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Abstract

Using Work Domain Analysis to Model the Impact of
Digitalization in Intensive Care

Sara Carlson

The thesis’ objective was to investigate the impact of digitalization in intensive care. A
case study was performed on an ICU (intensive care unit) that recently adopted a CIS
(clinical information system) that replaced a paper charting system. This meant that
the nature of nurses’ work changed since some of their administrative tasks became
obsolete due to automation, while other tasks were now performed on a computer
screen instead of written by hand on paper sheets.

Direct observations and semi-structured interviews took place at the ICU to
understand how nurses had perceived these changes. A thematic analysis was used to
make sense of the collected data. Moreover, a work domain analysis (WDA) was
performed to investigate the CIS‘s impact on the work system since intensive care
classifies as a socio-technical system.

Findings showed that the system adoption had been successful and considered as an
improvement to the paper charts. The CIS had not had any major negative impact on
the way nurses worked. On the contrary, they felt an increase in trust that the
product of their work (mainly patient data administration) was more correct. The
result of the WDA showed that it was possible to see how the CIS had contributed
to higher functions and goals in the work system. Moreover, the CIS had increased
support for nurses’ work in terms of information presentation, continuity of care,
standardization, decision support and care documentation. From a scientific point of
view, this way of using a WDA as an evaluation tool is quite unique and can be seen
as an extra contribution of the thesis work.
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Sammanfattning 

Studiens syfte var att undersöka effekter av digitalisering inom intensivvård. En fallstudie utfördes på 

en intensivvårdsenhet som nyligen infört ett kliniskt informationssystem som ersatte den tidigare 

pappersjournalen. Detta innebar att hur sjuksköterskorna arbetar kan ha påverkats eftersom vissa av 

deras administrativa uppgifter försvann på grund av automatisering medan andra arbetsuppgifter nu 

utfördes på en datorskärm istället för hand på papper. 

Direktobservationer och sex stycken semi-strukturerade intervjuer utfördes på intensivvårdsenheten 

för att förstå hur sjuksköterskor uppfattat dessa förändringar. Tematisk analys användes för att 

identifiera mönster och skapa en djupare förståelse av den insamlade datan. Eftersom intensivvård 

klassificeras som ett socio-tekniskt system utfördes en arbetsdomänanalys (WDA) för att undersöka 

det kliniska informationssystemets påverkan på arbetssystemet. 

Resultaten visade att systeminförandet hade varit framgångsrikt och att det betraktats som en 

förbättring jämfört med pappersjournalen. Det nya systemet hade inte medfört större negativa 

förändringar på hur sjuksköterskor arbetar. Däremot kände sjuksköterskorna att de kunde lita mer på 

att resultatet av deras arbete (huvudsakligen patientdataadministration) var mer korrekt. Resultatet 

av WDA:n visade att det var möjligt att se hur informationssystemet bidrog till högre funktioner och 

mål i arbetssystemet och att det hade ökat stödet för sjuksköterskors arbete angående 

informationspresentation, kontinuitet i vården, standardisering, beslutsstöd och vårdsdokumentation. 

Från ett akademiskt perspektiv är det här sättet att använda en WDA en tämligen ny företeelse, och 

det kan ses som ett extra intressant resultat av examensarbetet.  
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1 Introduction 
 

Intensive care units (ICU) has a complex work environment which demands a lot from the staff, 

including nurses [1]. One of the complexities is due to the high presence of technology, both 

computer systems and monitoring equipment. This means that nurses must understand how to 

use these technologies in order to accomplish their work tasks, and they must also possess the 

knowledge for how to manage if there is a technological breakdown [41]. The first occurrences 

of computer systems in intensive care can be tracked back as far as the 1960s and since then 

ICUs have become increasingly digital workplaces [15]. 

It is often argues that digitalization has just as great effect on society as the industrial revolution 

had [23]. Studying digitalization in relation to work performance has been covered by many. For 

instance, the implications of hospitals going from paper to digital solutions is well covered in the 

scientific field of Health Informatics. A survey published in 2016 covered the topic in a broad 

sense and referred to 141 papers written on this topic [40]. At its core the addition of 

information technology has been to identify repetitive work processes to digitalize for the sake 

of efficiency, and at length this strive for efficiency has been to put more emphasis on patient 

care by lessening the burden of administrative work [5].  

The strive to support efficient and sound decision-making for the type of work which depend on 

the use of complex technological solutions led to the researcher Rasmussen [37] addressing this 

rising challenge in the early 1990s. He created a new type of work analysis that would be able to 

break-down the environmental and cognitive constraints that define complex socio-technical 

systems [37], such as intensive care. Rasmussen’s work became the foundation to what later 

became the Cognitive work analysis framework (CWA), developed by Vicente [42]. 

The CWA framework consist of five phases, where the first phase is the most unique to the 

framework, according to Vicente  [42]. The phase is called the Work Domain Analysis (WDA) and 

has the purpose to create an understanding for where the actions by the workers take place. 

Vicente [42] explain this with Simon’s example of an ant walking on the beach. To understand 

the track the ant walks we need to not only understand how decisions are taken by the ant, but 

also the shape of the sand [42]. The result of a WDA is often represented in a model called an 

Abstraction Hierarchy (AH) which show the path from a specific artifact to the highest purpose 

it ultimately serves in the organization structure [35]. 

This study’s objective was to investigate how digitalization impacts nurses’ work by conducting a 

case study on an ICU which recently implemented a clinical information system (CIS). The goal 

was to both identify how nurses perceived changes to their work, but also performing a WDA 

and modeling an AH to show potential changes in the work system.  
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1.1 Research goal 

The thesis aimed to contribute in two research areas: cognitive work analysis (CWA) and 

digitalization in health care. Presented below are the two main questions that guided the thesis: 

 

1) What are the perceived effects on nurses’ work due to the implementation of a new 

clinical information system? 

 

2) To what extent can the Work domain analysis support the detection and description of 

potential changes in a work domain due to the implementation of a new clinical 

information system? 

 

To answer these, a case study was performed at an ICU with a focus on nurses and their work 

surrounding a recently implemented CIS.  

 

1.2 Relevance 
The fact that this ICU recently acquired a new computer system, which have both digitalized 

and to an extent automated some of the nurses’ work processes, provided a good case for 

exploring the effects of digitalization. The nurses who work in an ICU fit the description of being 

a part of a socio-technical system [43]. The WDA is then relevant since the effects of a computer 

system can have a lot of implications beyond what is shown on the screen, in this case using the 

system is integral to patient care were the stakes are often high. 

Around two years ago, a WDA was performed on the same ICU but before the implementation 

of the CIS [6]. This provided a rare opportunity to see changes that have occurred since the 

adoption of the new system by comparing the new WDA with the previous one. 

Finally, the two factors that were special to this case, a new system and the previous WDA, 

allowed for the opportunity to see how well the WDA is suited to analyze the effects of 

digitalization on a complex social-technical system. This is something that has not been done 

previously, and it is relevant because due to the increase of digital work (especially in 

healthcare) there is a need to explore the result of adding new technology to understand the 

extended effect it has on the work as a whole. 

 

1.3 Delimitations 

The study was carried out at one specific ICU, and therefore the AH-model describes that 

particular work domain. The applicability to similar work done on other hospitals is therefore 

not a certainty, since the WDA is designed with the purpose of describing specific domains [42]. 

The thesis will explore how nurses’ work and it will be with a focus on their work with the CIS, 

which is why findings will be prioritized based on their relation to that system. Moreover, the 

CIS is used by a range of health care professionals, however due to the context of focusing on 

nurses it will not explore how, for instance physicians, have been affected by the adoption of 

the system. 

The study will only include the first phase of the CWA-framework. It is in total five phases, but 

due to the scope of the thesis, the remaining four phases will not be executed within the 

bounds of this study.  
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1.4 Thesis structure 
 

 
Chapter 1: 
Introduction 

 
The research questions and objective are introduced. Arguments for the 
relevancy of the topic are also presented. Moreover, the delimitations of 
what will be covered in this study will be defined. 
 

 
Chapter 2: 
Background 
 

 
Introducing and defining intensive care, digitalization, socio-technical systems 
and the CWA framework. It also provides a summary of previous studies done 
on digitalization in intensive care and similar WDAs. 
 

 
Chapter 3: 
Theoretical 
framework  

 
Provides the theoretical framework that will be used to discuss the study’s 
findings. Mainly, the WDA. Furthermore, theory about digitalization in regard 
to intensive care. 
 

 
Chapter 4: 
Method 

 
Describes methods that were used in order to perform the study. It provides 
an explanation of how the qualitative methodology influenced the study. It 
also discusses the chosen methods critically. 
 

 
Chapter 5: 
Results 

 
The five themes that describe the results from the data collection are 
introduced. Also, the results from the WDA is presented in the AH. 

 

 
Chapter 6: 
Discussion 

 
The results are discussed with the theoretical framework with the end result 
of providing answers to the two research questions. 
 

 
Chapter 7: 
Conclusion 

 
A summary of the answers to the two research questions. Also, an outline of 
future research is presented. 
 

Table 1: Thesis structure  
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2 Background 
 

The following chapter outlines relevant background information that describes the wider 

context of this study. It provides definitions of intensive care, digitalization, socio-technical 

systems and the CWA framework. It also summarizes previous studies focused on digitalization 

in intensive care, but also studies that have used WDAs. 

 

2.1 Intensive care 
The type of care performed at an ICU is to treat critical ill patients that need around the clock 

monitoring of vital values [20], often due to patients suffering of organ failure [39]. One 

characterizing factor is that these patients often struggle with breathing on their own and is 

therefore in need of aid from a medical ventilator to support breathing functionality, but 

patients might also be connected to various monitoring equipment that measure vital values 

[20]. Moreover, patients are usually sedated and unconscious, which means that preventing 

errors of medication and interpret data is a significant part of the intensive care work [33]. In 

order to perform this type of care the physicians have to be specialized in intensive care and 

anesthesia, whereas nurses need to have specialized in intensive care to be referred to as 

Intensive care registered nurse (RN), and there are also assisting nurses present (AN) [33].  

 

2.1.1 WDA of intensive care nursing 
In 2016, a WDA was performed by Bodin et al. [6] on the same ICU as this study, however it was 

done before the implementation of the CIS. Exactly the role of the previous WDA will have in 

this study will be explained more thoroughly in chapter 4 Method. Here the results of the study 

will be explained since it describes the core characteristics of intensive care well, which will be 

useful both for understanding the work of intensive care nurses, but also for establishing an 

understanding for how work was performed before the CIS. 

Figure 1 (next page) is the AH which models the result of the WDA. In this case it is a condensed 

version of the original AH [6] since it only shows the top three abstraction levels. However, 

these levels are the most relevant for understanding the criteria and values forming the work. 

