, in a study of postbureaucratic organizations, 

Kellogg, Orlikowski and Yates (2006) show how individuals working in an online advertising firm 

coordinate across community boundaries by making contributions and commitments visible through 
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ongoing revision and alignment, which in turn “facilitate their dynamic, uncertain, and ongoing 

accommodation to each other and clients” (p. 28). In a different vein, Bechky’s (2006) study on film 

projects as temporary forms of organizing demonstrates how crew members develop common 

understandings of task requirements and interdependecies by learning and negotiating role structures. 

The author identifies four conditions that are meaningful in relation to coordination in temporary 

organizations – position and status of individuals, expectations of interaction in the future, visibility of 

interaction, and duration in role – and shows how role negotiation provides structure and stability in the 

absence of longstanding interpersonal relationships.    

By trascending the assumptions of predictability and designability, the practice-based approach to 

coordination demonstrates the importance of understanding informal organizational behaviour in order 

to develop a more nuanced picture of organizational coordination. Overall, this work shows that 

organizational individuals deal with the uncertanity of their environment by engaging in improvised 

practices such as bricolage – i.e., the creative use of available resources (e.g., Bechky & Okhuysen, 

2011), cross-boundary interventions (e.g.,Constantinides & Barrett, 2012; Faraj & Xiao, 2006) ongoing 

work alignment (e.g., Bechky & Okhuysen, 2011; Kellogg et al., 2006) or emergent role negotiations 

(e.g., Bechky, 2006).  

While different in their approach to studying coordination, studies across traditions have one important 

communality: they all theorize coordination as a process of integration. The importance of integration in 

coordination research is highlighted in an extensive review of coordination literature by Okhuysen and 

Bechky (2009). In their review, the authors show that coordination, as a combination of both design and 

emergence, is based upon three different integrative conditions: accountability, predictability, and 

common understanding. First, accountability is required for coordination because it addresses the 

question of task responsibility. Accountability can be achieved either through formal coordination 

mechanisms such as formal authority, schedules and roles, or through informal and emergent action, such 
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as role negotiations and status reports. Second, predictability enables organizational individuals to 

anticipate own task requirements relative to the actions and needs of others. Predictability can be 

developed either through formal means such as protocols and technologies, or informally through 

emergent interaction, as individuals develop familiarity and knowledge of each other’s roles and skills. 

Last, common understanding enhances coordination because it provides a shared perspective on the task 

as a whole, and on the interdependencies between individual actions. Common understanding may be 

derived by design, such as when work plans and protocols are prepared in advance. Alternatively, 

common understanding can also emerge through interaction, interpersonal rapport and familiarity. 

Overall, the underlying rationale is that these integrative conditions address different demands that the 

integration of specialized work requires, and they can be developed and enhanced through both formal 

and improvised mechanisms.  

Having considered developments in academic debate on both knowledge work and coordination, this 

chapter now turns to organizational and IS literature dealing specifically with the role of technology in 

organizing and coordinating knowledge work. In doing so, it provides the theoretical framework within 

which the research articles included in this dissertation are more narrowly positioned.    

The role of technology in knowledge work and coordination 

In much organizational and IS literature, knowledge work and coordination are tightly linked to the use 

of technology. In particular, the concomitant intensification of competition and technological 

advancements of the late 20th century are said to be the origin of knowledge work in organizations (Harry 

Scarbrough, 1999). Within the knowledge economy, organizations became competitive as they invested 

in technologies that provided support in creating and managing organizational knowledge. The role 

played by technology in the emergence and success of knowledge organizations can be considered 

twofold. On the one hand, technology automates many repetitive and routine organizational tasks, thus 

creating space for, and supporting non-routine tasks (Pyöriä, 2005). Consider for example the role of data 
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analysis software in research. While the techniques and processes of data analytics have been automated 

behind some “invisible” algorithms, the ability to derive novel insights from the data lies in their correct 

contextual and theoretical interpretation, on which the researcher can concentrate most effort. As a result 

of automation, the content of research work, and indeed of most knowledge work, has become 

increasingly non-routine and symbolic. On the other hand, the technologies used in knowledge 

organizations support not only the execution of knowledge work, but also the integration of increasingly 

specialized and fragmented organizational tasks. Because of the interdisciplinary nature of knowledge 

work, contemporary organizations rely heavily on technology for supporting knowledge sharing across 

domains and disciplines and for facilitating the coordination of interdependent tasks (Argyres, 1999; 

Fang, Neufeld, & Zhang, 2021; Im et al., 2005; Okhuysen & Bechky, 2009; Schiefloe & Syvertsen, 

1996).  

The role of technology in knowledge work and coordination has emerged as an important topic in IS and 

organization research over the past decades, where it has been discussed using various conceptual 

underpinnings, such as Bourdieu’s (1977) practice theory (in e.g., Schultze & Boland, 2000), Latour’s 

(2007) actor-network theory (in e.g., Mitev & Howcroft, 2011), Pickering’s (1995) mangle of practice 

(in e.g., Venters, Oborn, & Barrett, 2014) and Orlikowski and Scott’s (2008) sociomateriality (in e.g., 

Jones, 2014). This literature has produced important contributions for understanding the role of 

technology in knowledge work, providing novel insights into the challenges and practices related to 

organizing and coordinating knowledge work with technology.  

A way of understanding the role of technology in knowledge work and coordination is through the 

concept of affordance (Gibson, 1979), which considers how materiality (including less tangible objects 

such as concepts or software) enables or constrains goal-oriented actions of specific individuals and user 

groups. For example, Zammuto et al. (2007) explore the affordances that result from the intersection of 

technology and organizational features, and suggest that such affordances can generate new forms of 
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organizing that better support collaboration and knowledge work (such as the emergence of networked 

forms of organizing). In a similar vein, Pentland and Feldman (2007) describe how properties of 

technologies such as modularity, combinability, as well as their distributed and communicative nature 

provide novel and unique ways for individuals to use technology for accomplishing knowledge work. 

Technology can therefore enable “ways of knowing” as organizational individuals interact with, and 

appropriate technologies in new and sometimes unintended ways (Leonardi, 2013). At the same time, 

technologies can also sustain organizational routines, as their affordances become embedded in particular 

practices and “ways of knowing” (Robey, Anderson, & Raymond, 2013). These studies highlight the 

interplay between social and technical agencies in the workplace, and suggest that organizational 

individuals do not merely adapt to technology, but actively interact with it and attempt to change what 

technology can do in order to afford the accomplishment of knowledge work (Newell, 2015).  

This line of research has also produced important contributions in understanding the interdependencies 

among social and technical actors in knowledge work (e.g., Bailey, Leonardi, & Chong, 2010; Pentland, 

Recker, & Wyner, 2015; Pentland, Recker, & Wyner, 2017), and for theorizing the role of technology in 

coordinating knowledge work (e.g., Constantinides & Barrett, 2012; Faraj, Pachidi, & Sayegh, 2018; 

Kellogg et al., 2006; Levina & Vaast, 2005; Malhotra & Majchrzak, 2014; Ribes et al., 2013; Venters, 

Oborn, & Barrett, 2014). For example, studies show that technologies can enhance coordination by 

supporting new interaction opportunities for distributed workers (Beane & Orlikowski, 2015; 

Kanawattanachai & Yoo, 2007), and by facilitating speed and adaptability in dynamic environments 

(Kellogg et al., 2006). Furthermore, technologies can also support coordination by substituting the need 

for roles and hierarchies (Zammuto et al., 2007)  and by affording boundary-spanning work alignment 

(Kellogg et al., 2006). However, technologies may also disrupt coordination by creating interpretation 

difficulties related to working with digital representations, instead of physical objects (Bailey, Leonardi, 

& Barley, 2012), or by introducing new challenges related to identity, user rights and control (Kellogg 

et al., 2006). Lastly, technologies can also constrain dynamic responses to contingencies (Pine & 
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Mazmanian, 2017), as distributed individuals struggle to gain a shared perspective on how to deal with 

changes in their work environments (Beane & Orlikowski, 2015). Altogether, these empirical accounts 

highlight the equivocal role of technologies in knowledge work coordination, and suggest that by creating 

novel task demands and organizational interdependencies, technologies may play a role not only in how 

(mode) coordination is achieved, but also in what (content) coordination demands exist in a given 

environment (Faraj & Xiao, 2006).  

Overall, the literature on knowledge work coordination with technology provides the theoretical 

grounding that aligns the four research articles presented in this dissertation. However, distinct from most 

literature discussed above, the four research articles focus specifically on how technologies collectively 

impact knowledge work coordination, and on their outcomes in relation to how knowledge is 

(re)produced in organizations. These technologies often have varying capabilities, requirements and 

operating standards (i.e., they are heterogeneous), and generate many workplace interactions and network 

effects when used together for accomplishing goal-oriented, interdependent work. Consequently, I argue 

that technologies do not only enable or constrain knowledge work by way of feature-based affordances, 

but that through their functional interdependencies (Gkeredakis & Constantinides, 2019), they 

collectively impact knowledge work and redefine the form and degree of coordination necessary to 

accomplish organizational goals. While the literature on knowledge work coordination and technology 

serve as a theoretical frame that connects the different research articles, it is important to note that each 

research article draws on specific literature streams that best capture the phenomena under investigation. 

In particular, articles I and III explore issues of organizing and coordinating with technology in 

temporally distributed work groups and co-located teams respectively. Accordingly, these articles draw 

on interdisciplinary literature (e.g., IS, organization theory) concerned with the role of technology in 

coordination. In a different vein, while also concerned with issues of coordination, article II draws on 

Situational Awareness Theory to explore how different technologies impact cognition and coordinative 

behavior in co-located teams. Last, article IV explores how planned and ad-hoc human-technology 
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interactions in a healthcare environment influence patient information quality and interdisciplinary 

coordination. In doing so, this article draws on health informatics literature dealing with the interplay 

between human factors and the design of health technologies.  
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Research settings 

To explore knowledge work practices and the role of heterogeneous technologies in various forms of 

knowledge-based organizing, I conducted a multi-sited ethnographic study in a Central Denmark Region 

acute hospital between 2016 and 2020. Specifically, I conducted an in-depth ethnographic study at the 

hospital’s Critical Care Unit (CCU), and an observational study of in-hospital cardiopulmonary 

resuscitation (CPR) practices. In what follows, I provide descriptions of both research settings, and 

discuss the similarities and differences between these in terms of KIOs characteristics and type of 

knowledge work organizing. More detailed descriptions of each research setting can be found in the 

research articles pertaining to this dissertation. 

Critical care practices  

To explore the role of heterogeneous technologies in temporally distributed knowledge work, I conducted 

an in-depth field study at the hospital’s CCU. The CCU is a small ward with a maximum capacity of 

eight beds, and is part of the hospital’s Anesthesiology Department. The patients admitted to the CCU 

are those that need close observation and special treatment, which cannot be performed elsewhere. 

Because they are unstable and may be at risk of sudden cardiac arrest, respiratory failure or delirium, 

patients are closely observed using various technologies such as digital monitoring devices with storage 

capabilities, health information systems or paper charts. While the different technologies and physical 

artifacts are linked via the patient, they are not designed for interoperability and are not functionally 

integrated. However, the concerted functioning of these technologies provides patient life support and 

underpins two interdependent work practices that structure the work at the CCU across shifts and 

knowledge domains: monitoring unstable patients and documenting patient status.  

Because many patients require long-term hospitalization, critical care work is organized in temporary 

care groups that are distributed across time. Consequently, patients are attended by multiple health 
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professionals during their admission time at the CCU. The care groups consist of several health 

professionals of different specialties and disciplines such as intensivist nurses, physicians, orderlies, 

technicians, medical assistants or occupational therapists. However, the only health professionals 

constantly present at the ward are the intensivist nurses, who take shifts by rotation on a 24/7/365 basis 

(three shifts per day). Physicians and other professional groups are only intermittently present at the 

ward. The physicians doing the rounds at the CCU are usually anesthesiologists, and their time is shared 

between the different sections of the Anesthesiology Department, and surgeries. Moreover, physicians 

of other specialties, such as Cardiology and Internal Medicine, also have clinical duties at the CCU, 

depending on patients’ underlying conditions.  

The main responsibilities of physicians at the CCU are related to diagnosis and patient treatment, 

including prescribing medications, making decisions regarding patient care and consulting with nurses 

and other health professionals to make sure that care instructions are carried out accordingly. Nurses’ 

responsibilities and tasks are mainly related to treating the patient according to physicians’ instructions, 

but also to prevention and rehabilitation. However, nursing tasks vary according to the patient's condition 

and the phase of the disease – e.g., acute phase, recovery phase, or even chronic phase, where the patient’s 

condition is incurable. Many critical care tasks are routine, such as monitoring, nutrition, fluid therapy, 

medication and data entry or retrieval. However, critical situations, which are complex, unpredictable 

and oftentimes uncertain, arise abruptly. These sudden events add another layer of complexity to critical 

care practices, as they often involve fast decision-making under uncertain circumstances, as well as 

aggressive and invasive procedures (e.g. forced intubation, cardiopulmonary resuscitation) at an 

accelerated pace, using cutting edge technological and computerized appliances (e.g. video 

laryngoscopes and endoscopes, mobile ecographs, defibrillators, dialysis machines). Due to these 

emergent situations, but also to the unique medical condition of each patient, there is never a clear order 

of tasks defining critical care practices. Rather, critical care tasks are prioritized according to their 

perceived urgency, and the content of work during a shift cannot be fully predicted.  
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On a regular shift, there are no more than nine nurses on call, six physicians doing their rounds on and 

off, two medical assistants and a few nursing students. Such a small size allows for a high degree of 

informality and lays the ground for a close-knitted work community to take shape, which bears an 

influence on how the CCU professionals construct and use shared knowledge, and how they coordinate 

responses to, e.g., time-critical events.  

Critical care practices are characterized by interdisciplinary work, technological complexity and 

interpersonal relations. In addition, because they are distributed across shifts and knowledge domains, 

critical care practitioners rely heavily on various technologies for cross-boundary information exchange 

and coordination. In light of these KIOs characteristics, critical care practices provide a solid basis for 

investigating the role of heterogeneous technologies in temporally distributed knowledge work.  

Cardiopulmonary resuscitation practices   

To explore the impact of heterogeneous technologies on knowledge work in co-located teams, I 

conducted an observational study of in-hospital CPR practices using video recordings of resuscitation 

interventions, which were collected as part of a larger research project investigating topics related to the 

organization and composition of resuscitation teams at the hospital. 

In-hospital CPR procedures are interventions carried out by an interdisciplinary resuscitation team on 

hospitalized patients suffering from an acute episode of cardiac arrest. The procedure is initiated by ward 

personnel, who provide basic life support (BLS) to the patient, while summoning the on-call cardiac 

arrest team to take over advanced life support (ALS). Upon arrival at the cardiac arrest location, the 

resuscitation team is required to adhere to a specific set of guidelines, stipulated by an internationally 

recognized ALS protocol. However, BLS continues during, and overlaps with ALS interventions. The 

guidelines define best practices including diagnosis, chest compressions, defibrillation, airway 

management, drugs and their delivery during CPR following a time-dependent algorithm. However, due 
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to the particularities of each case, strict adherence to the ALS protocol is often not possible, and 

resuscitation teams are often faced with new situations on which they need to act decisively, often with 

incomplete information or large amounts of data from which it is difficult to extract actionable 

information. 

The dedicated resuscitation teams at the investigated hospital are interdisciplinary, and vary in terms of 

size and composition. At a minimum, resuscitation teams are composed of an anesthesiologist (often the 

designated team leader), a nurse anesthetist, two medical technicians, and a cardiology resident, thus 

having varying levels of medical training and experience. Moreover, because resuscitation teams are 

organized according to staff rotation patterns, the membership of a resuscitation team is not fixed. 

Consequently, there may be little or no familiarity among team members and the team leader often lacks 

an overview of the expertise, knowledge and experience of the other team members. 

CPR is also a technologically complex procedure, which uses advanced medical and information 

management technologies to treat cardiac arrests. However, similar to the technologies available to CCU 

professionals, the technologies used to treat cardiac arrests are not interoperable, and are not designed to 

support teamwork across tasks. The technologies used by the resuscitation teams at the investigated 

hospital can be summarized as a combination of information management tools (e.g., electronic health 

records and paper charts), monitoring and treatment equipment (e.g., vital sign monitors, defibrillators, 

and ventilators), and diagnostic tools (e.g., ultrasounds and ECGs). However, because the location of in-

hospital cardiac arrests varies, the technologies available to resuscitation teams also vary. For example, 

the critical care unit and the emergency department, where most cardiac arrests occur, are equipped with 

advanced monitoring and diagnostic devices. In contrast, medical wards are not usually equipped with 

advanced life support technology. When cardiac arrests occur in medical wards, additional equipment 

needs to be brought in during the performance of CPR, which can cause delays in treatment.  
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Resuscitation teams thus operate in settings characterized by interdisciplinary work, technological 

complexity, and task uncertainty. Furthermore, resuscitation interventions need to be adapted to novel 

task demands, emergent situations, and unpredictable events. In light of these KIOs characteristics, 

resuscitation teamwork provides a fertile ground for investigating the impact of heterogeneous 

technologies on knowledge work in co-located teams.  

Together, the two research settings provide a diverse and solid basis for studying the implications of 

heterogeneous technologies for knowledge work, since they are characterized by different forms of 

organizing, which bear an influence on the role of technologies for how knowledge is constructed and 

disseminated (Song et al. 2007). Table 2 below summarizes the characteristics of knowledge work in 

each of the two research settings, and provides an overview of the similarities and differences between 

the two research settings.  

Table 2. Similarities and differences between the two research settings 

Characteristic CPR CCU 

Form of organizing Co-located teams, summoned on short 

notice for temporary interventions 

Temporally distributed care groups, 

organized in shifts and rounds 

Nature of tasks Non-routine, time-critical tasks (high 

uncertainty) 

Repetitive tasks based on ALS algorithm  

Routine and ad-hoc tasks (moderate 

uncertainty) 

 

Environment  Varied location, across the hospital  Stable, same unit 

Knowledge and expertise 

required  

Interdisciplinary knowledge work 

Both low and high in required level 

expertise 

Interdisciplinary knowledge work  

Both low and high in required level 

expertise 

Interpersonal dynamics Little or no familiarity among team 

members 

Close-knitted community 

Technology overview and 

use 

Heterogeneous: complex technologies 

that lack interoperability and 

integration standards 

Varied availability 

Clinical management tools (e.g., EHR, 

printed test results), used mostly for 

retrieving patient history to serve 

diagnosis purposes 

Medical tools used for monitoring, 

diagnosis and treatment   

Heterogeneous: complex technologies that 

lack interoperability and integration 

standards 

Clinical information management tools 

(e.g., EHR, patient observation charts) used 

mostly for information sharing and 

coordination of patient cases across shifts 

and disciplines 

Administrative information management 

tools (e.g., KLC, binder with paper-based 

schedules, notes, checklists) used for 

coordination of work across patient cases 

Medical tools: used mostly for monitoring 

and treatment  
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Data collection 

Considering that organizational knowing is grounded in the everyday work practices (Orlikowski, 2002), 

understanding the performative outcomes of heterogeneous technologies in relation to how knowledge 

work is accomplished and managed requires methods that capture the situated context in which specific 

practices emerge (Nicolini, 2011). Hence, to gain insights into knowledge work practices with 

heterogeneous technologies, I conducted a multi-sited ethnographic study (Marcus, 1995), which is 

suited when studying complex work practices and their relationships in situ (Nicolini, 2009). 

Ethnographic methods are suitable for exploring the consequences of technology for work practices, 

because they promote a deep engagement with the field, observing practitioners as they interact with 

technology in the course of accomplishing their work  (Feldman & Orlikowski, 2011). Furthermore, a 

multi-sited ethnography approach facilitates the observation of knowledge work in different forms of 

organizing (e.g., distributed work groups, co-located teams), which have consequences in relation to the 

role of technology in knowledge work (Song et al. 2007).   

The qualitative data underlying this dissertation were collected at the hospital between 2016 and 2020 

using a variety of ethnographic methods, which provided complementary insights within and across the 

cases and strengthened the trustworthiness of my findings (Eisenhardt, 1989). While both the CCU and 

the CPR studies took place at the same hospital, and overlaps exists in terms of context and research 

themes, each study required a unique approach to the data collection process. Therefore, in what follows, 

I detail the data collection process for each research setting separately.  

Critical care ethnography 

The data collection at the CCU took place between 2016 and 2018, and involved three main phases: field 

access, main data collection, and validation. The initial phase of the study (field access) involved 

participating in meetings with gatekeepers and key informants at the hospital in order to draw a 
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collaboration agreement and gain access to the field. Before the agreement on a continued collaboration 

was reached, I was granted temporary access to the CCU (four visits of three hours each). Here, I had the 

opportunity to familiarize myself with the research setting and gain preliminary insights into the field. 

During my initial visits, I conducted descriptive participant observations (Spradley, 1980), where I tried 

to observe as much as possible and take detailed field notes in terms of the social organizing of work, 

including professions, disciplines, roles and tasks, and the material organizing, including technologies, 

artifacts and the spatial arrangement of the unit. 

During the main data collection phase, I was granted access to the CCU for three months with a maximum 

of three visits per week. These restrictions were imposed because the unit has the goal of keeping the 

number of people and noise level at a minimum for the well-being of patients, some of which are delirious 

and can become quickly disturbed by excessive commotion. The visits were decided in advance together 

with the head nurse at the unit, and all shift personnel were informed of my presence during morning 

conferences, before I arrived at the unit. In order to be inconspicuous and minimize novelty elements, I 

wore a nursing uniform and a hospital badge each time I visited the unit. My field visits were organized 

according to nursing shifts (the nurses are present at the CCU 24/7), where each visit began and ended 

with change of shift handoffs, when possible. In total, I observed 25 shifts (a mix of morning and evening 

shifts), and spent approximately 195 hours at the unit. During each visit, I took field notes using a 

notebook and pen, which I expanded into detailed, written accounts shortly after the visit was over 

(Spradley, 1980). Out of all the site visits, 20 focused on unit-wide interactions, in order to observe key 

interactions and interdependencies among activities, individuals, groups, and technologies, and to 

understand how work practices are accomplished across patient cases. During the remaining five site 

visits, I shadowed individual nurses that were responsible for one patient case. Intensivist nurses are 

usually responsible for one patient per shift, but if there are “simple” cases during the shift (e.g., patients 

that are soon to be discharged), a nurse can also take responsibility for two patients. The purpose of nurse 

shadowing was to zoom in on the interactions and interdependencies that manifested within the 
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temporary care groups surrounding a single patient case. During my field visits, I also conducted informal 

interviews in order to ask for clarifications in terms of e.g., roles at the unit, technology use, formal and 

informal rules and norms, the purpose of some activities, or anything else I deemed unclear from my 

observations. These informal interviews facilitated my understanding of observed activities, and 

importantly, they helped to clarify the purpose and use of the different medical devices, technologies, 

and artifacts. I conducted seven informal interviews with nurses, on the rare occasions their workload 

allowed for more in-depth discussions.  

At a general level, the observations focused on describing the role of different technologies for 

accomplishing critical care work, but remained open to emerging themes. As the fieldwork progressed, 

I switched from descriptive observations to focused observations, and narrowed down the fieldwork 

focus to several prominent themes. For example, I initially looked at interactions among individual 

professionals, knowledge groups and technologies, with a specific focus on how different technologies 

afforded the accomplishment of critical care work within and across knowledge domain boundaries. 

However, I observed that the different technologies not only mediated critical care work by way of 

feature-based affordances, but because the different technologies did not “work together” seamlessly, 

they required considerable work and effort to “fit together” in order to accomplish tasks. Based on my 

emerging understanding of the case, I iteratively compared data and existing theoretical perspectives to 

gain a deeper understanding of the empirical phenomena (Glaser & Strauss, 1967). This iterative data-

theory process led to my explicit focus on how technologies collectively organize critical care work, and 

on their performative outcomes in relation to how knowledge is constructed and used within and across 

distributed work groups.  

During the last phase of data collection (validation), I aimed to compare my emerging understanding of 

the field with everyday experiences of health professionals. To this end, I conducted in-depth interviews 

with intensivist nurses and anesthesiologists, based on two semi-structured interview guides. Informants 
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were selected with the help of the head nurse and chief anesthesiologist through purposive sampling. I 

aimed to include a balanced sample of experienced and novice nurses, as well as nurses with particular 

responsibilities, such as the electronic health records (EHR) responsible and deputy nurse, whose 

additional insights into technology use and management at the unit were invaluable for a deeper 

understanding of the themes that emerged during observations. For interviewing the nurses, I was assisted 

by my (Danish) main supervisor, since the head nurse suggested that at least a part of the interviews 

should be conducted in Danish, to allow the interviewees to speak freely and without obstructions in their 

native language. Anesthesiologists were selected based on their association with the CCU, with the help 

of the chief anesthesiologist of the investigated hospital. While anesthesiologists work across units and 

departments, I selected anesthesiologists that work predominantly as critical care consultants. The 

interviews with anesthesiologists were conducted entirely in English.  

The interviews followed a set of topics related to the use of technology both for accomplishing knowledge 

tasks, and for coordinating critical care work across distributed actors (i.e., across shifts, disciplines and 

professions). When interviewing nurses, we followed a semi-structured interview guide that focused on 

their experiences of using heterogeneous technologies and artifacts for knowledge tasks and for shift 

handoffs, challenges faced in practice, strategies to overcome encountered difficulties, and reflections on 

necessary skills to deal with technological complexity at the CCU. I posed similar questions to 

anesthesiologists but followed a different interview guide, which focused on their experiences with, and 

use of technology before, during and following ward rounds at the CCU. The interviews allowed me to 

compare my observations on the role of heterogeneous technologies in critical care work with the 

everyday experiences of practitioners when using medical devices and HIS in carrying out their work. In 

total, I conducted 19 semi-structured interviews, out of which 14 were with nurses and 5 with 

anesthesiologists. All interviews were recorded and transcribed verbatim. The interviews with nurses 

were transcribed and translated with the help of student assistants. I also collected substantial secondary 

material from the head nurse and the chief anesthesiologist, including information from the hospital’s 
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intranet, and weekly and annual reports covering the observation period. These materials provided 

background information and facilitated an understanding of issues and decisions regarding technology 

implementation and use at the CCU.  

Finally, after the interviews, I conducted a workshop with more than 25 nurses. Based on an initial 

thematic analysis of the data, I presented my preliminary findings to the nurses and invited them to 

provide feedback and discuss their perspectives on various topics. Topics included the level of integration 

between medical devices and HIS, the necessity of critically assessing medical device data before using 

these to inform decision-making, and the importance of technology for coordination and information 

exchange across knowledge groups at the unit. This final data collection phase allowed me to validate 

and further develop my initial analyses (Seale, 1999), and to incorporate the views of nurses not 

previously included in observations and interviews. Table 3 below provides an overview of the data 

collection process at the CCU, and the methods and data sources used during each phase of the process.   

Table 3. CCU data collection phases and data sources 
Phase 1: Field access (2016) Preliminary observations of critical 

care work practices 

4 visits of 3 hours each (12 hours) 

Phase 2: Main data collection (2017) Observations of critical care work 

practices  

25 shifts (195 hours) 

Unit-wide observations 20 shifts (156 hours) 

Nurse shadowing 5 shifts (39 hours) 

Informal interviews 7 (with nurses) 

Phase 3: Validation (2017- 2018) In-depth interviews 19 (47 minutes on average) 

Nurses 14 (incl. head nurse, deputy nurse and 

EHR responsible) 

Anesthesiologists  5 (incl. chief anesthesiologist) 

Workshop Approx. 25 participants (4 hours) 

Secondary data (documentary 

material covering the observation 

period) 

11 weekly nursing reports 

25 weekly and annual physician 

reports 

Total Observations 

Informal interviews 

Formal interviews 

207 hours 

7 (with nurses) 

19 (with nurses and anesthesiologists 
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Observational study of CPR practices  

The second study pertaining to this dissertation is an observational study on in-hospital CPR practices, 

and is part of a larger, interdisciplinary research project investigating the organization and composition 

of resuscitation teams at the hospital using video recordings of in-hospital CPR interventions. Due to the 

sensitive nature of resuscitation research, as well as the unpredictability of in-hospital cardiac arrests, 

conducting in-situ CPR ethnography is very challenging. Consequently, the research design and data 

collection process for the second study differs from that of the first study in that a traditional ethnographic 

approach was difficult to follow. Consequently, I adopted a more flexible approach to the data collection, 

where I gathered material on and off across time, as the opportunity arose. The data collection for the 

second study took place between 2016 and 2020, and involved a combination of meetings with project 

collaborators, informal conversations with cardiologists from the Department of Medicine at the hospital, 

observations of CPR simulations, participation in one in-hospital CPR event, and video recordings of 

several in-hospital resuscitation interventions.  

First, as in the case of my collaboration with CCU, I received preliminary access to the field in order to 

introduce myself to the main informants and to acquire a basic understanding of CPR organizing at the 

hospital. The preliminary access involved my participation in two CPR simulations and ALS training 

courses at the hospital. Over time however, I also participated in several meetings with key informants 

and project collaborators, as well as other CPR simulations and ALS training sessions across different 

hospitals from the Central Denmark Region. Last, I also participated in one actual CPR intervention at 

the hospital, which occurred while conducting interviews at the CCU. During all these encounters, I took 

notes regarding the social and material organizing of CPR practices and asked relevant informants to 

clarify aspects that were difficult to comprehend, e.g., ALS algorithm, medications, different roles and 

disciplines involved in CPR, the role and use of medical devices and data management technologies. All 

these data collection events occurred before the project members were given approval to video record in-
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hospital CPR interventions. Participating in these events, however, laid the foundation to my 

understanding of the field in terms of its sociomaterial organizing (Orlikowski & Scott, 2008), and 

facilitated the subsequent analysis of the data collected once the project was given green light from the 

relevant scientific ethical committees and hospital boards.  

During the main data collection phase, video-recordings of in-hospital CPR interventions were collected. 

Video recordings can be used as an alternative to in-situ observations when conducting sensitive research, 

since video data grant researchers access to the field in a less intrusive manner (Asan & Montague, 2014). 

Video recordings capture emergent action as it unfolds (LeBaron, Christianson, Garrett, & Ilan, 2016) 

and afford in-depth accounts of moment-to-moment interactions and conversations among actors (Ramey 

et al., 2016). The in-hospital resuscitation interventions were recorded by means of body cameras 

attached to the uniforms of resuscitation team members. All participating health professionals and 

patients (or relatives when the cardiac arrest resulted in death) have consented to the data collection. The 

body cameras started recording as the resuscitation teams arrived at the cardiac arrest locations, and were 

turned off once the resuscitation intervention ended – either in case of return of spontaneous circulation 

or when the treatment was discontinued. The number of approved recorded interventions is seven. In 

order to comply with data protection requirements, the video data were securely stored in the REDCap 

database, and were deleted after 30 days. Prior to deletion, each video recording was verbally and visually 

transcribed. Conversations from the video recordings were transcribed verbatim. Furthermore, the video 

material was visually transcribed in order to obtain a detailed inventory of available technologies, 

artifacts, people and spaces, as well as non-verbal interactions among individuals (Ramey et al., 2016). 

The verbal and visual approach to data transcription as a substitute for in-situ observations supports an 

analytical perspective that is consistent with the tenets of sociomateriality, which emphasizes the 

inseparability of social and material aspects of organizational work (Orlikowski, 2007). 
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Overall, the data collection process of this study cumulated in a generous amount of data (see Table 4). 

In particular, the transcriptions of the video recordings cumulated in 84 pages of written material, while 

my field notes cumulated in 28 pages of written material, which were used to write a thick description of 

the field (Geertz, 2000).  

Table 4. CPR data collection phases and data sources 

Phase 1: Field access 

(September 2016) 

Preliminary observations of CPR 

organizing 

2 full days participation in CPR 

simulations, followed by ALS training  

Phase 2: Descriptive 

observations  (2017-2019 ) 

Project meetings and informal 

conversations with key informants 

13 meetings, with meeting minutes 

and overview of conversations  

Observation of in-hospital CPR  1 intervention 

Participation in CPR simulations and ALS 

training 

Written material 

2 simulations and 1 ALS course 

spanning two days 

28 pages of field notes 

Phase 3: Main data collection 

(2020) 

7 video recordings of in-hospital CPR 84 pages of transcriptions  

  

Total Simulations and courses 

Project meetings 

Observation of in-hospital CPR 

Video recordings of in-hospital CPR 

Total written material 

6 days  

13 meetings 

1 field observation 

7 video recordings 

112 pages 

Analytical approach and methods 

The overall analytical approach, i.e., across the four research articles, is consistent with the theoretical 

premises of relationality (Bradbury & Lichtenstein, 2000), which emphasizes the nexus of relations in 

organizations, beyond the importance of specific actors and abstracted understandings of worldly 

phenomena. In line with the tenets of a relational orientation, the articles included in this dissertation 

investigate interdependencies between various actors populating the research settings, taking into 

account both human and non-human actors when capturing the interrelated nature of organizational 

phenomena. However, each research article is underpinned by different analytical methods that suit the 

specific research questions and investigated topics. Specifically, research article I draws on rich 

ethnographic data from the CCU study in applying a grounded theory principles (Glaser & Strauss, 1967) 

to investigating coordination practices across heterogeneous technologies. Research article II draws on 

video data of in-hospital CPR interventions and applies a communication analysis approach to examine 
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the impact of heterogeneous technologies on information sharing behaviours and knowledge creation 

processes. Further, research article III draws on observation and interview data from the CCU study in 

applying social and visual network analysis principles to examine information sharing patterns across 

heterogeneous actors. Last, research article IV is an observational research study of CPR practices, and 

applies a visual and communication analysis in investigating socio-technical interdependencies and 

handoffs in team interventions.  
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Coordinating knowledge work across 

technologies: Evidence from critical care practices 

Maria Festila, Sune Dueholm Müller 

Abstract 

This paper examines how heterogeneous technologies impact the coordination of knowledge work in 

complex socio-technical settings. It is based on an in-depth field study of critical care practices 

characterized by intensive knowledge work and technological heterogeneity. We observe that 

heterogeneous technologies create workflow gaps within which health professionals adapt technology 

use to contingencies and local needs, prioritize interventions, and identify problems before they become 

detrimental to patient care. These adaptations provide opportunities for health professionals to draw on 

their expertise to continuously align work across heterogeneous technologies and to accomplish broader 

professional and ideological goals. Our analysis shows that health professionals use three coordination 

practices when working across heterogeneous technologies: controlling and enhancing information, 

reconstructing workflows, and circumventing requirements. We theorize how these practices address 

coordination needs associated with heterogeneous technologies and discuss implications for knowledge 

work. We provide a more complete understanding of coordination practices in complex, socio-technical 

settings, which contributes to both knowledge work and coordination literatures. 
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Introduction  

Organizations are increasingly relying on interdisciplinary teams of knowledge workers, distributed 

processes, and specialized technologies to carry out daily operations. As a consequence, coordination of 

work is becoming less dependent on managing task interdependencies and more dependent on knowledge 

and technology integration practices (Bailey, Leonardi, & Chong, 2010; Faraj & Xiao, 2006). In 

organization studies however, coordination is typically conceptualized as an interaction process that 

integrates interdependent tasks (Okhuysen & Bechky, 2009), and the focus is on how individuals work 

interdependently to achieve common organizational goals (Bailey, Leonardi, & Chong, 2010). Along 

these lines, coordination research has explored the mechanisms underlying coordinated action, such as 

plans and rules (Bardram, 2000; Faraj & Xiao, 2006), roles (Bechky, 2006; Faraj & Xiao, 2006), routines 

(Kellogg, Orlikowski, & Yates, 2006; Okhuysen, 2005), and objects and models (Carlile, 2002; 

Henderson, 1991; Star & Griesemer, 1989). In recent years, research has also focused on understanding 

the role of technology in coordinating increasingly complex and distributed work. However, this line of 

inquiry has produced inconclusive results. Some studies show that technologies enhance coordination 

among individuals (e.g., Levina and Vaast, 2005; Kellogg, Orlikowski and Yates, 2006; Malhotra and 

Majchrzak, 2014), whereas others report severe challenges as individuals coordinate their tasks using 

technologies (e.g., Hinds, Kiesler and Kiesler, 2002; Hinds and Bailey, 2003; Bailey, Leonardi and 

Barley, 2012; Kallinikos, Aaltonen and Marton, 2013).  

