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Abstract 
 

This thesis aims at portraying interruptions in the socio-technical domain of 

manufacturing industry, from a distributed cognition perspective. The research 

problem addressed is the lack of naturalistic inquiry in prior interruption 

research. Further, manufacturing is a complex socio-technical domain where 

interruptions have not previously been studied. In this thesis, a workplace study 

is applied with distributed cognition as its theoretical framework. The results of 

the study identify two new types of interruptions, as well as one new dimension 

of interruptions. This result shows that interruptions are a multifaceted 

phenomenon that frequently occurs within manufacturing. An integration of the 

theoretical background and the empirical work resulted in five recommendations 

concerning how to reduce the amount of interruptions and how to minimize their 

disruptive effects. This study complements prior interruption research, 

emphasises the importance of studying interruptions in natural settings, and 

provides several insights regarding future interruption research. 
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1 Introduction 
Interruptions are events that temporarily stop the current activity and force attention towards a 

secondary task. The requests for attention may derive from a variety of different sources, for 

example, an auditory cue announcing an incoming email or a colleague asking for your opinion. 

In modern society, interruptions are commonly occurring in the majority of work environments 

and frequent interruptions as telephone calls and incoming emails have been identified as a major 

time-consumer (González & Mark, 2004). Often, there is no visible cost or effort of the 

interruptions, however, visionary and Nobel Prize winner Herbert Simon (1971, in Spiekermann 

& Romanow, 2008, p. 7) expressed the difficulty of allocating attention between different sources 

of information1 with the following words:  

 
What information consumes is rather obvious: it consumes the attention of its recipients. Hence 

a wealth of information creates a poverty of attention, and a need to allocate that attention 

efficiently among the overabundance of information sources that might consume it. 

 

Simon expressed these words already in 1971 and interestingly, more recent research has 

confirmed his concern. In fact, studies report that office workers in a typical workday are 

interrupted every 11.5 minutes (González & Mark, 2004). After an interruption has occurred, 

people need to figure out how to resume and refocus on the original task, i.e., the task that was 

interrupted. This is often challenging and according to O’Conaill and Frolich (1995), 41% of 

interrupted work is never resumed after an interruption has occurred. Clearly, interruptions are 

part of everyday work activities and despite the fact that interruptions rarely display a visible cost 

or effort, interruptions can have devastating effects on work flow and human behaviour. 

 

Interruption research has received much interest and dates back to the 1920s (see Zeigarnik, 

1927). During the years, research on interruptions has increased due to some highly publicized 

disasters in fields such as aviation and nuclear power stations (e.g., Edwards & Gronlund, 1998; 

NTSB, 1988). This gave rise to interruption research mainly within the scientific disciplines of 

human factors and cognitive psychology. Due to technological advancements, the number of 

interactions between human beings and information technology have increased (Benyon, 2010), 

and brought new aspects to interruption research. This has raised interest for interruption issues 

within the research area of human-computer interaction (HCI). In fact, the majority of 

interruption research nowadays is carried out within the HCI field, to which this thesis also 

belongs. The interdisciplinary field of HCI brings different perspectives on studying interactions 

between technology and human beings. ACM SIGCHI group (1992) presents a definition that 

successfully captures these different perspectives. The definition reads, “Human-computer 

interaction is a discipline concerned with the design, evaluation and implementation of 

interactive computing systems for human use and with the study of major phenomena 

surrounding them.”  