The top level in the AH describes the highest-serving purpose of the work as “Treat, relieve 

symptoms, gain time for treatment and the effect of treatment”. The next level describes three 

sub-criteria for reaching the higher purpose. Mainly, nurses need to maintain the vital functions 

of the patient at the same time as preventing secondary harm and making sure that the care 

provided is person focused. These three are connected to the third level which show what 

functions need to be fulfilled in order to reach those criteria. A full explanation of how the WDA 

and the AH works can be found in chapter 3.1 Work Domain Analysis. 
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Figure 1: Top three levels from an AH of an intensive care nurse work domain (adapted from Bodin et al [6]).  
 
 

2.2 Digitalization 
There is a common misconception and confusion with what digitalization means. It often gets 

confused with the similar term digitization [10]. Although both digitalization and digitization 

refer to the same phenomena, they describe it from different dimensions. Digitization refers to 

the actual process of taking something analog and making it digital, turning it into 0 and 1 [10]. 

However, this study took a more holistic perspective on the converting process, which is 

referred to as digitalization or in some cases digital transformation [10] which is why in this 

study the term digitalization was used. Digitalization is concerned with describing how 

technology structures, influences and shapes society and organizations on a much larger scale 

[10]. Meaning that it is less concerned with the practical process of converting analog 

information to a digital format. 
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2.2.1 Digitalization in intensive care 
Digitalization in ICU’s is not a new occurrence since it has been relevant as far back as the 

1960’s [15], although since then technology has advanced significantly. The point is that 

intensive care has for a long time seen the benefit of technology as an aid, for instance, support 

decision making and monitoring equipment that track patients vital values [15]. However, 

digitalization has also led to workers needing to adjust to the increasing digital workplace [41]. A 

direct implication of all the new data generated was the fact that it led to nurses in ICUs having 

to get new works tasks, which was of a more administrative character. In order to keep track of 

the patient data produced by the monitoring apparatus, nurses needed to manually chart all the 

data [15]. In short, technology has increased support for workers while at the same time it has 

led to new administrative tasks of managing both technical equipment and the rise in data it 

produces.  

 

2.2.2 Description of the clinical information system 
The new computer system in the ICU is a so-called clinical information system (CIS). It is a 

system that has many functions and it replaced a process which was done by nurses manually 

on paper before. In short, it collects (manually and automatically) patient data and presents it to 

physicians and nurses in order for them to make sound decision-making on continued 

treatment [46]. The system is ordered by the hospital, so it was not designed specifically for 

their operation, however the available functionality has been adapted to fit the needs of the 

ICU. The same CIS is used in other departments (e.g. surgery), but then it is not showing the 

same type of information since they carry out another type of work.  

 

2.3 Socio-technical system 
According to Vicente [43], a social-technical system can be characterized by a range of 

attributes and if a work system matches several of them it can classify as one. For instance, both 

intensive care as well as piloting a plane fits the bill of a socio-technical system even though the 

work demanded are very different between the two [43]. The following Table 2 describes a few 

of Vicente’s listed attributes that fit the characteristics of intensive care: 

 

Characteristics of a socio-technical system 

 
Large problem  
space 
 

 
A problem is not often due to one single factor and instead the reason for it 
can be traced to a wide range of causes.  

 
Social aspects 
 

 
There is often an overlap in division of labor which requires collaboration 
between work roles. 
 

 
Dynamic  

 
Work is constantly changing which means that workers need to be able to 
think ahead and adapt to future developments. 
 

 
Hazardous 

 
If failure or errors occur the consequences are often considerable 
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Automation 

 
Certain processes are automated, but if this automation fails in any way 
workers need to be able to do the work of the automatic system. 
 

 
Uncertainty 

 
When there is a need to rely on data for work, workers need to evaluate the 
quality and reliability of the produced data in order to not make 
misinterpretations. 
 

Table 2: Characteristics of a social-technical system (based on Vicente [43]). 
 
 

2.4 Work analysis 
Understanding work and how to improve work has long been of interest in system engineering, 

and thus many types of methods for work analysis has been defined. Three common types are 

described in Table 3. These are normative, descriptive and formative analysis [43].  

 

Types of work analysis 

 
Normative 
analysis 

 
A normative work analysis focus on identifying the single best way to perform 
tasks/work. 
 

 
Descriptive 
analysis 
 

 
The goal is to describe how work is actually performed and it disregards how 
it is intended to be done.  

 
Formative 
analysis  

 
Focus lie on identifying requirements and constraints that define a work 
system rather than describing how work should be or is done. Instead the 
worker should decide the best way to do the work. 
 

Table 3: Types of work analysis (based on Vicente [43]). 
 

Vicente [43], is careful in explaining that all three types of analysis serve a purpose and are 

useful depending on the end goal and what kind of work it concerns. As established, intensive 

care shares many characteristics of a social-technical system which means that a formative 

work analysis is beneficial for describing that type of work. According to Vicente [43], the 

formative analysis is appropriate because when there are many constraints surrounding the 

work it can be too simplistic to only describe how work should or is done. Instead it is 

considered more fruitful to understand the structure that defines the work system [43]. A 

common type of formative analysis is the CWA, which will be defined in the next section.  

 

2.4.1 Cognitive work analysis  
CWA is a framework developed by Vicente [43], which adopts a formative analysis approach to 

analyze work. The framework consists of five phases (Figure 2), each building on the previous 

one and they all strive to identify behavior-shaping constraints, in other words it aims to specify 

the environmental and cognitive characteristics that define the work domain [43]. The first 
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phase is the WDA, which is the one that will be used in this study. It is described in depth in the 

upcoming chapter 3 Theoretical framework. 

 

 

 

Figure 2: Phases of the CWA framework 
 
 

2.5 Previous work 
The first section covers previous research done on adoption of information systems in ICUs. It 

looks at impact, effects and covers the benefits and risks associated with these endeavors. The 

second section covers WDAs done on ICU’s or similar type of socio-technical systems.  

 

2.5.1 Related studies on clinical information systems 
This study explored the impact of digitalization on an ICU, however this is of course not the first 

time this has been done. Several studies have researched the effects of CIS on an ICU. 

Plenderleith [36] has described that among the highest listed reasons for introducing a CIS is for 

storing all the patient data in one place. This is to make it easier for nurses and physicians to 

access and interpret data, but also to increase the quality of the data itself [36]. ICUs using a CIS 

has in general become more effective and safer for patients [28]. Another study measured CIS 

impact on efficiency, and reported results that the length of stay for patients in ICUs was 

reduced by 30 percent after the adoption of a CIS [25]. 

Concerning changes specifically for nurses, in a study by Bosman et al. [7] confirms that the 

addition of a CIS has led to nurses spending more time with patients and spend less on 

documentation. The study points to the effectiveness of these types of system, which can 

relieve the administrative burden for nurses [7]. Although, a study made in Australia compared 

the time nurses spent charting manually versus digitally revealed that there was no significant 

amount of time saved by completing the charting electronically [27]. The inconclusive results in 

terms of CIS actually leading to saving time was also reported by Mador et al. [26]. 

Ammenwerth et al. [2] come to the same conclusion that it does not save time, but the addition 

of CIS has resulted in high user acceptance. The study described positive additions by the CIS as 

an increase in clarify of information presentation and that it has improved communication 

between nurses and physicians [2]. A survey which covered 20 papers on this topic surmised 

that integration of CIS in ICUs has led to positive attitudes among users [19].  

However, there is still a need for standardization especially since the ICU is not an isolated 

department, but needs to be able to communicate and integrate with other parts of the 

hospital, that uses other charting systems, since CIS are often specialized on the needs of 

intensive care [19]. There are also risks with CIS regarding data security, system failure, and 

following regulations and laws of preserving data [36]. 
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2.5.2 Related studies on WDA 
The CWA framework is reported to be useful when it comes to conducting ecological interface 

design in the healthcare sector, meaning designing clinical displays that are based on the work 

environment [38]. For the most part, WDA’s done on the health care sector has been on 

emergency units, and the results have been useful for evaluating electronical patient charts,  

decision support systems as well as accident investigations [24]. Two more relevant examples of 

WDA sought to see how medical surgery nurses’ behavior was affected by the work system as a 

whole [8], and how nurse managers can benefit from decision supports tools [18]. In 2003 a 

WDA was made on an ICU with the purpose of modeling the work domain focused on the 

patient perspective [30], however it did not focus on an IT-system which distinguishes it from 

this study. As described in an earlier part of the Background, a WDA was performed on the ICU 

this study concerns, however that one focused on describing the nurses bed-side approach, 

meaning the work nurses do in relation to patient care [6].  

In conclusion, WDA is not a new phenomenon in healthcare or even in intensive care. What 

separates this study from the ones described above is the fact that it focuses on the work 

surrounding a particular computer system and instead of being done pre-design, it is instead a 

follow-up after the CIS has been implemented. 
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3 Theoretical framework 
 

This chapter sets up the theoretical framework that the study relies on. The presented theory 

below are relevant to provide answers to the research questions: understanding the effects 

digitalization has on nurses and how these changes can be described by the WDA.  

 

3.1 Work Domain Analysis 
The WDA is the first phase of the CWA framework (Figure 3). According to Vicente [43], the 

WDA is not only the first phase, but it is also regarded as one of most important one because it 

defines the structure and constraints that workers act on.  

 

 

Figure 3: The five phases of the CWA with focus on WDA 

 

The main intent of the WDA is to model a work system without showing any actions or tasks 

describing how work is performed [43]. Instead it only shows the constraints that defines the 

domain, or in other words it doesn’t describe how work is performed, but the structure for 

doing it [43]. It can also be explained as describing the context of work, which consists of 

purpose, criteria, functions and resources [37]. It can be likened to a map in the sense that it is a 

simplification of a complex environment that shape what and how actions are taken [43]. In 

contrast, the later phases of the CWA focus on requirements associated with the work tasks 

(Control Task Analysis), how the tasks can be carried out (Strategies Analysis), distribution of 

requirements between workers and automation (Social, Organization & Cooperation Analysis), 

and identify competences needed by the worker (Competencies Analysis) [43].   

The WDA is a type of formative work analysis, meaning that it prescribes to the idea that it is 

the workers themselves who decide the best way to do their work which is why tasks are not 

represented in the AH [43]. Naikar et al [35], explain that the WDA has this intention because 

when something unexpected occurs, irregular behavior of the work system, the workers will 

know the bounds and constraints of the work system. The intent is to make it easier to adapt to 

the novel situation and take actions that falls in line with the overall goal of the work system 

[35]. 

The goal after completing a WDA is to have identified five levels of abstraction in the work 

system [43]. These levels are described in depth at a later stage in this chapter (Table 4).  

 

3.1.1 Abstraction Hierarchy 
The result of a WDA is represented in an AH and it serves the purpose of showing five levels of 

constraints [43]. The two top layers of the AH describes the function a work system has in its 
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environment. The constraints on these two levels therefore tend to be more stable and if they 

change it does so over a longer period of time, since they are so tied to both the work system 

but also the constraints the environment poses on them [35].    

The levels of abstraction are not the only things that make up an AH. As illustrated in Figure 4, 

there are lines called mean-end links, which connect the different functions and visualizes how 

they are related [35]. 

 

Figure 4: Example of the AH-structure 
 

Description of abstraction levels 

 
Functional 
Purpose 

 
Outlines the primary reason for why the work system exists. It describes the 
main purpose that the values and physical elements in the domain strive to 
fulfill. 
 