While their empirical contexts and findings differ, most studies within this literature stream share the 

underlying assumption that technology is a coordination mechanism (Okhuysen & Bechky, 2009) 

mediating interdependent individuals and tasks (Gkeredakis & Constantinides, 2019). Theorizing efforts 

thus focus on the ways in which technology either enables or hinders the achievement of coordination in 

practice (Okhuysen & Bechky, 2009; Venters, Oborn, & Barrett, 2014). On the one hand, technologies 

bring individuals and tasks together by providing technical and social information needed to mobilize 
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action, align work, and create shared understanding (Okhuysen & Bechky, 2009). On the other hand, 

technologies may disrupt coordination by creating challenges with jurisdictional boundaries, professional 

identity, and control over work (Kellogg et al., 2006). However, research on technology as coordination 

mechanism does not adequately address the challenges that arise as work is carried out not only across 

multiple individuals, but also across multiple technologies. Modern organizations rely on numerous 

technologies in their daily operations. These technologies often have varying capabilities (March, 

Hevner, & Ram, 2000; Vernadat, 2010) as well as different data standards and input requirements (i.e., 

they are heterogeneous), and require time and expertise to operate collectively. Furthermore, with the 

introduction of many different information systems such as data analytics software and computational 

and simulation tools, many knowledge-intensive tasks are being performed by technologies. 

Consequently, technologies not only mediate interdependent individuals and tasks, but also generate new 

tasks and network effects (Faraj, Pachidi, & Sayegh, 2018; Gkeredakis & Constantinides, 2019; Ribes, 

Jackson, Geiger, Burton, & Finholt, 2013). From a technical perspective, increased technological 

heterogeneity leads to challenges of integration and control of diverse technological capabilities. From 

an organizational work perspective, it engenders local practices as ways of “fitting together” 

heterogeneous technologies, which cannot be adequately explained by prevailing views of the role of 

technology in coordination. 

Our aim in this article is to explore the conditions and emergent practices through which heterogeneous 

technologies impact coordination in complex socio-technical settings, and to understand the 

consequences for knowledge work. To that end, we posit that technologies do not merely enhance or 

hinder coordination (Okhuysen & Bechky, 2009), but that heterogeneous technologies also create 

coordination demands which are consequential to how knowledge work is organized. Our bipartite 

research question is: how is coordination accomplished across multiple, heterogeneous technologies, and 

what are the implications for knowledge work? We present an in-depth field study of critical care 

coordination at a Danish hospital. The Critical Care Unit (CCU) is a knowledge-intensive and 
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technologically complex work environment in which highly unstable patients are monitored and treated. 

The real-time detection of physiological changes in patients is vital to the ongoing treatment process. 

Continuous monitoring is enabled by various technologies in the form of medical devices and health 

information systems (HIS). While the different technologies are linked through the patient, they are not 

designed for interoperability. Most of the technologies have connection ports for data input, but common 

communication protocols and APIs are not available. However, data generated by monitoring devices 

will ultimately make their way into electronic health records (EHR) as health professionals acquire, align, 

integrate, and store these through analogue artifacts (e.g., paper charts), and human interaction (e.g., 

meetings and conversations). 

Our investigation shows that heterogeneous technologies create workflow gaps in which health 

professionals use their expertise to adapt responses to patient contingencies, prioritize interventions, and 

identify problems before they become consequential to patient care. Based on our analysis of health 

professionals’ responses, we identify and theorize three coordination practices: controlling and 

enhancing information, reconstructing workflows, and circumventing requirements. We find that these 

practices involve critical reflection, task repetition and ad-hoc work adjustments, which enhance 

individuals’ expertise, situational awareness, and sense of agency over work outcomes.  

Our findings are an important contribution to literature on coordination and knowledge work because 

they provide a more nuanced and multifaceted understanding of the role of technology in coordinating 

knowledge intensive work. Specifically, our findings suggest that beyond coordinating the work of 

interdependent actors, heterogeneous technologies themselves require coordination. In doing so, worker 

expertise and coordination and may be enhanced, although at potential costs to work efficiency.  
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The role of technology in coordination 

Coordination is important in all organizations, as it involves individuals and groups interacting with one 

another in pursuit of common goals. In classical organization literature, coordination has been studied 

from within the information processing paradigm (e.g., Thompson, 1967; Galbraith, 1973), which 

presupposes a stable environment that allows for the implementation of technologies and organizational 

structures to support information flows and reduce uncertainty. A different perspective on coordination 

is that of contingency theory (e.g., Malone and Crowston, 1990), which is concerned with identifying 

sources of uncertainty in order to predict which organizational structures and technologies are most 

effective in different situations. The necessity of informal practices to respond to contingencies is 

recognized but insufficiently studied (Okhuysen & Bechky, 2009). However, more recent research 

foregrounds the emergent dynamics of coordination and focuses on the informal mechanisms through 

which such practices unfold in organizations (e.g., Carlile, 2002; Bechky, 2003; Levina and Vaast, 2005; 

Faraj and Xiao, 2006; Kellogg, Orlikowski and Yates, 2006; Constantinides and Barrett, 2012). This 

stream of research extends beyond organization theory by tapping into various adjacent disciplines such 

as sociology and information systems to describe how coordination involves not only predefined 

mechanisms but also emergent practices and interactions between individuals and technologies that only 

partially build upon pre-established organizational structures. Coordination is seen as performative 

(Okhuysen & Bechky, 2009), which requires reconfiguration and adaptation of organizational 

arrangements to different situations as they unfold. Studies taking a performative approach to 

coordination show that under conditions of uncertainty and time constraints, individuals engage in 

bricolage (i.e., creative use of available resources) and improvisation practices (Constantinides & Barrett, 

2012; Constantinides, Barrett, & Kouroubali, 2009), which often involve highly contested responses such 

as protocol-breaking or cross-boundary interventions (Faraj & Xiao, 2006). 
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Viewing coordination as performative makes for a valuable perspective when studying how the 

introduction of new technology impacts workplace interactions and coordination. Some studies suggest 

that the introduction of new technology may pose coordination challenges, especially in terms of 

contingencies and emergent tasks. For instance, Pine and Mazmanian (2017) show how the introduction 

of electronic patient records obstructs health professionals’ dynamic responses to context specific 

contingencies, as the system is infused with rigid rules and task assignments. Similarly, Beane and 

Orlikowski (2015) document that telepresence at a neonatal intensive care unit challenges coordination 

as health professionals struggle to gain a shared perspective of patients and how to deal with changes in 

their health condition. Technologies may also challenge task execution when work is being performed 

on virtual rather than physical objects. For example, Bailey et al. (2012) investigate how the introduction 

of simulation technologies at an automobile manufacturer changes workers’ dependence on physical 

objects and on each other, which leads to challenges in validating digital models against their physical 

counterparts. Such coordination challenges often arise due to tensions between constraints imposed by 

technology and the need for improvisation and personal interaction to achieve shared understanding 

(Claggett & Karahanna, 2018).  

However, technology may also enhance coordination by supporting organizational arrangements that are 

less reliant on roles and hierarchies (Zammuto, Griffith, Majchrzak, Dougherty, & Faraj, 2007) and by 

facilitating adaptability, speed, and learning (Kellogg et al., 2006). For example, Malhotra and Majchrzak 

(2014) find that technology increases shared situational awareness among individuals in distributed 

teams, and that high team performance is achieved when technology is used for specific coordination 

needs. Also, Alin and colleagues (2013) show that digital objects in a virtual workspace facilitate cross-

boundary negotiation and exchange of complex knowledge among individuals engaged in an engineering 

project. Moreover, technology also facilitates boundary-spanning coordination in highly uncertain and 

volatile environments. Kellogg et al. (2006) study how individuals with different expertise utilize 
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technology to coordinate across community boundaries by making contributions and commitments 

visible through ongoing alignment, which in turn afford greater work flexibility and speed. 

In summary, the literature on technology-based coordination shows that technologies help integrate 

interdependent tasks by enlisting and organizing their participation, matching roles with tasks, and 

streamlining procedures. As boundary objects (see Star and Griesemer, 1989), they enable cross-

boundary coordination by facilitating input from different expert groups, building shared commitment, 

and aligning task contributions (see also Okhuysen and Bechky, 2009). However, technologies may also 

disrupt coordination by creating challenges related to user rights, identity, and control as individuals 

work digitally with data across boundaries. 

Towards a heterogeneous ensemble perspective in coordination 

research 

While this literature provides valuable insights into the role of technologies in coordination, it tends to 

depict them as standalone tools that individuals use to coordinate interdependent work practices (Beane 

& Orlikowski, 2015; Okhuysen & Bechky, 2009). From this perspective, coordination is either enabled 

or restricted by distinct technology features, which are used in different and sometimes novel 

combinations to suit emergent needs. However, viewing technologies as tools that individuals use in 

support of work practices does not take into account the coordination challenges associated with working 

across multiple, heterogeneous technologies. In particular, the concepts of coordination mechanism 

(Okhuysen & Bechky, 2009) and mediation of interdependent work (Gittell, 2000) emphasize how 

standalone technologies are used to support existing coordination needs (Beane & Orlikowski, 2015).  

However, there is a growing body of literature concerned with the interplay between heterogeneous 

technologies and work organizing (e.g., Almklov, Østerlie, & Haavik, 2014; Berente & Yoo, 2012; 

Hanseth & Lyytinen, 2004; Hanseth & Monteiro, 1997; Henfridsson & Bygstad, 2013; Yoo, Boland, 
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Lyytinen, & Majchrzak, 2012; Yoo, Henfridsson, & Lyytinen, 2010). This literature recognizes that 

loosely coupled layers of heterogeneous technologies may require a higher degree of coordination and 

knowledge integration to achieve organizational goals (Venters et al., 2014; Yoo et al., 2012; Yoo et al., 

2010).  

Historically, organizations tend to acquire standalone technologies with specific and sometimes narrow 

functionalities, which result in organizational information systems being complex ensembles of 

heterogeneous technologies that lack technical interoperability, but that are functionally interdependent 

(Hanseth & Lyytinen, 2004). Because heterogeneous technologies lack compatible APIs, communication 

protocols, and data exchange standards, they require considerable human effort and expertise to operate 

collectively. The resulting high degree of technological heterogeneity therefore requires an equally 

heterogeneous knowledge base to manage and integrate different functions and capabilities. Furthermore, 

because different technologies embed different aspects of work practices, and thus materially constrain 

those practices, individuals negotiate contradictions between technology-embedded practices and local 

needs through a variety of mechanisms, such as using substitute technologies and artifacts or diverging 

from procedural requirements associated with specific technologies (Berente & Yoo, 2012).  

Overall, this literature suggests that as more heterogeneous technologies are introduced into work 

practices, organizations increasingly face systemic challenges due to the heightened complexity of 

technological capabilities and inefficiencies associated with redundant or loosely coupled technologies 

(Berente & Yoo, 2012; Hanseth & Lyytinen, 2010). Yet, there are many unanswered questions regarding 

how heterogeneous technologies impact work dynamics and coordination. In particular, there is a need 

to adopt a common ground between performative views on work organizing and coordination, and more 

holistic perspectives on technology in organizations, such as the heterogeneous ensemble perspective 

discussed above. To begin this development, we build upon the perspective that work is materially 

enacted through technologies (Beane & Orlikowski, 2015), but also emphasize the network effects 
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generated by heterogeneous technologies in examining how their capabilities and requirements are 

negotiated in situated action. 

Research design and methods 

To examine how heterogeneous technologies impact the coordination of knowledge work in complex 

socio-technical settings, we conducted an in-depth field study of work practices at a Critical Care Unit 

(CCU). Critical care work is about continuously monitoring highly unstable patients and effectively 

managing emerging and often life threatening conditions using complex ensembles of advanced 

computerized medical equipment and clinical management tools. Because of the interdisciplinary and 

technologically complex nature of critical care work, the CCU as a research site allowed for an in-depth 

exploration of performative coordination aspects through participatory fieldwork. 

Research setting 

The CCU is a small ward with a maximum capacity of eight beds, and it is part of a larger Anesthesiology 

Department at a hospital in Central Denmark Region. The Anesthesiology department includes a 

postanesthetic recovery ward as well as anesthesia, palliative, and surgical units, which are linked 

together through shared tasks, roles, resources, and different HIS (e.g., clinical logistics and EHR). The 

CCU receives all types of patients requiring intensive observation and treatment, most often as transfers 

from the surgical unit and the emergency department, but sometimes also from other medical 

departments. As the unit receives patients from all specialties, the CCU is multidisciplinary in nature. 

The unit is managed by a head intensive care nurse and a deputy head, and it consists of more than 40 

critical care nurses. Clinical work is organized into three or two shifts per day on weekdays and 

weekends, respectively. During day shifts, there are typically three anesthesiology specialists present – 

two senior and one junior physician – and other medicine specialists making ward rounds between 9.00 

a.m. and 12.00 p.m. During night shifts, physicians do not make scheduled rounds, but can easily be 
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reached in acute situations. Apart from intensive care nurses and physicians, the ward is the workplace 

of social and healthcare assistants, orderlies, occupational therapists, and service assistants – all directly 

and indirectly involved in caring for the patients. The work is organized with continuity for the patient 

in mind. Whenever possible, the same nurse is responsible for the same patient across different shifts. 

The patients’ critical condition necessitates that a nurse is not assigned more than two patients at a time. 

Each nurse will know everything related to his or her patient – from diagnosis, stage of illness, prescribed 

medication, to previous treatments, allergies, nutritional requirements, mobility status, communication 

abilities, and family situation. The CCU patient is often suffering from multiple, life-threatening diseases 

and organ failures. Patients are usually admitted to the CCU as a result of acute respiratory or circulatory 

failure, which often influences their state of consciousness. The patient is closely observed by the 

assigned nurse, assisted by an array of HIS and medical devices, which are connected to the patient at all 

times. HIS include an EHR comprised of several modules (e.g., lab and x-ray results, medication 

overview, requisition, patient records, and administration), as well as a clinical logistics system and 

paper-based patient observation charts (POCs). Medical devices stationed around the patient include 

stands with fluid bags (such as blood, saline, or parenteral nutrition), syringe drivers, ventilators, infusion 

pumps, dialysis machines, and monitors displaying vital signs (e.g., heart rate, blood pressure, blood 

oxygenation, and body temperature) via sensors attached to the patient’s body.  

While the different technologies and physical artifacts (e.g., medical devices, HIS) are linked via the 

patient, they are not designed for interoperability and are not functionally integrated. However, the 

concerted functioning of these technologies provides life support and underpins two interdependent work 

processes that structure the work at the CCU: monitoring unstable patient and documenting work. Table 

1 below provides an overview of the technology used at the CCU and the functions they perform. Case-

specific medical devices (e.g., dialysis machines for patients with kidney failure) are not included. 
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Table 1. Technology in use at CCU 
Technology Function 

Health Information Systems (HIS)  

Electronic Health Records (EHR)  Clinical information management 

 Structured and unstructured patient information entry (e.g., free text, tick 

boxes) 

 Patient information retrieval 

 Interdisciplinary and inter-professional care coordination 

Patient Observation Chart (POC)  Structured physiological data collection (from medical devices to paper 

chart) 

 Used for nursing shift handoffs 

 Charts are scanned and uploaded patient records 

Clinical logistics  Administrative information management (e.g., assigned bed, transfer history, 

assigned care team) 

Medical devices  

Ventilators   Respiratory care 

Infusion pumps  Controlled fluid delivery (medication, nutrition) 

Syringe drivers  Subcutaneous medication delivery 

Vital signs monitors   Display heart rate, pulse, oxygen saturation, temperature, respiratory rate 

Video laryngoscope  Tracheal intubation 

 

Data collection 

Qualitative data were collected at the CCU between 2016 and 2018 using mixed-methods, which provide 

complementary insights into the case and strengthen the trustworthiness of our findings (Eisenhardt, 

1989). The data were collected during three phases: field access, main data collection, and validation 

(see Table 2 for details about data sources for each phase). In the initial phase of the study (field access), 

we participated in meetings with gatekeepers and key informants for the purpose of gaining access to the 

field. After preliminary discussions, the first author was granted temporary access to the CCU (four visits 

of three hours each) before the agreement on continued collaboration was reached. This gave us an 

opportunity to familiarize ourselves with the research setting and gain preliminary insights into key 

activities, groups of health professionals, and technologies specific to critical care. During the main data 

collection phase, we were allowed to conduct participant observations (participation with limited 

interaction) at the CCU for three months with a maximum of three visits per week. These restrictions 

relate to the sensitive nature of the work and considerations for the well-being of patients. During this 

phase, the first author observed nursing shifts (nurses are present at the CCU 24/7), conducted informal 
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interviews with informants, and shadowed nurses during entire shifts. The researcher spent a total of 195 

hours at the CCU. Out of all the site visits, 20 focused on how actors coordinate activities across the unit 

in order to observe key interactions and interdependences between activities, individuals, groups, and 

technologies. During the remaining five site visits, individual nurses were shadowed during entire shifts 

to zoom in on interactions and interdependences across patient related activities. During some of these 

visits, informal interviews were conducted (when the workload allowed) for the purpose of asking 

follow-up questions. These interviews facilitated understanding of observed events and activities, and 

they helped clarify the purpose and use of medical devices, technologies, and artifacts. A total of seven 

informal interviews were conducted with nurses. Field notes were taken during each visit, which were 

subsequently expanded into detailed, written accounts (Spradley, 1980). 

The observations focused on how knowledge work is coordinated across technologies, but remained open 

to emerging themes. When such themes emerged, we shifted our attention accordingly. For example, we 

initially looked for interactions, on the one hand, between individuals and groups of health professionals 

and, on the other hand, between individuals and technologies with a specific focus on how different 

technologies enable health professionals to coordinate work among each other. However, we soon 

realized that the activities and coordination efforts required alignment of heterogeneous technologies 

when monitoring patients and documenting work. Both were of equal importance, since the critical care 

work involved dealing with dispersed, inconsistent data and rigid technologies that forced health 

professionals to take alternative courses of action in dealing with both routine tasks and contingencies. 

Based on our emerging understanding of the case, we iteratively compared data and theory to gain a 

deeper understanding of the phenomena (Glaser & Strauss, 1967). While task interdependence and 

technology-mediated work coordination are theorized in literature, coordination across heterogeneous 

technologies has not been investigated to the same extent, despite its relevance to coordination in 

complex socio-technical settings. Based on comparisons of our empirical data and extant theory, we 

shifted focus from investigating technology-mediated work coordination to investigating coordination 
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across technologies. This provided a novel perspective on the work practices that emerged as health 

professionals carried out knowledge work using heterogeneous technologies. 

During the last phase of data collection (validation), we compared our emerging understanding of the 

case with everyday experiences of health professionals. To that end, both authors conducted in-depth 

interviews with nurses and anesthesiologists. When interviewing nurses, we followed a semi-structured 

interview guide that focused on their experiences of using heterogeneous technologies and artifacts while 

carrying out knowledge work, challenges faced in practice, strategies to overcome encountered 

difficulties, and reflections on necessary skills to deal with technological complexity at the CCU. We 

posed similar questions to anesthesiologists, focusing on their experiences with and use of technology 

before, during, and following ward rounds at the CCU. The interviews allowed for comparison of our 

observations of technology coordination with their everyday experiences of using medical devices and 

HIS in carrying out practices. Observations and interviews early in the study pointed toward challenges 

of carrying out tasks across heterogeneous technologies and the associated coping strategies, which were 

subsequently explored in later interviews. We also collected documentary material from the head nurse 

and the chief anesthesiologist, which provided background information and an understanding of issues 

and decisions regarding technology implementation and use at the CCU. A total of 19 semi-structured 

interviews were conducted, out of which 14 were with nurses and five with anesthesiologists. All 

interviews were recorded and transcribed verbatim. 

After the interviews, we conducted a workshop with more than 25 nurses. Based on initial analyses, we 

presented preliminary results and invited participants to provide feedback and discuss their perspectives 

on various topics. Topics included the level of integration between medical devices and HIS, the 

necessity of critically assessing medical device data before using these in support of decision-making, 

and the importance of paper-based artifacts for CCU workflows. This final data collection phase allowed 

us to validate and further develop our initial analyses (Seale, 1999), and to incorporate the views of nurses 
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not previously included in observations and interviews. All transcripts, field notes, photographs, and 

documentary material were loaded into the qualitative data analysis software NVivo to support rigorous 

data analysis. 

Table 2. Data collection phases and data sources 

Phase 1: Field access (August 2016) Preliminary observations of critical 

care work practices 

4 visits of 3 hours each (12 hours) 

Phase 2: Main data collection (May-

August 2017) 

Observations of critical care work 

practices  

25 shifts (195 hours) 

Unit-wide observations 20 shifts (156 hours) 

Nurse shadowing 5 shifts (39 hours) 

Informal interviews 7 (with nurses) 

Phase 3: Validation (November 2017-

November 2018) 

Formal interviews 19 (47 minutes on average) 

Nurses 14 (incl. head nurse and EHR 

responsible) 

Anesthesiologists  5 (incl. chief anesthesiologist) 

Workshop Approx. 25 participants (4 hours) 

Secondary data (documentary 

material covering the observation 

period) 

11 weekly nursing reports 

25 weekly and annual physician 

reports 

Total Observations 

Informal interviews 

Formal interviews 

207 hours 

7 (with nurses) 

19 (with nurses and anesthesiologists 

Data analysis 

As our study involved the cumulative collection of data from multiple sources, the analysis is best 

characterized as an iterative process across data collection phases. The analytical process involved 

moving back and forth between data collection, data analysis, and theorizing, and relied on qualitative 

data analysis methods such as memo writing, coding, and abstracting from data (Strauss & Corbin, 1990). 

During the first phase of data analysis, we identified concepts of interest by reading through our field 

notes and discussing preliminary interpretations. We started breaking down the data by engaging in open 

coding (Strauss & Corbin, 1990). In the field notes, transcribed interviews, and secondary data, text 

segments were labeled and grouped to form codes. We identified practices related to coordination across 

technologies, such as data aggregation across medical devices, dealing with inconsistent data output, 

documenting patients’ vital signs in multiple HIS, and bypassing technology use altogether. At this stage, 
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we realized that much of the knowledge work at the CCU emerged from the need to coordinate the 

functions of various technologies and artifacts used across work processes. For example, in order to 

understand and act upon changes in patient physiology, we observed that CCU health professionals work 

across multiple medical devices and HIS whose output need to be adjusted and aligned in order to render 

information coherent and actionable. 

During the second phase, we engaged in axial coding (Strauss & Corbin, 1990) to reveal thematic 

relationships and contrasts between our codes. This phase involved grouping conceptually similar codes 

and categories that emerged during the first phase. This resulted in six “second order themes” (see Figure 

1 below). We considered alternative theoretical perspectives on coordination with technologies that could 

be used as analytical lenses and provide insights through comparative analysis. For example, the theme 

“(dis)assembling information” contained empirical examples comparable to what Bailey et al. (2010) 

identified as navigating technology gaps. Other empirical examples, such as those related to 

“troubleshooting” or “working retrospectively”, are comparable to what the same authors describe as 

working backwards with technologies, or retracing steps in the work process to identify errors and correct 

past actions and information. The axial coding phase led us to consider the relevance and value of 

applying the concept of coordination across technologies in analyzing our empirical data. 

During the third phase, we further analyzed thematic relationships between codes. This allowed us to 

zoom in and out of the data to critically assess, compare, and broaden our understanding of the 

relationship between observed interactions and activities that emerge as health professionals work across 

heterogeneous technologies and the impact of these technologies on coordination and knowledge work. 

At this point, we further condensed the second order themes into three aggregate dimensions (i.e., 

controlling and enhancing information, reconstructing workflows and circumventing requirements) that 

support our storyline and conceptualization of coordination practices emerging at the workflow gaps 

between heterogeneous technologies.  
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Figure 1. Data structure 
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Our data structure as it emerged through coding is illustrated in Figure 1. Additional data examples for 

each aggregate dimension and thematic category can be found in Appendix 1. Toward the end of our data 

analysis, we compared and combined our empirical findings with insights from coordination literature. 

For example, because controlling and enhancing information practices reduced information ambiguity 

and enhanced anticipation to changes in patient conditions, we observed that they enabled coordination 

through predictability (Okhuysen & Bechky, 2009). Furthermore, because reconstructing workflows 

served to adjust and complete prior work, we noticed they enhanced coordination by keeping work 

aligned (Kellogg et al., 2006). Lastly, because circumventing requirements kept work adaptable to 

contingencies and local needs, they enabled coordination through ad-hoc adaptions (Wolbers, Boersma, 

& Groenewegen, 2018) and improvisation (Constantinides & Barrett, 2012).  

By engaging in theory-based reflection, we arrived at an understanding of how working across 

heterogeneous technologies creates several coordination needs, prompts unique responses and 

coordination practices, and has important consequences for knowledge workers. 

Findings and analysis  

Because the main goal of the CCU is to stabilize critically ill patients before they can be transferred to 

non-intensive wards, critical care work focuses on continuously monitoring patients and effectively 

managing emerging and often life threatening conditions. Stabilizing CCU patients is challenging, since 

they often suffer from multiple medical conditions that interact in complex and unpredictable ways. The 

patients are unstable in the sense that their vital signs and medical status are constantly shifting. For 

example, patients may be at risk of sudden cardiac arrest, respiratory failure, and mental collapse in the 

form of, e.g., unconsciousness or delirium.  

Given the rapidly changing nature and complexity of critically ill patients’ medical condition, intensivist 

nurses and physicians must draw on different data from various medical devices and HIS to continuously 
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monitor and assess patient status, decide on treatment plans, react to acute and life threatening events, 

and coordinate their work across shifts and professions. Some of these medical devices are connected to 

the bedside monitor, but many are not. While most devices have connection ports for data input, there 

are no available communication protocols and APIs to facilitate data transfer and integration across 

sources. Furthermore, the technologies available to CCU health professionals are not capable of 

automatic data processing and analysis. They do not provide a comprehensive picture of the patient’s 

pathophysiology by themselves. Although they generate and store large quantities of data reflecting the 

patient’s status, their output provide an inadequate basis for action. Therefore, in order to make sense of 

treatment requirements and to share information across shifts and professions, CCU health professionals 

must prepare data from various sources to inform decision-making and share patient information via 

hospital-wide systems like the EHR. However, because the EHR is shared across multiple specialties and 

departments, the system often fails to support the specific and complex information needs of the CCU. 

Instead, to facilitate information sharing and coordination across boundaries, CCU nurses use POCs to 

aggregate and sort disparate data from various medical devices. The POCs are unique to critical care, 

and they contain detailed hourly information related to patients’ vital signs and health status. Ultimately, 

however, information contained in POCs must also be made available in the EHR for later use along the 

patient’s care trajectory.  

In what follows, we describe three practices that health professionals engage in to cope with technology 

challenges that are relevant to how coordination unfolds in complex socio-technical settings. The first 

practice, controlling and enhancing information, draws on professional expertise and critical reflection 

to control the accuracy of data that support action and cross-boundary coordination. The second practice, 

reconstructing workflows, allows health professionals to deviate from pre-specified sequences of 

technology-embedded practices in order to “repair” completed tasks or follow-up on postponed work. 

The third practice, circumventing requirements, draws on various substitutable technologies as health 
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professionals seek to reduce their workload and adapt their technology practices to the workflow 

complexity of critical care.  

Controlling and enhancing information 

Given the complex and heterogeneous nature of available technologies in support of critical care work 

practices, health professionals turn raw data into trustworthy and actionable information through a set of 

coordination practices that we label controlling and enhancing information—practices of collecting, 

reconciling, aggregating, and interpreting data to extract accurate and actionable information for clinical 

decision-making. These practices emerge in response to lack of data analytics capabilities, limited 

interoperability and integration standards, and they enhance coordination by reducing task ambiguity and 

increasing predictability. The vignette below illustrates how practices of controlling and enhancing 

information unfold as health professionals leverage their expertise in collecting and analyzing data output 

from monitoring devices in anticipating procedural requirements and sharing patient information through 

the EHR: 

Charlotte [fictive name], the nurse responsible patient in Room 3, gets up from the conference table and sits at the 

computer desk overseeing the patient in Room 3. She opens her patient’s health records, and shortly after hears noises 

coming from the patient’s room. The patient is severely ill, and mumbles unintelligibly. Charlotte checks the bedside 

monitor, and then touches the patient’s forehead having a slightly disconcerted expression on her face. She checks the 

patient’s arterial line, and the sensors placed on his chest, making sure all the equipment is in place. She once more 

reads the values displayed on the bedside monitor. The patient’s blood pressure is too low, and further investigation 

is needed. “The bedside monitor tells me some things, but that doesn’t mean that it’s telling me the whole thing, or 

the right thing. So I have to find out why the blood pressure is that low, when it’s usually been high. And I felt the 

patient is damn cold and clammy and sweating, so something is wrong” she tells me. She then reaches for a portable 

blood pressure monitor and measures the patient’s blood pressure. Charlotte leaves the room and tells her colleagues 

her patient needs a cardiogram. A portable ultrasound is brought into the room, with an on-call anesthesiologist and a 
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second nurse joining the procedure [closed door]. A while after the procedure, Charlotte takes the patient’s chart and 

notes down vital signs from the bedside monitor, along with some unstructured observations about the patient’s state. 

She goes to her desk overseeing the patient, opens the patient records and creates a status update file. She logs the 

information about the procedure and treatment in the form of free text and uses the chart data to create SFIs 

[registration requisitions built into in the EHR system]. She tells me: “We took a heart cardiogram and found out that 

the patient suddenly had gotten a coronary in the heart. I mean that was by bloody feeling and hearing what the patient 

was saying”. (Field notes, morning shift) 

The nurse reacted to the patient’s deteriorating condition by using her clinical judgement in making sense 

of real-time changes in physiological data, despite the bedside monitor not flagging the problem (i.e., the 

alarm was not triggered). Because the patient’s blood pressure had “usually been high”, the decreasing 

blood pressure was not detected as a problem by the monitoring equipment. However, by listening to the 

patient and contrasting the physiological data against the blood pressure norms set for the patient, the 

nurse was able to identify a heart problem that would have been detected by the bedside monitor much 

later. The nurse’s use of monitoring technologies, artifacts, and knowledge of the patient’s past 

physiological state reveals how CCU health professionals draw on professional expertise and past data 

in interpreting situational information and enacting situated responses to patient contingencies.  

However, practices of controlling and enhancing information demand time and are prone to human error, 

since health professionals must often work with incongruent data in making sense of the pathophysiology 

of patients’ condition. Despite such challenges, CCU health professionals capitalize on the lack of 

integration between medical devices and HIS to critically assess data output from individual medical 

devices before documenting these for future use in the EHR. This means that decisions about their 

relevance are made before data become aggregated and shared. In the process of deciding which data are 

relevant for future clinical decision-making, health professionals become intimately familiar with the 

pathophysiological details of patients’ condition. Consequently, information controlling and enhancing 
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practices not only reduce work ambiguity and enhance predictability, but also facilitate situational 

awareness. A nurse shows how working across technologies that lack integration can enhance awareness 

of the patient’s physiological state: 

Because then [if data were automatically transferred] you’d know that the PDM [Patient Data Management] will send 

an alarm message, so you wouldn’t do observations yourself all the time. I know exactly where my pressure is and 

what limits I set, and I can also look at the patient. So, if you don’t constantly have a very sharp limit, then it could be 

hours before you discover a failure in the PDM, because you don’t check every single hour and…. electronics are not 

flawless – nothing is. Our monitors can register potentially worrying changes without sending alarms. And if that 

happens I discover it anyway, at least after an hour. But you wouldn’t notice that before the next shift, maybe, if you 

don’t check your PDM. And if you’re extremely busy you might miss some of it. (N9) 

In her reflection, the nurse imagines how continuous patient monitoring would unfold, should the unit 

acquire a PDM system that integrates medical devices with the EHR. The current lack of integration 

between medical devices and EHR necessitates that nurses constantly monitor the patients and make sure 

that they are aware of any changes in patients’ health status. This affords immediate identification of any 

anomaly or technological error with subsequent fast responses to medical emergencies. These practices 

also serve a symbolic purpose, since they provide opportunities for health professionals to apply their 

expertise, maintain control over patient outcomes, and challenge technology legitimacy in critical care 

work. The same nurse exemplifies how professional expertise and clinical observations are used to 

validate technology output: 

I feel safe knowing that I always know how the patients are. I don’t miss anything because I’m next to the patients, 

I’m looking at them, and I have to do some observations within that hour. So that’s definitely the reason why I’m sure 

that the technology is working. (N9) 
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Besides allowing for a greater professional control and awareness, the lack of technology integration at 

the unit creates workflow gaps within which health professionals can scrutinize and reconcile what may 

be contrasting perspectives on the same patient. This also provides an opportunity for nurses to achieve 

professional and ideological goals such as patient centeredness and privacy. For example, one nurse talks 

about how sensitive patient information is relevant for shift coordination within the unit, but should not 

“follow” the patient outside the CCU: 

Maybe you wanted to write something less nice about… we have patients who are delirious and whom it’s best to just 

leave alone. And not all relatives understand that you shouldn’t touch them constantly, because they think it’s the best 

for them. If you wanted to say something less nice about the patient or relatives to your colleague, then it’s the thing 

about, well what if they can go and read it in their journal. Then you might not include that little ‘twist’ but write a 

small note in your POC to your colleagues. (N2) 

The use of POC as an intermediary step in the EHR documentation process enables nurses to 

communicate information regarding the patient’s psychosocial circumstances (including, e.g., 

alcoholism and hysteria) across shifts, while retaining potentially harmful patient information within the 

confines of their occupational group. As such, while the use of POCs increases the complexity of nurses’ 

documentation work, it is perceived as a more accurate representation of the patient, because along with 

minute physiological data, it also includes the social dimension of a patient, which is a key element in 

nursing practice.  