                                                 
1 At this point, it is important to acknowledge the distinction between data, information, and knowledge. Hobart and 

Schiffman (1998) compare data with an atom: in combination with other atoms, something larger than the atoms 

themselves will emerge. In the same way, information will be the result of data that has been processed in 

combination with other data. Accordingly, data is raw matter, that when it has been mentally processed and given 

some meaning based on the human’s experience, it will emerge as information. Further, when the information is 

applied, it should be referred to as knowledge. To simplify: the human reads data, understands information, and 

acquires knowledge. In this thesis, with respect to readability, the term information will be applied throughout the 

text (despite the fact that it in some cases would be more theoretically appropriate to use the term data).  
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HCI research has studied the increasing functionality of currently available information 

technology, and McFarlane (2002) explains that modern technology has expanded people’s 

ability to perform several tasks at the same time. For example, people often attempt to monitor 

dynamic information environments and supervise autonomous services such as email accounts in 

order to keep updated with new information while they simultaneously perform another activity 

(McFarlane, 2002). Bawden and Robinson (2009) describe this as the result of a complex 

information environment where large amounts of information is presented in an increasing 

variety of formats and accessed through different media and communication channels. Kirsh 

(2000) mentions that multi-tasking is the modern way of life due to the fact that everyone has 

numerous tasks and obligations to switch between. Further, the author expresses that 

“Information is relentlessly pushed at us, and no matter how much we get we feel we need more, 

and of better quality and focus” (Kirsh, 2000, p. 22). This is however not always beneficial. In 

fact, the extensive amount of information may result in information overload, which is defined as 

the problem that occurs when the amount of information is more extensive than the human is able 

to attend to (Ho & Tang, 2001). Information overload, as well as interruptions, is considered to 

be a primary cause to cognitive overload (Kirsh, 2000), which negatively affects the human’s 

ability to perform efficiently (see Section 2.2).  

 

Modern information technology often supports simultaneously performed activities by delivering 

notifications and information updates to the user. This is often achieved with the use of auditory 

cues or visual pop-ups, which is based on design rules used to steer the user’s attention towards 

the new and additional information (Benyon et al., 2005). Potentially, information updates are of 

relevance and notifications can be valuable to the user. However, despite technological advances 

that enable multi-tasking, the human cognitive abilities have not changed and technology can 

have unfortunate effects if it is not designed with respect to the user and the work activities 

(McFarlane & Latorella, 2002). Accordingly, unwanted or ill-timed interruptions that cause the 

humans’ attention to shift between the current activity and a new task, may not only cause a 

disruption in the workflow but may also negatively affect the performance (Bailey & Konstan, 

2006; Zijlstra et al., 1999), increase the cognitive load, and cause cognitive fatigue (Cohen, 

1980). 

 

Despite a large body of research on interruptions, the results are scattered and somewhat 

contradictory (Mark et al., 2008). However, the research results suggest that two general 

conclusions can be made. These are: (1) interruptions are a complex phenomenon, and (2) 

interruptions affect people (McFarlane, 2002). These aspects of interruptions have been studied 

numerous times and the research has derived from different scientific disciplines and applied a 

great diversity of theoretical models. This has resulted in research that Spiekermann and 

Romanow (2008) describe as incomplete and research results that are ambiguous. The lack of 

basic research on interruptions is addressed also by Kolbeinsson et al. (forthcoming) who argue 

that an important next step for interruption research is to leave the artificial environments and the 

artificial tasks that have dominated in the interruption research. In order to increase the ecological 

validity of interruption research, it is relevant to consider the dynamic nature of a real-world 

situation by studying real-world tasks performed and observed in real-world environments 

(Kolbeinsson et al., forthcoming). Several approaches to research in natural settings exist, and 

Roger and Ellis (1994) claim that distributed cognition (DC) is the most beneficial theoretical 

framework for studying the dynamics of activities in situ. DC has the benefit of providing a 



3 

 

theoretical perspective on the work environment, which allows the researcher to identify different 

levels of both detail and abstract. Thus, DC provides a structured approach to the phenomenon of 

study, which is exactly what Spiekermann and Romanow (2008) argue that interruption research 

needs.  