 
Values and 
Priority 
Measures 
 

 
Describes the set of criteria that are used for measuring how well the work 
system fulfills the functional purpose. For instance, these can be values or 
regulations. 

 
Purpose-
related 
Functions 
 

 
Describes the functions needed to fulfill the functional purpose and it also 
outlines the limits and capabilities of the physical objects. 
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Object-related 
Function 
 

 
Explains what the physical forms affords, in other words what function the 
physical objects have. 

 
Physical  
Objects 
 

 
All the physical objects and elements in the work system that affords the 
higher levels of abstractions. 

Table 4: Description of abstraction levels (based on Naikar et al. [35]). 
 

3.1.2 Modeling the work domain and issues with representation 
There is no specific methodology advocated by the creators for how to perform a WDA [42]. 

Since then, Naikar [35], claims that a crucial part of the process is to define the focus of the 

WDA, meaning that the modeler should make a conscious choice about which part of the work 

domain should be modeled, in other words what perspective will be taken during the analysis. 

The reason for establishing the scope for the AH is to not make it overly complicated and this is 

especially crucial when it comes to the WDA which has the purpose of simplifying complex work 

domains in order to see the structure [35]. 

A relevant factor for when deciding focus depends on whether it is an open or a closed work 

system, for example modeling a nuclear plant which is  a closed system means that it is easier to 

keep a narrow scope whereas modeling an open system, like intensive care, means taking a 

more broad approach since that type of system is more influenced of environmental forces, and 

these should be considered to be included in the AH [35]. In conclusion, deciding focus and 

what to include in the AH can lead to two AHs representing the same domain appearing 

dissimilar from each other [12]. 

 

3.2 Intensive care in a socio-technical context 
As established in chapter 2 Background, understanding the work in an ICU from the perspective 

of a socio-technical system is beneficial when looking at the role technology plays in it. 

Understanding the role of technology brings is crucial in understanding the work of healthcare 

as a whole [4]. 

A study by Moyen et al. [33], investigated how medication errors can be reduced in critical care 

since mistakes done by physicians and nurses can lead to patients developing side effects 

known as iatrogenic diseases. They realized that it is not useful to try and prevent it by single-

handedly blaming the human (physicians or nurse), but instead reduce these types of errors by 

adopting a human factors approach which objective is to identify flaws in the entire work 

system and find ways to improve these [33].  

Some challenges that are present in order to establish safer care is for example ensuring high 

quality of manually written data, especially when different people alter these charts and it can 

be hard to interpret and lead to mistakes [15]. Which is why it is one of the reasons for aiming 

to create a completely paperless hospitals [22]. However, this digitalization process has created 

issues of its own: making electronic data quickly accessible puts pressure on data storage, which 

could not be part of the larger hospital’s information system, since it would not load fast 

enough to meet the needs of an ICU [15].  



3 Theoretical framework 

 
 

13 
 

Another factor, as explained by Tunlind et al. [41], is that it is not only about the equipment or 

the computer systems themselves, but that staff needs to know how to use it. Moreover, new 

technology need to consider interdisciplinary consequences and adapt to those and dealing 

with medical equipment is considered exhausting by nurses [41]. What all this boil down to is 

the fact that the presence of technology in ICU’s is both a tool for increasing efficiency at the 

same time the increasing presence and the complexity of dealing with it adds barriers to the 

work [41].  

 

3.3 Clinical information systems in intensive care 
The introduction of CIS is a solution to address the complex reality of ICU which was described 

in the previous section. Most CIS allow for storing all the generated data in one place to make it 

easier to access, but also support interpretation because it will lead to an increase in quality of 

the data [36]. CIS type systems also increase the possibility to standardize practices, and results 

show that nurses tend to follow these standards as well [19]. 

The strategy to avoid chaos when introducing a new computer system into the complex 

intensive care work has been to make the digital counterpart be as similar to the paper one as 

possible [32]. A possible risk with this approach is the fact that it runs the risk of repeating 

mistakes, and instead of improving and restructuring the system it remains the same as before, 

only it happens on a digital screen and it also opens up the possibility for computer-related 

problems [32]. 

In these types of CIS, nursing documentation is also included [29]. When this type of nursing 

activity has been compared if doing it manually (on paper) and electronically, results show that 

it has led to more legibility in terms of information due to it not being distorted by bad hand 

writing, also it is more accessible and complete when stored digitally [2], [29]. Moreover,  

manually inputted data that is done on a computer has reported being less error prone than 

when writing on paper [29]. There is little evidence in research that suggests that CIS actually 

leads to saving time and leaving more over for patient care [26], [2], [27].  

Acceptance of a CIS has proven to be successful in terms of user acceptance even when there 

was apprehension beforehand [2]. However a major disclaimer for this to be true is dependent 

on the usability and user friendliness of the interface [2], [19]. The usability of information 

systems that is scored poor by its users will have determinable effects on care, moreover in 

regard to user acceptance usability is ranked higher than offering advanced functions that 

support treatment [17].  

 

3.3.1 Automation of work 
Generally, the reason behind automatic system was from the beginning to create a system 

which was more efficient in terms of accuracy and work load [44]. In the healthcare field, 

specifically intensive care, automation has been introduced with the intent that it will lead to 

better efficiency and make care safer according to Banner and Olney [3]. This is achieved by 

letting staff, including nurses, focus more on direct patient care and less on administrative tasks 

such as documenting care [3]. It could also be referred to as patient-centered care [3].  

Automation has also been a strategy for reducing errors caused by humans [44]. However, once 

in practice automation often brings about its own set of problems. The original idea of simply 

removing man from the process was not as easy as intended because although it did result in 
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removing errors it could also introduce new ones, which were specific to autonomous system, 

for instance workers get different roles and tasks to perform, new skills are needed, and 

although human error can be reduced, new types of errors can occur related to the interplay 

between operator and machine [44]. 

In intensive care, automation has primarily served the purpose of storing patient parameters 

originating from various monitoring equipment, such as EEG or EKG machines, in one system 

[13]. The benefit of this is accessibility, accuracy and correct data, and it also offers up the 

possibility to automate data analysis and presentation of results [13]. In coherence with 

electronical nursing documentation which has reduced human errors [29], this type of 

automation has proven to reduce documentation errors, and let staff focus more on patient 

[13].  

 

3.3.2 Decision support 
These types of system often claim to offer decision support functions for both physicians and 

nurses alike, and in a study by Miller et al [32] negative aspects due to the implementation of 

these system are described as being a hinder for effective decision-making. This is theorized 

being due to developers spending more time on creating a solution for data storage rather than 

developing a tool for effective decision support. For instance, most CIS fail to support activities 

which involve both physicians and nurses, such as drugs administration and distribution [32]. 

There exists a need to allow CIS to adjust the information based on the work role, for instance 

for nurses their primary need is to be supported in their continuous tracking of patient 

condition, thus are in need of a more detailed view, whereas physicians need support on a more 

holistic level in order to diagnose and prescribe and set targets, since they are not with the 

patient all day long [31]. In contrast, the paper chart had adapted to these type of cross-

functional activities frequent in the ICU and CIS lack in comparison [32]. 

 

3.4 Summary of theory 
This chapter had the purpose of establishing the theoretical framework that guides the study 

and will be used to discuss the results from the data collection in order to anchor the results 

with what has been discovered in earlier studies. But also establish the theoretical framework 

for the WDA. In short, the WDA is useful for modeling a work system’s physical components and 

how they are linked to higher functions and purposes. This analysis does not focus on describing 

actions or tasks but rather to establish the underlying structure that enables work to be 

performed.  

Over the last decade many studies have been conducted on CIS and its role in an ICU. Briefly, 

the implementation of CIS has meant better data quality by centralizing and storing data in one 

system. Nursing documentation is more consistent when done electronically and automating 

parts of the documentation process have also led to safer and higher reliability of patient data. 

However, the CIS lacks in terms of providing sufficient decision support, adding more 

complexity/technology to the environment, dealing with computer problems. Finally, it hasn’t 

actually seemed to reduced time spent on administrative tasks, nor has it increased it.  
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4 Method 
 

The methods described in this chapter was chosen because they were deemed appropriate to 

answer the two research questions: how digitalization has impacted nurses’ work, and how it 

has impacted the work domain. Table 5 summarize the methods employed for this study: 

 

Data collection 

 
Introduction to 
work domain 

 
An initial meeting occurring at the ICU with the purpose to become 
familiar about how nurses worked and learn more about the CIS.  
 

 
Direct observations 

 
Three days of observations at the ICU which provided contextual 
information and were a basis for interview questions. 
 

 
Semi-structured 
interviews 

 
In total six interviews were performed (three RN, three AN). The 
interviews provided a deeper understanding of the CIS’s impact on work. 
They also ensured that insights from the observations were correct. 

Analysis  

 
Theme-based 
analysis 

 
Codes, categories and overarching themes were identified in the 
interview data. 
 

 
Work domain 
analysis 

 
The WDA resulted in an AH with the focus on the CIS part of the nurses’ 
work. 
 

Table 5: Overall description of method 
 

4.1 Research design and methodology 
The study was focused on one particular case, in this instance a Swedish ICU. This approach is 

referred to as a case study. The case study was selected since it allows the focus to be on a 

singular case and based on that get a deeper understanding of the problem that the research is 

set out to explore [45]. This ICU was chosen as a fitting case because it provides an appropriate 

example of what the research questions want answers to (since this ICU recently adopted a CIS). 

This study classified as qualitative research. According to Braun and Clarke [9] this type of 

research is defined by  favoring text over numbers, rich and deep descriptions and context-

based knowledge. It is also often inductive which means it favors generating theory based on 

collected data in comparison to a deductive approach which uses data to confirm or disprove 

hypotheses [9]. Another distinctive feature is that the subjectivity of the researcher is taken into 

account and how that influences the end results [9].   
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4.2 Data Collection 

Two main methods were used for the collection of empirical data: direct observations and semi-

structured interviews. In order to get the most out of these methods an initial visit to the ICU 

was conducted. The main purpose for this was to get familiar with the environment and the 

context.  

 

4.2.1 Direct observations 
The observations served as a strategy for familiarization with the work domain by going to the 

ICU and observe the nurses at work. The main focus during these observations was of the 

nurses’ interaction with and around the CIS. The second reason the observations served was to 

provide a basis for creating solid interview questions.  

In total three observations were completed, each covering a nurse’s full shift which transpired 

between 6:30 am to 13:30 pm. On arrival each day verbal consent was asked from any 

personnel being observed and the purpose of the observations were made clear. This was both 

due to ethical reasons but also to ensure that people involved would be comfortable and act as 

natural as possible in order to get valid data.  

The only guiding factor was around the use of the CIS, however since that could have effects 

beyond the actual use of it, entailed that the larger context still needed to be considered. Time 

was spent primarily in one patient room that held two patients where one RN worked 

accompanied by two AN. This was the usual set-up at the ICU and it was also in this room where 

the CIS is mostly used by the nurses. During this time the observations were mostly quiet, 

however at times questions were asked for clarifying reasons or to get more in-depth 

understanding. This happened when the work was a bit quieter and the questioning was not 

disturbing the day-to-day activity. During the three days, the observed nurses and patients 

shifted which meant that the observations became broader and richer since more people were 

observed. 