Although a consequence of technological heterogeneity is greater complexity and fragmentation of 

workflows, health professional do not perceive technology integration as a viable solution, because it 

would entail conferring technology with power and trust, possibly to the detriment of clinical assessment, 

occupational expertise, and “being in touch” with the patient. Therefore, health professionals use these 

practices not only to coordinate work across heterogeneous technologies, but also to challenge 

technology legitimacy and to accomplish broader professional and ideological goals. These coordination 
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practices have both symbolic and functional value, and provide opportunities for health professionals to 

apply their occupational knowledge and expertise in dealing with ambiguity. However, because these 

practices demand time and prone to human errors, they trigger an ongoing coordination process that 

requires work alignment and ad-hoc adaptations. 

Reconstructing Workflows 

Besides assessing and aligning data and information before being used as input for decision-making, 

health professionals take stock of workflow gaps between heterogeneous technologies to either “repair” 

or follow up on postponed work by reconstructing workflows. Such work practices involve health 

professionals revisiting and examining previously performed work (troubleshooting), and following up 

on postponed work (completing prior work) in order to correct or complete past actions. In contrast to 

information controlling and enhancing practices that are performed regularly in order to render data and 

information actionable on an ongoing basis, the need for reconstructing workflows emerges when (1) 

there is evidence of inconsistent data and information; or (2) there is a need to follow up on patients in 

situations where real-time monitoring and documentation are not possible, for example due to 

emergencies elsewhere requiring health professionals’ immediate attention. Reconstructing workflows 

practices allow health professionals to identify inconsistent data and to prioritize time-critical tasks 

without compromising on the need for documentation and patient monitoring. The vignette below is 

illustrative for how practices of reconstructing workflows unfold as health professionals temporally 

coordinate their work across heterogeneous technologies in order to deal with unpredictable events: 

Ann [fictive name], the nurse I am following today, is already in the patient’s room, making sure that the alarm limits 

on the medical devices are set to the values that she considers dangerous for her patient. As she prepares to start her 

patient’s morning routine, the patient in Room 4 becomes severely unstable, and the responsible nurse requires more 

hands to stabilize the patient. More than half of today’s shift is now in Room 4, including Ann, where the patient is 

bleeding heavily. Judging by the sudden increase in the level of commotion and state of alert at the unit, the patient is 
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in a life-threatening situation. […] More than one and a half hours later, the pace at the unit has calmed down, and all 

the nurses are back at attending to their patients. Ann takes a yellow chart from her desk and goes into her patient’s 

room. She presses several buttons on the bedside monitor, then checks the ventilator, medicine pumps, and arterial 

line. She explains that she needs to document the patient’s status for the past two hours, so she can write the status 

update report. Ann once again reads the values displayed, and then she attends to the electrodes placed on the patient’s 

chest, re-arranging the electrodes and checking the bedside monitor again. She jots down some values from the 

ventilator and graph displayed on the bedside monitor, explaining that the electrodes must have been misplaced for 

some time now. (Field notes, morning shift) 

The nurse in this vignette responds to the unpredictability of critical care practices by devising ways to 

assess and document the patient’s condition even as she responds to other emergencies at the unit. By 

using data stored in POCs or monitoring devices to document the patient’s past physiological state, the 

nurses attempt to preserve the completeness of patient information, even when real-time monitoring of 

physiological changes is compromised. One nurse provides another example of the adaptations required 

to prioritize emergencies at the unit when real-time patient monitoring is not possible: 

It may very well be that, if the patient has had a cardiac arrest and so on, then you cannot just stand there with your 

pen, then there are other things that are crucial. Then you must either do cardiac massage or something else, and then 

you just have to say, well, too bad about that and when there’s time you can go back to the paper chart and see, well, 

what happened within the last 15 minutes and within the last hour—and in that way you can register something that 

happened before. (N11) 

In the scenario described above, the nurse is prevented from completing her hourly documentation work 

because the patient’s condition requires immediate, fast-response intervention. However, using 

previously registered POC information, she is later able to partially reconstruct past events (e.g., changes 

in the patient’s physiological state) in order to complete the postponed documentation tasks. The 

challenge of real-time monitoring and documentation in critical care work could be addressed through 
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technology integration and automation initiatives. As one nurse suggests, such initiatives would prevent 

the loss of important patient data:  

It is definitely smarter if all of the technologies can talk together, so that we don’t have to document twice. […] And 

in terms of the patient safety, it also makes sense that we don’t lose data. (N7) 

However, the practices emerging at the workflow gap between medical devices and EHR also serve to 

ensure the reliability and validity of the patient data, allowing for ongoing adjustments and aligning work 

across shifts and professions. For example, since erroneous data output from medical devices are not 

automatically transferred to the EHR, health professionals can troubleshoot and correct data errors by 

enacting the same tasks using different technologies and artifacts. In describing the task of assessing a 

patient’s pathophysiologic state, one nurse reflects on the intricacies of identifying and correcting data 

errors:  

I mean I constantly look at… I look at the screen, I look at the respirator and keep an eye on… okay is the blood 

pressure right? Then I go and check, well, the pressure is low, but the patient is not feeling ill because of it – well fine, 

then measure it manually – okay. Then I might check, well, is the A-line placed the way it should, reset it one more 

time and like, do my own troubleshooting routine and ensure there are no mistakes […]. Or well, the mistake was 

there, I mean maybe too little air in the ventilator bag, or maybe the patient was clotting up or what else it could be – 

an electrode that was misplaced. A lot of mistakes can happen when it comes to technology… (N8) 

As this quote illustrates, in response to seemingly erroneous data output from medical devices, nurses 

may repeat tasks (e.g., checking blood pressure) by using substitute technologies and artifacts, or by 

resetting the medical devices in order to identify the error source and understand the physiological 

meaning behind the data. Furthermore, in the ongoing effort to construct an accurate representation of 

the patient’s physiological state, the nurses also rely on past patient data to identify physiological patterns 

that may explain sudden changes in the patient’s condition. They do so by contrasting current patient 
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data with previously registered POC information. One nurse explains the emergence of pattern 

identification and sensemaking, which the POCs—as opposed to the EHR—support: 

If now, for example, they suddenly can’t ventilate the patient or if the pressure is dropping or both or everything, you 

know, I think it’s nice that you can go back to the chart and then see, what actually happened there, was it while they 

were lifting him up or did they not do anything to him, or did something specific happen there. And then you can sort 

of get a general overview of the trend during the day on the chart, which you cannot get in the extensive EHR. (N6) 

As a result of fragmented data flows, the knowledge work of health professionals is best characterized 

by temporal work alignment and ad-hoc adaptations, as they retrace, reuse, and combine patient data and 

past information in order to correct or complete past actions, allowing for appropriate and timely 

responses to changes in patients’ condition. Because workflow gaps between heterogeneous technologies 

allow for work adaptability and detection in data errors, CCU health professionals are better equipped to 

complete postponed monitoring and documentation tasks and to correct the output of medical devices 

before being shared across shifts and professions. However, as with controlling and enhancing 

information, reconstructing workflows creates several challenges, which trigger additional coordination 

needs. Because the coordination practices involve repetitive and complex work, health professionals are 

often faced with the need to deviate from or adapt embedded technology practices to the particularities 

of CCU information needs. 

Circumventing Requirements 

The technology infrastructure (i.e., the collection of technologies and artifacts available to health 

professionals) of the CCU links to and is part of a hospital-wide infrastructure that supports work 

coordination across individual health professionals, groups, and departments. The fact that some 

technologies – like EHR – are shared with other medical specialties constrains certain aspects of critical 

care practices, since most information requisitions embedded in the hospital-wide systems are 
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standardized to general medical practices and cannot support the complexity of critical care work (e.g., 

registering complex drug combinations and minute-by-minute changes in patient’s physiological state). 

Navigating the EHR to register and retrieve information requires that health professionals deviate from 

or adapt embedded practices to their needs (such as circumventing documentation requirements that are 

not relevant to CCU practices or devising ways to reduce the documentation load), or avoid the EHR 

altogether by using POCs and substitute technologies instead. We use the term circumventing 

requirements to describe the practices of deviating from rigid technology requirements. Substituting 

technologies and documenting work ahead of time are examples of emergent responses to contingencies 

where technology-embedded practices are inadequate. The vignette below illustrates how rigid 

documentation requirements embedded in the EHR lead to the emergent response of “documenting 

ahead” and using POCs to get an overview of the patients: 

At the shift handover, Marianne [fictive name], takes over the patient in Room 3. She is being briefed by her colleague 

from the night shift as well as by the shift coordinator. The handover lasts around 15 minutes, where she mostly talks 

with the night shift nurse responsible for the patient in Room 3. Marianne then reads the patient’s yellow charts, asking 

the nurse from the outgoing shift questions about its contents. As the night shift leaves the unit, Marianne goes to 

Room 3 to meet the patient [taking the chart with her]. She talks to the patient, introducing herself and explaining how 

his day will unfold (morning routine, bandage change and tests). Then her attention moves to the equipment, and she 

sets the alarm limits for the bedside monitor. She makes sure that the patient is comfortable, leaves the room, and sits 

at the desk overseeing her patient. Turning on the computer, she logs in to the EHR, probably to access the patient’s 

files. Meanwhile, she checks the patient’s observation chart again and notes down something on a post-it. Once she 

manages to log into the EHR, she opens the patient’s files and starts skimming through the night shift report, scrolling 

rapidly through the text. Soon after, she starts typing in a new report. Asking her what she is documenting, Marianne 

tells me she is doing the patient’s status update. “I tend to do it as I go, then I will go and edit it during the shift, but I 

like being ahead, if I have the time. You never know what will happen later on, especially during a morning shift 

where things can become crazy all of a sudden”. (Field notes, morning shift) 
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This vignette illustrates how practices of circumventing requirements emerge through a complex 

combination of technologies, artifacts and interactions. First, when taking over her patient, the nurse in 

this scenario circumvents reading a comprehensive report in the EHR. Instead, she uses her colleague’s 

knowledge of the patient and the minute physiological data stored in the POC to create a representation 

of the patient’s physiological and psychological state that affords immediate action (e.g., setting the alarm 

limits on the medical devices used to monitoring the patient). This representation is built on information 

perceived to be relevant only to her occupational group (e.g., hourly physiological data, patient’s 

psychosocial circumstances, and patient activities during the previous shift), and thus not contained in 

the EHR. Second, she adapts EHR use to the unpredictability of critical care work by documenting the 

patient’s status during her shift ahead of time. The temporal adaptations of EHR use ensure that 

documentation practices – used to coordinate across professions and occupational groups – are not 

hindered by unpredictable and emergent tasks. While such workarounds may be of little consequence to 

the patient’s immediate care, circumventing or deviating from other EHR-embedded documentation 

requirements may have severe consequences for cross-boundary coordination. Postponing 

documentation or documenting ahead may lead to data loss and consequently incomplete or faulty 

information as basis for clinical decision-making. One nurse describes the possible consequence of 

manually documenting fluid balance calculations, which shows that retrospectively documenting such 

calculations may lead to critical omissions: 

That would be very smart to have [a PDM system] instead of entering the information in a questionnaire. Because 

people don’t always remember everything. And you could think that you did everything correctly, and then all of a 

sudden you remember something, and maybe there are some antibiotics that were forgotten, and that could be 

important to this patient. (N4) 

As this scenario illustrates, critical care practices are prone to errors of omission since nurses must often 

rely on their memory when handling minute patient data (e.g., milliliters of drug combinations 
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administered through infusion pumps, hourly vital signs, or fluid balance). As the nurse quoted above 

suggests, such errors could be addressed by a PDM system that automatically transfers medical device 

data to the EHR. However, because such a system would only cater to the needs of the CCU and not to 

other stakeholders, such detailed functionality is not part of the EHR design requirements: 

If it were made for us, it would be difficult for the [other] departments, because why would they have such a large 

spreadsheet when they need two lines. So, we do it in another way, where we have the spreadsheet in a detailed form 

[the POC], and then type it in. (N3) 

However, the tension between the idiosyncratic needs of critical care professionals and EHR-embedded 

practices also manifests in the form of information clutter in other parts of the system, which forces 

health professionals to work around “nonsensical” requirements. As one nurse illustrates, the 

documentation practice embedded in the EHR also adds to the complexity of critical care workflows, 

since one must navigate documentation requirements that are irrelevant for critical care: 

The EHR is made so that we can use it at any department, no matter if it is the maternity ward, the pediatric ward, or 

if it is intensive care or the coronary care unit. So, there is always going to be something that is not relevant. That is 

just how it is. And we just ignore that, but it is there. Annoying things like that, why do they have to take up space? 

(N10) 

Lastly, the lack of integration (and communication protocols and APIs) between medical devices and 

between medical devices and the EHR results in more than one technology being available to health 

professionals in carrying out certain tasks, which in turn allows for the substitution of one technology for 

another. Mainly, this manifests itself as nurses bypass or postpone documentation requirements in EHR, 

and instead use the information on the POCs to make ongoing decisions related to unfolding nursing 

activities. A nurse explains how the use of POC orients nursing work as a somewhat distinct – yet 

interrelated – practice from the interdisciplinary practice embedded in the HER:  
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Well, I would say that our charts, meaning those yellow ones I was talking about, those are probably the primary ones 

we use. And in the EHR we obviously also have to document and use it, but that is more… general. Yes, I think it is 

very much our chart we kind of relate to. […] You know, if you get to the patient and think, “his blood pressure is 

high” or “he looks a little unwell” or has he done that all day? Then you can maybe… no, oh he has actually been 

having a good pressure. And then maybe think something new is happening here. What is going on right here, you 

know. So it’s actually… if you remember to note what deviations there are, then it’s actually a comprehensible tool 

and then you can just look at your graphs and see if anything special has happened, and what needs to be done. (N6) 

While nurses prefer to use POCs and other local artifacts to assess patients’ condition, they need to 

coordinate their work with physicians and other health professionals who are directly and indirectly 

involved in patient care. Consequently, information contained on POCs must also be made available 

through the EHR in support of cross-boundary coordination. However, the inadequate documentation 

options available to CCU health professionals in the EHR may lead to conflicting interpretations of 

patients’ condition across professions and disciplines. In this way, circumventing requirements leads to 

a multiplicity of interpretations and contributes to an ongoing coordination process by creating the need 

to enhance information in order to reduce ambiguity and predict work outcomes. 

A coordination model of critical care work 

Our analysis reveals that CCU health professionals face several coordination challenges when working 

across heterogeneous technologies. In particular, health professionals deal with misaligned, conflicting, 

and erroneous data; limited documentation and data analytics capabilities; lack of interoperability and 

integration standards; and rigid input requirements by engaging in three coordination practices: 

controlling and enhancing information, reconstructing workflows, and circumventing requirements. 

They control and enhance patient information by collecting, reconciling, aggregating, and interpreting 

data and information from different medical devices and HIS in order to ensure the best possible basis 

for clinical decision-making. Furthermore, they often engage in reconstructing workflows (i.e., 
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troubleshooting or completing prior work by retracing previously performed tasks) in order to ensure that 

patient information is complete and error-free. Lastly, they circumvent (EHR) requirements by 

substituting technologies and identifying ways of dealing with limited documentation capabilities and 

rigid input requirements. These practices enhance coordination by reducing ambiguity, facilitating 

continuous work alignment and adapting technology use to local needs. However, the benefits of 

coordinating work across heterogeneous technologies are often balanced against efficiency and time 

spent with the patient.  

    

COORDINATION PRACTICES COORDINATION NEEDS  TECHNOLOGY CHALLANGES 

Controlling and 

enhancing 

information 

Reduce workload;  

Adapt technology 

use to workflow 

complexity 

 

Adjust and align work; 

Adapt work and 

prioritize emergencies 

 

 

Reduce ambiguity; 

Predict outcomes 

 

Circumventing 

requirements 

 

Reconstructing 

workflows 

 

No analytics 

capabilities; 

Limited 

interoperability 

WORK-RELATED 

CHALLANGES 

Challenges across 

boundaries; 

Incongruent data or 

incomplete 

Repetitive work; 
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Time demanding; 

Prone to errors 

 

Erroneous sensor 

data; 

Misaligned or 

conflicting data 

 

 

Limited input 

capabilities; 

Rigid input 

requirements 

Figure 2. A coordination model of critical care work 
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Figure 2 shows how this coordination process unfolds when CCU health professionals work across 

heterogeneous technologies. Note that the figure should not be understood as a static and linear 

coordination model. Rather, the aim is to depict how different technology challenges interplay with work-

related challenges in triggering an ongoing coordination process. It shows that the technology challenges 

faced by the health professionals trigger several coordination needs (e.g., reducing ambiguity, aligning 

work, and adapting technology use to the workflow complexity). The health professionals respond to 

these needs by engaging in coordination practices that lead to additional work-related challenges. The 

consequence is an ongoing coordination process, which, we argue, is specific to work settings 

characterized by intensive knowledge work and technological heterogeneity, i.e. complex socio-technical 

settings.  

Specifically, (1) controlling and enhancing information practices are triggered by the need to obtain 

actionable patient information from raw and incongruent data in order to make sense of the patient’s 

pathophysiological state. These practices enable knowledge work coordination by enhancing the 

technical and social information needed to reduce ambiguity (e.g., understand task requirements), predict 

work outcomes and mobilize action. However, because work involving large amounts of data is time-

consuming, and susceptible to human errors when data are complex and hard to interpret, it triggers the 

need for both ongoing adjustment of routine processes (such as monitoring and documentation) and ad-

hoc adaptations when responding to patient emergencies (e.g., temporal coordination). The health 

professionals address these coordination needs by (2) reconstructing workflows, which entails retracing 

and repeating tasks in order to correct previously completed work (when detecting errors) or complete 

postponed routine work. Yet, as with controlling and enhancing information, reconstructing workflows 

leads to additional work-related challenges since it entails repetitive work and complex information 

needs, which are not properly supported by the capabilities and requirements of hospital-wide HIS (i.e., 

EHR). The health professionals respond to these technology and work-related challenges by (3) 

circumventing requirements, which entails substituting EHR for local artifacts to adapt technology use 
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to their specific needs, changing the sequence of documentation work, or ignoring certain technology 

requirements to reduce the workload. Yet, circumventing technology requirements challenges work 

across professions or disciplines, and may create further ambiguity and difficulties in obtaining 

actionable information for decision-making across boundaries.  

Discussion  

In this study, we explore how heterogeneous technologies impact knowledge work coordination in 

complex socio-technical settings. Based on insights from critical care work practices, we show that while 

heterogeneous technologies are indispensable for supporting specialized knowledge tasks, together they 

may increase the amount of coordination work necessary to manage interdependencies in complex socio-

technical settings. Overall, we show that knowledge workers face several challenges when working 

across heterogeneous technologies, such as misaligned or conflicting data output, tensions between local 

information needs and the capabilities of boundary technologies, and working with large amounts of data 

that require analysis before being shared with others. These technology challenges increase the 

complexity of knowledge work and coordination requirements, and they trigger different coordination 

practices that emerge as ways of “fitting together” heterogeneous technologies. In particular, we identify 

three coordination practices that emerge as organizational actors navigate the gaps in workflows between 

heterogeneous technologies: enhancing and controlling information, reconstructing workflows, and 

circumventing requirements.  

In the remainder of this section, we discuss the theoretical and practical implications of our study, outline 

its limitations, and derive implications for future studies. A summary of our key findings in terms of 

coordination practices with heterogeneous technologies and their implications for knowledge work is 

provided in Table 3. 
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Table 3. Coordinating across heterogeneous technologies within critical care 

 

 

 

 

Implications for theory 

Recently, organization scholars have suggested that existing perspectives on technology and coordination 

may be inadequate when trying to account for coordination in complex socio-technical settings where 

the underlying technology infrastructure does not mirror organizational structures (Bailey et al., 2010; 

Ribes et al., 2013; Colfer & Baldwin, 2016; Faraj et al., 2018; Gkeredakis & Constantinides, 2019). For 

example, Gkeredakis and Constantinides (2019) argue that because they are malleable, digital 

technologies not only enable task integration and coordination among organizational members, but also 

generate new tasks and workplace interactions that impact the content and form of knowledge work. At 

a more detailed level, Ribes et al. (2013) argue that delegating organizational work to “technical 

elements” may result in reconfiguration of tasks and may impede individuals’ commitment to 

coordination among each other. By tasking technologies with key organizational functions, these scholars 

suggest that new and complex technologies may replace rather than merely support coordination among 

individuals, and coordinating technologies may therefore be as important as coordinating tasks for 

accomplishing organizational goals (Bailey et al., 2010). In our study of critical care work, we observed 

technology coordination patterns, which cannot be adequately explained by prevailing theoretical 

perspectives on the role of technology in coordination. 

Practices  Implications for knowledge work  Issues  

Controlling and 

enhancing 

information  

Facilitating situational awareness 

Enhancing expertise 

Preserving a sense of agency and professional 

legitimacy 

Time-consuming 

Prone to human error 

 

Reconstructing 

workflows 

Supporting ongoing work alignment 

Allowing prioritization 

Repetitive work 

Workflow complexity 

 

Circumventing 

requirements 

Facilitating improvisation 

Enabling adaptability to local needs and 

contingencies 

Constraining cross-boundary 

work 

Incongruent data or incomplete 

information 
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Extant research investigates the performative nature of coordination and how technology mediates 

interdependent tasks as organizational members interact with and appropriate the technologies in their 

environment in both intended and unintended ways (e.g., Faraj and Xiao, 2006; Kellogg, Orlikowski and 

Yates, 2006; Constantinides and Barrett, 2012). The literature describes how technology enhances 

coordination by allowing organizational members to share information across occupational boundaries, 

match roles with tasks, and ensure predictability in task execution by making work visible to everyone 

involved (Okhuysen & Bechky, 2009). Our study espouses coordination with technology as an emergent 

and situated phenomenon, and it shows how it leads to adaptations of technology use to contingencies 

and local needs in the form of task repetition, ad-hoc work adjustments, and ongoing work alignment. 

However, our perspective on technological heterogeneity provides an alternative view of the emergent 

nature of coordination when multiple and diverse technologies require integration in order to ensure task 

completion.  

The first characteristic of knowledge work coordination with heterogeneous technologies is the need to 

navigate multiple technology requirements and capabilities, which in turn requires critical reflection, 

expertise, and control over the work being performed. Recent studies of knowledge work show that 

individuals may utilize technology to reduce ambiguity of interdependent tasks and enhance coordination 

through shared understanding and work alignment (e.g., Alin et al., 2013; Beane & Orlikowski, 2015; 

Kellogg et al., 2006). However, we show that organizational systems with different input requirements 

and capabilities may collectively increase the amount and complexity of task-related information, which 

may lead to multiple and potentially conflicting interpretations of a situation, as well as lack of clarity 

regarding what information is needed for successful task completion. In our specific case, conflicting 

patient data require that health professionals engage in activities of comparing and combining 

physiological parameters and interpreting their meaning before executing or making changes to care 

plans. This interpretation process stimulates critical reflection and strengthens individuals’ sense of 

control and agency (Gallagher, 2000) over the outcome of their work. For example, by assessing 
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incongruent physiological parameters, health professionals report feeling cognizant and in control of 

patient cases despite contingencies, and that such situational awareness gives them the ability to better 

predict treatment outcomes. This is an important finding, since a heightened sense of agency in complex 

socio-technical contexts has been linked to increased responsibility and decreased latency in response to 

work contingencies (Berberian, Sarrazin, Le Blaye, & Haggard, 2012; Limerick, Coyle, & Moore, 2014). 

As knowledge workers make sense of tasks, coordination does not only depend on shared understanding 

and work alignment, which are difficult to achieve when information is conflicting and ambiguous 

(Kellogg et al., 2006), but also on interpretation and knowledge workers’ sense making as incongruences 

become manifest. Furthermore, by being in control of what information is “passed on”, health 

professionals are able to accomplish broader professional and ideological goals associated with, e.g., 

patient-centeredness, patient privacy, and maintaining professional authority and responsibility for work 

outcomes. We thus add to the coordination literature by demonstrating not only the value but the 

necessity of managing ambiguous data and information generated by heterogeneous technologies as key 

to coordination in addition to achieving shared understanding and work alignment (Hinds and Mortensen, 

2005; Shaw et al., 2007; Malhotra & Majchrzak, 2014). Such information management activities 

encourage knowledge workers to explore different interpretations, make informed decisions based on 

multiple, and possibly contrasting perspectives, and increase their situational awareness as a result. 

The second characteristic of knowledge work coordination with heterogeneous technologies is the 

opportunity to deviate from pre-specified sequences of work to “repair” or follow-up on postponed work. 

We find that such deviations allow for task prioritization and support ongoing work alignment, which 

are instrumental to coordination in complex and dynamic environments (Kellogg et al., 2006; Mark, 

2002; Okhuysen & Bechky, 2009). Previous research on knowledge work coordination shows that 

technologies and artifacts facilitate work alignment when they are enacted as boundary objects (Alin et 

al., 2013; Bechky, 2003, 2012; Carlile, 2002; Henderson, 1991). In our study, results show that work 

alignment implies more than making commitments and task progress visible across roles and professions 
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(Bechky, 2003). Before work can be aligned across boundaries through the EHR and other technologies, 

health professionals need to ensure the reliability and validity of the patient data they share across shifts 

and medical specialties. This implies several iterations by retracing, reusing, and combining real-time 

patient data with existing information, since raw physiological data may be conflicting and cannot be 

trusted blindly. Furthermore, we find that deviations from pre-specified sequences of work allow health 

professionals to respond to emergencies while still assessing and documenting patients’ condition. By 

theorizing such practices as reconstructing workflows, we claim that coordination is facilitated by the 

possibility to prioritize emergencies and align work on an ongoing basis to ensure the completeness and 

accuracy of shared information. These practices can be likened to the concept of bricolage 

(Constantinides et al., 2009; Lévi-Strauss, 1966; Wolbers et al., 2018). Here, it denotes deviations from 

pre-defined technology-embedded practices through novel uses of available resources in support of 

emergent work-related needs. Like previous studies, we emphasize the importance of organizational 

work alignment through bricolage. However, by taking a heterogeneous technology perspective, we show 

that coordination through bricolage is afforded not only by novel combinations of technology features 

but also by the practices that emerge when working across heterogeneous technologies. However, while 

practices of reconstructing workflows enhance coordination by facilitating ongoing work alignment, they 

can be detrimental to speed and continuity in shared task execution.  

Lastly, we also add to the literature on coordination through improvisation with technology and artifacts 

(Constantinides & Barrett, 2012; Pine & Mazmanian, 2017) by showing that heterogeneous technologies 

create workflow gaps in which knowledge workers adapt their work to emergent situations by 

circumventing requirements embedded in organizational information systems. Such emergent responses 

are made possible by the availability of substitutable technologies or artifacts that support task 

completion, and by the ability of knowledge workers to anticipate the requirements imposed by 

technology and complete certain tasks in advance in order to spend their time most productively. We find 

that practices of circumventing requirements afford improvisation and adaptability of work to local 



 

104 

 

demands but may constrain cross-boundary coordination through the use of local artifacts, which in 

contrast to boundary technologies, inhibit alignment and shared understanding across departmental and 

professional boundaries. For example, the health professionals in our study use the CCU tailored POCs 

to circumvent EHR documentation requirements that are experienced as either too restrictive or not 

applicable to the work at the unit. While circumventing the requirements of organizational information 

systems may create problems for work coordination across boundaries (e.g., in terms of transferring 

patients across departments), it also facilitates coordination in situations that call for fast responses (Faraj 

& Xiao, 2006) and prioritization of speed over knowledge sharing. 

The circumventing requirements coordination practices call attention to how knowledge workers exploit 

workflow gaps between heterogeneous technologies in charting alternative paths to task completion that 

better suit emergent coordination needs. This insight extends studies of technology workarounds (e.g., 

Azad & King, 2008; Boudreau & Robey, 2005; Ferneley & Sobreperez, 2006; Harrison, Koppel, & Bar-

Lev, 2007), which predominantly focus on individuals’ situated responses to perceived material 

constraints imposed by the introduction of new technology in the workplace. Alternatively, by 

foregrounding a coordination perspective on heterogeneous technology use, our study suggests that 

workarounds are not fueled only by user resistance to technology (see Ferneley & Sobreperez, 2006). 

Rather, workarounds also take place when organizational members negotiate interdependencies between 

emergent task requirements and the technologies in their environment. Under such circumstances, 

workarounds enhance coordination and efficiency as knowledge workers draw on the resources in their 

environment to respond quickly and flexibly to emergent task requirements. Therefore, contrary to 

commonly held beliefs that technology workarounds always lead to undesirable outcomes such as 

efficiency loss and negative organizational outcomes (Azad & King, 2008), our study suggests that 

circumventing task requirements contribute to the continuity and efficiency of work by facilitating 

improvisation and flexibility, which are indispensable when responding to emergent needs (Faraj and 

Xiao, 2006; Kellogg, Orlikowski and Yates, 2006; Constantinides and Barrett, 2012). 
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Implications for practice  

Considering that the adoption rate of automated processes and advanced analytics technologies in 

organizations continues to increase, knowledge work is proving easier to automate and replace than 

previously anticipated (Brynjolfsson & McAfee, 2011). For example, recent advancements in learning 

algorithms allow for the development of technologies that are capable of learning from data and perform 

knowledge tasks independent of human judgement and expertise (Faraj et al., 2018). The emergence of 

algorithmic technologies in organizations implies that knowledge workers will increasingly engage with 

technology rather than humans in performing their work, as they must learn to manage, control, and 

interpret technology's performance (Bailey et al., 2010; Faraj et al., 2018). Given the widespread adoption 

of algorithmic technologies in various types of organizations and work settings, our study provides 

valuable insights into how the emergent intertwining of humans and technologies in the workplace 

impacts workers’ expertise, situational awareness, and perceived control over work outcomes. Overall, 

our study shows that as workplace technologies assume key organizational tasks, they generate complex 

interdependencies between technologies and knowledge resources, which require different forms and 

degrees of coordination. On the one hand, managing knowledge interdependencies requires organizations 

to create the conditions necessary for collaboration, shared understanding, and interpersonal 

coordination. Managing work across complex technologies, on the other hand, implies the need for 

controlling and integrating their heterogeneous capabilities and requirements – either through 

considerable human effort and expertise or through technology integration and automation. 

Furthermore, our findings highlight the importance of knowledge workers in unpredictable and dynamic 

work environments, which has important implications for work automation decisions. For example, in 

clinical environments such as the one investigated in this study, humans are often considered the weakest 

link in decision-making processes, and automation is seen as the solution to healthcare process 

inefficiency and poor patient outcomes. However, as we show in this study, the workflow gaps between 
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heterogeneous technologies are used by health professionals as occasions for reiterating work and 

ensuring that data from heterogeneous medical devices are accurate, relevant, and error free. Such 

information controlling practices are relevant in other clinical environments and high-reliability 

organizations in which the use of expertise and domain knowledge can mitigate potential failures even 

as algorithmic technologies such as surveillance, data analytics and machine learning increasingly 

permeate organizational processes across industries.  

Limitations and future research 

Our study is limited to one critical care unit within a hospital, and focuses on coordination across two 

specific and interdependent work processes: monitoring unstable patients and documenting work. 

Furthermore, we study knowledge work and the use of context-specific medical devices and HIS. While 

the particularities of our study limit the external validity of our findings, we believe that our key finding 

– that coordination of knowledge work in complex socio-technical settings is shaped by practices that 

individuals use in dealing with workflow gaps among technologies, and that these practices serve 

different professional goals – can usefully inform future research. Below, we outline several directions 

for research warranted by our findings. 

First, rather than emphasizing properties of novel technologies and describing their impact on task 

coordination in different knowledge work contexts, we explore how coordination is accomplished when 

working across multiple, heterogeneous technologies. We further show how technology coordination 

practices are linked to the flexibility, adaptability and situational awareness necessary for knowledge 

work coordination in complex and dynamic settings. These insights build on the premise that studying 

technologies in isolation overlooks the conditions and emergent practices through which heterogeneous 

technologies collectively impact knowledge work coordination. As showcased by our study, the lack of 

integration among workplace technologies prompts different coordination needs and practices, and have 

a direct impact on knowledge work content. Yet, considering that many knowledge-intensive tasks (e.g., 
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data acquisition and interpretation) are increasingly being delegated to technologies on account of the 

rapid advancements in, e.g., sensor technology, data analytics and integration standards (De Georgia, 

Kaffashi, Jacono, & Loparo, 2015; Gkeredakis & Constantinides, 2019), our study warrants future 

research into how current technology integration trends impact workers’ situational awareness and 

perceived control over work outcomes, and with what consequences for occupational knowledge and 

expertise. In the healthcare sector, standards that facilitate data exchange among technologies (e.g., HL7, 

FHIR) are being developed and deployed with the goal of integrating data across medical devices and 

HIS from different vendors, and ultimately improving healthcare outcomes. Yet, as shown in our study, 

health professionals use the workflow gaps between heterogeneous technologies to adapt responses to 

contingencies, prioritize interventions, and identify data errors before they become consequential to 

patient care. Going forward, future research of knowledge work and coordination may address issues of 

situational awareness and control over work quality when workplace technologies interact seamlessly in 

the background, with limited human intervention. 