 

The lack of basic research on interruptions suggests that a structured theoretical approach would 

be beneficial in order to increase the understanding about interruptions and how they might affect 

work processes. The study of work practices and situated organisation of collaborative activities 

is often referred to as workplace studies (Luff et al., 2000). The system level view incorporated in 

DC makes the framework useful for studying work and DC has been shown to be a useful 

theoretical approach to workplace studies when studying and explaining practical actions and 

work practices (Luff et al., 2000). Further, the system level view in DC makes the framework 

useful for studies of complex socio-technical domains (Hutchins, 1995a). Accordingly, it has 

been suggested that it is reasonable to assume that DC would be applicable and beneficial to 

apply to the complex socio-technical domain of manufacturing (Lindblom & Thorvald, 

forthcoming), a domain where cognitive aspects of work performance rarely have been studied 

(Thorvald, 2011). 

 

In this thesis, interruptions are studied with a workplace study with DC as its theoretical 

foundation. Further, interruption research is introduced to a new domain: the assembly processes 

in manufacturing industry. In a highly dynamic environment like manufacturing, interruptions 

can be devastating and increase the risk for mistakes and errors to occur. Accordingly, knowledge 

regarding how to manage interruptions would benefit this domain, influence the production 

outcome, and benefit the production processes by providing the right information to the right 

person at the right time. 

 

1.1 Research partner 
This thesis relates to a research project named Sense & React – The context-aware and user 

centric information distribution system for manufacturing. Sense & React is a Seventh 

Framework project funded by the EU grant FP7-314350 and involves 12 industry and academic 

partners.  

 

Sense & React aims at providing useful tools for gathering and presenting information in a way 

that can speed up the production processes and enable immediate reactions to issues and 

shortcomings in the manufacturing industry (Sense & React, 2012). The aim of this thesis is 

aligned to the Sense & React project, which will provide access to some manufacturing sites in 

which the empirical work will be performed.  

 

1.2 The manufacturing industry 
Manufacturing is a specific branch of industry that produces articles or goods, often on a large 

scale. Different manufacturing industries display varying manufacturing processes 

(Chryssolouris, et al., 2009) ranging from automated assembly lines producing the goods, to 

manufacturing processes that heavily rely on the craftsmanship of assembly workers.  

 

Manufacturing is competitive, with companies competing with each other in the development of 

the best products. However, the interest for cognitive aspects of the performance and production 
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outcome has rarely been in focus and the human effort has often been neglected (Thorvald, 

2011). This is consistent with the majority of research in the manufacturing industry, which 

mainly has derived from the research area of human factors and ergonomics. This discipline has 

often presented the perception of the human as a factor and a system component no more 

important than other components of functionality (Bannon, 1991). However, the truth is that there 

are many tasks in manufacturing that require the flexibility and intelligence of a human worker 

(Thorvald, 2011). This suggests that the human worker should be provided support that enables 

performance at an appropriate level of cognitive load, which would increase the worker’s job 

satisfaction, productivity, and safety. 

 

At an assembly site, the employees perform tasks with varying complexity while often exposed to 

a high amount of information, time pressure, rapid decisions, and high variation of components. 

The assembly workers have to search, fetch, and assemble different variants (Brolin et al., 2011), 

which brings high demands on the available information. The relevance of providing the 

assembly workers with the right information at the right time and place has previously been 

recognised (Bäckstrand et al., 2008). The main purpose of providing information to a workplace 

is to support the personnel in a way that can contribute to the quality of the performed work. For 

this reason, information technology systems have often been implemented with the purpose of 

managing the information load (Chryssolouris et al., 2009). Nevertheless, one commonly 

occurring problem in the information distribution in manufacturing is to provide the appropriate 

information rather than all available information (Brolin et al., 2011; Egea-Lopez et al., 2005). 

 

In this thesis, the view of the human worker as an actor with goals and beliefs acting together 

with other people and technology in a dynamic environment will be emphasised (cf., Bannon, 

1991). This is a perspective of the human that often has been neglected in the manufacturing 

domain (Bannon, 1991). With this perspective of the human and a deepened understanding 

regarding interruptions in the information flow, the results is believed to support and ease the 

management of interruptions. This could adjust the level of information load and improve the 

work environment in manufacturing. 