The reason why direct observations were fitting was because they allowed for the researcher to 

freely observe without being restricted by a predetermined observation schedule, since it was 

unclear what would be discovered. In line with the nature of direct observations that meant 

that the only type of documentation used was hand written field notes taken by the researcher 

[34]. Moreover, direct interviews allowed for the researcher to take a more active approach 

which included asking questions to gain deeper insights about the observations [34]. This role 

can be referred to as observer-as-participant [21], which essentially means that the researcher 

asked interview-style or clarifying questions to understand more of what is observed. This was 

to get a deeper understanding of the work since if the observer would have tried to be objective 

and distant from the nurses, their actions could have been misinterpreted. At the same time. 

the observer-as-participant was only possible to a degree, since taking on a more active role in 

this type of work domain is hard in order to not disturb nurses since they are in direct contact 

with critical-ill patients at most times. 
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4.2.2 Semi-structured interviews 
After the observations semi-structured interviews were performed with nurses. The basis for 

the questions was derived from the previous observations that needed further clarifications. 

The interviews were to verify that what was seen during the observations was representing the 

typical work and understood in a good way. 

In total, six interviews were conducted. Three with RNs and the remaining three with ANs. All 

the subjects were working at the ICU before the implementation of the CIS and could therefore 

provide answers that compared the work before and after the new system. The method for 

selecting interviewees was done by a manager asking nurses who fit a pre-defined criterion. In 

this case, they had to have had worked at the ICU before the CIS implementation. Finding a 

relevant middle-man to handle recruitment of people is an established strategy [9]. However, a 

disadvantage of this method was that a person could feel that they were forced to participate 

due to the manager asking and impact the way they answered the questions. On the other 

hand, an advantage with it was that participants were not asked to volunteer, which lessened 

the risk of only getting people who had strong feelings about the system and thus skewing the 

results. 

The interviews were conducted face-to-face and on an individual basis in order to get more in-

depth and personal information from the interviewee [16]. Also, in coherence with a semi-

structured interview open-ended questions were prepared [16]. This meant that the questions 

served as an interview guide and were not asked word for word nor were they always asked in 

the same order. The full interview guide is enclosed in Appendix A Interview Guide.  

All interviews were audio recorded and then transcribed. The interviewees’ names or other 

characteristics that can be used to identify them are not stored with or linked to the data. At 

the start of the interview the participants were asked to sign a consent form outlining the 

purpose of the study and that they were informed that they could choose to withdraw their 

participation at any time (Appendix B Consent Form). 

 

4.3 Data analysis 

The data analysis consisted of two phases: a theme-based analysis of the interviews which was 

followed by the WDA and modeling the AH.  

 

4.3.1 Thematic analysis 
Identifying themes in datasets is a common method for analysis in qualitative research due to 

its process of identifying patterns and deeper meaning in the data [9]. In this case, the 

transcribed interviews were the foundations for the thematic analysis. An inductive approach 

was taken to produce initial codes, which meant that these were produced from patterns in the 

data itself [14]. However, the subjectivity of the researcher and previous knowledge would to 

some extent influence this inductive process, which mean that it can’t be claimed that the 

themes are solely stemmed from data itself [9]. The following Table 6 describes the process of 

how the thematic analysis was executed: 
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Phase Description 

 
Data familiarization  

 
The transcribed interviews were printed out and read through with 
notes taken. 
 
 

 
Identifying codes 

 
The notes became groundwork for a set of codes that consisted of 
recurring or insightful findings in the data. These were sorted into a 
data program with corresponding quotes. 
 

 
Review data and codes 
 

 
Taking a step back the source data was reviewed over again to get 
deeper insights and better quality of codes. 
 

 
Categorization 

 
The identified codes were chunked together in different categories 
that would be the first step to themes. 
 

 
Identify initial themes 

 
Potential themes were identified through searching for emerging 
patterns. 
 

 
Establish final themes 

 
The final set of themes was determined by discussing the initial 
themes with a second person in order to get a second input. 
 

Table 6: Description of thematic analysis 
 

4.3.2 Work Domain Analysis 
The WDA was performed after the thematic analysis. It was done in this order since the 

thematic analysis served the purpose of making sense of the collected data, in order to see 

patterns and commonalities. This was helpful for the WDA since by then the data was familiar 

and which made it easier to identify the constraints and relations that make up the AH. 

First, a new AH was made which focused on the CIS from nurses’ perspective. The AH was partly 

based on the previous one (Figure 1) created by Bodin et al. [6]. The decision was made to not 

try to incorporate the new additions to the work system in the existing AH, but instead create a 

new one which focus solely on the CIS’s place in the work system. This goes in line with Naikar 

et al. [35] suggestion of selecting a specific focus of the WDA. Despite this decision the previous 

AH was still relevant in the sense that it posed as a basis for creating the new one. Meaning that 

it was used in combination with the data collection to determine the design of the new one. 

When modeling the AH, the first step was identifying functions (mainly concerning the CIS) from 

the observations and interviews. It was followed by trying to understand how these functions 

were connected to higher priorities and values in the domain in order to structure them on the 

five levels of abstractions. These were then compared to the original AH (Figure 1) to see 

similarities and differences. This was achieved by asking why (how functions are connected 

upwards in the hierarchy) and how (how functions connect downwards in the hierarchy) [35]. 
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During this process the AH was discussed with the researcher of the first AH to compare the 

two models for differences and similarities. Finally, the AH was shown to a nurse at the ICU with 

the purpose of verifying that all the functions and links were correct, afterwards final changes 

were made to the AH. 

Since the second part of the research question concerned evaluating the WDA and its ability to 

represent the impact of digitalization a part in doing so was comparing it to the original AH 

(Figure 1). This was achieved by once again adopting a qualitative approach were focus was on 

describing differences and similarities in rich descriptions rather than by counting differences in 

number of functions or mean-end links (which would be more appropriate in a quantitative 

research design). Table 7 describes step by step the execution of the WDA and the process of 

modeling the AH. 

 

Phase Description 

 
Creating initial version 
of AH 

 
The WDA started with identifying functions from the findings and 
linking them (mean-end links) by asking how and why questions in 
order to see how they connect to higher priorities and values. 
 

 
Discussion of AH 

 
The initial version of the AH was discussed with the researcher of the 
original WDA and adjustments were made to make it more accurate. 
  

 
Verification AH  

 
Heading back to the ICU to discuss the AH in order to verify it, both 
terminology and also that the links and nodes were correct.  
 

 
Evaluation of final AH  

 
In line with the one of the main objectives of the thesis this served the 
purpose of evaluating the WDA in terms of how well it shows changes 
of a work domain due to the addition of a computer system. 
 

Table 7: Description of WDA analysis 
 

4.5 Method discussion 
This section reflects and discuss the method from a critical point of view. It will evaluate the 

method design based on validity, transparency and ethical factors. 

 

4.5.1 Case study and issues with representability  
A critique to the design of using one single case to do research on, commonly known as a case 

study, is the fact that it is hard to claim that the results are representable for other cases [11]. In 

fact, research employing the case study design should not even claim that the results are 

transferrable to other cases [11]. What this means in this case is that no conclusion can be 

drawn whether or not the context of this ICU is how it would happen in another ICU. A benefit 

of this design was the fact that it allows for exploring a phenomena (digitalization) by 

understanding the context of it (observations and interviews) which is crucial for doing a WDA. 
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4.5.2 Sample size 
A difference between quantitative and qualitative studies are data sample sizes, where the 

former tend to rely on a large data quantity whereas the latter sample size tends to be smaller 

[9]. As already mentioned, this study interviewed six nurses in total, which at first glance appear 

small. However, these interviews were combined with observations of other nurses that 

broadened the findings. Also, since qualitative research focus on producing depth over quantity 

[9], the amount of collected data tends to pile up quickly (long interview transcriptions). When 

considering the scope of this study opting for six interviews seemed like an appropriate amount 

considering the fact that the data needed to be analyzed since more interviews implies a longer 

time to get rigid themes.  

 

4.5.3 Ethical considerations 
It is important to take into consideration the ethical aspects surrounding the study, especially 

since it was about healthcare where patient safety is of high concern. Patients were not in focus 

and have not been discussed in this report. Before the observations a signed confidentiality 

agreement (requested by hospital) was signed on part of the researcher, which disclosed that 

any observations concerning patients’ privacy would not be shared. 

Another aspect of ethical behavior is the ethical treatment of the study participants, in this case 

the people who were interviewed. As explained by Braun and Clarke [9] who list a number of 

criteria for conducting ethical research. For instance, they suggest making sure that participants 

understand that participation is voluntary, and their contribution can be withdrawn at any time. 

In this study, the consent form contained a description of the study, but also what participants’ 

involvement would entail (Appendix B Consent Form). It also detailed that the report would not 

share their names, and how their confidentiality in terms of storing personal information would 

be treated and stored.  

Finally, as also explained by Braun and Clarke [9], it is up to the researcher to act ethically when 

depicting the results in the report in order for it to be true to what was said during interviews 

and not be twisted to suit the agenda of the research objective. As already mentioned 

previously, taking this approach is not only for being ethical but also increasing validity of the 

results presented. 

 

4.5.4 Validity of results 
Since this study sets out to explore digitalization and the effects it has on work, it needs 

mentioning (for transparency) that it could be the case that the identified effects could be due 

to some other reason than the new CIS. In order to avoid attributing certain effects to the CIS 

when it might be another reason, this was taken into consideration during observations and 

interviews by keeping the context open and not solely focusing on the use of the CIS itself but 

by also asking more general questions made it easier to get the bigger picture. At the same time 

since intensive care is a very complex work environment, it can be hard to differentiate 

between different artifacts, which was, again, why the WDA was chosen as appropriate since it 

allowed for that nuance in the analysis.  
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5 Results  
 

The chapter is divided into two main sections. First, the identified themes are introduced which 

describe the nurses’ perspective of the CIS. The second part concerns the WDA results which 

place a level of abstraction on the results to see the impact on the nurses’ work domain. 

  

5.1 Themes 
The following five themes all address aspects of the effects post CIS implementation. They will 

describe the bigger picture of the impact digitalization can have on an individual work domain 

based on the nurses’ point of view. 

 

5.1.1 A well-liked computer system 
This first theme describes the nurses’ general attitude towards the CIS. In short, what stands 

out is the fact that the opinion amongst all interview subjects, as well as how they describe the 

common attitude held by their colleagues, is that the addition of the CIS has been successful. It 

is worth re-iterating that the interview group was diverse. In one of the ways diversity was 

relevant was in terms of computer experience. This became apparent when one half of the 

interviewees explained that two years ago (pre-CIS) there was a sense of fear about being 

dependent on a computer system for such a large part of their work. Although, it took a while to 

get used to the CIS, after a while these feelings of fear changed and were replaced with liking it. 