Second, by emphasizing the organizing role of heterogeneous technologies in the coordination of 

knowledge work, our research challenges the underlying assumption that technology is a coordination 

mechanism, and raises important questions about the importance of coordination among individuals in 

complex socio-technical settings. To the extent that knowledge work is increasingly delegated to 

technology, and technologies with different input requirements and functionalities are deployed in 

support or replacement of knowledge work, our study offers an alternative perspective on coordination 

under circumstances in which heterogeneous technologies require integrating in order to support 

interdependent work. As shown in relation to the three coordination practices identified in critical care, 

heterogeneous technologies do not only support existing coordination needs, but also create coordination 

demands themselves. In the process of dealing with technology challenges in the workplace, coordination 

and worker expertise may be enhanced, although potentially at the expense of work efficiency. This 

finding extends existing concepts of technology workarounds and coordination problems with 
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technology by showing how technology challenges create opportunities for knowledge workers to draw 

on their expertise, which greater levels of process automation in organizations may eliminate. As 

technologies enable organizations to automate knowledge tasks, understanding how to ensure the 

relevance of the knowledge worker and what is at risk of being lost to automation becomes paramount. 

Furthermore, as heterogeneous technologies increasingly aid or perform knowledge tasks, it is important 

to ask how they reconfigure organizational interdependencies and redefine the form and degree of 

coordination necessary to accomplish organizational goals. In our study, we explore these themes in a 

life-critical context where professional expertise plays a central role. Therefore, the degree and form of 

technology coordination required in contexts other than healthcare, with different socio-technical 

configurations, is an open and relevant area for future research. 
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Appendix: Data examples for second order themes 
Controlling and enhancing information 

(a) Dis(assembling) information  We need to draw the line, what is purely intensive, and what can 

have a significance for the further course of the patient [when 

documenting physiological data]. (N12) 

 We use it [the POC] every morning when we go through the 

patients. We use the yellow charts at this morning conference, 

when we go through the patients, and then we make a care 

plan. Because all the information, or most of the information 

that we need is there, actually. The technical information. How 

much noradrenaline do they get, and stuff like that. How much 

are their dialysis... what is the blood pressure, pulse, stuff like 

that. And then the comments... the nurses make comments if 

something unusual has happened, they make a comment. (D5) 

(b) Negotiating meaning Well, [technology] plays a large role, because we are often 

dependent of the values that it gives us, but that is also why we 

shouldn’t trust these numbers blindly. And that is also one of the 

things I tell my students: ‘Look, a low blood pressure.’ yeah, but 

what does the chart look like? Does it look like an actually low 

blood pressure? They have to figure out that they cannot trust 

equipment like that blindly. It is a tool for us, but we cannot 

forget that there is a patient underneath it all. (N5) 

So, it’s about assessing the situation. You might have to do it to 

begin with, if you do not know the patient very well, but then 

you quickly find out that they might drop to 46, but then it is just 

for a short time and then they go back up. So, you set the alarm 

limits so it doesn’t cause too much fuss, but so that it’s still secure 

and I know that you have to pay attention to it, right. (N1) 

Reconstructing workflows 

(a) Troubleshooting And then I’m thinking, if he’s looking like that, what does it look like 

up there, and then I first troubleshoot. Check, is it true? Is the 

blood pressure right? It seems right. Then you document with a 

nurse student who measures the blood pressure manually, and 

it says that it actually adds up, even though the numbers are 

different. Then it’s the same, because there’s a difference 

between the diastolic peripheral and central, you know. (N14) 

In Room 1, one of the nursing students measure the blood pressure 

manually. [The nurse] that is supervising the students today tells 

me that the sensor data could not be trusted, because it 

showed a physiologically impossible value. (Field notes, 

afternoon shift)  

 I was just told by the students that they’ve been told to measure 

the blood pressure manually because you couldn’t trust the 

sensor reading, and that measures it automatically, but they’ve 

only been here… they started yesterday. And that has nothing 

to do with the students, but that misinterpretation about the 

data up there actually being correct, because the hand was 

placed right. So, it’s difficult, because then the students learn 

that the one up there is wrong, you know, but in fact it was 

damn right. (N14) 
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(b) Completing prior work Well, the charts are kept. Because we have to keep all the 

reports. But it is also, if you look back, then sometimes you 

find patterns, and see, OK, this patient got febrile every time 

we did this or that. For instance, the patient got febrile every 

time we gave him this drug. So, perhaps it’s just drug fever. 

Or, you can chart urine output over days, and see, OK, it’s 

actually declining right now. Or, you can chart the weight 

and see, OK, we are achieving the weight increase we need 

by having the patient on fluids, so we’re getting where we 

want to be. So, it’s sort of…a big overview of patient progress. 

(D2)  

Also the thing, if now, I don’t know, they suddenly can’t ventilate 

the patient of if the pressure is dropping or both or everything, 

you know, I think it’s nice that you can go back to the chart 

and then see, what actually happened there, was it while 

they were lifting him up or did they not do anything to him, or 

did something specific happen there. And then you can sort 

of get a general overview of the trend during the day on the 

chart, which you cannot get in the EHR. (N6) 

Circumventing requirements 

(a) Substituting technologies  We use them [the charts] for… Just a quick glance at the chart and 

we’ll know what kind of patient we are dealing with. Where the 

EHR is huge and expansive. You can’t really get into that in the 

same way as we can with the charts. Yes, you can read what it 

says, but the chart shows me a lot more when I read it. (N5) 

On our computers, we have a generalized program for the whole 

building. Our patients, there isn’t anything general about them. 

There isn’t because then they would not be down here. And as 

I said, in another department, they would probably eat, drink 

and have an IV line—done. Then they would pee, go to the 

bathroom, and if you are lucky, they have a drain—done. Those 

are a few things they can enter in the balance, but down here 

they might have a drain from the lungs, the stomach, and other 

places. And that is not nearly detailed enough, so we choose to 

do that ourselves. (N3) 

(b) Deviating documentation Under that section is a point that says “skin inspected”, yes, I have 

inspected the skin, but not on the back of the patient, I am doing 

that later. But I then have to tick that point, even though it may 

be wrong, because I know I am doing it later. (N11) 

 No. Things like. Well it’s something, there is also something about, 

the medicine module in the electronic patient record can’t 

handle the most complex medicine we give. So, we have that 

on our observation charts. So, we have some medicine on the 

observation schedule, and then we have something else in the 

electronic patient record. It’s not appropriate, but it’s because 

the system in there can’t handle it in the same time. It can’t 

handle the complex in the same way that you can with a pen 

and a piece of paper. It might be something about doing a lot 

of changes in an hour. Up and down in an infusion speed—it 

can’t really handle it. (N12) 
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The impact of IT on team situational awareness 

during in-hospital cardiac arrest interventions: 

Implications for team coordination 

Maria Festila, Sune Dueholm Müller, Kasper Glerup Lauridsen, Bo Løfgren, Amelie 

Hansen, Mathilde Tarp-Havmose 

Abstract  

Effective team coordination during in-hospital cardiac arrest interventions is central to improving 

treatment outcomes. However, research highlights many obstacles to effective coordination during 

resuscitation attempts, including communication breakdowns and lack of information sharing. These 

factors are also associated with degradation in team situational awareness. Furthermore, resuscitation 

teams must interact with many IT to provide adequate treatment. While IT use supports the creation of 

task-oriented knowledge, the extent to which it enables shared knowledge and team situational awareness 

is not clear. Our study reveals that IT promotes team situational awareness in two ways: by providing 

shared access to information, and by aligning members’ higher-level situational awareness. However, 

some team-oriented processes may be hindered by IT featuring high data density and detailed information 

displays. Our results contribute to IS literature on team coordination by revealing the role of IT in 

enabling team situational awareness and coordination in dynamic and complex environments. 
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Introduction 

Despite significant advances in resuscitation science over the past decades (Husselbee, Davies, & 

Perkins, 2009), the prognoses for in-hospital cardiac arrest patients are poor, with survival rates of 15-

20% (Kolte et al., 2015; Sandroni, Nolan, Cavallaro, & Antonelli, 2007). While the importance of high-

quality cardiopulmonary resuscitation (CPR) for increasing survival chances is well-documented 

(Abella, Alvarado, Myklebust, & Al., 2005; Chan, Krumholz, Nichol, Nallamothu, & Investigators, 

2008), evidence suggests that the quality of CPR interventions in clinical practice is often suboptimal 

(Leary & Abella, 2008; Ornato, Peberdy, Reid, Feeser, & Dhindsa, 2012). Studies have explored causes 

for substandard performance of cardiac arrest teams, leading to increased attention to the importance of 

team processes such as communication, leadership, planning and information sharing during CPR 

interventions (Andersen, Jensen, Lippert, & Østergaard, 2010; Chalwin & Flabouris, 2013; Ornato et al., 

2012).  

Effective team processes in healthcare are crucial to patient safety, since they enable health professionals 

to work together towards common goals (Boos, Kolbe, Kappeler, & Ellwart, 2011; Castelao, Russo, 

Riethmueller, & Boos, 2013). In the case of in-hospital CPR interventions, the main goals are diagnosing 

the cardiac arrest, oxygenating the brain, and restoring spontaneous blood circulation (Tschan et al., 

2011). Consequently, resuscitation teams must manage a wide range of interdependent tasks through 

planning, team communication, task delegation, and information sharing, and maintain awareness of 

events as they unfold (Castelao et al., 2013). Furthermore, team members must acquire and use 

information a range of information technologies (IT) in order to comprehend the situation at hand and 

effectively coordinate interdependent tasks (Müller, Kristensen, Lauridsen, Zwanenburg, & Løfgren, 

2021). The process by which teams acquire information (whether from IT or individual team members), 

make sense of its meaning, and use it to achieve a common situational perspective is referred to as team 

Situational Awareness (SA). Team SA can be of two types: (1) complementary SA where team members 
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possess individual, non-overlapping SA, and (2) shared SA where they share the same knowledge and 

SA (Cooke, Stout, & Salas, 2017). Complementary SA is beneficial to team performance, since it allows 

team members to work more efficiently in situations characterized by high workload, while shared SA 

allows for coordinated action, which is particularly important in new and ad-hoc situations (Cain, 

Edwards, & Schuster, 2016). 

Team SA is a critical factor in effective CPR, since it can impact team decision-making, CPR quality and 

ultimately, patient outcomes (Hunziker et al., 2011; Klein, 2000). However, resuscitation teams often 

struggle to achieve situational awareness necessary for effective teamwork. First, achieving a shared 

situation comprehension is challenging, since members of a resuscitation team often have little 

familiarity with each other (Patterson et al., 2015). Furthermore, resuscitation teams are cross-functional 

and cross-disciplinary, and vary in terms of size and composition (Lauridsen, Schmidt, Adelborg, & 

Lofgren, 2015). Research shows that the more heterogeneous teams are, the more likely members are to 

have different mental models and arrive at different situation comprehensions based on the same 

information (Wright & Endsley, 2008). Nevertheless, resuscitation teams also interact with many task-

oriented IT and medical devices, e.g. vital sign monitors, defibrillators, electronic medical records 

(EMR), mobile computers smartphones, most of which are not designed to support team processes and 

the coordination of interdependent tasks. While such technologies may support task-oriented knowledge 

and enhance individual SA (Müller et al., 2021), whether or how IT use promotes the development of 

team-oriented knowledge and shared SA in CPR interventions is less clear. There is therefore a need to 

study the interplay between IT use, team SA and team coordination processes. Against this backdrop, we 

address the following research question: 

How does IT use impact team situational awareness during cardiac arrest interventions, and what are 

the implications for team coordination? 
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To answer this question, we draw on an observational study of cardiac arrest interventions at a Danish 

hospital. Based on video data of in-hospital cardiac arrest events, we explore IT use patterns, information 

sharing behaviours and communication processes in order to reveal how IT use influences team SA and 

coordination processes during cardiac arrest interventions. For our aim, we conceptualize IT artifacts as 

non-human actors with information processing capabilities that are partial, provisional, and embedded in 

complex and dynamic social contexts (Orlikowski & Iacono, 2001). This conceptualization allows us to 

focus on the performative interactions among individuals, and between individuals and the IT and 

artifacts in their environment, which reflect how team SA is built in practice. Our study reveals that while 

IT use generally enhances individual and complementary SA, it may nevertheless hinder team processes 

necessary for shared SA and team coordination in dynamic and unpredictable environments.   

Theoretical background 

In this section, we first discuss literature on in-hospital CPR from a team coordination perspective. 

Thereafter, we review the concept of team SA, and discuss the role of IT in team SA and team 

coordination. 

CPR as teamwork process  

In-hospital CPR is the practice of providing life support to hospitalized patients in case of sudden cardiac 

arrest. The procedure is initiated by ward personnel, who provide basic life support (BLS) to the patient 

while summoning the resuscitation team to take over advanced life support (ALS). Once arriving at the 

cardiac arrest location, the resuscitation team is required to adhere to a specific set of guidelines. The 

guidelines define best practices for CPR, including diagnosis, chest compressions, airway management, 

cardiac rhythm analysis, defibrillation, and drug administration following a standardized algorithm, 

where even small deviations may decrease survival chances (Laxmisan et al., 2007). Therefore, 

resuscitation teams must enact a wide range of time-critical, interdependent tasks based on imperfect 



 

121 

 

information. Delivering quality CPR depends on both technical skills, i.e. the “adequacy of the actions 

taken from a medical and technical perspective”, and on non-technical skills, or the “decision-making 

and team interaction processes used during the team’s management of a situation” (Gaba et al., 1998, p. 

9).  

Non-technical skills comprise a set of cognitive and interpersonal attributes that augment technical skills 

and contribute to care quality (Riem, Boet, Bould, Tavares, & Naik, 2012). During CPR interventions, 

desirable non-technical skills include communication, leadership and planning – all of which enable the 

team to maintain a clear overview of roles and unfolding situations (Chalwin & Flabouris, 2013; 

Fernandez Castelao, Russo, Riethmüller, & Boos, 2013). However, these skills are not only important in 

their own right. Rather, they are interrelated mechanisms that impact team SA (Hunziker et al., 2011), 

and influence the overall coordination of interdependent tasks (Fernandez Castelao et al., 2013). To that 

effect, leadership behaviour, communication and planning serve as vehicles for information sharing, clear 

task delegation and shared role overview – all of which enhance team SA and coordination. Effective 

coordination, in turn, facilitates seamless transition between interdependent tasks, which is the hallmark 

of effective CPR interventions (Fernandez Castelao et al., 2013).  

Because team coordination and CPR quality are intricately linked, a promising way to improve CPR 

quality is to enhance health professionals’ non-technical skills, focusing on human factors. Previous 

initiatives to improve CPR quality have included crisis management training (Fernandez Castelao et al., 

2011, 2013) and adding a member to the cardiac arrest team dedicated to coaching chest compressions 

(Cheng et al., 2018). However, all CPR interventions are inevitably non-linear and unpredictable. 

Resuscitation teams are often faced with new situations and need to act decisively, often with imperfect 

information or large amounts of data from which it is difficult to extract relevant information. Yet, 

accurate, precise, and timely information sharing among team members and between team members and 

IT is essential to effectively coordinate interdependent tasks as part of resuscitation teamwork (Müller et 
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al., 2021). While indispensable for retrieving task-oriented information and for the performance of 

specific CPR tasks, IT may impede certain team-oriented processes such as communication and cross-

functional collaboration (Woods & Sarter, 2010). To begin addressing these issues, it is therefore 

important to better understand the interplay between IT and team SA. In particular, exploring the impact 

of IT on team SA should inform the development of IT that augment team cognition and facilitate 

dynamic decision-making in CPR interventions. 

 IT, SA and team coordination   

Situational awareness (SA) has long been recognized as an important aspect of effective healthcare 

processes (Stubbings, Chaboyer, & McMurray, 2012; Melanie Clay Wright, Taekman, & Endsley, 2004), 

since it relates directly to cognitive and behavioral capabilities required by complex, dynamic 

environments (Lowe, Ireland, Ross, & Ker, 2016). SA, as defined by Endsley, is “the perception of 

elements on the environment within a volume of time and space, the comprehension of their meaning, 

and their projection of their status into the near future” (Endsley, 1995, p. 36). This definition suggests 

three interrelated levels of situational awareness. At the most basic level, SA is achieved when an 

individual perceives the elements in her or his environment. This commonly involves gathering data and 

information from multiple sources, including IT and other individuals. Acquiring a basic perception of 

one’s environment is the precursor to comprehension, otherwise referred to as level 2 SA. 

Comprehension requires information synthesis, interpretation, and prioritization in order to create an 

understanding of the current situation (Rosenman et al., 2018). The highest SA level is achieved when 

the individual, based on the acquired information and comprehension, is able to project future states and 

scenarios. This involves predicting one or more possible trajectories to allow for contingency planning 

and anticipation (Rosenman et al., 2018). While the levels are interrelated, they are not necessarily 

sequential. Rather, the levels should be understood as ascending stages of situational awareness, where 
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each level may underlie action (Endsley, 2015). Therefore, decision-making and action do not necessarily 

require that an individual possesses the highest SA level.  

SA is indispensable in dynamic work environments characterized by high levels of uncertainty and 

situation variability (Rosenman et al., 2018), such as CPR interventions. Klein (2000) argues that SA is 

directly related to work performance, since the more information an individual possesses about the 

environment, the more adaptive he or she is when faced by new situations. Furthermore, SA is related to 

expertise, since attention to and comprehension of one’s environment is key to handling a broad range 

of situations. Additionally, lack of information and its negative impact on SA may lead to work-related 

errors. 

However, research to date has predominantly focused on identifying SA characteristics related to 

individual cognitive and behavioral processes, and less so on team cognition and collaboration aspects 

of teamwork (Wright & Endsley, 2017). When considering team SA, another layer of complexity is 

added. Beyond achieving individual SA, team members need to act interdependently with one another 

(Stanton et al., 2017). Team SA can be of two types: (1) complementary SA, in which team members 

possess individual, non-overlapping SA, and (2) shared SA, where they share the same knowledge and 

SA (Wright & Endsley, 2017). Many aspects of teamwork processes require shared SA. Shared SA 

requirements are a function of the interdependencies between the tasks of individual team members. For 

example, in a resuscitation event, different team members have specialized functions and work with 

specific IT, for which they have unique SA requirements. If present, an anesthesiologist will most likely 

provide advanced airway management (using e.g., a video laryngoscope), while a cardiologist may be in 

charge of cardiac rhythm analysis or echocardiography (using e.g., an ECG). Yet, the anesthesiologist 

and the cardiologist must also operate on commonly held knowledge of what CPR interventions entail, 

and what the expertise and role of the other are. Furthermore, the tasks performed by the anesthesiologist 

will have a direct impact on the perceptions, comprehensions and actions of the cardiologist, and vice-
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versa  (Wright & Endsley, 2017). It is such interdependences between team members that require shared 

SA. A high level of shared SA enables team cognition and is a precursor to effective team decision-

making and coordination in complex and dynamic environments.  

While the popularity of SA as a theory to explain team dynamics continues to rise, debates have emerged 

on where SA “resides”. Is it “all in the mind” (i.e., a cognitive process), can it be externalized and 

embedded in IT and artifacts, or is SA a function of the interaction among individuals, and between 

individuals and IT and artifacts in their environment? (Stanton et al., 2010). When considering the many 

medical devices and IT resuscitation teams interact with, the premise for this study is that SA is achieved 

by integrating multiple IT, artifacts and communication processes that provide teams with access to 

situational information. The arising need is thus to understand the interplay between IT use, team SA, 

and team coordination. Yet, only limited research has empirically investigated this topic. Nevertheless, 

the notion has been debated at a theoretical level. From a socio-technical perspective, Stanton et al. 

(2017) posit that technological artifacts have some level of SA, in that they hold contextually-relevant 

information. To that effect, task-oriented knowledge is activated when individuals interact with IT. While 

not dismissing the impact of IT on SA, critics argue that IT may be detrimental to SA altogether. For 

example, Woods and Sarter (2010) argue that new IT capabilities create new challenges for SA, since 

they create coordination demands on individuals working together to “keep track of more interconnected 

processes and introduce new difficulties in assessing and anticipating how highly interconnected 

situations will evolve or cascade” (p. 9).  

These theoretical works suggest that through their role in team and individual awareness and cognition, 

IT artifacts have the potential to enhance or to hinder team coordination processes in complex and 

unpredictable work environments. This observation is aligned with most IS research on IT and team 

coordination, which suggests that team coordination can be both enabled or restricted by the use of IT 

artifacts, which are sometimes used in different and novel combinations to suit the emergent needs of 
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teams (e.g., Beane & Orlikowski, 2015; Claggett & Karahanna, 2018; Kanawattanachai & Yoo, 2007; 

Seeber, Waldhart, & Maier, 2014). However, most IS and organization research to date has focused on 

the role of IT in coordinating distributed teams. To that effect, IT artifacts are often conceptualized as 

boundary objects that enable coordination among distributed individuals by, e.g., facilitating input from 

different expert groups, building shared commitment, and aligning task contributions (e.g., Doolin & 

McLeod, 2012; Havakhor & Sabherwal, 2018; Nevo, Benbasat, & Wand, 2012; Okhuysen & Bechky, 

2009; Venters, Oborn, & Barrett, 2014). In co-located teams however, IT artifacts play a less important 

role in facilitating cross-disciplinary input, since co-located team members share information through 

direct interactions. Consequently, understanding the role of IT in co-located team coordination requires 

a different approach to studying interactions between team members and the IT in their environment, 

focusing on the information processing capabilities of IT artifacts and on their potential to enhance or 

inhibit cognitive processes at a team level. To begin this development, we conceptualize IT artifacts as 

non-human actors with information processing capabilities that are partial, provisional, and embedded in 

complex and dynamic social contexts (Orlikowski & Iacono, 2001). In doing so, we focus on the 

cognitive effects of IT use on co-located teams, and on their implications for team coordination. 

Method 

This paper explores IT use patterns, information sharing behaviours and communication processes in 

order to reveal how IT use influences team SA during CPR interventions. These aspects are relevant for 

understanding the impact of IT use on team SA, since team SA depends not only on individual SA, but 

also on team processes such as planning, information sharing and communication of knowledge about 

teamwork objectives, status, team capabilities, or interdependencies among individuals and tasks (Prince 

& Salas, 1993; Salas, Prince, Baker, & Shrestha, 1995). For exploring IT use patterns and communication 

processes in resuscitation teams, we employed a qualitative research approach, which allows for an in-

depth investigation of in-hospital CPR interventions (Patton, 2014). Specifically, video data of in-
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hospital CPR interventions were analyzed by means of communication content analysis. This approach 

is suitable for our aim, since it allows the identification and categorization of verbal and non-verbal 

information exchanges among team members, as well as between team members and IT.     

Data Collection  

The empirical data were collected as part of larger research project investigating issues of in-hospital 

CPR organization. The data were collected at a Danish hospital, where the project members have been 

granted permission to video record in-hospital CPR interventions by means of body cameras attached to 

the uniforms of resuscitation team members. All participating health professionals and patients (or 

relatives when the cardiac arrest resulted in death) have consented to the data collection. 

The body cameras started recording as the team arrived at the cardiac arrest location. The cameras were 

turned off once the treatment was discontinued or in case of return of spontaneous circulation. The total 

number of recorded interventions is seven. The recordings were stored securely in a Redcap database, to 

which only authorized personnel had access. The video data was accessible for a period of 30 days, after 

which all recordings were deleted. To ensure continued access to the data in some form, conversations 

from the video recordings were transcribed verbatim. Whenever possible, a distinction was made 

between the sender and receiver in the communication process. Furthermore, the video data was used to 

take notes describing the context of each intervention, including available technology, team members 

present, as well as observations regarding actions, tasks, and behavior of resuscitation teams. The 

transcripts and observation notes were loaded into NVivo software and formed the basis for data analysis. 
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Data Analysis  

The data were analyzed by means of qualitative communication content analysis (Calder et al., 2017). 

This approach is suitable, since it allows for the identification, categorization and aggregation of 

information exchanges, utterances, as well as non-verbal communication exhibited by team members 

during CPR interventions (Calder et al., 2017).  

The analysis process involved segmenting the communication protocols of resuscitation teams into 

meaningful communication sequences involving two or more participants, and taking detailed notes of 

all non-verbal interactions (Parush et al., 2011). Given the purpose of the study, instances of IT use (e.g., 

handling of medical devices, information retrieval, queries, data input) related to each communication 

sequence were also coded. The process of coding IT use instances, communication sequences, and 

information exchanges served the purpose of identifying interaction patterns between individuals and IT 

and communication patterns among individuals, which reflect how team SA is built.  

After identifying all relevant first order codes, we categorized them according to Endsley’s three-level 

SA model (Endsley, 1995). Specifically, codes containing situation-specific IT use, utterances or 

exchanges of information related to patient history, vital signs, team members present, role clarifications 

and time were categorized as evidence that team members had a basic perception of the situation at hand 

(i.e., level 1 SA). Next, comprehension of the unfolding situation (i.e., level 2 SA) was noted through 

instances of team members recognizing and reacting to changes in the environment. These included 

interventions (e.g., defibrillation, adrenaline administered) as well as utterances and interactions through 

which team members kept track of treatment progress, and acknowledged interdependences between 

tasks. Assigning tasks, planning future treatment and seeking specialized advice were categorized as 

evidence of team members’ ability to project future scenarios and plan for contingencies. Table 1 

provides an overview of the used theoretical constructs, codes and examples pertaining to each code 
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Table 1. Coding scheme and examples 

Construct Description Codes IT artifacts Examples  

Level 1 SA 

 

Perceptions of  

elements in the 

environment 

 

Patient status SATs monitor 

Defibrillator 

Team leader: [checks the defibrillator] “We still 

have no pulse” 

 

Junior cardiologist: “Stop the chest compressions! 

[Checks the heart rhythm on the defibrillator]. It is 

asystole.” 

Patient history Computer on 

wheels 

EMR  

Team leader: “The anesthesiologist is in the room! 

[Goes to the patient]. Who do we have here?” 

Nurse: [Tells patient name]. It is a rib fracture. 

Admitted after traffic accident.  

Junior cardiologist performs multiple search 

queries in the EMR and provides additional details 

on the damage from the accident.  

Time Defibrillator 

Smartphone 

Team leader: [checks phone] “There is heart 

rhythm check in 30 seconds” 

 

Nurse: [checks phone] “A minute has passed after 

adrenaline was given.” 

Team 

members 

present 

n/a “The anesthesiologist is in the room” 

Role 

clarifications 

n/a “I am just the service assistant” 

Level 2 SA Comprehension of 

the current  

environment 

Interventions 

and 

intervention 

status  

 

Defibrillator  

SATs monitor 

Video 

laryngoscope 

Ultrasound 

scanner 

EMR 

CO2 measuring 

instruments 

A SATs monitor is placed on the patient and the 

patient is intubated using a video laryngoscope. 

Anesthesiologist: “The patient is intubated” 

 

Junior cardiologist receives ultrasound scanner 

and at the same time analyzes heart rhythm on the 

defibrillator.  

Junior cardiologist to orderlie: “Can you just wait 2 

seconds [orderlie stops chest compressions]. 

Junior cardiologist: I think we can try to shock her 

heart now. I can see a good rhythm. [Defibrillator 

charging] 

Team leader: Continue chest compressions, we 

charge. 

Level 3 SA Projection of  

future status 

Assistance 

and 

consultations 

Smartphone Team Leader calls another department or 

specialty for assistance or consultation. 

Reversible 

causes and 

future 

treatment  

EMR 

Ultrasound 

scanner 

Video 

laryngoscope 

Team Leader: “Do we think is something 

reversible?” [Reviews of the 4 Hs and 4 Ts - 

mnemonic device used for remembering the 

possible reversible causes of cardiac arrest]. 

 

Junior cardiologist checks for reversible causes 

using the ultrasound scanner.  

 

Task 

assignment 

n/a “Take over this, I have to intubate” 

“Could you please keep an eye on the time?”  

“We need someone to perform chest 

compressions”  
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After coding the data, we performed within-case analyses for each of the seven cases, in order to gain in-

depth understanding of the specific circumstances under which certain IT interactions and 

communication instances emerge (Paterson, 2010). Thereafter, we performed a cross-case analysis, 

where the focus was on identifying recurring patterns (Burns, 2010) in terms of how IT impacts different 

levels of SA during in-hospital CPR interventions. At this stage, several patterns emerged such as links 

between IT type and SA levels, and ways in which IT use influences complementary SA, shared SA, and 

team coordination. These patterns guided the subsequent writing process. 

Results 

The in-hospital resuscitation interventions included in our study took place in environments best 

characterized as dynamic and uncertain, which had an impact on the how resuscitation used IT to build 

team SA. In particular, all resuscitation teams faced a great deal of uncertainty and constant changes in 

patient status and treatment requirements as events unfolded. Consequently, resuscitation teams engaged 

with a wide variety of IT artifacts in their environment in order to clarify various aspects of the 

intervention: cardiac arrest cause, patient status, reversible causes, task clarifications or equipment 

needed. As a first step, however, the resuscitation teams needed to make sense of their (new) environment 

and initial task requirements. This usually implied several information exchanges between the 

resuscitation team and the ward personnel who summoned the resuscitation team. These exchanges 

included crucial patient information such as medical history, admission cause, current condition and 

possible cardiac arrest causes. However, this information was often only briefly communicated, with 

detailed information subsequently acquired from sources such as EMR, defibrillator, or ECG results, all 

of which provided the resuscitation teams with various levels of information and awareness as the 

interventions unfolded. In particular, we observed that resuscitation teams engaged with the IT artifacts 

in their environment in order to enhance their SA in two ways: either by delegating an individual to a 

task requiring specific task-oriented IT (e.g., “the junior cardiologist is standing by with the defibrillator 
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ready”, “a nurse brings in a computer on wheels to access the EMR”), or by collectively engaging with 

IT and medical devices (e.g., checking the vital signs monitor, checking time on the defibrillator, looking 

at ECG results). We elaborate on these themes below. First, we present our findings related to how IT 

use influences different levels of individual SA. Thereafter, we discuss how both IT use and individual 

SA shape the way team SA is built in dynamic and unpredictable environments. Last, we discuss the 

relations between the main analytical concepts as they emerged from our data, and propose a conceptual 

model of the impact of IT on team SA and team coordination. 

Technology use and the SA levels 

Across cases, we observed a pattern of resuscitation teams most often operating under level 2 SA. That 

is, team members interact with a constant stream of data and information to maintain awareness of rapidly 

unfolding situations. To that end, team members synthesize, interpret, and prioritize patient- and task-

related information in order to attend to sudden changes in patient status and intervention requirements. 

Utterances such as “adrenaline was given after the first and third”, “measure blood pressure” or “it is 

asystole, continue chest compressions” reveal a need to assess the case on a continuous basis, since 

patient data and task requirements are constantly changing. This, in turn, implies that resuscitation teams 

are often in a state of continuous situation comprehension, similar to the notion of level 2 SA.   

Interestingly, our results show that the IT resuscitation teams interact with, most often support either 

level 1 or level 3 SA. To exemplify, IT in the form of EMR and vital signs monitors facilitate level 1 SA 

by enabling information gathering. All observed teams used the EMR for retrieving medical, 

pharmacological and surgical patient history, as well as laboratory results. Furthermore, they used the 

vital signs monitors to gather data on patient status, such as SATs, blood pressure and CO2. However, 

while the technologies hold contextually relevant information, they do not by themselves enable situation 

comprehension, which requires information and data from various sources to be synchronized and 

interpreted before action can be taken. As such, we did not observe actions driven by patient information 
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alone. Rather, instances in which team members recognized and reacted to changes in patient status and 

intervention requirements required additional team-oriented non-technical skills, such as communication 

of patient information, task status, and leadership utterances. To that end, situation comprehension (i.e., 

level 2 SA) was achieved only when team members synthesized, communicated and interpreted 

contextual information provided by IT. 

Another example where IT enabled level 1 SA was in relation to time keeping. Team members used 

either defibrillators or smartphones to perform this task. Time keeping was essential to many CPR tasks, 

since chest compressions, ventilation, drug administration, rhythm analyses and defibrillation are all 

time-dependent and rhythmic interventions. Accurate time perception allowed team members to work 

efficiently with repetitive and time-demanding tasks without the need for explicit coordination (e.g., 

planning, task status utterances, task assignments). 

The information provided by available IT and medical devices also enabled team members to consider 

possible scenarios, and establish level 3 SA as a consequence. For example, when engaging with 

diagnosis tools in the form of ECG or ultrasound, we observed that team members were compelled to 

elevate their communication from that of level 1 SA (i.e., factual information) to more abstract 

discussions regarding possible reversible causes, future treatment (e.g., drugs to be administered later in 

the process), and future action (e.g., tasks assignments and consultations). Because diagnosis tool usage 

was directly followed by utterances and interactions revealing the ability of team members to predict 

treatment trajectories and anticipate task requirements, we find that such tools enable resuscitation teams 

to achieve level 3 SA.  

Another technology that enabled projection-based decision-making and action was the EMR. Beyond 

laboratory results and pharmacological history, the EMR may contain information about previous 

diagnoses (i.e., higher-level information). This information can potentially inform health professionals 
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of possible reversible causes, which enables projection-based action. Consulting the EMR for this 

purpose enabled level 3 SA by facilitating projection-based decision-making.  

At a general level, we observed that IT enabled team members to gather context-specific information in 

a timely and sustained manner, and to anticipate future patient needs and treatment trajectories. This, in 

turn, supported rapid comprehension of unfolding and unexpected situations, and allowed for rapid 

responses adapted to case contingencies. However, shared situation comprehension and team SA were 

also necessary for coordinating such timely responses.     

Technology use, individual SA and team SA  

In all observed CPR interventions, team members gathered large amounts of patient data and information 

from multiple sources in dealing with cardiac arrest situations. As the teams arrived at the cardiac arrest 

location, information-gathering activities were carried out in parallel with BLS procedures (e.g., chest 

compressions and ventilation). Accordingly, tasks such as chest compressions, airway management, time 

management, data collection, and information retrieval were performed concomitantly by different 

members of the team. The team member in charge of retrieving information from the EMR would often 

use a mobile computer to access patient’s medical files and then read aloud the accessed information. 

This ensured that any subsequent interdependent tasks were performed on the same basis (i.e., same 

information). In such situations, we observed that the EMR facilitated complementary team SA. 

However, since patient information was often communicated as simple data or observations (i.e., level 1 

SA), it was not always supportive of shared SA (i.e., overlapping, shared situation comprehension). For 

example, in one of the cases, we observed a moment of confusion following the communication of patient 

information. The confusion was related to the type of drug that needed to be administered, and arose due 

to inadequate communication and lack of experience. While we did not observe such incidents across all 

cases, the example is illustrative of how information sharing, in the absence of effective leadership and 

adequate, higher-order communication, can create a false sense of shared SA that may lead to 
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interruptions in the CPR process, e.g. chest compressions, drug administration and ultimately suboptimal 

care. 

Other technologies that facilitated complementary team SA were vital signs monitors, defibrillators, and 

smartphones. First, vital signs monitors facilitated the implicit coordination of interdependent tasks, since 

the displayed vital signs were visible to all team members at all time. Second, because defibrillators and 

smartphones were used to keep time, they augmented the teams’ complementary SA in terms of initiating 

or completing specific time-dependent tasks. For example, by keeping track of time, the person 

performing chest compressions and the person responsible for rhythm assessment were able to 

synchronize their respective tasks. In this situation, complementary SA was sufficient for team members 

to coordinate their interdependent actions, and to efficiently perform time-demanding tasks. That is, each 

member contributed to team performance by means of individual skills and actions, enabled by their 

shared sense of time.  

By contrast, we find that diagnosis tools such as ultrasound and ECG, which facilitate high levels of 

individual SA, were also supportive of shared team SA. We observed across the cases that diagnosis tool 

use was commonly followed by higher-order communication content such as reversible causes, future 

treatments, and task distribution. In turn, such higher-order communication ensured that subsequent 

interdependent actions were based on a common comprehension of the diagnosis, required tasks, and 

treatment. For example, the ultrasound was used on several occasions with the objective of identifying 

reversible causes. This sometimes led to the identification of cardiac arrest causes, which were 

subsequently communicated to all team members. Because diagnosis tools such as ultrasound or ECG 

provide abstract information in the form of images and graphs, team members were compelled to engage 

in higher-order communication, in which the exchanged information was already synthesized and 

interpreted. This likely facilitated the creation of shared mental models, since coordination processes 



 

134 

 

became more implicit, as evidenced by decreases in communication frequency and increases in 

treatment-oriented activities across the investigated cases.    

 

Figure 1. Conceptual model of the role of IT artifacts in team SA and task coordination 

Based on insights gained across the resuscitation incidents, Figure 1 (see above) shows how the use of 

task-oriented IT artifacts affect team SA and team coordination. In particular, it shows that IT use can 

influence team SA and coordination in two ways. On the one hand, IT artifacts with e.g., shared displays, 

or complex IT whose use is shared among multiple individuals, provide team members with the same 

environmental cues (e.g., shared information, data), which ensures that individual decision-making and 
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action, for example in relation to own tasks, are not dissonant across team members. This implies that 

team members can achieve complementary SA when the same IT artifact is the source of information 

about changes in the environment across team members. Achieving complementary SA is often sufficient 

for team to manage task interdependencies, in cases where tasks are routine and predictable, such as the 

cyclic performance of chest compressions, ventilation, and heart rhythm check.  

On the other hand, the use of IT artifacts during team performance also influences team SA indirectly. 

As illustrated above, IT use influences different levels of individual SA (perception, comprehension, 

projection). At the same time, team SA is also a function of individual SA. This is because an individual’s 

communication of his or her awareness can enhance (or hinder) team processes in a number of ways, 

including task clarification based on new situation comprehension, decision-making based on projected 

future scenarios, or ad-hoc task planning as a result of new data and information from IT artifacts and 

other elements in the environment (Salas et al., 1995). Communicating at higher abstraction levels (levels 

2 and 3) implies that information should not only be clearly passed from one team member to another, 

but that through team processes such as clarification,  planning, and action-oriented decision-making, 

information should also interpreted the same way, and a shared projection of actions in formed to guide 

the expectations of team members. Through the interplay between IT use, individual SA and team 

processes, teams can build the shared SA necessary to coordinate complex and unpredictable tasks, and 

to anticipate ad-hoc interdependencies as events unfold in unpredictable and dynamic environments. 

Discussion 

The purpose of this paper is to address an often debated but rarely investigated aspect of team processes: 

namely the role of IT in establishing and maintaining situational awareness in dynamic and fast-paced 

environments. The uncovered interaction patterns reveal that while task-oriented IT artifacts promote the 

development of task knowledge and complementary team SA, they may hinder team SA when it comes 
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to team-oriented knowledge necessary to manage task interdependencies in dynamic and unpredictable 

work environments. We elaborate on these below. 

Key findings 

In terms of individual SA, our results suggest that IT enables health professionals in gathering patient 

information, but also in projecting future patient needs, illness trends and treatment trajectories. These 

activities are akin to level 1 and level 3 SA, as proposed by Endsley (1995). However, our study reveals 

that IT does not directly support level 2 SA. The explanation for this finding is twofold. First, the fact 

that IT use does not directly lead to situation comprehension can be explained by the nature of IT and 

medical devices available to resuscitation teams. While level 2 SA implies information synthesis, 

interpretation, and prioritization (Rosenman et al., 2018), the technologies available to resuscitation 

teams are “passive actors”, and do not perform tasks independent of human action. Rather, many of the 

available IT provide mostly observational data and low degrees of information synthesis, with which 

team members must continually engage in order to understand their contextual relevance and reach level 

2 SA. Second, whereas level 1 (i.e., information gathering) and 3 SA (i.e., predicting possible trajectories, 

contingency planning) involve some degree of visible action and interaction with the environment, level 

2 SA (i.e., comprehension) can be conceived as a purely cognitive process, residing “in the mind”.  As 

such, the impact of IT on level 2 SA is difficult to investigate from a socio-technical perspective (Stanton 

et al., 2010). This theoretical argument further explains the finding that resuscitation teams most often 

operate under level 2 SA, since utterances and action-oriented behaviors can be conceived as expressions 

of situation comprehension processes. 

In addition, our study demonstrates that particular types and functions of IT enable SA at different levels 

(Müller et al., 2021). Whereas vital sign monitors and EMR were particularly important for resuscitation 

teams in achieving level 1 SA, other types of IT helped establish level 3 SA. Such types of IT were most 

commonly, but not exclusively, diagnosis tools in the form of ultrasounds and ECG. Their output format 
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(e.g., images, graphs) compelled team members to engage with their environment at higher SA levels. 

While the above are case-specific examples, the common denominator is the way in which information 

is structured and presented through IT  (Van de Walle, Brugghemans, & Comes, 2016). Therefore, factors 

such level of abstraction and aggregation of information affect the way individuals engage with IT, and 

the situational awareness they can achieve. These findings are in line with previous research suggesting 

that IT impacts different levels of SA, and that particular types of IT may enable SA at different levels 

(Müller et al., 2021). However, our study adds to these insights by also showing how IT use impacts 

team cognition and collaboration aspects of teamwork. To this end, our study reveals the interplay 

between IT use, individual cognition and different types of team SA, namely complementary SA and 

shared SA. 

With regard to team SA, our results suggest that IT may enable both complementary and shared SA. 

However, shared SA is hindered when related information sharing and communication processes revolve 

around data and observations, since these can create different or even divergent individual SA. 

Complementary SA as a concept builds on the premise that team SA can be achieved by summing the 

SA of individual team members (M. Wright & Endsley, 2008). If the SA of individual team members is 

not divergent, team SA can be established without the need of explicit coordination processes (Wright & 

Endsley, 2008). Our results suggest that IT providing patient information coupled with communication 

processes ensure that team members base their interdependent actions on a common set of information. 

For example, IT such as the vital signs monitors, defibrillators, and smartphones played an important 

role in augmenting teams’ complementary SA, since they provided members with the same 

environmental cues. By using the defibrillator or smartphones, team members were able to manage their 

task interdependencies without the need for additional, explicit coordination. Similarly, because data 

displayed by vital sign monitors were visible to everyone, team members could efficiently perform and 

align interdependent tasks. Our findings add to extant literature on team SA and IT (e.g., Parush et al., 
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2011, 2017; Müller et al., 2021) by showing that IT providing shared access to environmental cues 

enables complementary team SA. To the best of our knowledge, this is the first study investigating the 

distinct ways in which IT impacts complementary and shared team SA.   

Lastly, the concept of shared SA implies that members of a team have overlapping comprehension of 

unfolding situation. Individuals’ higher-level SA, such as comprehension and projection, need to be 

converging and aligned to ensure effective team coordination. In relation to the impact of IT on shared 

team SA, our study reveals mixed results. Whereas diagnosis tools, smartphones, and paper-based 

resuscitation guidelines were particularly supportive of shared SA, other types of IT providing health 

professionals with raw data such as laboratory results or vital signs hindered on occasion the development 

of shared SA. 

Information provided by diagnosis tools, such as ECG and ultrasound, are abstract, requiring team 

members to communicate at higher SA levels, and to expose individual interpretations of information, 

rather than relying on shared data and observations in the communication process. These types of IT 

enable teams to communicate at higher abstraction levels (e.g., diagnoses, treatment), and to develop 

overlapping mental models as a consequence. On the other hand, when health professionals used the 

EMR and vital signs monitors, team members often shared information at the level of data or observations 

(i.e., level 1 SA), which was not always supportive of shared SA. In addition, such IT was sometimes 

preventive of a shared SA, since the information provided led to dissonant individual SA among the 

members of resuscitation teams. Our findings thus add to literature on team SA and IT e.g. (Parush et al., 

2011, 2017; Müller et al., 2021) by showing that some IT features (e.g., abstracted data display and 

higher-level information processing) may support shared SA, others (e.g., low data synthesis and 

aggregation) may inhibit it. In the absence of leadership and explicit communication, IT providing 

detailed and non-aggregated task-oriented information can negatively impact team SA, since it can lead 

to dissonant situation comprehension and SA. 
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Implications for research and practice  

Our study has several implications for research and practice. Extant literature on team SA and IT has 

focused on deriving IT design principles that compensate for information loss, and consequently SA 

degradation in teamwork (e.g., Parush et al., 2011, 2017; Müller et al., 2021). In a distinct manner, our 

study addresses the impact of existing IT capabilities on team SA in dynamic and fast-paced 

environments. In doing so, we show that IT capabilities facilitate team SA both by ensuring shared access 

to information, and by aligning members’ higher-level situational awareness. Because shared access to 

information ensures complementary team SA, we show that team members work more efficiently on 

repetitive, but time-demanding tasks, without the need for additional, explicit coordination (Cain et al., 

2016). Conversely, by aligning members’ higher-level situational awareness, we show that IT facilitates 

team coordination in dynamic environments, where many contingencies and new situations require team-

oriented knowledge and explicit coordination processes (Cain et al., 2016). Our unique insights into the 

interplay between IT, team SA, and implicit and explicit team coordination warrant additional research 

on two fronts. First, as seen with the use of medical devices and IT in CPR interventions, the capabilities 

and features of available technology impact different aspects of team SA, and lead to distinct coordination 

needs. How this plays out in contexts other than CPR interventions, with different IT capabilities and 

coordination needs is an open area for further investigation. Second, future research is needed to study 

the extent to which team SA mediates the relationship between IT and team coordination needs (i.e., 

implicit vs. explicit). Human and environmental factors such as team expertise, training, or task 

complexity are beyond the scope of this study, but may also play an important part in how IT use impacts 

team coordination. 

Our results also have implications for practice. In particular, our insights regarding IT features and team 

SA suggest the need for IT design that supports both task efficiency and higher-order cognitive processes 

in dynamic and fast-paced environments, such as healthcare. The general implication here is that 
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information presentation and accessibility have a direct impact on team SA, and on team coordination as 

a consequence. To that effect, IT design ensuring shared access to some form of higher-order information 

(e.g., synthesized, aggregated, interpreted, abstracted) may better enable resuscitation and other medical 

teams to deal with rapid changes in their environments in an efficient manner. Contrary to extant research, 

our study does not support the assertion that shared displays alone enable higher-order team SA (e.g., 

Parush et al., 2011, 2017). It is rather information structuring and aggregation that plays an important 

role. While shared displays may ensure complementary SA, they do not by themselves facilitate higher-

level team SA necessary in dynamic and new situations. 

Limitations and directions for future research 

While shedding light on the role of IT in establishing and maintaining SA in dynamic and fast-paced 

healthcare environments, our study is not without limitations. First, our dataset is limited to seven CPR 

interventions. While each of these presented us with unique and deep insights into the coordination 

practices of resuscitation teams on account of very rich observational data, data saturation may not have 

been reached (Fusch & Ness, 2015). Furthermore, since the video cameras were not stationary, the quality 

of recordings sometimes made it difficult to capture meaningful conversation sequences and to 

understand what was happening. Thus, to complement our study, future research should, in addition to 

video or observational data, conduct interviews with selected members of resuscitation teams in the effort 

to compensate for some of the blind spots in the data. 

Conclusion 

This research article addressed the research question: how does IT use impact team situational awareness 

during cardiac arrest interventions, and what are the implications for team coordination? Based on 

insights from CPR interventions, the article shows that IT artifacts support the development of task-

oriented knowledge, and can enhance team coordination when complementary SA (i.e., different, but 
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non-conflicting mental models) is sufficient for team members to manage the interdependencies between 

their tasks (e.g., for routine or easily predictable tasks). However, when team members work across 

multiple task-oriented IT, their higher-level awareness levels (i.e., comprehension and projection) may 

not be aligned, which can hinder the development of shared SA, i.e., common understanding among team 

members about interpersonal interactions, roles and task interdependencies. Under these circumstances, 

IT artifacts may hinder team processes such as communication, planning and interdependence 

management, and ultimately impact team coordination.   
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Information handoffs in critical care and their 

implications for information quality: A socio-

technical network approach 

Maria Festila, Sune Dueholm Müller  

Abstract 

Objective: The design of health ICTs, as well as human factors, have been shown to influence patient 

information quality. The aim of this study was to understand how patterns of interaction between these 

factors influence information quality aspects in a critical care environment. 

Method: We conducted an ethnographic study of socio-technical information handoffs in a critical care 

unit. Data collection methods included non-participant observations and semi-structured interviews. 

Methodological principles from network analysis (SNA, VNA) were used to develop visual network 

diagrams, as well as to analyze the composition of the information network and its influence on patient 

information quality. 

Results: The network patterns that emerged uncover that human actors have many information processing 

and dissemination roles at the critical care unit. However, ICTs play key network roles, acting as 

information intermediaries and gatekeepers. We further identify three types of information handoffs in 

the critical care environment – human-human, human-ICT and ICT-human. On the one hand, we find 

that human-human and ICT-human handoffs influence contextual and intrinsic aspects of patient 

information, such as information completeness and accuracy. On the other hand, human-ICT handoffs 

influence information accessibility and representational quality, such as consistency and interpretability. 
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Discussion: The results suggest that standardizing change of shift handoff communication may not be 

sufficient to prevent information decay in complex care trajectories. In particular, we argue that ensuring 

information consistency and interpretability across disciplines and professions is as important as ensuring 

information completeness and accuracy during change of shift handoffs. ICT and workflow design 

opportunities are discussed as means to address overlapping or conflicting information needs across 

disciplines and professions, increase information consistency, and reduce information redundancy across 

the network. 
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Background and significance 

As today’s healthcare environment is characterized by complex care provision across many providers 

using multiple information and communication technologies (ICTs), patient information handoffs have 

become increasingly complex and fraught with risks of information decay that can lead to poor patient 

outcomes (Kitch et al., 2008; Pesanka et al., 2009; Raeisi, Rarani and Soltani, 2019). A patient 

information handoff occurs when data, information and judgments about a patient's treatment, care plan, 

orders, current condition or anticipated changes (hereafter, “patient information”) are passed along 

among actors in the healthcare system (Wayne et al., 2008; Gogan et al., 2013). Furthermore, patient 

information handoffs may also involve transfers of care responsibility between providers (Gogan et al., 

2013), which occur either through direct encounters, or asynchronously via the use of ICTs (Al-Khafaji, 

Gupta and Chopra, 2021; Tasi et al., 2021). 

Along complex care trajectories – which involve multiple providers, professions, shifts, and ICTs – 

patient information is particularly vulnerable to distortion or deterioration, since it “changes hands” 

numerous times (Gogan et al., 2013; Van Houtven, Hastings and Colón-Emeric, 2019). Issues such as 

suboptimal ICT design (Ash, Berg and Coiera, 2004; Vanderhook and Abraham, 2017), limited system 

interoperability (Iroju et al., 2013), cognitive overload (Young et al., 2021) or environmental distracters 

in healthcare settings (Horwitz et al., 2006) often degrade the quality of patient information, potentially 

leading to poor patient outcomes (Pesanka et al., 2009; Raeisi, Rarani and Soltani, 2019). 

Research shows that when patient information is communicated orally (i.e., human-human handoff), it 

is particularly prone to decay in terms of completeness and accuracy (Wayne et al., 2008; Santos, Campos 

and Silva, 2018). Communication failures due to inability to synthesize information, insufficient time or 

difficulties dealing with patient emergencies (Wohlauer et al., 2012) have a direct impact on errors of 

omission and information imprecision (Philibert, 2009; Cohen and Hilligoss, 2010; Santos, Campos and 

Silva, 2018). On the other hand, when patient information is exchanged asynchronously (via the use of 
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ICTs), ICTs often fail to reflect the realities and intricacies of clinical work, thus resulting in information 

dissemination that is either irrelevant or far too vague for various clinical contexts (Ash, Berg and Coiera, 

2004; Vanderhook and Abraham, 2017). 

While their empirical contexts and associated findings differ, most of these studies are similar in that 

they consider patient information handoffs to be inextricably linked to patient responsibility transfers 

(e.g., Craig, Smith, Downen, & Yost, 2012; Patterson, 2007; Patterson, Roth, Woods, Chow, & Gomes, 

2004; Santos et al., 2018). While a focus on information quality during change of shift encounters 

certainly has its merits, it reflects a prevalent view of information handoffs as sporadic communication 

episodes. This characterization runs the risk of ignoring the decay in information quality as it is handed 

over among heterogeneous actors – providers, electronic systems or artefacts –within and across shifts. 

Intuitively, the more information travels among heterogeneous actors, the more susceptible it is to 

distortion and quality decay. Since heterogeneous actors have different information collection, 

processing and dissemination capabilities, understanding their impact on patient information quality at a 

relational level becomes important for accurately characterizing information handoffs patterns in 

complex care settings. 

Against this backdrop, we propose to study patient information handoffs irrespective of whether or not 

they occur in connection to change of shift. Furthermore, such a perspective requires us to consider all 

intermediaries involved in collecting and disseminating patient information along care trajectories. To 

this end, we conceptualize information actors as those actors involved in collecting, processing and 

disseminating patient information, irrespective of their nature (i.e., human or ICT). With this perspective 

as a departing point, we aim to broaden our understanding of how the interplay between ICT design and 

human factors is contributing to, or preventing information decay along complex care trajectories. To 

uncover the socio-technical aspects of patient information handoffs and quality beyond change of shift 
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encounters, we ask: to what extent can information handoff patterns across heterogeneous healthcare 

actors explain and predict patient information quality issues? 

To answer this question, we present an ethnographic study of information handoff practices in the critical 

care unit (CCU) of a Danish regional hospital. The CCU is an information-intensive and technologically 

complex environment, in which pathophysiological data on highly unstable patients are continuously 

collected, processed and disseminated across providers and various ICTs (e.g., monitoring devices with 

storage capabilities, health information systems, paper observation charts). Furthermore, many CCU 

patients experience long-term hospitalization, requiring complex information flows between multiple 

providers and care teams across time. The nature of the CCU environment provides a solid case for 

studying socio-technical information exchange patterns and their implications for patient information 

quality. 

Method 

We conducted an ethnographic study in the critical care unit (CCU) of a regional hospital in Denmark. 

Sources of data were non-participant observations and semi-structured interviews with critical care 

providers. This multimethod ethnographic case study was part of a larger project exploring issues of care 

organization with ICTs. We collected network data, developed information network diagrams, and 

analyzed the data in terms of patient information quality. Figure 1 below provides an overview of the 

research process. In what follows, we discuss each step in detail.  

Research design 

The first step in conducting the network analysis was to determine the focal point of the study based on 

our research objective. There are two basic forms of network analysis—ego network analysis and 

complete network analysis. Ego network analysis includes the relationships that exist from the point of 
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a particular individual (focal actor). Complete network analysis is a way to map out all the relationships 

– in our case, information handoffs – among a focal set of actors. For our objective of uncovering patterns 

of information handoffs among CCU actors, we undertook a complete network approach, which guided 

our data collection in terms of identifying key information exchanges and mapping all actors involved in 

these exchanges at the CCU. We observed entire nursing shifts, since intensivist nurses are the only 

professional group present 24/7 at the CCU. Sources of data were structured non-participant observations 

and semi-structured interviews, which together allowed us to collect network data on a flat level, and 

with a high degree of detail (Decuypere, 2020). 

 

 

 

 

 

 

 

 

 

 

 

Step 1 

Research design 

Step 2 

Data collection 

 

Coding observational data for 

network analysis: 

Actor type, handoff target and 

source actor, handoff regularity 

and type of patient-related 

information 

Analyzing network data: 

Actor centrality, handoff type 

distribution, network regions and 

interfaces 

Collecting observational data: 

Information handoff patterns and 

actors with key information 

collection, processing and 

dissemination roles  

Step 3 

Data analysis 

Coding interview data for network 

interpretation:  

The impact of different handoff types on 

patient information quality 

 

Establishing research objective and specifying 

network form: 

Information handoff patterns during a generic nursing 

shift; complete network 

              

Collecting interview data: 

Provider experience with information 

handoffs and quality issues 

 

Pattern identification: 

 The impact of network composition 

(actors, handoffs, regions and interfaces) 

on information quality dimensions 

 

Figure 1. Steps of the research 

process  
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Data collection 

The first part of the data collection process involved conducting non-participant observations of 

information handoffs as a particular type of relation within the CCU network (Decuypere, 2020). Patient 

information exchanges within and across nursing shifts were observed and actors involved (human and 

ICT) were recorded. Contextual data for each observed information exchange were recorded in the form 

of observation notes, in order to facilitate interpretation (Decuypere, 2020). This approach allowed us to 

identify actors that play key roles in terms of collecting, processing and disseminating patient-related 

information across shifts. ICT actors were identified based on their information processing roles across 

shifts and patient cases. For example, digital medical devices (e.g., EKG, dialysis machines) used for 

particular patient cases were not included. Human actors were identified by their functional role (e.g., 

responsible nurses, shift coordinators, anesthesiologists, etc.), and do not denote specific individuals 

assuming the role. This is because our aim was to analyze information handoff patterns within a “generic” 

shift, wherein individual providers change but their functional roles remain constant. Moreover, since a 

shift always starts and ends with change of shift handoffs, we included actors belonging to the focal shift 

(shift 1), but also actors from the outgoing shift (shift 0) and the next incoming shift (shift 2). After 

collecting the observational data, we developed information flows and descriptions of different types of 

information handoffs. 

The second part of data collection process involved interviewing intensivist nurses and anesthesiologists. 

These two professional groups were chosen on account of their direct involvement at the CCU, as well 

as their importance in the CCU information network. Additionally, because intensivist nurses share shift 

coordination duties with the head nurse, they provided rich accounts of handoffs of both administrative 

and clinical patient information. Study participants were selected with the help of the head nurse and 

chief anesthesiologist through purposive sampling. We aimed to include a balanced sample of 

experienced and novice nurses working day and night shifts. We also interviewed nurses with particular 
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responsibilities, such as the EMR responsible and deputy nurse, whose additional insights into ICT use 

and coordination at the unit were invaluable for the purpose of our study. We sampled anesthesiologists 

based on their association with the CCU. While anesthesiologists work across units and departments, we 

selected anesthesiologists that work predominantly as critical care consultants.  

An interview guide was developed based on our observational insights and emergent understanding of 

the case. The guide included topics such as complex CCU care trajectories, shift handoffs, the use of 

ICTs for patient information exchange within and across shifts, and issues related to patient information 

quality. The selection of topics was guided by our aim to understand how information handoffs patterns 

relate to different information quality issues, as experienced by providers. Specifically, study participants 

were asked to provide detailed descriptions of (1) change of shift handoffs, (2) interdisciplinary and inter-

professional information exchanges, (3) ICT use for handling clinical and administrative information, (4) 

information quality issues experienced in relation to different types of handoffs, and (5) 

recommendations for how information exchange can be improved at the CCU. The interviews were 

recorded and transcribed verbatim. Table 1 below provides an overview of our data sources. 

 

Table 1. Data collection overview 

Data type Overview  Total 

Observations 25 nursing shifts (incl. change of 

shift handoffs) 

195 hours 

Interviews 

 Nurses 

                        

 

 Anesthesiologists 

 

14 interview (incl. head nurse, 

deputy nurse and EMR 

responsible) 

 

5 interview (incl. chief 

anesthesiologist) 

19 (47 minutes on 

average) 
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Data analysis  

Network Analysis 

The next methodological step was to visualize and analyze the CCU information network based on 

principles from Social Network Analysis (SNA) and Visual Network Analysis (VNA). For this purpose, 

we used Gephi software. Gephi is an open source software that allows for both network visualization and 

analyses of network properties (Bastian, Heymann and Jacomy, 2009). To prepare the data for the 

network analysis, we used Microsoft Excel to compile a list of actors (n=34) and code these based on 

type (human or ICT). Table 2 below provides the list of identified actors and the assigned abbreviations 

used in the reminder of the paper. 

Table 2. CCU Information Actors 

Abbreviation Role/name overview Type 

RNn Responsible nurse, where n indicates shift belongingness (n=0, 1 or 2) Human 

CNn Coordinating nurse,  where n indicates shift belongingness (n=0, 1 or 2) Human  

ANn Anesthesiologist,  where n indicates shift belongingness (n=0, 1 or 2) Human 

SPn Specialty physician,  where n indicates shift belongingness (n=0, 1 or 2) Human 

SSNn Same shift nurse,  where n indicates shift belongingness (n=0, 1 or 2) Human 

HN Head nurse Human 

P Patient Human 

J-ANn Junior anesthesiologist,  where n indicates shift belongingness (n=0, 1 or 2) Human 

JSPn Junior specialty physician,  where n indicates shift belongingness (n=0, 1 or 2) Human 

LAB Laboratory technician Human 

FC Flow coordinator, inter-unit Human 

ADL Acute department liaison Human 

SSL Surgical section liaison Human 

PRL Postanesthetic recovery section liaison Human 

PSL Palliative section liaison Human 

ASL Anesthesia section liaison Human 

EMR Electronic medical record ICT 

POC Patient observation chart ICT 

DPM Digital patient monitor ICT 

KLC Clinical Logistics Columna ICT 
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We also compiled a list of identified handoffs (n=165), and coded each of these in terms of target and 

source actor, regularity and type of patient-related information (Table 3). First, we coded the handoffs in 

terms of source and target actor. For example, if patient information was registered in the EMR by the 

responsible nurse from shift 1 (RN1), we coded RN1 as the source actor, and the EMR as the target actor. 

This also allowed us to categorize the handoffs in terms of type (e.g., human-ICT). Moreover, while 

some handoffs were identified throughout all the observed shifts, others appeared with less regularity in 

our dataset. To differentiate between handoffs in terms of regularity of occurrence, we further coded the 

handoffs based on whether they occurred regularly or ad-hoc. This is an important distinction to make, 

since handoffs occurring regularly often mirror established clinical processes and information flows, 

while ad-hoc handoffs are usually the result of emergent activities undertaken to suit unfolding clinical 

situations. Lastly, while some of the identified handoffs involved exchanges of clinical patient 

information (such as the patient's illness history, treatments, laboratory tests or pathophysiological data), 

others, such as between coordinating nurses and KLC contained administrative information related to the 

patient (e.g., assigned bed, transfer history, assigned care team). This difference is relevant in terms of 

how important a particular handoff is for patient care. Therefore, we included “information type” as a 

code to differentiate between handoffs involving clinical information and those involving administrative 

information. 

Table 3. Handoff Codes 

Handoff type (based on 

source and target actor 

type) 

 Human-human 

 Human-ICT 

 ICT-human 

 ICT-ICT 

Regularity  Regular 

 Ad-hoc  

Patient-related 

information type 

 Clinical information 

 Administrative 

information 
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Moreover, because information type and regularity are indicators of how strong (important) a handoff 

relation is, we used these codes to assign weights to each identified handoff. Table 4 provides an 

overview of the handoff weight matrix used for this purpose. Therefore, if a handoff occurred ad-hoc and 

involved an exchange of administrative information, it was assigned the lowest weight – “1”. This means 

that such a handoff by itself has a relatively lower relevance for patient care activities. Next, if the 

information handoff either occurred regularly but involved administrative information, or occurred ad-

hoc but involved clinical information, it was assigned a weight of “2”. Handoffs with a weight of “2” are 

more relevant for patient care activities, since they support either process-oriented flows of 

administrative information, or ad-hoc exchanges of clinical information, relevant for unfolding patient 

care activities. Last, regular transfers of clinical information were assigned the weight of “3”, meaning 

that they regularly support clinical processes and care activities. 

Table 4. Handoff Weight Matrix 

 

Variable 

Clinical 

information 

Administrative 

information 

Regular 3 2 

Ad-hoc 2 1 

After preparing the network data (actors list, actor type, handoffs list, handoff type, handoff weight), we 

imported these into Gephi, and developed a basic network diagram using ForceAtlas2 layout. This layout 

is suitable for our study because it allows obtaining a network visualization that is consistent with the 

theoretical premises of socio-technical approaches (Decuypere, 2020). The core feature of the layout is 

that it shapes networks starting from the relations between different actors, beyond the importance of 

actors themselves (Jacomy et al., 2014).  

We then analyzed the CCU information network in terms of actor centrality, handoff type distribution, 

and network regions and interfaces (i.e., sub-groups of actors and boundary actors). The purpose here 
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was to describe the composition of the CCU information network in a comprehensive manner that allows 

for the identification of key information actors, handoff patterns across the network, as well as regions 

with dense information exchange interactions. For identifying the distribution of handoff types across 

the network, we used the code “handoff type” as a partition attribute. For analyzing actor centrality, we 

employed three centrality measures: weighted degree centrality, closeness centrality and betweenness 

centrality. For analyzing distribution of actors in regions, we employed the modularity algorithm 

available in Gephi, which allows for community detection within the network. Table 5 provides an 

overview of these metrics and their relevance for analyzing issues of information flow and quality. We 

further used the results from the analyses to construct visual network diagrams based on actor type, 

centrality, handoff type, and network regions, and analyze the impact of the CCU network composition 

on different aspects of patient information quality. 

Table 5. Network metrics overview 

Measure Description 

Weighted degree 

centrality 

Considers the number of information exchange relationships the actor has and the 

importance (weight) of these relationships (i.e., regularity and type of patient-related 

information). Provides information on the prominence of specific actors in terms of volume 

of information handled.  

Closeness centrality A way of detecting actors that are able to spread information very efficiently through a 

network. Actors with a high closeness score have the shortest distances to all other actors 

and thus better access to information. 

Betweenness centrality A way of detecting actors that act as bridges between other actors and have boundary 

positions within the network. Betweenness centrality quantifies the number of times an 

actor acts as a bridge along the shortest path between two other actors. It also measures 

the control an actor has on the information exchange relations between other actors.  

Modularity Detects the formation of communities (regions) within the network. Regions have denser 

information exchange interactions and are linked by boundary actors (i.e., positioned in 

more than one region). 

Information Quality Analysis 

In our aim to understand the link between network composition and issues related to patient information 

quality, we further engaged in a qualitative analysis of the data. Here, we looked for patterns between 

types of information handoff and information quality issues. To do so, we used the insights obtained 

from both interviews and observations, since information quality also contains subjective aspects such 
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as judgments and perceptions of information quality (Price, Neiger and Shanks, 2008), that can only be 

obtained directly from information users. Because information quality is a construct with many facets, 

we needed an overarching framework that encompasses all the different quality dimensions identified in 

specialty literature. For this purpose, we coded the data using the oft-cited data quality framework 

developed by Wang and Strong (1996), summarized in Table 6. The framework encompasses four 

information quality dimensions – intrinsic, contextual, representational, and accessibility – which 

together provide an integrative analytical perspective on information quality. 

Table 6. IQ dimensions  

Dimension Quality aspects 

Intrinsic  Accuracy, believability, 

objectivity, reputation of the 

source 

Contextual Value-added, relevancy, 

timeliness, completeness, 

amount of data 

Representational Interpretability, ease of 

understanding, representational 

consistency, concise 

representation 

Accessibility Accessibility, ease of use 

To that end, intrinsic information quality denotes that information have quality in their own right, such 

as accuracy, believability, objectivity, and reputation of source. Contextual information quality covers 

quality aspects related to the context of the task at hand and consists of value-added, relevancy, 

timeliness, completeness, and amount of data. Next, the representational dimension covers quality 

aspects related to representation and delivery of information, which are interpretability, ease of 

understanding, representational consistency, and conciseness. Lastly, accessibility represents the 

capability of the information system to provide data and consists of accessibility and ease of use. The 

dimensions provide comprehensive coverage of the multidimensional information quality construct 

(Wang and Strong, 1996) that goes beyond aspects of accuracy and completeness, which have been the 

focus of much patient information quality studies. 
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Results 

In this section, we present the CCU information network, and discuss the relation between network 

composition and patient information quality. The analysis is presented by focusing on two points: (a) the 

composition of the CCU information network in terms of actor type and centrality, handoff type and 

region interfaces; and (b) the influence of network composition on patient information quality. 

Composition of CCU information network  

Actors 

A first insight into the composition of the CCU handoff network was obtained by mapping out the actors 

involved in patient information exchange practices within and across nursing shifts. After identifying all 

the actors of interest (n=34), we looked at their centrality scores (weighted degree centrality, closeness 

centrality and betweenness centrality) in order to identify which actors hold central positions in 

facilitating information dissemination at the CCU. The first visual network diagram (Figure 2) shows the 

composition of actors that take part in patient information handoffs at the CCU within a nursing shift. 