“It has gone from thinking it was easy with paper to taking this [the CIS] for granted. 

Everyone is not equal in their level of computer skills. But I believe that the system is built 

so you won’t need to be good at computers to be able to use it, and that is good for 

those that don’t feel as comfortable.” 

At the other end of the scale, those interviewees with more computer experience did not 

harbor the same feelings of fear, but instead harbored a bit of skepticism and apprehension 

about the upcoming introduction of a system that would replace a solution that according to 

them worked fine. In both cases, things went better than expected and everyone interviewed 

were positive about the system and preferred it over the old paper-one. Several noted how 

surprised they were that it was easy to learn and intuitive. When asked if this was a sentiment 

shared across the rest of the department, they agreed that this was the general attitude about 

the CIS. Compared to before and the first few weeks of a having the system to today (almost 

two years later) there is little to no complaining about the CIS.  

“In the beginning many found it difficult. But you won’t hear about it anymore. Everyone 

simply likes it.” 

This is the first theme because it highlights the overall attitude and acceptance of the system 

amongst nurses. 
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5.1.2 Higher quality and safer care 
When discussing what the main contribution of the CIS has been, the same examples kept 

coming up. In short, it had led to a sense of higher safety, increased continuity and clearer 

presentation of data. It became clear that one of the main reasons for introducing the CIS was 

to create more structure. Intensive care is a complex kind of medicine and one reason is that it 

relies on a lot of patient data. This data is essential in order to determine correct treatment for 

patients in critical conditions. If one system can collect and present this data to the practitioners 

it makes it easier to diagnose and decide further care, which nurses are an essential part of. 

 “It has led to an increase in quality in a sort of way. You get an overall picture. 

Everything is in the same place.” 

The previous paper-based system that store patient data was a completely manual process. 

Nurses, primarily the AN, would every hour write down the parameters tracked by monitoring 

equipment. During the interviews there were continuous criticism toward this old paper-based 

system. For instance, dealing with handwritten papers meant that it could be hard to fit all the 

information on it, especially if something needed to be changed or written on a different time 

than the slotted lines. This would result in clutter that could be hard to comprehend and run the 

risk of being misinterpreted by others. In contrast, in the new, and for the most part automated 

system, all the monitoring data is visualized on a large computer screen that according to the 

nurses is more consistent in how data is presented.  

“You used to write down lots of x:es and tiny circles. It wasn’t that good of an overview in 

my opinion. This [the CIS] is great.” 

The fact that a large part of the monitoring is automatically transferred to the CIS has led to an 

increased sense of trust. Specifically, that the provided care feels safer. All the interviewed 

nurses drew the conclusion that the addition of the CIS meant that calculations (now mostly 

done by the CIS) are safer due to the reliability of the collected data. It would lead to less 

mistakes. However, this study has not measured whether this sense of increased safety has 

actually translated to that the care provided has become safer. When asked to explain the main 

reason for this conclusion, the nurses said that they felt that the manual tasks have been 

reduced and data is believed to be more reliable. In other words, there is less risk of human 

error being the cause for faulty care. 

“It’s easy that mistakes are made when it is done manually. Before, this happened at five 

in the morning and then you are tired. So [the CIS] has removed uncertainties, like 

human error.” 

The work environment in intensive care is inconsistent. It can go from calm to highly stressful in 

an instant. Sometimes there is too much to do because the patient is in distress and doing the 

administration is deprioritized. Automating parts of the administration was meant to reduce 

those moments where the registration would be neglected, and when completed at a later time 

the nurse needed to rely on memory to fill it in correctly. In that sense it has become more 

secure and especially for the nurses who feel that they can focus on the important issue at hand 

(stabilizing patient) without having to worry about neglecting administrative tasks. And it is 
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worth repeating that the reason this is done hourly is for physicians to be able to see trends and 

see the effects of the treatments.  

The CIS has made communication between different ICUs within the hospital more accessible 

since they are all using one system (the CIS). This means that when a patient is transferred 

between units all the patient history is automatically followed. The CIS is also used during 

surgery, to track vital parameters, which means that if a patient needs surgery during their stay 

at the ICU upon their return to the ICU the values monitored during surgery will be shown for 

physicians and nurses at the ICU. There is a more continuous process of the treatment of a 

patient and how data is handled within the hospital. Also, this has meant less administrative 

work for nurses since they don’t need to transfer and re-administer a lot of patient information 

when it arrives to the ICU. According to the interviewed nurses this has made the transfer more 

smooth and easier. 

 “The patient arrived with a paper chart and that information was then transferred to a 

new paper list. That is gone now … Now it is enough to find the patient in the system.”  

However, most other departments in the hospital use other information systems, since the CIS 

is meant for critical care that is dependent on large quantity of data. For other hospital 

departments this CIS is not useful for the field of care they practice. This is an issue because it 

means that when sending a patient onwards they cannot simply rely on that the different 

computer systems speak to each other and the data automatically follows the patient. Instead 

nurses export a report from the CIS, which according to them is difficult for a non-intensive care 

person to interpret. It becomes an issue for ICU nurses because they on occasion gets contacted 

by the receiver of the document that cannot understand it. The quality of information has 

improved within the CIS, however it still lacks when communicating with systems used in other 

departments that need to access that information to continue treating the patient. 

“You finish in [the CIS] and send a copy to [the electronic health record] that is useless. 

Lousy! It is really difficult to interpret it. It doesn’t provide any useful information 

because it is condensed and looks strange. Then it might take some time and energy to 

explain it over the phone instead.” 

It is not only the automatic aspects of the CIS that has led to the perceived increase in safety. 

During the observations it became clear that disinfection and hygiene is very integral to 

anything that is done near the patient. Wiping down surfaces, and disinfecting hands are 

routine before and after any patient contact. This observation became relevant during the 

interviews when it was pointed out that not only is the virtual information safer, but the 

physical container of it, the computer screen, is better adapted to the environment it is used in. 

In comparison, the papers themselves were described as breaking easily, unhygienic and get 

lost when people place them where they should not be. 

“Then there is a hygiene factor as well. It’s impossible to disinfect a piece of paper – it 

will break. But you can disinfect a computer screen.” 
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Centralizing the data has removed the aspect of essential information being spread out on 

different papers, that needed to be rifled through to find relevant information. In comparison, 

nurses explain that what the CIS has done is collected all of this information and put it in one 

place. It makes it more accessible. In short, all of these aspects have led to the work performed 

becoming a better quality over all, and it has led to an increased trust that the care given feels 

more reliable and consistent. 

 

5.1.3 Impacts on daily operation 
If the previous theme was how the system has impacted the ICU, this theme describes how it 

has directly affected nurses’ work. According to the interviewed nurses: it had had little to no 

effect. Consistent throughout all interviews was that they felt that they were doing the same 

type of work as before. The amount of work was also equal, although it was pointed out that 

the work has become smoother rather than saving time. For instance, nurses turn to the CIS to 

see what has been done and what still needs to be done, or at what time a certain care action 

was done. Still, the CIS appear to steer the work and have a central role at the ICU, as according 

to the following quote: 

”We joke sometimes and say that if something is not documented in [the CIS] then it did 

not happen.” 

Another effect is that it is easier to track and do the investigative inquiries of what is wrong with 

a patient. More likely than not a critical patient is under heavy sedation and cannot actually 

speak about how they feel which leaves nurses and physicians to do some qualified guesswork 

based on correlations in data. The CIS’ role in this is to synchronize all data which makes it 

easier to see causes for certain patient symptoms.   

“Yesterday we had a problem with a patient that had trouble breathing. And then we 

could see in [the CIS] what had happened at a particular time. Then you look underneath 

the patient care tab and saw that we had turned over the patient at that time. Oh, right 

that’s why!” 

The nurses described that the information about the patient are gathered at one place now, 

which mean that multiple people can access the information at the same time. This stand in 

contrast to when the information could be easily displaced when it was on paper, and it was 

one copy of each document which made it hard for multiple people to read it at the same time.  

“Most of all I’ve noticed that I’m not getting annoyed wondering where all the papers 

are.” 

One intensive care nurse described that another change is the fact that the physical placement 

of the system has led to the nurse being more active around the patient and in a sense made it 

easier to multitask. The screen is attached to an arm which makes the screen adjustable (up, 

down and sideways) which makes it easier to move it to where you need it, for example closer 

to the infusion pumps in case medication need to be registered. In comparison, the old paper 

solution meant being stuck browsing through a bunch of papers or making manual calculations.   
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 “I think that you are more active around the patient now. Before you ended up on a 

chair with a note pad.” 

For nurses, especially RNs, the CIS supports decision making because it has centralized all the 

data which makes it easier to track the patient history. However, nurses were also adamant in 

pointing out that when it comes to judging the patient’s current condition the monitoring 

screen by the bedside is more relevant, whereas the CIS is used for that purpose during rounds 

with physicians where longer goals and prescriptions are set. The CIS becomes more useful then 

because it has the power to visualize the patient history and show trends. It is also used during 

shift handovers between nurses where they discuss and describe the last shift in order for a 

smooth transition. However, when the workers from the previous shift has left, the information 

of what they have done is supposed to be documented in the CIS, which makes it easy for the 

current nurse to check what needs to be done. 

”I have to check the CIS in order to determine if certain care measures has been carried 

out yet.”  

Briefly, this theme, impacts on daily operation, refers to the face that the CIS main contribution 

on how nurses’ work is carried out is that it steers the work. Primarily, since it stores all the 

relevant information regarding each patient and it becomes the natural place to check what 

needs to be done, especially when communication with colleagues is insufficient or impossible. 

 

5.1.4 Dealing with automation of work 
A main reason for why the CIS was implemented was to increase automation. Automation has 

had specific impacts on nurses’ work since it has eliminated some of their tasks. What makes 

intensive care stand out is the fact that nurses and physicians need to rely on and use a lot of 

different systems and apparatus. Another significant intensive care specific part is in following 

trends and basing continuing treatment on that. And as already mentioned (pre-CIS) this 

happened manually, meaning that nurses had to write down the data from these machines on 

large pieces of paper every hour. Most of the manual administration has now become 

automatic (major exception from dialysis and medicine). 

 “It occurs automatic now and at the same time I know that many (RN) likes to do some 

mental math on their own to still have control. I guess that’s a good thing. But I do 

believe that automation has simplified their (RN) work.” 

The quote above is said by an AN who describes the impacts automation has had, mainly for 

nurses. What is interesting is that even though the CIS does calculations of for example fluid 

balance, RN still like to keep control of these calculations or even double check calculations done 

by the CIS, since it happens from time to time that they aren’t. These are due to both the failure 

of not automating the distribution of drugs to the patients, but also due to the templates in the 

system can be misinterpreted by physicians and they will assign incorrect prescriptions. 

Although the system’s main purpose is to automate the registration of data from the medical 

devices, not all the devices have been successfully implemented (yet). The dialysis machine and 

one of the most critical devices, the infusion pumps, are not integrated. Therefore, the nurses 
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now must register this information manually in the CIS. It means a lot of manual work, especially 

when it comes to the infusion pumps, and the information are needed to get proper results. For 

example, the patients’ fluid balance is essential to track in critical care and one important aspect 

in that process is the dialysis. The integration of the infusion pumps and dialysis was a demand 

from the hospital when buying the system, but the reason for why this has failed so far is 

because it is complicated to integrate the different medical devices. They are developed by 

different companies that didn’t manage to succeed with the integration. 

“It is a major blunder because then we could have seen the trends as soon as someone 

has administered a drug. Now it needs to be registered manually, and it gets missed 

from time to time, mainly when there is a lot going on. For patient safety those pumps 

need to be integrated.” 

Further, to miss to documentation means that the information in the CIS is incorrect. Going full 

circle, nurses said that they feel that the work is more trustworthy now. It was said due to the 

increase in automation. It is therefore interesting to note that this statement can be further 

supported by the fact that there seem to exist mistrust in the parts that are yet to be 

automated. 

“If something goes wrong then it might be that it says one number in [the CIS] and 

another one on the pump. Then fluids and dosages can be miscalculated.” 

Finally, there is a sense of having lost some awareness of the patient’s condition due to no 

longer doing the manual registration. The quote below describes that this becomes apparent 

when a physician comes in and asks about the patient and the nurses at times cannot provide 

an answer based on memory, but instead need to go into the CIS to find out. 

“Before you had complete awareness of at that time the blood pressure was high 

because I had written it down. But I’ve gotten used to it. Because I must be aware of the 

pulse. I cannot rely on [the CIS].” 

However, this is a minor consequence and when asked about the matter everyone mentioned 

that one of the essential part of intensive care nursing is to monitor the condition and which is 

done continuously by looking at the monitors placed by the bed frame. In conclusion, the 

automatic aspects of the CIS have led to nurses not having to do as many administrative tasks, 

at the same time since the automation is yet to have been fully implemented, it can cause 

incorrect information to be displayed. This has led to some feelings of mistrust regarding the 

CIS, however this is minor since when the nurses want to double check something they will on 

their own head to re-calculate certain results. 

 

5.1.5 Classic IT-problems 
Although the general attitude amongst nurses about the CIS is positive there was still some 

aspects that have had a negative impact. They are quite varied but have earned the label classic 

IT-problems since they are common among digitalization of this kind.  
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The program crashing might not be a huge event in the larger scheme of things. However, if it is 

a common occurrence it can get quite irritating to deal with. Especially since the CIS is always 

open and contains valuable information that needs to be either read or something needs to be 

documented. Considering the hectic work environment, a system that crashes is more than 

annoying if a patient’s life is in danger. In contrast, this makes the paper system seem more 

reliable since it does not run the risk of this particular problem. 

“It’s often that warning boxes pop up and everything shuts down or the mouse stops 

working.” 

Also, certain functions in the CIS are more specific and seldom used which means that it is 

harder to remember where they are, and it becomes more complex and hard to do these in a 

computer system than it was doing it on paper since you have the added effect of it being 

digital. This is often solved by finding someone else who knows how to do it. 

Depending on the work role someone can access different parts of the CIS. For example, an AN 

does not have access to the pharmaceutical module. This is a sound decision because it reflects 

the roles of what they actually do and are allowed to do. So, for safety and ethical reasons this 

division makes sense. However, the way that the CIS is set up means that it takes a long time to 

log in, which does not work in practice when performing intensive care. Logging in and out 

whenever another person needs to access the system, either to add input or to read, becomes 

frustrating. Especially since they share one screen per patient and use the system continuously. 

It is also frustrating and time-consuming for the nurses to try to use the system and then realize 

that they are logged into the AN’s account and therefore can’t access the medication module 

without logging out and in again.  

To solve the issue a work-around has been created which is to stay logged in as a RN constantly. 

This work-around implies that the division of who can access what part of the system does not 

function in-practice. This work-around goes against how the system is supposed to be used and 

is probably not allowed since it means that an AN document information in someone else’s 

name. This is a problem that did not exist when using papers since everyone could access them. 

In that way they are used to trust each other. Now, they communicate this trust verbally and 

checks that it is ok to use another person’s profile before doing so. 

“Sometimes, when there has been a lot to do with the patients we’ve just kept on 

documenting in [the CIS] and by lunch time we discover that the current log in quit their 

shift at 6 am. That’s not allowed.” 

The fact that not all monitoring equipment has been successfully integrated with the CIS (mainly 

infusion pumps and dialysis) has meant that it is sometimes not possible to document in the CIS 

directly afterwards an action, because the nurse need to do something else more urgent. This 

can lead to that they forget to document or what to document when they finally have time to 

do it at a later time, for instance, a change in dosage of a certain medication. 

“It depends but I try to do it directly afterwards. Otherwise it is easy to forget. The 

numbers fly away.” 
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Although the new computer system can introduce new issues in the work, such as being slow or 

bugs, it is apparent that despite these the overall contribution has been successful according to 

the nurses’ perspective, which is summarized in the following quote: 

“Of course, there can be misses. But that could happen when using paper as well. You 

almost have to compare with the system we had before.” 

Now that all the five themes have been presented it has hopefully painted a picture of how 

nurses have perceived the CIS and its impact on their daily work. In contrast, the following 

section will put a level on abstraction on the CIS and its effect on the work domain. 

 

5.2 WDA results 
The themes described the nurses’ perspective on the impact the CIS has had on their work. The 

WDA serves to show the CIS’s impact in a more abstract model. The AH below (Figure 5)  is 

based on the data collection results, but also with help from the already existing AH [6], that 

was created before the implementation of the CIS. This AH has the distinct focus on the CIS and 

its role in the nurses’ work domain. In short, it shows the physical object (the CIS) and its 

functionality, and how it relates to criteria and purpose on a higher abstraction level in the work 

system. 

 

 

Figure 5: Complete AH 
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5.2.1 Description of AH 
The over-arching purpose for nurses in the ICU is to treat, relieve symptoms, gain time for 

treatment and effect of treatment. This is described at the top level of the AH (Figure 5). This is 

achieved by trying to support the patient’s vital functions and at the same time prevent 

secondary complications, and by keeping the care provided focused on the patient. (see second 

to top level in AH). At the bottom level the CIS is located, which functionality, in regard to 

nurses, are described in the next level. In the middle are those nodes that connect the higher 

purposes of the intensive care work with the CIS. Exactly what these five mid-level nodes 

entails, will be explained in the upcoming discussion chapter.  

When comparing this AH (Figure 5) with the previous one (Figure 1), what the results show is 

that main differences are visible on the bottom three levels, Physical Object, Object Related 

Functions and Purpose-related Functions. The two highest levels in the AH, Values and Priority 

Measures and Functional Purpose, concern the overall purpose of intensive care and how it can 

be measured, have remained similar. It is thus the same as in the earlier AH. However, the 

changes at the bottom levels are for the most part due to different focus when modeling the AH 

and the fact that rather than becoming new additions, they have been strengthened by the 

addition of the CIS. 

The results from the thematic analysis described the impact of the CIS to have mainly led to an 

increased sense of trust of the fact that the care provided is safer and more efficient. In 

contrast, the WDA visualizes this perception in the AH by showing that the main purpose of the 

ICU remains the same (treat patients in a safe manner) but also showing through the five levels 

of abstraction how the CIS is fulfilling that purpose. For instance, the node information quality 

refers to how the collected data is more consistent and reliable, which makes it easier for 

nurses to provide safer care which is an essential part of both supporting patient vital functions 

as well as prevent secondary complications. Thus, the information quality node is connected to 

both of these. At the same time (in the other direction) connects to which functions in the CIS 

that ensures the higher quality of information.  

Finally, the AH does not show all the functionalities of the CIS but only the ones relevant to the 

nurses’ work. In order to see exactly which parts of the CIS that are relevant, modules and other 

properties are included in the AH as nodes within the larger CIS-node. This makes it easier to 

see the relation the CIS has on abstract levels higher up in the AH. Descriptions of the CIS 

different modules and properties are explained in Table 8: 

 

Description of physical objects 

 
Target prescription 
 

 
Specification by physicians that outline care of patient, e.g. the 
medications that should be administered by RN. 
 

 
Lab: blood gases 
 

 
Lab results concerning blood gases are automatically integrated to 
the CIS. 
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Monitoring:  
circulation, respiration 
 

 
Patient data mainly concerning circulation and respiration is 
automatically transferred from the monitoring equipment to the 
CIS. 

 
Wound module 
 

 
The CIS have a module for documentation of care of wounds,  
e. g. changing bandages and potential infections.  
 

 
Accesses 
 

 
The nurses need to register all tubes and catheters connected to 
the patient in the CIS. 
 

 
Dialysis, elimination  
& nutrition 
 

 
Nurses need to register all fluids that go in and out of patient. For 
instance, in order to keep track of the fluid balance. 
 

 
Care module 

 
Documentation of all care actions, e.g. changing of bed sheets, 
brushing teeth. 
 

 
Medication module 
 

 
View prescriptions and administration of medicine. 
 

 
Incidents 
 

 
Any unexpected events, e.g. cardiac arrest, needs to be registered 
in the CIS by nurses. 
  

 
Checklist 

 
The checklist describes routines of what needs to be done in 
terms of patient care, at the start of every shift. 
 

Table 8: Description of the physical objects in the AH 
 

5.3 Key findings 
To summarize, five themes were introduced which discussed the attitude, perception, benefits 

and consequences the CIS has had on the nurses’ work. The results of the case study show that 

the implementation of the CIS system has been successful in the sense that it has not had any 

major negative impact on the work nor has it caused nurses to have a negative attitude towards 

it regardless of computer experience. It has led to more efficient work due to standardizing, 

centralizing data and automation of certain administrative tasks. Which in turn has led to nurses 

having an increase sense of trust in the care they provide is safe.  

Moreover, the AH reveals that the CIS’s impact on the work system has not been substantive. 

The main purpose of the nurses’ work remains the same as before the CIS was implemented. 

Instead the supportive tools and information that nurses use to fulfill that purpose seem to 

have increased in quality due to the addition of the CIS. These aspects and how they relate to 

more than to this case study will be elaborated with theory in the next chapter.  
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6 Discussion 
 

This chapter takes the findings and discusses them along with the established theoretical 

framework, found in chapter 3 Theoretical framework, in order to provide sufficient answers to 

the two research questions guiding this study.  

 

6.1 What are the perceived effects on nurses’ work due to the implementation of 

a new computer system? 
This section aims to answer and discuss the first research question concerning how the nurses 

have perceived the impact of the CIS. More specifically, how it has directly affected nursing 

activities and discuss positive and negative effects surrounding these discoveries.  