Human actors (black) include professional roles such as nurses, anesthesiologists, specialty physicians, 

as well as administrative and coordination roles such as head nurse, flow coordinator, and shift 

coordinator, and coordination liaisons to other units from the Anesthesiology Department. Human actors 

are the predominant type at the CCU (>88%). The large proportion of human actors can be explained by 

the fact that a general CCU requires diverse expertise (e.g., anesthesiology, surgery, cardiology, internal 

medicine). Furthermore, because patients discharged from CCU are often transferred to other hospital 

wards, the CCU has many administrative tasks related to the coordination of transfers across units. ICT 

actors (red) include information technologies such as the electronic medical records (EMR), clinical 

logistics software (KLC), digital patient monitors (DPM), and paper documentation charts (POC), all of 

which play important roles in handling patient information across shifts and patient cases. ICTs represent 
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a small proportion of the CCU actors involved in information handoffs (< 12%). However, when 

considering the centrality of the CCU actors, we can observe that several ICT actors hold important 

positions in the network (Table 7). First, weighted degree centrality takes into consideration both the 

number of information exchange relationships the actor has, and the importance (weight) of these 

relationships (i.e., regularity and type of patient-related information). Therefore, it is a good indicator of 

the importance of an actor in facilitating information flow throughout the network. 

Table 7. Actors with highest centrality scores  

# Actor Actor type Weighted degree 

centrality 

Closeness 

centrality 

Betweenness 

centrality 

1. EMR ICT 77 0.604 0.279 

2. RN1 human 55 0.604 0.187 

3. RN0 human 52 0.604 0.184 

4. RN2 human 52 0.593 0.184 

5a. DPM ICT 45 0.551  

5b. KLC ICT   0.146 

Figure 2. Network diagram of actors participating in the patient information exchange process during a 

CCU nursing shift (nodes = 34; edges = 165). Node colors are based on actor type. Node dimensions are 

based on weighted degree centrality values (i.e., number and importance of information exchange 

relationships). 
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Our analysis shows that the EMR, RNn, and DPM are actors handling a high volume of patient 

information throughout the network. Unsurprisingly, the EMR handles the highest volume since it is 

regularly used across professions (nurses, physicians, laboratory technicians) and disciplines (anesthesia, 

surgery, cardiology, internal medicine) to collect, process, and disseminate clinical information. Second, 

we also looked at the most central actors in terms of their closeness centrality and betweenness centrality 

scores (Table 7). On the one hand, closeness centrality is a way of detecting actors that are able to spread 

information very efficiently through a network. Actors with a high closeness score (i.e., EMR, RNn, and 

DPM) have the shortest distances to all other actors and spread information efficiently throughout the 

network. On the other hand, betweenness centrality is a way of detecting actors that act as bridges 

between other actors, and have boundary positions within the network (i.e., EMR, RNn, and KLC). 

Betweenness centrality measures the control an actor has on the information exchange relations between 

other actors. Within the CCU network, the four actors with the highest weighted degree centrality are the 

same ones that score the highest in terms of closeness centrality and betweenness centrality. This 

indicates that the EMR and the responsible nurses from different shifts are both able to spread patient 

information very efficiently through the CCU network and are well connected to other key actors. 

Moreover, they are often intermediaries between other actors in the network, acting as coordinators of 

information flows. 

Other actors with high centrality scores are the DPM – which displays raw patient data used as input for 

many clinical activities such as updates of care plan or observations of patients' health status, and the 

KLC – which displays information related to patient transfers and shifts, and is used to coordinate care 

within and across the CCU. Taken together, these measures show that both human and ICT actors hold 

important roles in handling patient information at the CCU, and that some actors, namely responsible 

nurses, EMR, DPM, and KLC, hold more important network positions than others, and are thus better 

positioned to control the information being disseminated across the network. 
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Handoffs 

We obtained further insights into the composition of the CCU handoff network by identifying the 

information relations between CCU actors within nursing shifts. We mapped out all the information 

exchange relations between CCU actors present in our observational data, taking into consideration the 

direction in which information flows (i.e., we discriminated between source actor and target actor). The 

second visual network diagram (Figure 3) shows the information handoffs occurring during a CCU 

nursing shift (including change of shift handoffs) based on the type of source and target actor. 

Because we have previously identified two actor types (human and ICT), the total possible number of 

handoff types is four (see Table 3). However, we did not identify any ICT-ICT handoffs, since in the 

Figure 3. Network diagram of actors participating in the patient-information exchange process during a 

CCU nursing shift (nodes = 34; edges = 165). Node dimensions are based on weighted degree centrality 

values. Edge colors are based on handoff types. Edge weight based on relationship importance (i.e., 

regularity and information type). 
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CCU we observed, patient monitoring devices are not integrated with the EMR. The head nurse explains 

why this is the case:  

We may be at fault for some things not being integrated, because we chose different systems. Now 

we have a monitor from GE, the next respirator we will get comes from some other producer. The 

two systems do not connect, but in fact, GE does make respirators. They are just not part of the 

tender. We could have had an entirely different integration between the two devices, but we are 

working in a world of tenders that affect what stuff we get (…). I know for instance that GE has a 

system that can register data from medicine pumps. That could be an option, but it does not live 

up to the demands of the user groups at that time. (N2) 

The other three types of handoffs, namely human-human, human-ICT and ICT-human, were identified. 

Out of the 165 identified handoffs, 53% were between human actors (green), 30% were between ICT 

and human actors (red), and 17% between human and ICT actors (blue). 

While human-human is the predominant handoff type (Table 8) at the CCU (88), less than half of these 

handoffs (42%) represent regular transfers of clinical information (i.e., they score a weight of “3”). By 

contrast, a larger share of human-ICT handoffs (60%) and ICT-human handoffs (55%) involve a regular 

transfer of clinical information. These results can be explained by the complex nature of clinical work at 

the CCU where many ad-hoc human-human handoffs are used in coping with unpredictable clinical 

situations. Conversely, handoffs involving an ICT actor often relate to information processing activities 

required by hospital procedures and policies to ensure transparency, accountability, and interdisciplinary 

information access. Handoffs involving an ICT actor (especially human-ICT handoffs) are therefore 

important in supporting the clinical information flow across the network, and are less likely to be ad-hoc. 
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Table 8. Weight distribution for each handoff type 

Handoff type Number Weight distribution 

Human-

human 

88 

 

“3”: 42% 

“2”: 34% 

“1”: 24% 

Human-ICT 28 “3”: 60% 

“2”: 11% 

“1”: 29% 

ICT-human 49 “3”: 55% 

“2”: 27% 

“1”: 18% 

Regions and interfaces 

A third insight into the composition of the CCU information network was afforded by a visual inspection 

of the CCU network. We conducted this last network analysis step by looking at how the network is 

distributed in terms of regions and actors that act as interfaces between regions. Regions point to network 

areas with high concentrations of actors and handoffs. Because actors that interact often with each other 

are positioned closer to each other in the network, regions enact relatively bounded spaces (i.e., they 

share more information within than outside the region). In Figure 4 below, three slightly overlapping 

regions are discernable. They form three interrelated network zones, in which different types of 

information handoff relations are visible. For example, the region highlighted in red consists only of 

actors with administrative and coordination roles, indicating that the actors frequently handover 

administrative information among each other. The region highlighted with green, on the other hand, 

shows a multitude of information handoffs needed to ensure proper responsibility transfer between 

physicians. The blue region portrays a concentration of information handoffs among nurses, ICT, and 

senior physicians, and it represents the multiple exchanges of clinical information required for the 

effectuation of patient care activities during a shift. Interestingly, the regions in the CCU network appear 

to have formed based on the type of information handed over – i.e. administrative information, patient 

case overview (past information), and patient health status (current), respectively.  
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Moreover, the existence of these three overlapping regions in the CCU information handoff network 

implies that some actors in the network are boundary spanners or interfaces. Interfaces designate areas 

in a network where different regions overlap. To that effect, actors positioned within interfaces obtain 

boundary-spanning positions, standing in between different regions and hence assisting information flow 

across regions. Boundary spanners thus have key positions in the network by effectuating of many 

information-rich activities. Since each region is overlapping with at least another region of the network, 

many boundary spanners are present in establishing interfaces with other actors. Nurses with shift 

coordination responsibility thus act as interfaces between the administrative region and the patient care 

region of the network, while the senior physicians and EMR act as relays between patient care region 

Figure 4. Network diagram of the patient-information exchange process during a CCU nursing shift (nodes 

= 34; edges = 165). The network is visually analyzed according to its regions (manually added and not part 

of the algorithm). 
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and the patient case region, where the care plan is being updated and the patient responsibility between 

physicians is being handed over. 

Interestingly, except for the EMR, these interfaces do not score high on betweenness centrality measures. 

Betweenness centrality scores provide information on how powerful or influential a single actor is, and 

helps identify potential intermediary or gatekeeper roles that influence the flow of information (Benham-

Hutchins and Effken, 2010). Because shift coordinators and senior physicians score low on betweenness 

centrality, they act as interfaces but have no intermediary or gatekeeper roles across the entire network. 

This indicates that while the EMR has potential to enhance (intermediary) or disrupt (gatekeeper) 

information flows across the network, shift coordinators and senior physicians do not. These paradoxical 

network roles are nonetheless explained by the availability of redundant information handoff paths. For 

example, physicians’ low betweenness centrality scores are explained by the availability of many 

interface actors between the patient care region and the patient case region. Furthermore, one of these 

interface actors is the EMR, which holds the most power in the information network. However, this 

indicates the availability of alternative short information paths between regions in case of EMR 

breakdowns, which potentially limits the negative consequences in terms of information flow across 

regions. The availability of short alternative network paths is a feature of high-reliability environments, 

which are characterized by redundant information paths designed to mitigate potential failures (Padgett 

et al., 2017).  

Effects of network composition on patient information quality  

The last step of the analysis focused on interpreting the composition of the CCU information network in 

terms of its impact on the quality of patient information. In this section, we present a narrative 

interpretation of the analyzed network, in light of our second research objective – that of understanding 

the influence of information handoff patterns on the quality of patient information. 
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Human-human handoffs 

Human-human information handoffs include the use of a common language, expertise and 

communication patterns such as body language and summaries that enhance the intrinsic and contextual 

value of patient information but decrease its representational quality. They include the exchange of 

information regarding the patient’s health status and changes in care plan, and usually occur between 

actors holding proximal positions to each other in the network, such as belonging to the same shift, or 

having similar professions, disciplines or shift roles. Therefore, most of the human-human handoffs are 

concentrated in the patient care region of the network, and include oral handoffs of patient cases, 

between-provider communication during interventions, and interdisciplinary communication of care 

plans and the patient health status. 

First, because handoffs between human actors are more likely to be ad-hoc rather than formalized 

information exchanges, we observed that these are more likely to increase the timeliness and contextual 

relevance of the exchanged patient information. When asked about the benefits of direct information 

exchange between health providers, our study participants reported these to be generally timely, and thus 

more likely to be used during emergency interventions or other time-critical activities. The example given 

by one anesthesiologist speaks for this matter: 

Let us say for instance, a ward patient, where they call in a patient admitted for pneumonia, who 

deteriorates. We go check them out. If it is at all possible, the patient condition has to allow it, of course, 

and then we check out the records beforehand. However [if time does not allow], the ward doctors are 

very good, generally speaking, at helping us. They know their patients, they read-up on them before we 

come, so they can tell us about the case. (D2)  

Second, information passed along between human actors usually consist of aggregated data (i.e., data 

retrieved from multiple sources), that have been assembled and contextualized. For example, when 
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observing information handoffs between physicians and nurses, we found that these often included 

patient case information beyond what was available in the EMR. Such handoffs often contextualize 

available patient information using judgement and expertise, thus increasing its value in terms of 

credibility and relevance. For instance, at the end of night rounds, the on-call anesthesiologist will usually 

have updated the care plan in the EMR, complete with electronic notes containing detailed patient care 

instructions. However, the nurses in our study reported the need for additional, oral information from the 

anesthesiologist in order to cover as many contingencies as possible. In their words: 

It’s about creating an overview when you get there and talk to the doctor before he or she 

leaves, when they do night rounds, and make sure to clarify what the plan is for the night 

and if this and this and that happens, what do I do? (N1)  

However, because the CCU is a high-reliability environment, information exchanged between human 

actors only is not sufficiently accurate and accessible to ensure care continuity. Instead, to be reliable 

along complex care trajectories, information needs to accessible throughout extended periods of time, 

and in varying locations and contexts. When asked about how they ensure the availability of actionable 

information during decision-making, our study participants reported oral information handoffs as 

insufficient for decision-making in a critical care context, since it is only available to those involved in 

the handoff. Because patients are often attended by a large number of providers during their CCU 

hospitalization time, human-human handoffs alone are a liability in the long-term. The head nurse 

provides an example of what might happen if patient information is not appropriately registered:  

However, there are things we cannot just neglect. It is also things like… medical prescriptions, if 

we get that orally from the doctor, because he or she is in the room – or in the department... well 

then we have an obligation to go and make a medical prescription, which then must be approved 

by the doctor. […] Then it is about training again, or “Remember to register it”, because it matters, 

otherwise it will be forgotten, then sometimes it is not registered. And it is not exactly a good thing 
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if others cannot see what kind of medicine they have been given. So again, it is about patient 

safety, it is about quality (N2).  

This example emphasizes the effect of human factors on errors of omission and the transitory, context-

bound nature of human-human handoffs. Therefore, a reliance on human-human handoffs alone increases 

the likelihood that information is incomplete or inaccurate for different care contexts and therefore a 

threat to patient safety. Information incompleteness and lack of accuracy were unequivocally reported as 

major shortcomings of human-human handoffs by the study participants. 

Human-ICT handoffs  

Human-ICT handoffs are mediated by information control mechanisms that impact the content and 

amount of exchanged information. Control mechanisms such as system input standards, paper and 

electronic checklists and built-in EMR reports enhance the representational consistency and accessibility 

of information but may limit the intrinsic quality of information – mainly information accuracy – as a 

result of information requisitions that are not contextually relevant. Human-ICT handoffs commonly 

occur when registering and documenting clinical observations and drug administration, or when writing 

change of shift reports. Additionally, they may involve transfers of administrative patient information, 

used for coordination within and outside the unit. Human-ICT handoffs enable information flow across 

shifts, professions and disciplines, since most ICT actors have high closeness and betweenness centrality. 

When human-ICT handoffs follow built-in EMR reports and POCs in the form of checklists, they 

enhance the completeness and conciseness of patient information. While these ICTs allow for registration 

in the form of both lists and free-text, the standardized reports and checklists solicit process-oriented 

patient information that ensure the registration process is free of omission errors. When asked about the 

quality benefits of handing over information using standardized forms, our study participants reported 

that pre-existing information requisitions are indispensable for handling the amount and complexity of 
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information required in a critical care environment. For example, the POCs are structured in such a 

manner that they dictate both the needed information content, and the frequency of documentation work, 

since the pathophysiologic state of the CCU patient changes frequently:  

We simply have an old-fashioned chart, where we both… we take measurements every hour of 

blood pressure, temperature, pulse and breathing, and what medicine we are using and things like 

that. Then you turn the chart, and then it says 2 pm, 10 pm and 6 am. Then it is just like, you know, 

so if… then there is a section saying antibiotics. Well, okay, they may receive 300 ml pr. 24 hours 

and they got 100 ml here at 2 pm. You know, and then you write that down and look at the pump, 

how much medicine they had. (N6) 

Human-ICT handoffs are further structured by SFIs, which are registration requisitions built into in the 

EMR system. SFI is the basic structure of the medical record, formerly defined by CCU clinicians based 

on registration needs. They can be standard critical care SFIs, such as nutrition, CVK (central venous 

catheter) or skin inspection documentation. They can also be unique in the sense of being defined 

according to specific patient care needs. 

Beyond ensuring completeness of patient information, human-ICT handoffs also enhance its 

representational consistency, since the input standards of POCs and SFIs require information to be 

formatted in a concise manner, making information easily retrievable and understandable. The 

representational consistency ensured by structured human-ICT handoffs in turn minimizes the risk of 

error during transition points, such as during shift change or inter-unit transfers. However, we have also 

observed unstructured human-ICT handoffs, which do not follow a pre-defined format. Examples here 

include shift reports and observation notes in the form of free-text. When asked about unstructured 

information handoffs, our study participants characterized end-of shift reports as harder to access, 

because they sometimes contain excessively detailed information, which makes it difficult to establish 

an overview of the patient case: 
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Nurses are known for using a lot of prose, so there are long, long novels in there sometimes. Then 

what is important drowns (…). What we always call attention to is about writing “Has slept well”, 

that is what a night shift could write in a ward, because then you have documented that you’ve 

been in there to check on the patient. However, it does not make any sense to write: “Has slept 

well”. It should be more about being forward-looking in what we do. (N2) 

Lastly, human-ICT handoffs may sometimes involve transfers of irrelevant information, due to lack of 

fitness between local information needs and the information input standards embedded in the hospital-

wide systems. For example, because the EMR is designed as “one size fits all”, some registration 

requisitions that cannot be bypassed are not relevant to the CCU. Importantly, because some ICT actors 

(e.g., EMR and KLC) hold key, boundary spanning positions within the network, human-ICT handoffs 

facilitate information flow throughout the network by increasing information accessibility both within 

and across network regions. Provider access to patient information across regions is vital for decision-

making, since providers from different network regions require access to the same information in order 

to perform different care-related activities. However, if ICTs contain inaccurate or incomplete 

information, it can have undesired consequence in multiple parts of the network. 

We just had, yesterday we had someone who made a mistake, because it was simply not 

transparent on our files what a patient has been given, and when you look into what is that about 

(…). Well then, it is actually about the fact that the prescription that has been made [by another 

clinician] is actually wrong to begin with. There has to be a focus on that, when it is patients we 

work with in multiple places, well then how do we do this best. The (nurse) who had this patient 

yesterday, the night shift, who didn’t write everything on the chart, I talked to her this morning, 

where she said, (…) we just need to have transparency, so the colleague who takes over can see, 

well how do you trace that the right amount has been given. Then that is it, but it is about saying, 

we work in a system where we make some mistakes. (N2) 
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The above quote provides an example of how a faulty prescription had a ripple effect across nursing 

shifts. As such, if the information input in the ICT does not reflect actual events, human-ICT handoffs 

become a liability in providing access to faulty information across the network, which may be used as 

input for decision-making before the error can be traced and addressed. 

ICT-human handoffs 

ICT-human handoffs commonly include retrieval of pre-clinical patient information or patient case 

reports from the EMR as well as pathophysiological data readings from DPM and POC. They often occur 

at the point of care or during decision-making and they have a positive impact on information accuracy, 

reputability, and contextual relevance. However, in specific cases, information timeliness may diminish 

due to challenges related to interpretability and ease of access. 

Because ICT-human handoffs are more likely than human-ICT handoffs to be ad-hoc in nature, they 

appear as more prominent in the patient care region of the network, where frequent information updates 

are required for unfolding care activities. Under these circumstances, ICT-human handoffs are likely to 

increase the contextual relevance of the exchanged patient information, since information undergoes a 

process of selection and aggregation to suit the unfolding situation at the point of care. Furthermore, 

when asked to talk about the benefits of retrieving patient information from different ICT sources, our 

study participants also mentioned information completeness at the point of care as an advantage of ICT-

human handoffs: 

Fist, when I meet the patient, I have all the... I mean I have the overview, I have all the information 

that I need, I can go there, and I can focus on the problems. What are the main things now, what 

is... what do I have to address on this patient, or in relation to this patient. Second, of course, I can 

retrieve technical information from all our monitoring systems, if that is what I want, or is 

important... like blood pressure, and biochemistry and X-rays. (D5) 
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Second, ICT-human handoffs may consist of transfers of disparate information that lacks contextual 

value. For example, when observing information handoffs between DPM and responsible nurses, we 

found that these included the collection of multiple raw pathophysiologic data (by pressing several 

buttons on the bedside monitor) that nurses aggregated and interpreted against other available 

information. Only thereafter was the resulting information disseminated across the network in the form 

of observation notes and updates on patient health status. ICT-human handoffs therefore contribute to 

enhanced patient information quality by ensuring accuracy. This, in turn, increases the trust of other 

actors in the disseminated information. One nurse provides an example of how ICT-human handoffs are 

important gatekeepers that limit the spread of inconsistent data and information throughout the network: 

Well, [technology] plays a large role, because we are often dependent of the values that it gives us, 

but that is also why we should not trust these numbers blindly. And that is also one of the things I 

tell my students: “Look, a low blood pressure.” Yeah, but what does the chart look like? Does it 

look like an actually low blood pressure? They have to figure out that they cannot trust equipment 

like that blindly. (N5) 

However, while ICT-human handoffs may increase information accuracy and reputability, this may be 

detrimental to information timeliness at the point of care. Our study participants reported ICT-human 

handoffs as time-consuming, in large part due to the intricacies of navigating multiple SFIs and e-

documentations in EMR but also because of the complexity of information needed at the point of care, 

which often requires multiple sources. The following example speaks to the intricacies of ICT-human 

handoffs when relevant information is difficult to access: 

Yes, and someone has written it down. Then you go here, type in “show activities” in “read journal”. 

Yes, sometimes I cannot figure out where it is. Why does it say three times catheters, for example? 

Well, that is because you open some large packs and it just pops up, no matter if it is shared or an 

intensive care, then it just pops up and we have to close it down – that is confusing. And it might even 
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not be registered anywhere, even if it says so in the text, but it isn’t in the journal, it’s just in the file 

that is open. (N5) 

This renders some ICT-human handoffs time demanding and less like to occur in relation to time-critical 

interventions. However, because most ICT actors hold central positions within their network regions, 

ICT-human handoffs are important for daily care and coordination activity, since they facilitate within-

region information flow. 

Discussion  

In this paper, we explore the heterogeneous actors and the information exchange patterns that constitute 

the information network at a critical care unit. We aim to understand how these information exchange 

patterns influence the quality of patient information, as it is passed along among heterogeneous actors in 

the network. The information exchange patterns we uncovered in the critical care unit investigated reveal 

that while human actors are predominant in the CCU information handoff network, ICT actors hold 

central network positions, and are thus endowed with important network functions such as information 

flow facilitators, intermediaries, gatekeepers, and boundary spanners. Moreover, we go beyond 

descriptions of network roles, to show the impact of information exchange patterns on patient information 

quality. In particular, we find that the relational composition of information exchange practices affects 

different dimensions of patient information quality. We highlight this central finding by way of three 

types of information handoffs identified in our data: human-human, human-ICT, and ICT-human, and 

their impact on four dimensions of patient information quality: intrinsic, contextual, representational, and 

accessibility. In the remainder of this section, we discuss each handoff type and highlight the mechanisms 

through which they influence information quality and by implication, the quality of patient care. A 

summary of our key findings in terms of type of information handoff and information quality dimensions 

is provided in Table 9. 
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Table 9. How handoffs affect patient information quality  

    Change in 

 

 

 

 

 

Handoff  

type 

Intrinsic 

quality 

Contextual 

quality 

Representational 

quality 

Accessibility quality 

Human-

human 

 Information acquires 

reputability across the 

network as a result of 

judgment and 

expertise  (+) 

 Information accuracy 

decreases as a result 

of human memory 

limitations and 

environmental 

distracters (-) 

 Relevance at the 

point of care is 

increased by linking 

patient information 

to care activities (+) 

 Information is 

obtained in a timely 

manner (+) 

 Information lacks 

depth and breadth 

and may thus be 

insufficient for 

decision-making (-) 

 Does not alter the 

representational 

dimension 

 

 Does not alter 

the 

accessibility 

dimension 

Human-ICT  Information may 

decrease in accuracy 

as a result of irrelevant 

registration requisitions 

(-) 

 

 

 

 Completeness is 

ensured as a result 

of pre-defined data 

requisitions (+) 

 

 

 Representational 

consistency is 

enhanced as a result 

of input standards (+) 

 Information is 

summarized through 

pre-defined reports in 

a concise manner (+) 

 Information becomes 

hard to interpret and 

understand due to 

high detail levels (-) 

 Accessibility is 

increased 

across time 

and space as 

a result of ICT 

ubiquity (+) 

ICT-human  Information accuracy 

increases by limiting 

the spread of faulty 

data readings (+) 

 Information acquires 

reputability across the 

network as a result of 

critical judgement 

and reflection  (+) 

 Completeness is 

ensured via access 

to long-term 

information stored in 

electronic or written 

documentation (+) 

 Information 

becomes less timely 

as a result of 

information 

overload and 

unstructured notes 

that are hard to 

retrieve (-) 

 Does not alter the 

representational 

dimension 

 

 Does not alter 

the 

accessibility 

dimension 

Implications of Handoff Type for Information Quality 

The first pattern emerging from our case reveals that patient information is prone to decay in terms of 

accuracy and completeness when exchanged orally (human-human handoffs). However, oral information 
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is perceived to be timely, credible, and relevant, and thus important for unfolding care activities and 

emergencies. 

Consistent with previous research on patient information handoffs (e.g., Cohen & Hilligoss, 2010; 

Philibert, 2009; Santos et al., 2018; Wayne et al., 2008; Wohlauer et al., 2012), our findings suggest that 

human-human handoffs are detrimental to information accuracy and completeness, particularly when the 

exchange includes hard data such as physiological measurements or treatment parameters. However, our 

network analysis shows that human-human handoffs are more likely to occur in connection to unfolding 

care activities, and less as stand-alone information exchanges during change of shift encounters. When 

occurring in relation to unfolding care activities, human-human handoffs are often employed as 

information exchange strategies during time-critical interventions to the detriment of complete, yet 

untimely information retrievals from ICT sources. Under such conditions however, back-and-forth 

communication and clarification strategies are inhibited, which may result in exchanges of partial or 

inaccurate information. When occurring at the end of shifts, human-human handoffs are less prone to 

omission errors and inaccuracies, since exchanging hard data is not a priority under these circumstances. 

Rather, emphasis is often placed on building shared understanding over the patient case as a care 

continuity goal. This involves back-and-forth communication strategies such as requesting clarification 

and additional information, which increase shared understanding and minimize the risk for 

misinterpretation. Accordingly, our results suggest that human-human handoffs negatively affect 

contextual and intrinsic value of information, particularly in time-constrained contexts in which 

additional information sources and clarification strategies are either untimely or unavailable. These 

findings are in contrast to much of the handoff literature highlighting information incompleteness and 

lack of accuracy as shift handoff liabilities. For many handoff researchers (e.g., Goldsmith et al., 2010; 

Nelson et al., 2017; Sun, Shih, & Cheng, 2018), the underlying assumption is that handoffs represent 

sporadic communication episodes between providers, during which patient information is susceptible to 

errors of omission, given the lack of effective communication tools and strategies. However, as our study 
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illustrates, errors of omission related to human factors (i.e., cognitive distractions and limitations) are 

more prone to occur elsewhere in the information network – in relation to ad-hoc human-human handoffs 

either preceding or following a change of shift. This insight provides a theoretical argument for 

examining and addressing the risk of decay in information accuracy and completeness along clinical 

information paths both within and across shifts. While some authors have highlighted the importance of 

studying the activities leading up to change of shift moments (e.g., Abraham, Kannampallil, & Patel, 

2012; Benham-Hutchins & Effken, 2010; Haque, Østerlund, & Fagan, 2017; LeBaron, Christianson, 

Garrett, & Ilan, 2016), the link between ad-hoc information handoffs and information quality has not 

been previously examined. To that effect, our results suggest that in information-heavy clinical 

environments, ad-hoc human-human handoffs may lead to information degradation or loss due to 

cognitive overload. Consequently, preserving the integrity and quality of patient information is 

dependent not only on enhanced communication strategies during isolated change of shift handoffs, but 

also on emergent information management activities related to unfolding patient care events. 

On a different note, our study shows that human-human handoffs positively contribute to information 

quality by cultivating information credibility and increasing its contextual relevance for unfolding or 

projected care activities. Importantly, we find that human-human handoffs positively influence these 

information quality aspects when the exchanged information is of qualitative nature, such as summaries 

of patient case, overall care goals or projected future action. Furthermore, we find that this type of 

information is more often handled in connection to boundary-spanning coordination activities, such as at 

the change of shift or during inter-professional briefings. However, in our case, human-human handoffs 

were not part of a standardized protocol for change of shift handoffs. Rather, they were informal 

complements to shift documentation requirements, used for clarification and contingency planning. 

These findings reflect previous research showing that care providers are reluctant to delegate information 

exchange to ICT alone, since building context awareness and shared understanding is often inhibited by 

the lack of direct provider interaction (e.g., Assis-Hassid, Grosz, Zimlichman, Rozenblum, & Bates, 
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2019; Gilardi, Guglielmetti, & Pravettoni, 2014). However, we find that human-human handoffs increase 

information credibility not only in connection to change of shift encounters but also during 

interdisciplinary briefings for projected care activities. Being mediated by back-and-forth information 

sharing strategies such as “what if” scenarios, information highlighting and story building, human-human 

handoffs enable shared sensemaking processes in which deliberate information gathering and scrutiny 

enhance the quality of patient information. Thus, we contribute to literature on patient information 

exchange by showing that human-human handoffs increase information credibility and contextual 

relevance under circumstances in which information from ICT sources is ambiguous, contradictory, or 

hard to interpret in relation to future care needs. 

The second pattern that emerged from our case reveals that human-ICT handoffs enhance the 

representational quality and accessibility of patient information. Yet, as in the case of human-human 

handoffs, human-ICT handoffs may be a liability in terms of intrinsic information quality, since accuracy 

is prone to decrease as a result of rigid registration requisitions built into ICTs.  

Supporting earlier research (e.g., Koo, Moyer, Castello, & Arain, 2020; Kramer et al., 2007; Poon et al., 

2006), we find that ICTs provide ample opportunities for ensuring information completeness and 

consistency across complex care trajectories. However, we also show that these benefits stem from the 

information control mechanisms that mediate human-ICT information handoffs. Our unique insights into 

the relational composition of handoff practices reveal that control mechanisms such as system input 

standards, checklists, and built-in reports positively contribute to information completeness and 

representational consistency, but that these benefits manifest only in situations in which ICT is the target 

actor of an information exchange. Furthermore, because they are prominent near network region 

boundaries, we show that human-ICT handoffs are often used for exporting information from one care 

group to another, such as during change of shift, interdisciplinary care coordination, and inter-unit patient 

admissions and transfers. Notably, human-ICT handoffs also enable parallel information exchanges 
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within and across disciplines, which stands in contrast to the established view of handoffs as intra-

disciplinary processes with minimal interaction between disciplines (Collins et al., 2012). The same 

research shows that disciplines and professions often have overlapping information needs (Collins et al., 

2012; Jiang et al., 2017; Sule et al., 2020). Under these circumstances, human-ICT handoffs have the 

potential to limit redundancy across complex information networks, and to ensure information 

consistency across discipline-specific handoffs. By allowing interdisciplinary access to and control over 

a common information source, human-ICT handoffs decrease the risk of information misalignment and 

inaccuracy across the network. We thus add to literature on health information quality (e.g., Ash et al., 

2004; Collins et al., 2012, 2011) by showing that human-ICT handoffs improve care transitions by 

diminishing information redundancy and maintaining a common information identity across disciplines 

and care groups. These conditions are particularly important for coordination of care along complex care 

trajectories, which involve multiple providers, professions, and disciplines across shifts. 

Nonetheless, human-ICT handoffs may also be a contributing factor to the propagation of information 

inaccuracy, since registration restrictions imposed by ICT often result in the production of information 

that do not reflect actual clinical events. Because of the inability to capture the complexity of a clinical 

situation when using predefined options in electronic records, healthcare providers often recur to “next 

best thing” registration strategies by selecting the option that best reflects the actual information needed 

to be conveyed. Furthermore, the same restrictions may also cause providers to omit contextual 

information and essential domain knowledge necessary for interpreting structured information correctly. 

As such, when it comes to providing the “full story of the patient” and highlighting important illness 

trends, human-ICT handoffs emerge as a point of care liability. A negative relation between efforts to 

enhance information consistency via pre-defined registration requisitions and information accuracy may 

explain this pattern. 
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Accordingly, the challenges associated with most human-ICT handoffs stem from the data inaccurately 

reflecting actual clinical events and hampered interpretability of patient care processes and outcomes. 

Yet, considering the virtues associated with human-ICT handoffs in terms of securing representational 

consistency and accessibility during boundary-spanning care coordination, these handoffs are crucial for 

interdisciplinary care teams.  

The last pattern emerging from our case reveals that when information is exchanged via ICT-human 

handoffs, the intrinsic and contextual information qualities are enhanced, particularly in terms of 

accuracy and completeness. However, we argue that these handoffs decrease information timeliness, due 

to challenges related to interpretability and ease of access. 

While these patterns reflect earlier findings suggesting ICTs decrease information timeliness at the point 

of care (e.g., Hanauer, Mei, Law, Khanna, & Zheng, 2015; Hill, Visweswaran, Ning, & Schleyer, 2021), 

they also reveal a relation between ICT information retrieval and enhanced intrinsic information quality, 

previously unexplained in the literature. In particular, we find that ICT-human handoffs enhance 

information accuracy, since they often involve information filtering and interpretation activities in order 

to repair inconsistent information contained in ICTs. Data recorded by monitoring devices are often 

misaligned with or do not make sense from a clinical perspective. In addition, electronic patient records 

may lack the contextual information necessary for understanding previous care processes and outcomes 

correctly. In order to render past information actionable, providers often engage in interpreting and 

filtering information from ICT sources, becoming in effect information gatekeepers. Moreover, because 

information filtering and interpretation activities involve high cognitive functions, ICT-human handoffs 

support important capabilities such as critical reflection and heightened situational awareness. Such 

activities invite providers to reflect on the retrieved information and pose questions, which is akin to 

sensemaking strategies occurring in relation to human-human handoffs. To that effect, our study 

demonstrates that ICT-human handoffs provide opportunities for enhancing information accuracy in 
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situations in which information needs to be revised before being used as input for decision-making. 

However, information revisions required in connection to ICT-human handoffs are often lengthy, 

consequently inhibiting timely uses of patient information and causing delays to patient care. These 

challenges may result in a further reliance on ad-hoc human-human handoffs (Collins, Bakken, et al., 

2011), which are prone to interruptions and omission errors (Collins, Bakken, et al., 2011; Santhosh et 

al., 2019). 

Lastly, healthcare providers also face difficulties in relation to extracting the needed information from 

electronic sources, which further challenge the value of ICT-human handoffs at the point of care. 

Previous research on patient information retrieval suggests that information stored in electronic format 

is often difficult to access and interpret, owing primarily to provider preference for free-text notes 

(Collins, Bakken, et al., 2011; Hanauer et al., 2015; Kandaswamy et al., 2021) or to the inability of 

electronic systems to process contextual information (Jagannathan et al., 2009). In line with previous 

research, our study demonstrates that ICT-human handoffs are hampered when relevant information is 

“hidden” in lengthy free-text notes. However, we find that structured documentation, while ensuring 

information completeness, may also be difficult to access in a timely manner, especially when it concerns 

patients with long or complex illness trajectories. Under these circumstances, providers face challenges 

in extracting the information needed to make optimal care decisions, since documentation concerning 

complex patient cases can create information overload. The responses exhibited by healthcare providers 

in relation to information overload often include failing to process information correctly, accepting 

lower-quality information, and giving up the search for needed information (Miller, 1960), all of which 

are detrimental to overall information quality and patient care. 

Accordingly, our findings demonstrate that the challenges associated with ICT-human handoffs result 

primarily from the time dependencies of clinical processes and clinical documentation complexity. 

However, the benefits they provide are essential to patient care quality, since the practices associated 
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with these handoffs enhance the accuracy of information from ICTs with diverse processing capabilities 

and requirements, consequently making information more reliable as input to care and treatment 

decisions. 

Implications for research and practice 

Our study has a number of implications for research and practice. First, conceptualizing information 

handoffs as socio-technical exchange practices provides a new perspective in studying and understanding 

information quality and decay in healthcare. Our results suggest that information handoff patterns are 

complex, dynamic, and non-linear, and that their impact on patient information quality is less 

straightforward than prevailing views indicate. Patient information quality, as shown in this study, is 

heavily defined by socio-technical encounters, both ad-hoc and planned. To that effect, our findings 

challenge the notion that standardizing communication processes between incoming and outgoing 

providers alone can decrease information decay in complex care trajectories (e.g., Ahn, Jang, & Son, 

2021; Borowitz, Waggoner-Fountain, Bass, & Sledd, 2008; Sinha, Shriki, Salness, & Blackburn, 2007; 

Wohlauer et al., 2012). Such “change of shift” approaches may overestimate the effectiveness of handoff 

communication strategies and may consequently overlook significant improvement opportunities offered 

by a more holistic understanding of handoff patterns exhibited along care trajectories. Our perspective 

also improves upon the provider-centric view of information handoffs, because it allows for 

conceptualizing information actors in a more inclusive way. This is particularly relevant in clinical 

settings where patient information crosses many boundaries concomitantly (between professions, 

disciplines, shifts, units and so forth), and which rely heavily on ICTs for asynchronous, parallel 

information exchanges. Considering our findings on the prominence of ICT actors in terms of volume 

and control of information, but also in terms of their potential to decrease information accuracy and 

interpretability across the network, our study warrants additional research into how ICTs may support 

such boundary-spanning information needs, with minimal redundancy and quality compromises. 
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Second, our study demonstrates that applying network analysis principles (SNA, VNA) on observational 

and interview data is an effective approach to visualizing complex patterns of patient information 

exchange, which complements qualitative insights. Emergent information networks, such as the one 

described in this study, cannot be illustrated by flow charts. Rather, information networks emerge in 

response to unfolding provider needs, available ICTs, information artefacts, and contextual constraints. 

Considering the emergent nature of information exchange practices, network analysis can be a useful 

tool for studying the ways in which information exchange is constituted in practice, as well as the effects 

of organizational change and health ICT implementations on patient information quality. By applying 

SNA principles on observational data, such as centrality and modularity measures (Haythornthwaite, 

1996), researchers and workflow designers alike are better equipped to identify actors that facilitate, 

control, or inhibit patient information flows without the bias of social roles and hierarchical structures. 

Furthermore, VNA tools, such as visual and narrative interpretations of network diagrams (Decuypere, 

2020) support the analysis of network effects either on patient information quality, such as the focus of 

this study, or on other clinical outcomes of interest to the researcher. 

Last, our findings related to handoff patterns and information quality suggest the need for workflow and 

ICT designs that support the emergent, parallel information management needs of healthcare providers 

across professions, disciplines, and shifts. The general implication here is that by visualizing emergent 

information exchange patterns, clinical workflow designers can act on quality improvement opportunities 

provided by different handoff types and make workflow changes to improve timely access to accurate 

and complete information. For example, while human-ICT handoffs are beneficial to boundary-spanning 

information sharing, ICT-human handoffs afford information filtering and interpretation activities. To 

that end, enabling interdisciplinary access to patient information via human-ICT and parallel ICT-human 

handoffs is essential in ensuring consistency across discipline-specific handoff processes and decreasing 

the risk of interdisciplinary information misalignment. Moreover, our study warrants ICT designs that 

allow for more flexibility in terms of emergent information management needs. Improved information 
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visualization at the point of care, and tailored registration forms may enhance information interpretability 

and registration accuracy. In addition, designing sequential human-ICT, ICT-human and human-human 

handoffs during important transition points such as change of shift, interdisciplinary or inter-professional 

briefings should be the hallmark of high-reliability environments. Such information flows should 

leverage the benefits afforded by different handoff types in terms of accuracy, completeness, consistency, 

and credibility while limiting the impact of their drawbacks. 

Concluding Remarks 

Our study shows that at the CCU, and presumably, within other healthcare environments, human actors 

have many information processing and dissemination roles. However, to meet the interdisciplinary and 

long-term information demands of the critical care environment, ICTs play key information roles in 

processing high volumes of patient information within and across shifts, and in acting as information 

intermediaries and gatekeepers. We show that information handoffs involving an ICT actor have 

important consequences across all dimensions of patient information quality – intrinsic, contextual, 

representational, and accessibility. These insights suggest that in order to explain and address issues 

related to patient information quality, both research and quality improvement programs must transcend 

provider-centric and “change of shift” perspectives on handoffs. Holistic interventions, drawn from 

socio-technical and network analysis fields, may provide more robust characterizations of handoffs and 

patient information quality. The combined use of socio-technical research and network analysis is likely 

to enhance such efforts, and may be valuable in other types of quality improvement endeavors. 

Limitations  

Our study is limited to information exchange practices within a single hospital’s CCU and focuses on 

information handoff patterns within and across shifts. Furthermore, while information networks change 

over time (Haythornthwaite, 1996), our data offer only a snapshot view into an otherwise dynamic 
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information network. Future studies can address this limitation by using longitudinal data and developing 

multiple visual network diagrams. Such an approach allows researchers to uncover how clinical 

information networks change or evolve over time, and with what consequences for information access 

and control. Moreover, it allows comparing the composition of information networks before and after 

ICT implementations. Such comparisons may uncover changes in information roles and network 

structures that an attribute-based methodology might overlook. Another limitation of our study is that it 

does not discriminate between ICT types. However, different ICT have different capabilities, 

requirements, and network roles, which bear an influence on information quality in relation to handoffs. 

This limitation is however embedded in the flat ontology of network research, which is unassuming of 

actor attributes. Yet, as demonstrated by this study, network analysis can be successfully used in 

combination with qualitative analysis to address this shortcoming. Last, in our case study, we did not 

identify ICT-ICT information handoffs. However, other CCUs and clinical settings may feature this 

handoff type, for example by automatically transferring pathophysiological data to EMR (Islam, Poly 

and Li, 2018). Understanding the influence of ICT-ICT handoffs on information quality is an important 

future research area, since automated data transfers, and AI-based decision-making are finding their way 

into everyday clinical practice. The direct influence of such exchanges on patient information quality, 

but also the network effects they may generate, are important topics for future research. 
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Interdependence and handoff coordination in 

resuscitation teamwork: A socio-technical 

perspective 

Maria Festila, Sune Dueholm Müller, Kasper Glerup Lauridsen, Bo Løfgren 

 

Abstract 

In this paper, we examine the impact of socio-technical interdependencies on coordination in 

resuscitation teamwork. We employ a relational perspective on handoffs to reveal how resuscitation 

teams manage complex socio-technical interdependencies to deliver timely and effective treatment 

responses. Our analysis shows that resuscitation activities vary greatly in terms of task complexity, and 

in terms of knowledge and technological requirements. We find that activities involving complex tasks 

create multiple interdependencies. Transitioning between work activities under these circumstances 

requires complex socio-technical handoffs and high degrees of explicit coordination. Conversely, 

activities involving simple or repetitive tasks do not create complex interdependencies. Transitioning 

between such work activities requires simple handoffs, where either social or technical elements change. 

Such handoffs are coordinated implicitly, or via pre-defined structures. Our results contribute to literature 

by revealing how socio-technical interdependencies are managed in complex and uncertain work 

environments, and with what consequences for work coordination.  
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Introduction 

The notion of interdependence has long been of interest to information systems and organization scholars 

(Orlikowski, 1992; Pentland, Recker and Wyner, 2015; Raveendran, Silvestri and Gulati, 2020) and it 

has been intricately linked to how social and technical agents interact to produce reliable collective 

outcomes (Cheng, 1983; Butler and Gray, 2006; Pentland, Recker and Wyner, 2017). However, drawing 

predominantly on organizational theories, research to date has primarily focused on task 

interdependencies and on the social interactions they entail (Cheng, 1983; Butler and Gray, 2006; 

Pentland, Recker and Wyner, 2017). As a consequence, interdependence is typically conceptualized as 

the extent to which organizational tasks require individuals to work together toward a common goal 

(Cheng, 1983), and the focus is placed on work coordination and handoff strategies among individuals 

(Pentland, Recker and Wyner, 2017). Interdependence is therefore understood as the result of pre-defined 

work divisions that are exogenous to organizational practices and technology use (Orlikowski and Robey, 

1991). Interdependencies among technologies or knowledge required to perform tasks are either not 

described or are viewed as congruent with task interdependencies (Bailey, Leonardi and Chong, 2010; 

Raveendran, Silvestri and Gulati, 2020).   

In contrast to this dominant view, more and more organizations operate in environments characterized 

by volatility (Brown and Eisenhardt, 1997) and complex socio-technical configurations (Bailey, 

Leonardi and Chong, 2010; Raveendran, Silvestri and Gulati, 2020). In the face of fast changing work 

requirements and emergent tasks, work-related interdependencies often arise as organizational 

individuals interact with their environment and make sense of their work as it unfolds (Raveendran, 

Silvestri and Gulati, 2020). Because the nature of work is more dynamic and uncertain, it is only partially 

based upon pre-defined tasks and technological structures (Barley, 1986; Okhuysen and Bechky, 2009). 

Consequently, task, knowledge or technology interdependencies cannot be fully specified in 

organizational designs  (Bailey, Leonardi and Chong, 2010; Pentland, Recker and Wyner, 2015; 
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Raveendran, Silvestri and Gulati, 2020). Furthermore, as work in organizations is increasingly being 

carried out in teams (Faraj and Xiao, 2006), interdependencies are also less defined by sequential work 

distribution (e.g., production lines), and are more contingent on temporal coordination of resources 

needed to accomplish shared tasks.  

Therefore, a gap exists between traditional views of interdependence as task-centric and deterministic, 

and teamwork in contemporary settings where complex emergent work is performed (Faraj and Xiao, 

2006). To date, only a few studies have investigated knowledge (Pentland, Recker and Wyner, 2015; 

Raveendran, Silvestri and Gulati, 2020) or technology interdependence (Bailey, Leonardi and Chong, 

2010; Pentland, Recker and Wyner, 2017) as distinct from task interdependence. These studies show that 

task uncertainty and high work complexity lead to emergent work configurations and socio-technical 

interdependencies that require different coordination and handoff strategies. Managing knowledge 

interdependencies, for example, requires collaboration and inter-personal coordination (LeBaron et al., 

2016). Managing technological interdependencies, on the other hand, implies the need for system 

integration, control and automation (Bailey, Leonardi and Chong, 2010). Understanding how these socio-

technical interdependencies are managed as work unfolds is important, since most organizations rely on 

interdisciplinary work, and on numerous technologies with different requirements and capabilities.  

Work complexity and uncertainty are characteristics of healthcare settings, where non-routine medical 

cases, often with unpredictable development trajectories, are managed by interdisciplinary teams using 

multiple information systems and medical devices. Therefore, healthcare settings are characterized by 

non-linear, complex interactions requiring unique combinations of specialized knowledge and 

technological resources. However, despite high levels of socio-technical interdependencies and 

teamwork in healthcare settings, research in this area has primarily focused on asynchronous care 

coordination (Rosen et al., 2018). Here, the notion of interdependence has been addressed only to the 

extent that it provides a theoretical argument for exploring patient handoffs (Cohen and Hilligoss, 2010), 
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in which sequential work interdependence manifests at the change of shift. Handoff and coordination 

strategies during synchronous teamwork such as resuscitation or trauma interventions are largely 

unexplored (Rosen et al., 2018).  

In this paper, we focus on emergent work configurations during resuscitation events, and emphasize the 

distinction between task, technology and knowledge interdependencies. We investigate how resuscitation 

teams manage interdependencies and coordinate work as it unfolds. Because resuscitation interventions 

are unique, context-dependent, and non-routine, team members define and delegate tasks as situations 

unfold, and continually manage interdependencies between available resources (e.g., knowledge and 

technologies) and emergent task requirements. Our guiding research question is: What interdependence 

patterns are exhibited during resuscitation teamwork and what are the implications for coordination in 

complex and uncertain work?  

To answer this question, we present an observational study of resuscitation practices at a Danish hospital. 

Based on video data of seven in-hospital resuscitation interventions, we explore how resuscitation teams 

manage emergent socio-technical interdependencies to deliver timely and effective treatment. Our 

analysis reveals multiple types of handoffs as resuscitation work unfolds across activities. While some 

handoff types are more prominent than others, they all provide insights into how socio-technical 

interdependencies are managed in environments characterized by high levels of uncertainty and work 

complexity.   

Interdependence and handoffs 

Interdependence and the consequent need for coordination and handoffs among agents are vital concerns 

in organization and information systems research (Orlikowski, 1992; Pentland, Recker and Wyner, 

2015). By nature, systems and organizations are composed of multiple agents, e.g., individuals, groups, 

technologies, that may perform different functions, but that produce collective outcomes. The 
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interdependence that exists between agents, and the subsequent interactions it enables are conceived as 

the micro-foundations of organizational work (Raveendran, Silvestri and Gulati, 2020). Interdependence 

has been described as existing between organizational units (Thompson, 1967), roles and knowledge 

(Tjosvold, 1986), tasks (Arthur Jr et al., 2005) or technologies (Bailey, Leonardi and Chong, 2010). 

However, extant research has primarily focused on task interdependence (Thompson, 1967; Mohr, 1971; 

Arthur Jr et al., 2005) and on how individuals coordinate collective action (Dracup and Morris, 2008; 

LeBaron et al., 2016). Here, interdependence is typically defined as the extent to which interdependent 

organizational tasks require individuals to work with one another (Thompson, 1967; Mohr, 1971) and 

the focus is placed on identifying coordination requirements and strategies as work is handed over among 

individuals (Pentland, Recker and Wyner, 2017). Interdependencies between technologies and 

knowledge are assumed to mirror task interdependencies, and as such, to be easily specified and managed 

(Bailey, Leonardi and Chong, 2010; Raveendran, Silvestri and Gulati, 2020). While this may be true for 

work environments with linear, recurring and predictable tasks, environments with more complex, 

interdependent and unpredictable work require emergent and unique combinations of specialized 

knowledge and technological resources, which cannot be specified in advance.   

This is the situation of much healthcare teamwork, which is challenged by emergent, synchronous 

interdependencies, complex technologies, variability of patient cases, incomplete data, and rapidly 

evolving situations (Carroll and Rudolph, 2006; Rosen et al., 2018). However, research in healthcare 

organization has predominantly examined handoffs in distributed work (e.g., sequential shifts), and has 

focused on interdependencies between social elements such as tasks or roles (Cohen and Hilligoss, 2010). 

In contrast, our work examines both social and technological interdependencies as they manifest in 

collocated care teams, where the necessity of temporal socio-technical coordination plays a crucial role 

in shaping transitions between activities.  
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Construing of interdependence as socio-technical allows us to examine how individuals, tasks and 

technologies form mutually dependent ensembles as work activities unfold, and with what consequences 

for teamwork coordination [13]. Socio-technical interdependencies can be investigated by looking at 

handoffs, which are observable manifestations of socio-technical interdependencies, as teamwork 

unfolds (Pentland, Recker and Wyner, 2015). Since handoffs are a consequence of the many ways in 

which work is divided during team organizing, e.g., across tasks, technologies, knowledge, and roles 

(Pentland, Recker and Wyner, 2017), they facilitate an understanding of the strategies necessary to 

coordinate and integrate work across divisions (Bailey, Leonardi and Chong, 2010; Abraham, 

Kannampallil and Patel, 2012; Pentland, Recker and Wyner, 2017). 

In line with a socio-technical perspective, Pentland et al. (Pentland, Recker and Wyner, 2017) define 

handoffs as “a sequential relationship between two activities or events” (p. 286). According to this 

perspective, handoffs occur when work passes from one activity to the next in the context of a stream of 

coherent activities. For the purpose of this paper, we define work activities based on three attributes: 

individuals, tasks and technologies. Consequently, we can describe seven types of handoff between 

organizational activities, since there will be one type of handoff for each attribute, and for each 

combination of attributes: 

 Handoffs between individuals occur when there is a change in the individual performing the work, 

but no change in the work task and technology used.  

 Handoffs between tasks occur when an individual performs two or more tasks using the same 

technology. 

 Handoffs between technologies describe situations in which an individual performs a task by 

using multiple technologies. 

 Handoffs between individuals and tasks describe multiple individuals using the same technology 

for carrying out different tasks. 
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 Handoffs between individuals and technologies occur when task completion requires multiple 

individuals working sequentially using different technologies. 

 Handoffs between tasks and technologies describe situations in which an individual completes 

two or more tasks, each requiring different technologies. 

 Handoffs between tasks, technologies and individuals are complete handoffs that occur when a 

task is completed and a new one needs to be performed by another individual using a different 

technology.  

Viewing handoffs as relationships between activities, and activities as ensembles of mutually 

interdependent tasks, individuals, and technologies enables the discovery of complex interdependence 

patterns, which provides greater insight into the different ways in which work is organized and 

coordinated in contemporary organizations (Pentland, Recker and Wyner, 2017). 

Method  

In this paper, we investigate how resuscitation teams deal with interdependencies under conditions of 

uncertainty and complex work requirements. To do so, we draw on the concept of handoffs as indicators 

of interdependencies between individuals, tasks and technologies (Pentland, Recker and Wyner, 2015). 

We employ an observation-based research approach, which allows us to investigate work practices and 

relationships in situ (Barley and Kunda, 2001). Specifically, video data of in-hospital resuscitation 

practices were analyzed through the lens of handoffs as relationships between activities (Pentland, 

Recker and Wyner, 2017).   

Research setting  

The dedicated resuscitation teams at the investigated hospital are cross-disciplinary and cross-functional, 

and vary in terms of size and composition. The teams are usually composed of anesthesiologists, 
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cardiologists, anesthetist nurses, medical technicians, orderlies and medical assistants of varying levels 

of medical training and experience. Moreover, the membership of a resuscitation team changes over time 

due to staff turnover and rotation patterns. Oftentimes, the team members do not know the colleagues 

they work with during resuscitation interventions, nor are they always aware of the expertise, knowledge, 

and experience of the other team members.  

In-hospital cardiac arrests often occur in the emergency department and intensive care unit, where 

patients in critical condition are admitted. However, in-hospital cardiac arrest can also occur in medical 

or surgical wards, although more rarely. Because the work of resuscitation teams is distributed, there is 

no single setting in which resuscitation work takes place. As such, apart from the varying team 

composition, the work environment of resuscitation teams, including the available technology, also varies 

greatly. For example, when a cardiac arrest occurs in the emergency department or in the intensive care 

unit, resuscitation teams will often have more specialized technologies and equipment at their disposal, 

since these settings are already equipped with advanced monitoring and diagnostic devices. In contrast, 

when a cardiac arrest occurs in a medical ward, the resuscitation team will often need additional 

equipment and technology than what is readily available. In these circumstances, advanced cardiac arrest 

treatment may be delayed, and tasks need to be prioritized based on resources available at any given 

moment. The technology used by the resuscitation teams in our study can be summarized as a 

combination of information management tools (e.g., EMR and paper charts), monitoring and treatment 

equipment (e.g., vital sign monitors, defibrillators, and ventilators), and diagnostic tools (e.g., for 

ultrasound and ECGs). 

Cardiac arrests are often called by ward personnel, who provide basic life support (BLS) to the patient 

while summoning the on-call resuscitation team to perform advanced life support (ALS). Upon arrival 

at the cardiac arrest location, the resuscitation team is required to adhere to a specific set of guidelines, 

stipulated by an internationally recognized ALS protocol. The guidelines define best practices including 
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diagnosis, chest compressions, airway management, cardiac rhythm analysis, defibrillation, and drug 

administration following a time-dependent algorithm. The ALS protocol is instrumental in structuring 

interactions among team members in the absence of pre-defined roles and shared mental models. 

Furthermore, the protocol is used to manage expertise and technological interdependencies that emerge 

as the treatment unfolds. However, due to the particularities of each case and complications, strict 

adherence to the ALS protocol is often not possible.  

Resuscitation teams thus operate in settings characterized by interdisciplinary work, technological 

complexity, and task uncertainty. In light of these characteristics, resuscitation teamwork provides a 

fertile ground for investigating how socio-technical interdependencies are managed in complex and 

dynamic work. 

Data Collection  

Due to the sensitive nature of resuscitation research, as well as the unpredictability of in-hospital cardiac 

arrests, conducting in-situ observations of resuscitation practices can be challenging. However, video 

recordings can be used as an alternative to in-situ observations when conducting sensitive research, since 

video data grant researchers access to the field in a less intrusive manner (Asan and Montague, 2014). 

Video recordings capture emergent action as it unfolds (LeBaron et al., 2016) and afford in-depth 

accounts of moment-to-moment interactions (Ramey et al., 2016).  

The video data for this paper were collected as part of a larger research project investigating topics related 

to the organization and coordination of resuscitation teams in a Danish hospital. The project members 

obtained permission to video record in-hospital resuscitation interventions by means of body cameras 

worn by resuscitation team members. Consent was received from all participating health professionals, 

as well as from involved patients (or relatives when cardiac arrests resulted in deaths). 
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The body cameras were turned on as the resuscitation teams arrived at the cardiac arrest locations. 

Recording was stopped when the resuscitation intervention ended – either in case of return of 

spontaneous circulation or when treatment was discontinued. The number of recorded interventions is 

seven. The video data were stored in a secure database (REDCap), to which only authorized project 

members had access. The video data were deleted after 30 days. Prior to deletion, each video recording 

was verbally and visually transcribed. On the one hand, conversations from the video recordings were 

transcribed verbatim. Since conversations constitute social action and are situated in a physical work 

environment (LeBaron et al., 2016), they enable observation of material and social aspects of work-

related handoffs. On the other hand, the video material was visually transcribed in order to obtain a 

detailed inventory of available technology, artifacts, people and space, as well as non-verbal interactions 

among individuals (Ramey et al., 2016). Our verbal and visual approach to data transcription as a 

substitute for in-situ observations supports an analytical perspective that is consistent with the tenets of 

sociomateriality, which emphasizes the inseparability of social and material aspects of organizational 

work (Orlikowski, 2007).  

Data analysis  

To examine how socio-technical interdependencies impact handoff coordination in resuscitation 

teamwork, we engaged in analyzing the visual and verbal transcripts by searching for handoff patterns 

exhibited by resuscitation teams. To this end, we employed a relational perspective on handoffs, which 

allowed us to uncover interdependence patterns that other, human-centric perspectives would have 

ignored (Pentland, Recker and Wyner, 2017). In line with this relational perspective, we drew on 

Pentland et al.’s (Pentland, Recker and Wyner, 2017) definition of handoffs as relationships between 

activities, rather than between people. Based on this definition, handoffs occur when work passes from 

one activity to the next in the context of goal-oriented action. In a resuscitation event, the goal is to restore 

spontaneous blood circulation and treat the cause of cardiac arrest.  
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In order to identify when work passed from one activity to the next, we focused on the similarity or 

difference between pairs of activities (Pentland, Recker and Wyner, 2017). To that end, when either an 

individual, a task, a technology, or a combination of the above changed in the course of a resuscitation 

event, we noted that a change in activity occurred. For example, when a team member used the EMR to 

check the patient’s medical history, and then ultrasound imaging to identify possible cardiac arrest 

causes, we noted a change in task and technology (difference), but no change in person (similarity) as 

work passed from one activity to the next. Conversely, when two team members took turns in performing 

chest compressions, we noted a handoff in which people changed, but the task and technology did not.  

By conceptualizing activities as ensembles of people, tasks and technologies (three attributes) – seven 

handoff types are theoretically possible (Pentland, Recker and Wyner, 2017). On the one hand, there are 

three handoff types where only one attribute changes – handoffs between people, handoffs between 

technologies and handoffs between tasks. On the other hand, there are four handoff types where two or 

more attributes change – where people and tasks change, where people and technologies change, where 

tasks and technologies change, or where all three attributes change, (Pentland, Recker and Wyner, 2017). 

However, in our dataset, we did not observe any handoff in which either technologies or tasks change, 

but all other attributes remain the same.  

Table 1 provides an overview of the identified handoff types and corresponding examples pertaining to 

each handoff type. After identifying and coding handoff types across the dataset, we performed within-

case analyses for each of the seven cases, in order to gain an in-depth understanding of the specific 

circumstances under which certain interdependence patterns emerge – team composition, technology, 

and artifacts available (Paterson, 2010). Thereafter, we performed a cross-case analysis, where the focus 

was on identifying recurring patterns (Burns, 2010) in terms of how resuscitation teams dealt with 

emerging work interdependencies in order to coordinate treatment. During our analysis, we discovered 

multiple types of handoffs. While some handoff types were more prominent than others, they all provided 
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insights into how resuscitation work is organized and the work coordination and integration strategies 

required to deal with different types of interdependencies.  

 Table 1. Handoff types - definitions and examples 

Findings 

In this section, we describe patterns of interdependencies between tasks, individuals and technologies in 

the context of resuscitation work and discuss the coordination demands they entail. Table 2 presents a 

synthesis of our findings in terms of handoff frequency (in percentages) for each of the cases, and 

describes coordination demands for each handoff type. 

Construct Description Examples 

Handoffs between 

people 

This type of handoff occurs when team 

members change, but the technology or 

task do not 

Changes in the person responsible for BLS 

tasks such as chest compression and 

ventilation.  

“We need someone to take over the 

compressions.”  

“We need someone to administer the 

adrenalin.”   

Handoffs where tasks 

and technologies 

change 

This type of handoff describes a change 

in task and technology, where the team 

member(s) performing the tasks 

remain(s) the same 

One person looks in the cardiac arrest 

guidelines to check reversible causes and 

afterwards, walks to the computer to check 

patient history.  

The anesthesiologist places a SATs monitor 

near the patient, checks values, then intubates 

the patient using a video laryngoscope. 

Handoffs where 

people and 

technologies change 

Handoffs of people and technologies 

describe tasks undertaken by (an)other 

team member(s) with new technology 

One person tracks time on the wall clock; 

another person takes over this task and 

switches to track time on the defibrillator. 

Handoffs where 

people and tasks 

change 

This type of handoff implies a fixed 

technology but (a) new team member(s) 

using it for a new task  

One person uses the defibrillator to track time 

while another person uses it to analyze the 

heart rate. 

“28, 29, 30” – the person who performs the 

cardiac arrest counts down and this starts the 

task of ventilating the patient. Another person 

performs the ventilation task.  

Handoffs where 

people, tasks, and 

technologies change 

This type of handoff occurs when a task is 

completed and a new one needs to be 

performed by another team member 

using a different technology.  

The cardiac massage performed by an orderly 

is paused in order for the cardiologist to 

perform an ultrasound. 

One person performs an ultrasound scan 

before another person can start the cardiac 

massage.  

“Stop the cardiac massage, check for heart 

rate.” 
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Table 2. Handoffs in resuscitation teamwork and implications for coordination 

What 

changes? 

C1 C2 C3 C4 C5 C6 C7 Handoffs coordination strategies 

People 74%  85% 73% 94% 79% 95% 81%  Used for repetitive or physically demanding 

tasks such as chest compressions, that do not 

require specialized knowledge. 

 Interdependencies are managed by means 

of communication strategies.  

 Require explicit coordination between team 

members. Coordination is achieved via 

communication and pre-defined structures 

(e.g., protocols).  

Task and 

technology 

2% 2% 1% 0% 0% 0% 1%  Frequent in situations in which technologies 

are task-oriented. 

 Do not require high degrees of coordination 

among team members. 

 Imply a heightened demand for both task 

knowledge and expertise in technology 

usage. Switching costs may be incurred, due 

to high cognitive demands. 

People and 

technology 

1% 4% 5% 0% 8% 0% 0%  Frequent in situations in which work handoff 

occurs before task completion. 

 Common for tasks requiring interdisciplinary 

knowledge, or when a certain approach fails 

to produce expected results. 

 Involve high degrees of implicit and explicit 

coordination, since interdependencies 

between technology and specialized 

knowledge, as well as between team 

members, need to be managed. 

Task and 

people 

13% 2% 12% 4% 4% 0% 6%  Many task and people interdependencies 

must be managed during this handoff. 

Simultaneous interdependence between 

task and technology and sequential 

interdependence between tasks need to be 

coordinated in a single handoff. 

Task, people, 

and 

technology 

10% 7% 9% 1% 9% 5% 12%  Shows the sequential interdependence 

between certain activities. Each activity 

implies different tasks and requires different 

specialized knowledge and technologies, 

and it requires high degrees of interpersonal 

and resource coordination. 

Making sense of unfolding work 

The in-hospital resuscitation interventions we observed took place in environments best characterized as 

complex and uncertain, which had an impact on the interdependencies and handoff patterns we observed. 

All resuscitation teams faced a great deal of task uncertainty and complex technology and knowledge 

interdependencies, as new activity and treatment requirements were constantly emerging.  
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As resuscitation teams arrived at the cardiac arrest locations, there was often a lack of clarity with regard 

to various aspects of the intervention: patient history and medical condition, cardiac arrest cause, team 

members present, designated team leader, as well as expertise and technologies available. As a first step, 

the resuscitation teams therefore needed to make sense of their environment and work requirements. This 

usually implied an initial handoff between the resuscitation team and the ward personnel who summoned 

the resuscitation team. During this handoff, crucial patient information such as status, medical history 

and possible cardiac arrest causes, as well as resuscitation responsibility were transferred from the ward 

personnel to the resuscitation team. The next step was to make sense of the resources available. To that 

end, team members usually presented themselves in terms of profession, discipline, and level of 

expertise. Utterances such as “I am just the service assistant” “anesthesiologist in the ward,” or “the 

cardiologist is on call here” helped the teams understand and devise ways in which expert knowledge 

and skills could best be allocated to emergent task requirements.  

Lastly, making sense of the environment also implied understanding the specific technology needs of the 

case at hand, assessing available technology, and addressing unmet technology needs, such as bringing 

mobile computers and ECG or ultrasound devices to the ward. It is important to mention that these 

sensemaking processes often occurred concomitantly with the performance of BLS tasks such as chest 

compressions and airway management, since the first goal of resuscitation teams is to provide life support 

until spontaneous blood circulation is restored. Establishing a clear diagnosis (i.e., cardiac arrest cause) 

was therefore not required before initiating basic treatment. Advanced treatment was, in turn, 

administered by allocating available resources (knowledge and technologies) to emergent tasks. 

Utterances such as “we need an orderlie to take over chest compressions” or “can you find a computer?” 

show how interdependencies between resources, such as knowledge, skills, and technologies, were 

managed as events unfolded.  
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Knowledge and role interdependence 

In terms interdependence patterns, we found evidence that resuscitation teams most often deal with 

interdependencies between team members as evidenced by the prominence of handoffs between activities 

in which individuals changed (Table 2). Here, two considerations were important. On the one hand, we 

observed interdependencies between roles. When interdependencies between roles (but not expertise) 

were managed, these were often related to repetitive, time- and physically demanding tasks such as chest 

compressions, ventilation, or defibrillation. Under these circumstances, managing knowledge and 

expertise interdependencies was less important, since all members present were skilled in performing 

chest compression and ventilation (BLS). Handoffs between activities involving BLS tasks were often 

the type in which only the team member changed, but the task and the technology did not. On the other 

hand, interdependencies between members also manifested themselves in terms of expert knowledge. 

More complex knowledge tasks such as leadership, advanced airway management, drug administration, 

cardiac rhythm analysis, and echocardiography were less dependent on team role – which was flexible – 

and more dependent on expertise and domain knowledge.  

Handoffs between activities involving ALS and other knowledge intensive tasks were often complex 

handoffs, where at least two attributes changed. For example, in one of the cases, a cardiologist was not 

part of the initial team. However, the team suspected a cardiac (as opposed to non-cardiac) cause after 

consulting the EMR.  The cardiologist on call was then contacted and asked to perform an 

echocardiography using an ultrasound machine. Under such circumstances, a complex handoff was 

required: between individuals (based on expertise), technologies (highly specialized), as well as between 

tasks, since performing an ultrasound requires hands-off time (i.e., time in which chest compressions 

need to be stopped). 
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Task interdependence 

Apart from complex interdependencies among team members (based on either role or knowledge), we 

also observed high levels of task interdependencies. While some of the tasks presented sequential 

interdependence, others were performed simultaneously. For example, chest compressions and 

ventilation are two sequential tasks, performed in cycles. The ALS protocol suggest that thirty chest 

compressions should be followed by two ventilations, and vice-versa. On the other hand, some BLS and 

ALS tasks exhibited simultaneous interdependence. For example, two-minute cycles of chest 

compressions, drug administration and electrical activity assessment were concomitantly performed with 

information retrieval and leadership tasks. Here, we observed that task interdependencies did not mirror 

interdependencies between team members’ roles. However, task interdependencies were more likely to 

mirror interdependencies between team members’ knowledge. This is perhaps not surprising, since 

complex tasks require domain knowledge and expertise, which in a resuscitation situation are scarce, 

since there is only one anesthesiologist or cardiologist on each resuscitation team. 