As mentioned, the CIS has replaced the old paper charts that were previously used for the same 

purpose, mainly documenting care actions and registering patient’s vital values. The CIS has 

been the answer to the need to centralize the patient data in one place in order to add more 

structure and ensure quality. Overwhelmingly, the results from the case study showed that 

nurses were pleased with the CIS and that it had made their nursing activities more efficient and 

reliable. Although, there had been apprehension before the introduction of the new system, 

once in place this apprehension disappeared. Other studies show that these types of systems 

(CIS) are usually more accepted by its users when it is user-friendly and has a high usability [2] 

[19], whereas if it is difficult to use then it has direct negative impact on care [17]. According to 

all interviewed nurses, the CIS has not impacted their ability to perform their work nor has it 

changed their activities that much. They find that it is very similar to the paper chart it replaced, 

and it was speculated that this was why it was so easy to learn. Interestingly, this strategy is 

common among these types of computer systems  [32]. 

A driving factor for introducing a CIS is to save time for nurses by reducing the administrative 

burden with the hope to create a more patient focused care, however, results are inconclusive 

if this is actually the result when a system is used in practice [26], [2], [27]. This is shown in both 

empirical and data driven studies. This study, which was of a qualitative kind, showed no results 

which indicated that CIS has led to more time for patient. Nurses still spend significant amount 

of time doing administrative tasks, mainly documenting care. The difference is that instead of 

writing manually it now happens on a computer screen while using a keyboard. Moreover, 

computerizing the manual process has led to standardizing many routines and adding more 

checks and controls to these ones in order to introduce more safety and better quality. Another 

factor that has made time spent documenting inconclusive is the time spent dealing with issues 

with the computer, such as slow loading, error messages, and issues with logging in and off, all 

of which were not an issue with the paper chart.  

Increasing the number of systems present in the care setting has meant increasing the 

complexity since it adds to the work burden by having to manage these systems [41]. In this 

case, the CIS is not integrated with all the monitoring equipment, despite that being on the list 

of requirements. This has meant that nurses still spend significant time keeping the system 

updated in order to ensure that the information in the CIS is correct.  
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6.2 To what extent can the WDA support the detection and description of 

potential changes in a work domain due to the implementation of a new computer 

system? 
This section aims to discuss the results of the WDA and how it is presented in the AH. The 

coming discussion will be in part be done with theory and in part with the previous AH-model 

(Figure 1) that described the same ICU pre-CIS [6]. It will also evaluate the construction of the 

AH too see how well it is suited to describing digitalization. 

 

 

Figure 6: AH: Functional Purpose and Values and Priority Measures 
 

6.2.1 Discussion of Functional Purpose and Values and Priority Measures 
The two top functions in the AH (in focus in Figure 6) describes the overall purpose and criteria 

of what the work is set out to achieve [35]. When modeling the new AH and comparing it with 

the previous one [6] it was decided that both the Functional Purpose and Values and Priority 

measures would remain consistent. A reason for this assumption was that during the data 

collection there was no indication that the higher purpose of the work had been changed due to 

the implementation of the CIS. A likely reason for why these have remained consistent is 

explained by Naikar et al.  [35], who claim that the top two layers tend to be static or when they 

change it happens over a longer time. Therefore, it seems valid that they would not be altered 

due to the implementation of the CIS.  
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Taking into the consistency of the higher levels of the AH it becomes clear that the CIS’s 

purpose is to add support to those top two levels in a more efficient and safe manner. This is 

visible in the AH due to the added support of additions to the work domain that are visible 

further down in the hierarchy. What this means will be discussed further in coming sections. 

 

 

Figure 7: AH: Purpose-Related Functions 
 

6.2.2 Continuity of care 
Continuity of care encompasses the intention of making care more structured both within the 

ICU, but also in the hospital as a whole. This aspect is visualized in the AH in the following way: 

the Continuity of care node is connected to Accessible information on the Object-Related 

Functions level. A reminder of the purpose of that is the fact that it refers to storing data in one 

place and having multiple staff being able to access it at the same time. In contrast, the paper 

chart only allowed for one person looking at the information at a time. A main reason for 

creating these types of information systems was to centralize the data sources and make it 

more accessible [36]. 

When exploring where the mean-end link goes upwards in the hierarchy, the Continuity of care 

node is connected to Patient centered care. This was a value that has remained consistent in 

the ICU. In short, it refers to the fact that throughout all provided care the patient should be in 

focus. However, this can be hard in an environment where handling technical equipment and 

computer systems is a large part of the work. This has led to adding complexity and barriers for 

nurses [41]. Ironically, the CIS has lessened this burdened on nurses and allows them to spend 
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less time keeping computer systems updated. Especially when it comes to information that is 

vital but obtained outside of the ICU, for example when a patient needs surgery, they can keep 

the monitoring of vital parameters uninterrupted, which is essential for following trends (a vital 

part of the ICU operation). Unfortunately, as mentioned in the results, most other hospital 

departments do not have this CIS. That means that although the integration of systems has 

improved it has yet reached completion. And even though these are consistent with pre-CIS 

implementation it highlights that they have been strengthened by these additions, meaning that 

it reinforces the argument that the CIS has added support for nurses to fulfill the overall 

purpose of the intensive care practice.  

 

6.2.3 Care documentation 
Documentation of care is not a new task for nurses, despite being a new addition to the AH, 

since it was not included in the original AH [6]. This is because the focus was different in that 

one which could be why it did not show up. The reason for it being in this one is due to the new 

CIS has the purpose of centralizing all the different data sources. This node is connected to all 

the nodes on the Values and Priority Measures level (Figure 7), which speak to how integral 

nursing documentation is to the intensive care practice. It also speaks to the importance of the 

CIS which is supposed to manage nearly all documentation needs. Moreover, having the 

documentation in one place makes it easier to detect the source for certain patient behavior 

according to one of the interviewed nurses. Being able with a click on button to see what 

happened at certain moment in time makes it easier to track and diagnose a certain patient 

behavior. For that reason, it becomes included on the function-related purpose of the AH.  

Nursing documentation is the administrative aspect of nurses’ work, which shows in the AH 

since it is linked to the functional node Manual registration of patient data. Although the CIS has 

automated certain processes, and thus circumvented the nurse as a manual solution to these, 

some things are harder to exclude the nurse from, such as: registering when the patient had its 

teeth brushed. Some previous studies [2], [29] have looked at the difference between paper 

solution and digital one and it showed that if the information is obtained electronically it 

becomes more legible, thus easier to read and comprehensible, and makes it easier for other 

nurses or ICU staff to read and understand correctly. Moreover, it has been observed that the 

nursing documentation is done more thoroughly then on the paper [2]. This was also claimed 

during the interviews, in particular the digital checklist which has structured the documentation 

processes needed at the start of a new shift. What this exactly means will be discussed further 

in the next section, which focuses on standardization.  

 

6.2.4 Standardized work 
The CIS has allowed for further structuring how nurses should do certain tasks in order to 

establish consistency of care. Specification of routines has had a direct impact on nurses’ daily 

work. Features in the CIS has standardized certain routines, such as the patient control nurses 

do at the start of every new shift. The standardization has removed some of the flexibility that 

the paper charts allowed. Now nurses need to fill in more information due to it being assigned 

by the CIS, whereas before it was up to the individual nurse to decide phrasing and level of 

detail. One study [19], had shown results from a similar case of CIS in intensive care that the 

attempts of standardization have resulted in nurses also adhering to the increase in structure. 

This corresponds with this case and the scenario described above regarding the Checklist. 
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6.2.5 Information quality 
Information quality is contributing to Prevent secondary complications and Maintaining 

patient’s vital functions (Figure 7). That illustrates how integral data is to the practice of 

intensive care, and for nurses in particular. From the interviews it became clear that nurses 

spend a lot of time maintaining the data, such as documentation of care actions. Information 

quality refers to how information is displayed to nurses. Once again, visualizing this data on a 

computer screen instead of manually writing it on a paper form increases the clarity and 

consistency of the information. With the paper version this was an issue since it could be hard 

to read or even fit all the necessary pieces of information on the paper. As already mentioned, 

several studies have seen how turning nursing documentation electronic has increased the 

quality of the information [2], [29], and it speaks to how relevant the CIS is to the overall 

purpose of intensive care nursing. It is the physicians that do the diagnosing and writes 

prescriptions, but these tasks are dependent on the fact that the data they base these decisions 

on is reliable and trustworthy in order to prevent potentially fatal errors. It is the nurses who 

are mainly keeping the CIS updated and are also aware of the patient’s condition at all time. At 

length it should improve care to patient since the quality of data has been improved. 

What has yet to be discussed is the automation of transferring monitoring data to the CIS. One 

of the complexities of intensive care is the fact that it produces a lot of data, thus, the need for 

the CIS to manage it [15]. This is especially prevalent for the data produced by the monitoring 

equipment connected to a patient. The CIS has mostly been intregrated with this equipment 

and a main change for nurses has been that they no longer need to maually register these 

values instead this system does it for them. According to theory, automation has proven to 

reduce errors, and let staff focus more on patient [13]. This study showed that nurses felt that 

the added aspects of automation of the CIS has led to them feeling like it has increased trust of 

the data collected was correct. Which at length, by making the work more reliable and 

continuous, nurses felt that patient safety had been increased as well. 

However, not all equipment has been integrated, especially the dialysis and the infusion pumps 

are yet to be integrated. This puts pressure on nurses to make sure that this information gets 

into the CIS in order for the information to be reliable and updated. The lack of integration of 

these can count as a failure because it dampens the improvement of the automation and having 

to deal with isssues with machinery is considered exhausting by nurses [41]. So even though the 

CIS has led to an increased sense of trust amongst nurses, they are yet to completely trust the 

CIS since its current form needs human operators to make sure that vital information is reliable. 

In fairness, when comparing to the previous paper charting system which was completely 

manual this has been a clear improvement in terms of how data is collected and stored. 

 

6.2.6 Decision Support 
The node Decision support is only connected to Maintaining patients’ vital functions (Figure 7) 

when following the mean-end links upwards in the hierarchy. Explained during the interviews 

decision support is one of the core function in the CIS itself. Correlating patient data, automatic 

calculation of for instance fluid balance as well as displaying guidelines in one place enables the 

system to be a powerful support when making decision on continued care for a patient. For 

instance, to judge whether the medicine dosage is correct or needs to be adjusted. Other 

studies, [31], [32], have seen evidence of including CIS has led to decision support worsened in 

comparison with the paper system, especially when it comes to activities that involve 

collaboration between both nurses and physicians. For this study, this was not raised as an 
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issue. On the other hand, it was explained that the CIS was very similar to the previous paper 

one, but it had increased the information presentation which made it easier to provide care 

since it was based on more reliable data. 

When following the mean-end links in the other direction it connects to Calculations and trends, 

Accessible Information and Guidelines for treatment. In particular, Calculations and trends is 

semi new addition to the work domain. The paper version of registration of data, did show 

trends, however this is a feature which is performed automatically by a system with computing 

power. It means that the calculations now can be more accurate and the trends (often shown 

like curves) can be more flexible since more patient parameters can be taken into account since 

they all are stored within one system.  

 

6.2.7 Evaluation of the AH model 
After discussing the results shown in the AH, the second part of the research question becomes 

relevant which concerns how fit a WDA is to detect and describe digitalization effects on a work 

domain. In terms of whether the WDA is useful for modeling digitalization’s impact on a work 

domain, the AH (Figure 7) shows that this seem to be the case. Placing the system at the 

bottom (physical objects) it makes it easy to track upwards and see how it connects with the 

higher purposes of the domain.  