However, there were also complex tasks that required interdisciplinary knowledge, such as identifying 

reversible cardiac arrest causes, which can be either cardiac or non-cardiac in nature. For example, across 

cases we have observed that the task of identifying reversible causes expanded across many activities 

and handoffs, and required extensive time and attention from the senior physicians and/or team leaders. 

In such contexts, many handoffs between technologies and individuals occurred before the task was 

completed.  

Technology interdependence 

Technology interdependence was less evident in our dataset, as compared to other types of 

interdependence. Because the technologies used by resuscitation teams were highly specialized and task-

oriented, we observed that technology interdependence often mirrored task interdependence, as 
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evidenced by the low frequency of handoffs in which technology changed, but the task did not (3%). 

Technologies such as ultrasound machines, ventilators, ECG, or video laryngoscopes performed unique 

tasks in the context of resuscitation work, and their use required a great deal of domain expertise and 

technical knowledge. Handoffs in which technology and tasks changed, often required individuals to 

completely change their mindset and adapt to both new knowledge tasks (e.g., determining electrical 

activity, identifying reversible causes) and new sophisticated technologies (e.g., hemodynamic 

monitoring devices and ultrasound).  

However, some technologies were used to perform multiple tasks. For example, we observed that the 

EMR and defibrillator served multiple functions in the context of resuscitation work and were used to 

perform different tasks. The EMR was mostly used for retrieving medical, pharmacological, and surgical 

patient history as well as laboratory results. However, it was also used to identify possible reversible 

causes of cardiac arrests. In a similar vein, the main function of the defibrillator was to administer 

electrical shocks in cases of shockable heart rhythms. However, the defibrillator was also used to analyze 

the heart rhythm in the absence of other monitoring tools and track time in pacing BLS tasks. Conversely, 

we also observed that some tasks required the use of multiple technologies in order to be completed. For 

example, identifying reversible causes sometimes required the use of multiple tools and artifacts. A 

combination of the EMR, an ultrasound scan, and the ALS protocol (which provides a mnemonic device 

used for remembering possible reversible causes of cardiac arrest) was often used when trying to identify 

possible reversible causes. While a specific use sequence was not evident, these technologies were 

interdependent in the sense that failing to complete the task using one of the tools led team members to 

use another. Using multiple technologies to perform a task often required a number of experts with 

different domain knowledge, suggesting both task and technology complexity.  
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Discussion 

The purpose of our study is to investigate the interdependence patterns exhibited during resuscitation 

teamwork, and to derive implications for handoff coordination in complex and dynamic work 

environments. Our investigation reveals two main patterns of socio-technical interdependence. On the 

one hand, we find that activities involving simple, repetitive tasks do not create complex 

interdependencies and handoff coordination needs. Performing simple tasks requires neither 

interdisciplinary knowledge, nor complex technological capabilities. Consequently, transitioning 

between work activities under these circumstances usually involves simple handoffs, where one attribute 

changes. Such handoffs, we find, require time management and resource coordination, with the purpose 

of minimizing hands-off time and maximizing efficiency gains. On the other hand, we find that activities 

involving complex tasks create multiple interdependencies between knowledge and technological 

resources. Performing such activities requires interdisciplinary knowledge, and the capabilities of a 

single technology are often exceeded. Transitioning between work activities with high human resource 

and technological demands usually involves complex handoffs, where two or more attributes change. 

Such handoffs, we find, often necessitate improvisation, as well as high degrees of resource and 

interpersonal coordination. We elaborate on these findings below, and discuss their implications for 

handoff coordination in organizational settings characterized by high levels of task uncertainty and work 

complexity. 

First, our findings suggest that simple or repetitive activities requiring low levels of expertise and 

technological complexity do not create complex interdependencies and handoff coordination needs. In 

their study of a banking call center, Pentland et al. (Pentland, Recker and Wyner, 2017) identified low 

frequencies of handoffs in which an only organizational individuals changed, but the task and technology 

remained constant. Because the banking call center is a work system in which tasks are pre-defined and 

sequentially distributed across organizational roles and technologies, instances in which tasks are not 
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completed before being handed over are rare or non-existent. However, the authors speculate that such 

handoffs should be more frequent in environments with time-demanding tasks, but less reliant on 

expertise (Pentland, Recker and Wyner, 2017). Unlike the banking call center the authors investigated, 

the work of resuscitation teams is partly dependent on repetitive and time-demanding tasks, which require 

lower levels of expertise. According to the ALS protocol and best practices, performing more than thirty 

chest compressions leads to physical exhaustion and consequently, to chest compressions that are not 

sufficiently deep. This, in turn, can severely compromise the resuscitation efforts of the team. Therefore, 

it is because of the need to “change hands” frequently that this handoff type appears with such frequency 

in our dataset. While these interdependence patterns create the need for multiple handoffs, such handoffs 

are simple, and do not require high degrees of coordination.  

Because in most organizational settings repetitive tasks are easy to predict, research shows that 

coordinating task interdependencies requires formal coordination such as standardization, plans, rules 

and roles, with the purpose of maximizing efficiency gains (Okhuysen and Bechky, 2009). In our case 

however, there was a high degree of uncertainty even in relation to simple or repetitive tasks. For 

example, roles needed to be established as the resuscitation events unfolded, and tasks were assigned ad-

hoc. Furthermore, the performance of simple tasks was highly dependent on all other tasks that needed 

to be performed, either simultaneously or sequentially. As such, under conditions of uncertainty and high 

complexity, transitioning between work activities requires ongoing temporal coordination, mutual 

adjustment, and explicit leadership and communication processes such as indicating task status, or 

assigning tasks based on availability of free-hands and technological resources. 

Second, we show that domain-specific tasks often require equally complex technologies, and create 

additional demands on individuals and teams in terms of expertise. Because of the high expertise levels 

required, we find that interdependencies between complex tasks often mirror technology and knowledge 

interdependencies. That is, domain-specific tasks often require specific expertise and specialized 
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technologies. Therefore, when interdisciplinary work transitions between complex tasks, it often 

transitions between both technologies and required expertise.  

However, we also find that complex, inter-disciplinary tasks may require multiple technologies and 

diverse domain-knowledge and expertise. Such tasks create complex interactions between technology 

interdependencies, and necessitate high degrees of handoff coordination. In order to perform these tasks, 

technological and knowledge resources need to be temporally coordinated. That is, they both need to be 

available as new task demands arise. However, under conditions of uncertainty and emergent task 

requirements, coordinating scarce resources can be challenging, and often requires emergent planning 

and improvisation (Faraj and Xiao, 2006; Constantinides and Barrett, 2012), especially in situations 

requiring immediate response to novel and critical situations. Under such conditions, “intervention is 

often necessary irrespective of specialization, formal role, and reputation” (Faraj and Xiao, 2006, p. 

1158).  

Because complex task requirements often mirror knowledge and technological requirements, handoffs 

between activities involving knowledge intensive tasks are likely to be complex, where many attributes 

change. We find that when complex handoffs are required, coordination demands are high. Many types 

of interdependence need to be coordinated at once, and require both interpersonal and technology 

coordination. Furthermore, because an individual may work across many knowledge-intensive tasks and 

complex technologies, such handoffs are cognitively taxing, switching costs are incurred, and efficiency 

may be compromised (Pentland, Recker and Wyner, 2017). Previous research on coordination in 

complex organizations shows that handing work over between technologies with different capabilities 

and input standards may require significant time and effort, and imply a heightened demand for 

technological expertise (Bailey, Leonardi and Chong, 2010; Pentland, Recker and Wyner, 2017). 

Additionally, ensuring timely application of expertise in environments characterized by uncertainty 

requires knowledge-sharing, reliance on ad-hoc teaming, cross-boundary interventions and 
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improvization (Faraj and Xiao, 2006; Constantinides and Barrett, 2012a). In environments characterized 

by both work complexity and uncertainty, balancing time-demanding work requirements with 

improvisation and ad-hoc coordination is necessary.  

Our study has several implications for research. First, we show that environments characterized by high 

levels of uncertainty and socio-technical complexity, such as healthcare, exhibit strong interdependencies 

between available resources (knowledge, technology), which are often scarce. Furthermore, these 

resources may be needed to perform multiple, simple tasks, but they also may be needed for the 

completion of one complex task. We find that using technology and knowledge resources across tasks 

necessitates many handoffs, but low coordination levels. Conversely, complex tasks demanding 

interdisciplinary knowledge and complex technological capabilities require fewer handoffs, but have 

higher coordination requirements.  To the extent that work organizations demand increasingly 

sophisticated knowledge and technological resources, understanding how socio-technical 

interdependencies impact handoff coordination will invariably enhance the explanatory power of future 

organizational studies. 

Second, we add to literature on interdependence and coordination (e.g., Faraj and Xiao, 2006; Pentland, 

Recker and Wyner, 2015, 2017; LeBaron et al., 2016) by showing that work handoffs in environments 

characterized by high levels of task uncertainty and complexity necessitate both interpersonal 

coordination and ad-hoc resource management. When work passes from one activity to the next, complex 

interdependencies between individuals (based on role or expertise), technologies (highly specialized), as 

well as between tasks (knowledge intensive) need to be temporally coordinated. Moreover, we show that 

effective handoff strategies are not only dependent on communication processes (e.g., Abraham et al., 

2011), but also on mutual adjustment, and on ad-hoc resource matching when dealing with contingencies. 

However, other work environments have different human and technological capabilities, which influence 

the complementarities exhibited by different types of interdependence, and the handoffs they entail. 
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Uncovering handoff unique to particular work environments is important for devising strategies 

necessary to coordinate and integrate work. How tasks, technologies and individuals interact in contexts 

other than resuscitation interventions, and with what consequences for handoff coordination, is an open 

area for further investigation.  

While shedding light on handoff coordination in environments characterized by task uncertainty and 

work complexity, our study is not without limitations. First, our dataset is limited to seven cases of 

resuscitation interventions. While each of the cases provided unique insights into how resuscitation teams 

manage complex interdependencies, data saturation may not have been reached (Fusch and Ness, 2015). 

Furthermore, since the video cameras moved as the team members were moving, it was at times difficult 

to conduct meaningful observations from a bird’s eye perspective. To compensate for some of the blind 

spots in our data study, future research could conduct both observations and interviews with members of 

resuscitation teams, focusing exclusively on interdependencies between simultaneous tasks and the 

coordinative actions and mutual adjustments they require. 
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Discussion 

This thesis set out to explore how knowledge work coordination is accomplished across multiple 

technologies in different forms of knowledge organizing, and which are the consequences for knowledge 

work organizing and management. In what follows, I first present the key findings of this dissertation, as 

they emerge from the four research articles. Second, I discuss the theoretical and practical contributions 

brought about by the insights offered across the research articles. I conclude the dissertation by reflecting 

on the limitations of the research put forth herein, and by outlining directions for future research. 

Key Findings 

Research article I addressed the research question: how is coordination accomplished across multiple, 

heterogeneous technologies, and what are the implications for knowledge work? Based on insights from 

critical care work practices, the article illustrates that heterogeneous workplace technologies, while 

indispensable for supporting specialized knowledge tasks, may also increase the amount of coordination 

work necessary to manage interdependencies in temporally distributed knowledge work. Overall, it 

shows that knowledge workers face several challenges when working across heterogeneous technologies, 

such as misaligned or conflicting technology output, tensions between local information needs and the 

capabilities of boundary technologies, and working with large amounts of data that require analysis 

before being shared across knowledge domains. These technology challenges trigger different 

coordination practices that emerge as ways of “fitting together” heterogeneous technologies when 

working both within and across knowledge boundaries: controlling and enhancing information, 

reconstructing workflows and circumventing requirements. These findings respond to the overall 

research question of this dissertation by showing that collectively, heterogeneous technologies have 

performative outcomes in relation to how knowledge work is accomplished and managed. In particular, 

they show how heterogeneous technologies create workflow gaps that increase the complexity of 

knowledge work and coordination requirements. However, they also show that knowledge workers take 
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advantage of these workflow gaps in order to (1) improvise and adapt their work to the dynamic 

conditions of their environment, (2) align work across knowledge boundaries to manage 

interdependencies and task uncertainty, and (3) challenge technology legitimacy in order to accomplish 

broader professional and ideological goals.   

Research article II addressed the research question: how do technologies impact team situational 

awareness during cardiac arrest interventions, and what are the implications for team coordination? 

While also concerned with the role of technology in knowledge work coordination, this article adopts a 

situational awareness perspective, since co-located teams share information through direct interactions, 

and consequently, technologies play a less important role for knowledge sharing and coordination across 

boundaries. However, the article shows, heterogeneous technologies also have performative outcomes in 

relation to how knowledge work is coordinated in co-located teams. Specifically, this article responds to 

the overall research question of this dissertation by showing that workplace interactions between 

knowledge workers and the technologies and artifacts in their environments activate different knowing 

processes at individual and team levels. This, in turn, may constrain the management of 

interdependencies through implicit coordination mechanisms such as common understanding or shared 

knowledge, i.e., knowledge that enables team members to explain and anticipate task requirements and 

actions. Based on insights from CPR interventions, the article shows that heterogeneous technologies 

support the development of task-oriented knowledge, and can enhance team coordination when 

complementary situational awareness (i.e., different, but non-conflicting mental models) is sufficient for 

team members to manage the interdependencies between their tasks (e.g., for routine or repetitive tasks). 

However, when team members work with task-specific technologies, their higher-level awareness levels 

(i.e., comprehension and projection) may not be aligned, which can hinder the development of shared 

situational awareness, i.e., common understanding among team members about interpersonal 

interactions, roles and task interdependencies. Under these circumstances, coordination may be hindered 

by heterogeneous technologies.   
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In a different vein, research article III asked: to what extent can information handoff patterns across 

heterogeneous healthcare actors explain and predict patient information quality issues? Based on 

insights from critical care work practices, this article explores the heterogeneous actors and emergent 

information handoff practices that constitute the information network at the CCU. It contributes to the 

overall aim of this dissertation by showing how emergent socio-technical handoffs influence information 

quality and ways of knowing in temporally distributed knowledge work. It further demonstrates that in 

distributed knowledge work, heterogeneous technologies have key information roles, and are endowed 

with important network functions such as information flow facilitators, intermediaries, gatekeepers, and 

boundary actors. Beyond exploring the network roles of heterogeneous technologies, the article also 

shows how the relational composition of information handoffs influence different dimensions of 

information quality, which are fundamental in relation to how knowledge is constructed and used in 

distributed knowledge work. For example, while technology-human handoffs influence contextual and 

intrinsic aspects of information quality (e.g., completeness, accuracy), human-technology handoffs 

influence accessibility and representational quality dimensions, such as consistency and interpretability. 

The paper improves upon existing perspectives on the role of technology for how knowledge is 

constructed and shared, by conceptualizing information handoffs as relations among both human and 

non-human actors. This is particularly relevant for KIOs where knowledge crosses many boundaries 

(between professions, knowledge domains, or shifts), and which rely on heterogeneous technology for 

asynchronous information exchange.  

Finally, research article IV addressed the research question: what interdependence patterns are 

exhibited during resuscitation teamwork and what are the implications for coordination in complex and 

uncertain work? Drawing on insights from CPR practices, this article also explores socio-technical 

handoffs in knowledge work, but looks beyond information sharing practices to understand how complex 

socio-technical interdependencies are managed as knowledge work passes from one activity to the next. 

The article addresses the overall aim of this dissertation by showing that work handoffs in knowledge-
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intensive and technologically complex settings necessitate both implicit coordination mechanisms and 

ad-hoc resource management strategies. The interdependence patterns that emerge suggest that 

transitioning between teamwork activities requiring high levels of expertise and specialized technologies 

create complex handoff management needs, where interdependencies between individuals (based on role 

or knowledge domain), technologies (highly specialized), as well as between tasks (knowledge-intensive) 

need to be temporally coordinated. The article contributes to literature on organizational interdependence 

by showing that effective handoff strategies in co-located teams are not only dependent on 

communication processes and explicit coordination mechanisms, but also on mutual adjustment, and on 

ad-hoc resource matching and contingency management. 

Theoretical contributions 

As the research articles included in this dissertation illustrate, the interdependencies among 

heterogeneous technologies have performative outcomes in relation to how knowledge work is organized 

and managed. This insight calls for more holistic approaches to studying workplace technologies, and 

warrants greater consideration for the interactions and network effects generated by workplace 

technologies. Thus far, research in this area has focused either on (1) the effects of introducing new 

technology on existing practices and ways of knowing (e.g., Bailey et al., 2012; Beane & Orlikowski, 

2015; Pine & Mazmanian, 2017), or on (2) how technologies and knowledge work configure each other 

in practice (e.g., Beane & Orlikowski, 2015; Pentland & Feldman, 2007; Zammuto et al., 2007). 

However, as shown in this dissertation, taking a holistic, relational approach to studying the role of 

technologies in KIOs reveals more complex interdependence patterns, both between technologies and 

the social organizing of work, such as the focus of extant research, but also among workplace 

technologies with heterogeneous capabilities, requirements and input standards.  

In exploring the performative outcomes of such infrastructural relations on knowledge work in different 

forms of organizing, this dissertation has focused on two important and interrelated research themes: (1) 
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the impact of heterogeneous technologies on knowledge work coordination and (2) their performative 

outcomes in relation to how knowledge is constructed and embedded in the practice of different 

knowledge work groups. Overall, the work presented in this dissertation demonstrates that, as workplace 

technologies are tasked with key organizational functions, they (1) engender local practices aimed at 

integrating their heterogeneous capabilities and requirements, (2) play important infrastructural roles in 

relation to information control and quality, and (3) generate complex interdependencies that require 

different forms of coordination and emergent knowledge work management. These findings suggest that 

the prevalence of complex and heterogeneous technologies in the workplace offers several advantages to 

knowledge workers, but at the same time creates challenges in relation to work complexity and the 

management of knowledge work interdependencies.  

In this respect, the findings of this dissertation respond to calls for research to examine relationships 

between technologies in different forms of knowledge work (Bailey et al., 2010), the work practices and 

ways of knowing they engender (Bailey et al., 2010; Pachidi et al., 2021), and the forms of coordination 

and control they generate (Faraj et al., 2018; Gkeredakis & Constantinides, 2019). Overall, this 

dissertation contributes to literature on knowledge work with technologies spanning IS and organization 

disciplines, and provides new ways for scholars to explore knowledge work practices that are 

increasingly dynamic, uncertain and technologically complex.  

Regarding the role of technology in coordination, this dissertation illustrates that knowledge work 

coordination in various forms of organizing is accomplished not only by integrating interdependent tasks 

(Okhuysen & Bechky, 2009), but also by managing specialized technologies and integrating their 

heterogeneous capabilities, requirements, and the varied expertise their operation entails. In particular, 

research article I, which is concerned with coordination in distributed forms of knowledge work, shows 

the work management strategies that individuals use in dealing with workflow gaps between 

technologies, and provides new insights into the emergent nature of coordination when multiple and 
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diverse technologies require integration for accomplishing knowledge work. As such, this article 

responds to calls for research to explore technology interdependence and coordination in complex socio-

technical settings (Bailey et al., 2010; Gkeredakis & Constantinides, 2019). In addition, it contributes to 

coordination theory and knowledge work studies by showing that coordination practices emerging as 

ways of dealing with technology gaps lead to task repetition, ad-hoc work adjustments and 

improvisations, which enhance individuals’ expertise, and provide ways for knowledge workers to 

preserve control over work outcomes.  

Moreover, this dissertation also expands discussions on coordination with technologies from a cognitive 

perspective (e.g., Comfort, 2007; Fiore, Salas, Cuevas, & Bowers, 2003; Parush et al., 2017; Rico, 

Sánchez-Manzanares, Gil, & Gibson, 2008; Van de Walle, Brugghemans, & Comes, 2016). Importantly, 

research article I shows that working across heterogeneous technologies improves individual situational 

awareness and sense of agency, by stimulating critical reflection and enhancing individuals’ control over 

their work. This, in turn, improves their ability to respond to work contingencies and emergent 

coordination needs (Limerick, Coyle, & Moore, 2014). However, research article II, which is concerned 

with coordination in co-located teams, shows that working across heterogeneous technologies may hinder 

the achievement of team situational awareness by activating dissonant knowing and cognitive processes 

at an individual level. This, in turn, leads to an increased latency in response to emergent coordination 

needs and decreased performance of co-located teams (Parush et al., 2011). This insight is further 

explored in research article IV, which shows that as individuals work with multiple technologies for 

completing a knowledge task, interpersonal coordination demands are low, but technology coordination 

requirements are high. Conversely, when teams work with multiple technologies for completing a 

knowledge task, both interpersonal and technology coordination demands are high, since complex 

interdependencies between technology, specialized knowledge and roles need to be managed.  
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Regarding the role of technologies in relation to knowledge construction and use, this dissertation 

contributes to uncovering how heterogeneous technologies are consequential for ways of knowing in 

KIOs ( Bailey & Leonardi, 2015; Orlikowski, 2002; Pachidi et al., 2021). Furthermore, it improves upon 

existing perspectives on the role of technology in knowledge creation processes, by conceptualizing 

technology as an actor in, rather than a mediator of knowledge construction practices. As seen in research 

articles III and IV, examining knowing practices from a relational perspective can substantially 

contribute to our understanding of the ways in which organizational knowledge is constructed and 

embedded in practice. In particular, research article III, which is concerned with knowledge construction 

in temporally distributed knowledge work, shows that heterogeneous technologies play important roles 

in terms of information control, both within and across knowledge domains. Because they act as 

boundary objects in distributed knowledge work (Barley, 2015; Star & Griesemer, 1989), many 

workplace technologies play important roles in constructing organizational knowledge, such as 

intermediaries or gatekeepers. However, because of their heterogeneous capabilities, requirements, and 

embedded “gatekeeping” practices, technologies are not passive communicators of established 

knowledge. Rather, they are catalysts that shape local practices and ways of knowing. To that effect, the 

article contributes to the literature on the role of technologies in knowledge construction processes (e.g., 

Newell, 2015; Oborn, Barrett, & Davidson 2011; Pachidi et al., 2021; Schultze & Boland, 2000) by 

showing how emergent socio-technical encounters shape organizational knowing in distributed work.  

In a different vein, research articles II and IV explore the impact of heterogeneous technologies on 

knowledge creation in co-located teams, where direct interactions between human actors have a more 

important role for how knowing practices are performed. As seen across the findings of articles II and 

IV, specialized technologies are integral to the knowing practices of co-located teams, in that they support 

the creation of task-oriented knowledge, and perform work that is difficult or even impossible for team 

members to do, thereby extending and even transforming the agency of human actors and the outcomes 

of their work practices (Orlikowski, 2006). However, specialized workplace technologies may hinder 
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direct interaction dynamics among team members and the creation of shared knowledge. Because they 

impose high cognitive demands on individuals, most specialized technologies do not support the 

management of interdependencies across tasks and knowledge domains, and thereby they undermine the 

achievement of common understanding and the alignment of emergent interdependent work.  

In Table 5 below, I summarize the theoretical contributions discussed above, and I advance five 

theoretical propositions, as they emerge across the four research articles. 

Table 5. Overview of theoretical contributions across research articles  
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Theoretical proposition 1 

Knowledge work coordination is accomplished not only by integrating interdependent tasks, 

but also by integrating the heterogeneous capabilities and requirements of specialized 

technologies, and managing the knowledge and expertise their operation entails.  

                                                        Theoretical proposition 2 

Working across heterogeneous technologies requires coordinative adaptations such as task 

repetition, ad-hoc work adjustments, temporal adaptations of work and emergent task 

redistribution, which enhance individuals’ expertise, situational awareness, and perceived control 

over work outcomes. 

 

R
E

S
E

A
R

C
H

                               

A
R

T
IC

L
E

S
 I &

 IV
 

 

Theoretical proposition 3 

Interactions between knowledge workers and the technologies and artifacts in their environments 

activate different knowing processes at individual and team levels, which constrains team 

coordination through implicit mechanisms such as common understanding or shared knowledge. 
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 Theoretical proposition 4 

Because they impose high cognitive demands on individuals and require considerable work and 

effort to “fit together”, workplace technologies may hinder direct interaction dynamics among 

knowledge workers, thereby constraining the creation of shared knowledge. 

 

Theoretical proposition 5 

Boundary-spanning technologies have embedded gatekeeping practices and play important 

infrastructural roles in relation to information control and knowledge creation across boundaries. 

Relying on multiple, heterogeneous technologies for knowledge sharing across boundaries may 

create knowledge asymmetries across organizational clusters. 
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Overall, this dissertation explores the complexities of organizing and managing work with heterogeneous 

and highly specialized technologies in knowledge-intensive organizations. As such, it responds to 

previous calls for research to examine the conditions and interactions that shape regimes of knowing in 

organizations, as knowledge work is increasingly delegated to, rather than supported by technology 

(Bailey, Leonardi, & Chong, 2010; Faraj, Pachidi, & Sayegh, 2018; Gkeredakis & Constantinides, 2019; 

Pachidi et al., 2021; Ribes et al., 2013).  

Practical implications 

Considering its aim to explore and understand the complexities of organizing and managing knowledge 

work with heterogeneous technologies, this dissertation has practical implications for knowledge workers 

and organizations, and offers several insights for KIOs navigating unprecedented scales of technological 

change.   

First, as the empirical insights across research settings show, knowledge work is often unpredictable, 

capricious, intuitive, creative and full of meaningful pursuits. None of the above characteristics can be 

attributed to technologies. Yet, as Brynjolfsson and McAfee (2011) in “Race against the machine” 

illustrate, knowledge work is proving a lot easier to automate and replace than previously anticipated. As 

technologies increasingly provide organizations with the power to automate knowledge tasks, knowledge 

workers, both distributed and co-located, increasingly engage with technology rather than humans in 

performing their work. Considering the widespread adoption of “knowledgeable technologies” in 

organizations, this dissertation provides valuable insights into how the complex intertwining of humans 

and technologies in the workplace impact workers’ situational awareness and perceived control over 

work outcomes. As research articles I and II show, working with heterogeneous technologies stimulates 

critical reflection, thereby enhancing workers’ sense of agency and their ability to project future 

scenarios, but at the same time, decreasing their ability to perceive interpersonal dependencies and 

establish a common situational understanding. Consequently, organizations and knowledge workers 
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should tailor technology and coordination strategies to different knowledge work contexts, such as those 

spanning knowledge domains and mental models, those spanning heterogeneous technologies, or a 

combination of both. On the one hand, managing interdisciplinary work requires organizations to create 

the conditions necessary for collaboration and interpersonal coordination. Managing work across 

technologies, on the other hand, implies the need for integrating their heterogeneous capabilities and 

requirements, either through considerable human effort and expertise, or through integration and 

automation initiatives.  

Furthermore, the findings of this dissertation also reveal the relevance of knowledge workers and socio-

technical interactions in unpredictable and dynamic work environments, which has important 

consequences for work automation decisions. For example, in clinical environments such as the ones 

investigated in this dissertation, humans are often considered the weak link in the decision-making 

process, and automation is seen as the solution to the age-old problems of healthcare. However, as 

research article I shows, the workflow gaps between heterogeneous technologies are used by health 

professionals as occasions for reiterating work, and for ensuring that data from heterogeneous medical 

devices is error-free. Such information controlling practices should remain relevant in clinical 

environments and other high-reliability organizations, where the use of expertise and deep structural 

domain knowledge can mitigate potential failures even as technologies such as continuous monitoring, 

data analytics and machine learning replace the expertise of knowledge workers.  

Last, this dissertation suggests that organizations should carefully consider that boundary technologies 

have different capabilities, operating requirements and embedded “gatekeeping” practices, and are thus 

active participants in constructing organizational knowledge. In particular, by offering insights into the 

prominence of boundary technologies in terms of volume and control of information, but also in terms 

of their potential to decrease information accuracy, research article III reveals that heterogeneous 

technologies have the potential to create knowledge asymmetries across organizational clusters (e.g., 
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knowledge domains, occupations). However, as the article shows, network analysis can be a useful tool 

for understanding the ways in which knowledge is constructed and controlled in organizations. Such an 

approach also allows organizations to uncover how knowledge networks change or evolve over time, and 

to understand the consequences for knowledge control and power dynamics. Moreover, it allows 

comparing organizational knowledge networks before and after automation initiatives or other 

technology implementations. Such comparisons may uncover changes in knowledge control and power 

structures that other organizational tools and change methodologies might overlook.  

Limitations and directions for future research 

While the limitations of each research article and their implications for future research are discussed in 

their respective sections, in the following I discuss the overall limitations of this dissertation, and 

underline several directions for future research.  

First, the dissertation has several methodological limitations. While rich in occasions for in-depth 

empirical observations, qualitative fieldwork also poses several challenges, many of which I also 

experienced. In particular, in studying CPR teams, the complexity of conducting sensitive research in 

temporary forms of organizing required me to make several adjustments and methodological choices, 

which hindered a “total immersion” in the field (Young, 2017). In essence, because of the unpredictable 

and sensitive nature of CPR practices, conducting traditional ethnographic observations and establishing 

rapport with participants (Spradley, 1980) was not possible. Consequently, I had to contend with non-

perceptual data, such as video recordings of participants, and with descriptions of CPR interventions 

from secondary or alternative sources, such as discussions with project members or participation in CPR 

simulations and training courses. While all these sources provided unique insights into the work and 

organizing of resuscitation teams, data saturation may not have been reached (Fusch & Ness, 2015). To 

compensate for some of the blind spots in this study, future research into the role of technology in co-

located knowledge work teams could conduct in-depth observations and interviews with participants in 
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similar organizing settings, emphasizing a more emic approach to understanding how technologies 

impact coordination and knowledge creation in co-located teams.  

Another methodological limitation is related to the restrictions imposed by the CCU in terms of number 

of visits and interviews. When conducting the initial, thematic analysis of the data based on my 

descriptive observations of CCU practices, many interesting themes and theoretical angles emerged as 

potential fruitful avenues of inquiry. However, due to the limited number of field visits, I chose to focus 

on a handful of prominent themes, which I considered better suited for the aim of this dissertation. 

Consequently, several themes that emerged as potentially important in relation to understanding the role 

of technology in distributed work were left unexplored. For example, I chose to focus my observations 

on interactions and interdependencies among actors within the CCU, and mostly within and across shifts. 

However, interdependencies and interactions of the CCU with other departments and units from the 

hospital could be of equal importance for understanding the role of heterogeneous technologies in 

coordinating distributed knowledge work, since inter-unit patient admissions and transfers are 

commonplace at the CCU. Additionally, exploring the interdependencies and technology coordination 

practices along complex patient cases, with long illness trajectories, could also provide a fruitful angle 

of analysis, since within-case interdependence patterns are also dependent on the pathophysiology of the 

patient’s condition, potentially involving more disciplines and knowledge domains. Future research 

could explore these themes in more depth, and extend the findings of this dissertation by revealing the 

performative consequences of technology in relation to how coordination is enacted across organizational 

units and larger professional clusters, and within or across work cases and projects.  

Moreover, the empirical basis for this dissertation is limited to insights from clinical environments. 

Furthermore, I study knowledge work coordination practices and the use of context-specific medical 

devices and HIS. While the particularities of clinical environments and health technology limit the 

external validity of some of the findings presented in this dissertation, I believe that its central finding – 
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that collectively, heterogeneous technologies have performative outcomes in relation to how knowledge 

work is accomplished and coordinated – can usefully inform future research. To the extent that 

knowledge tasks are increasingly delegated to technology, and specialized technologies with different 

requirements and capabilities are being deployed in support or replacement of knowledge work, this 

dissertation offers insights into how heterogeneous technologies are constitutive of knowledge work, and 

offer a more holistic approach to studying the role of technologies in knowledge organizations.  

Last, the four research articles included in this dissertation take different epistemological approaches to 

studying knowledge work coordination and technology. This is an important limitation to mention, since 

different epistemologies imply different assumptions about what can be known, thus influencing the 

nature of research findings. Because multiple epistemologies imply multiple lenses through which 

organizational phenomena are approached, providing overarching insights and conclusions (i.e., across 

research articles) can be somewhat challenging. For example, research article I assumes a practice lens, 

and foregrounds the situated and emergent nature of knowledge work and coordination. In line with a 

practice perspective, this article treats technology as constitutive of the work of critical care practitioners 

(Beane & Orlikowski, 2015; Orlikowski & Scott, 2008) and shows how technologies not only mediate, 

but also configure coordination practices in knowledge work. In a different vein, article II explores the 

impact of task-oriented technologies on team situational awareness, emphasizing how the information 

processing capabilities of different technologies afford or constrain team cognition and coordination 

under conditions of uncertainty and time pressure. Moreover, research articles III and IV explore 

handoffs and coordination in different forms of organizing by foregrounding relations between human 

and non-human actors (e.g., information exchange, work handoffs), rather than material enactments 

through different technologies. Therefore, as opposed to the first article, the last three articles do not 

explicitly explore how technology use is constitutive of organizational practices and coordination. 

However, while different in their epistemological considerations and methodological approaches, all four 

research articles assume a relationality orientation (Bradbury & Lichtenstein, 2000), in that they focus 
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on the interactions and interdependencies among actors, beyond the importance of actors as independent, 

discrete entities. 

Conclusion  

The role of technology in KIOs is a topical issue. Technological advancements in the field of data 

analytics, machine learning and continuous monitoring threaten the legitimacy of professions across 

industries, and render humans obsolete in many aspects of knowledge work. However, the organizational 

contexts in which these technologies are embedded are also important for how the role of heterogeneous 

technology emerges in practice. This dissertation set out to explore the conditions and interactions 

through which heterogeneous workplace technologies collectively impact work in knowledge intensive 

environments. The four research articles included in this dissertation provide insights into the role of 

heterogeneous technologies in KIOs, highlighting the complex intertwining of humans and technologies 

in the workplace, but also the interdependencies among technologies and the interactions and network 

effects they generate. I hope that the findings of this dissertation will help knowledge workers and 

organizations alike in dealing with technological complexity and change, and in adapting work to new 

organizing paradigms. Lastly, I hope that my work will inspire future research to take relational 

approaches in studying the role of technology in organizations in order to expand current understandings 

of work and socio-technical interdependencies in knowledge-intensive organizations.     
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