Socio-technical system are by nature complex to model and thus the need for a WDA as argued 

by Vicente [43]. However, in order for the AH to be clear the rest of the domain has been 

excluded, meaning that the broader context is not shown. The original AH has included almost 

all physical objects used by the nurses in their work, whereas the new one has only included the 

CIS. This was because having that narrow focus allowed for more clearly seeing the impact the 

CIS has had and if it connected to already established nodes and whether or not new nodes or 

mean-end links needed to be added. Further, the researcher conducting the previous study 

took part in the process, which allowed for a verification and discussion during analysis whether 

the results showing up was due to the CIS or not.  

An issue with comparing models, such as AH:s, is that what is represented and what is excluded 

is ultimately chosen by the modeler which is why they can look different from each other [12]. 
This due to the fact that a WDA in order to be coherent needs a focus and thus certain factors 

are therefore excluded, and this is especially relevant for intensive care which is highly 

influenced by outside factors which makes it a broad work system to try and cover [35].  

Keep in mind that the CIS is not an entirely new system, but instead an electronic version of the 

previous paper chart-system. This means that although the nodes on the three bottom levels 

are for the most part new additions that does not translate to them also being new to the work 

domain itself. This shows that the AH is insufficient when it comes to showing degrees of a 

constraint, for instance continuity of care. In order to compensate for the lack of nuance in the 

visual AH, text-based descriptions were necessary to explain these blanks. 
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7 Conclusion 
 

A case study was conducted in an ICU which had implemented a CIS to replace their paper 

charting system to explore the digitalization’s impact on nurses’ work. The study aimed to 

describe both how nurses use the CIS day to day, but also by conducting a WDA which explored 

the CIS relation to functionalities, values and purposes of the intensive care work performed by 

nurses. 

 

- Nurses attitudes towards the CIS is mainly positive, and it is considered an improvement 

compared to the previous paper-based system. At the same time, nurses state that the 

CIS has not changed how they work. A likely reason for this is that the CIS is designed to 

closely resemble the paper charts. 

 

- Although nurses feel like the CIS has not impacted their work much, they do claim that 

it has led to them feeling more efficient, especially in their administrative tasks, which 

to a large extent has been automated. 

 

- The automation combined with centralizing the data in an information system has led 

to more reliable data that is visually easier to view and access. At length, it has led to 

nurses having higher trust in that their work is more correct compared to doing it 

completely by hand. 

 

- The addition of the CIS has increased the digitalization of a work environment that 

already had a high presence of technology. Nurses have to deal with updating the CIS 

with information where automation has failed, but also dealing with computer crashes, 

and coming up with work-around system restrictions. 

 

- The CIS has increased support to the nurses’ ability to fulfill the over-arching purpose 

and criteria defining the nurses’ work (described in the AH). 

 

- The decision to limit the AH-model to exclusively focus on the CIS meant conceding the 

context of showing the whole work system, but it made it easier to track the CIS 

relation to higher abstraction levels. 

 

7.1 Suggestions for future work 
This study set out to describe a general depiction in terms of how digitalization has impacted 

nurses’ work. This means that there exist opportunities to take some of the findings to study 

further. For instance, future studies could explore sense of trust and how that relates to relying 

on technology for carrying out their work. Another opportunity would be to employ the WDA 

on other cases to see how it handles modeling work with other constraints. For instance, it 

would be interesting to do a similar study on a case where the intention of the digitalization is 

changing the work more substantively and would affect the levels higher up in the AH. 
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Appendix A Interview Guide 
Detta är en studie om MetaVision och hur det har påverkat hur ni arbetar på CIVA. 

Läsa igenom och skriva under samtyckesformulär. 

Intervjun är en timme lång. Är det okej att jag spelar in? 

Bakgrund 

1. Vad är din roll och vad är dina arbetsuppgifter? 

a. Hur länge har du jobbat här på CIVA? Var du med före MetaVision och när 

MetaVision infördes? 

b. Har du jobbat för en annan sjukhusenhet eller har du erfarenhet från intensivvård 

på ett annat sjukhus? Använde du något system liknande MetaVision där? 

Om MetaVision och dess övergripande syfte 

2. Hur använder du MetaVision i ditt arbete? 

a. Hur ofta använder du det? 

b. När använder du MetaVision? (både fyller i och kollar upp information) 

 

3. Vad skulle du påstå är MetaVisions främsta syfte?  

a. Varför infördes systemet? 

b. I ditt arbete? 

c. Men också generellt för CIVAs hela verksamhet? 

 

4. På vilket sätt uppfyller MetaVision det syftet? 

a. Skulle det kunna förbättras? 

 

5. Vad är den allmänna uppfattningen om MetaVision på CIVA? 

a. Håller du med om den uppfattningen? 

 

6. Vilken typ av information förs in manuellt och automatiskt i MetaVison? 

 

7. Vad är det för skillnad på den informationen som syns på skärmarna vid patienten och 

informationen som visas i MetaVision? 

Effekter på arbetssätt 

8. Har MetaVision förändrat ditt arbete? På vilket sätt? 

a. På en konkret nivå? (Tex nya arbetsuppgifter, något tar mer tid, något tar mindre 

tid, information som används på nya sätt, rollerna i teamen påverkats…) 

b. Vilka effekter har förändringarna? 

c. Har det förändrat prioriteringar eller målsättningar? 

 

9. Ni använder fortfarande en del papper, både egna anteckningar om patienter och 

pappersutskrifter. När är detta, och vad fyller de för funktion? 

 

10. MetaVision har medfört att mer data lagras om varje patient. Vad har det inneburit? 

a. Har det påverkat diagnos och beslutstagande kring vård av patient? 
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b. Har MetaVision gett en bättre översikt över en patients tillstånd? 

c. Brukar du titta i MetaVision, och i så fall vilken information tittar du på? När sker 

detta, och i vilket syfte? Exempelvis: använder du MetaVision så att du kan se hur 

värdena på övervakningsskåpet såg ut tidigare? I så fall, hur lång tid tillbaka är 

aktuellt. (och om det inte används: Är det för att det inte behövs eller för att det inte 

blivit en vana ännu?) 

Teamdynamik 

11. Vem är ansvarig att MetaVision hålls uppdaterad? 

a. Använder alla sin egen inloggning? (Använder du alltid din egen inloggning. 

Använder ni funktionsinloggning?) 

b. Vad gör du om MetaVision är inloggad på en annans profil? (Vad finns det för 

potentiella effekter av att göra ändringar i någon annans profil?) 

 

12. Litar du på att informationen som står i MetaVision är uppdaterad? 

a. Händer det att informationen inte stämmer, och i så fall vad ger det för effekter? 

Frågor till sjuksköterskor 

13. Hur fungerar det med dosering av läkemedel och att hålla information om detta uppdaterad 

i MetaVision? 

a. Är det viktigt att läkemedel rapporteras in i MetaVision? 

b. Varför skrivs det in/Varför skrivs det inte in? 

c. Brukar detta göras direkt, eller ett tag senare? 

d. Vem använder den här informationen, och vad används informationen till? 

 

14. Hur fungerar det när en patient förflyttas från CIVA till en avdelning som inte har 

MetaVision? 

a. Kontaktar andra avdelningar er om klargöranden om pdf:en skapad av MetaVision 

och i så fall kan du berätta hur denna kommunikation går till? 

b. Är denna typ av kontakt med andra avdelningar något som ingår i dina normala 

arbetsuppgifter? Skedde den innan införandet av MetaVision? 

 

15. Används information från MetaVision när beslut gällande patienten ska tas, eller exempelvis 

på ronden eller överlämningen?  

c. Varför är det så? 

d. Vad finns det för andra informationskällor? (muntlig rapport, Cosmic..) 

Frågor till undersköterskor? 

16. Jag har förstått att ni tidigare skrev av värdena från övervakningsskåpen till ”lakan” för att 

spara dessa, och nu skrev detta automatiskt i MetaVision. Hur påverkar den här 

förändringen ditt arbete? 

a. Sparar det er tid? 

b.  Påverkar det arbetat på något annat sätt? 

c. Är det lika lätt att upptäcka hur patienten tillstånd förändras när du inte skriver av 

siffrorna med jämna mellanrum? 

 

17. Anser du att MetaVision har förändrat undersköterskors arbete på något annat sätt? 
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Appendix B Consent Form 

 
Information till deltagare i studie inom Digitalisering och dess effekter på 

sjuksköterskors arbetsmiljö (DISA) projektet 

 

Bakgrund och syfte 

Projektet Digitalisering och dess effekter på sjuksköterskors arbetsmiljö (DISA) 

undersöker vårdpersonalens digitala arbetsmiljö. Olika tekniska verktyg kan både 

förbättra och försämra arbetsmiljön, och vi vet inte mycket om hur de nuvarande 

tekniska verktygen påverkar arbetsmiljön och vad man måste tänka på ur 

arbetsmiljösynpunkt, när man köper och implementerar nya system. Projektet skall 

resultera i ökad kunskap om området och också ett beslutsstöd för framtida 

anskaffningar av datasystem för vården. I projektet intervjuas sjuksköterskor, 

undersköterskor, läkare, beslutsfattare och IT-specialister i Region Uppsala, anhöriga 

och IT-företag. 

Vi vill alltså med din hjälp skapa en ökad förståelse för hur olika digitala verktyg och 

system påverkar sjuksköterskornas och undersköterskornas arbetsmiljö och hur 

eventuella negativa erfarenheter skulle kunna undvikas i framtida införanden av 

liknande system. 

 

Din roll 

Det bidrag vi önskar av dig är en intervju, som beräknas ta ca 1 timme. Deltagandet är 

frivilligt. Även om du skulle ha sagt att du vill medverka, har du rätt att utan förklaring 

ångra dig och när som helst avsluta ditt deltagande, eller avstå från att svara på vissa 

frågor. 

Ingen obehörig kommer att få ta del av dina svar. 

Personuppgiftsansvarig är Uppsala Universitet. Enligt personuppgiftslagen, PUL 

(1998:204), har du rätt att gratis en gång per år få ta del av samtliga uppgifter om dig 

som hanteras och vid behov få eventuella fel rättade. Kontaktperson är huvudansvarig 

forskare Åsa Cajander. 

Information om resultat 

Resultaten kommer att publiceras i form av vetenskapliga rapporter i internationella 

tidskrifter och artiklar i svenska facktidskrifter. Resultatet kommer även att presenteras 

på nationella och internationella konferenser och seminarier. Publikationerna kommer 

att noteras på hemsidan https://www.htogroup.org/.  

 

https://www.htogroup.org/
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Del 2: Samtyckesformulär 

 

Jag har tagit del av informationen ovan och jag har givits möjlighet att ställa 

kompletterande frågor. Jag samtycker frivilligt till att delta i denna studie. 

 

 

Deltagarens namn  

 ________________________________ 

 

 

Deltagarens underskrift  

 ________________________________ 

 

 

Datum   

 ________________________________ 

 

 

 

 

 