 

1.3 Problem domain 
In modern society, people are surrounded by an increasing amount of information that requires 

both attention and time. Spiekermann and Romanow (2008) claim that people have to relearn 

how to better allocate their attention in order to avoid being overwhelmed by the amount of 

available information. This complex information landscape is presented in a variety of formats 

and technological advancements have made information accessible through a range of different 

media. According to Appelbaum et al. (2008), modern technologies are maximizing peoples’ 

productivity. However, the different sources of information surrounding the human may also 

bring negative impact such as stress and anxiety (Cohen, 1980). This is because of the complex 

information landscape that often results in people trying to monitor information sources in the 

pursuit of updates. As people use technology more frequently, a natural consequence is systems 

that need to be maintained, informed, and even reacted upon (Spiekermann & Romanow, 2008). 

McFarlane and Latorella (2002) argue that modern technology needs to be designed for 

interrupting the user since users often switch between different tasks while attempting to 

supervise the process of all the ongoing tasks. These intermittent interactions are often controlled 

by interruptions and when the existence of additional information is notified and presented during 
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an ongoing activity, the individual will have to decide what information and what activity to 

engage in. Ho and Intille (2005) describe this as a competition where the different sources of 

information compete for the human’s attention. This is not necessarily a problem, but human 

cognition is a limited resource and too much information can result in cognitive overload, 

increased levels of stress, and decreased ability to perform efficiently (Bailey & Konstan, 2006; 

Cohen, 1980; Zijlstra et al., 1999). 

 

Interruptions may originate from any source such as a colleague stopping by, a phone call, or 

notifications presented by software applications, e.g., pop-ups announcing an incoming email. 

For most people, interruptions like these are an inescapable part of life. In fact, McFarlane and 

Latorella (2002) mention that people may actually want interruptions in their work activities 

since there are many activities that require updated information. This is consistent with Iqbal and 

Horvitz (2010) who found that people wanted notifications regarding incoming emails to such a 

high degree that when the notifications were turned off, people disrupted their ongoing task 

themselves in order to check their email account. Accordingly, interruptions carrying valuable 

information may bring positive impact on work success and enable people to coordinate activities 

and multi-task. The timing of the interruptions has, however, been shown to be relevant for the 

success of completing an ongoing task (Andrews et al., 2009; Ho & Intille, 2005; Iqbal & Bailey 

2008; 2010), while ill-timed interruptions may have devastating consequences (e.g., Edwards & 

Gronlund, 1998; NTSB, 1988). For example, interruptions have been presented as a contributing 

factor to aviation errors and incidents (Latorella, 1996; NTSB, 1988).  

 

Interruptive environments are to be found in a variety of modern workplaces. McFarlane and 

Latorella (2002) mention the role of pilots as sensitive for interruptions and discuss that flight 

decks require several different types of notifications and that aural, visual, and tactile cues often 

are applied as notification techniques that direct the pilots’ attention towards the additional 

information. Despite these notification techniques, disasters in aviation have been explained 

partly as a result of interruptions (NTSB, 1988). In addition, the domain of healthcare has 

reported that interruptions are a significant contributor to errors that may result in patient harm 

(ECRI Institute, 2014). In fact, the frequency of interruptions in the healthcare domain has been 

identified as the number one medical device technology hazard (ECRI Institute, 2014), which 

highlights the devastating effect interruptions may bring when it comes to cognitive load and the 

rate of human errors.  

 

Interruptions do not only occur in safety-critical workplaces. In fact, interruptions are part of life 

in modern society and since the use of mobile devices are increasing greatly, notifications may be 

delivered during all times no matter where the user is or what (s)he is doing. Often, there is no 

visible cost or effort from these interruptions. However, research has revealed that interruptions 

cause a decreased efficiency of the task that is being performed when the interruption occurs 

(Bailey & Konstan, 2006) and depending on the criticality of the task, the lost effectiveness may 

range between annoying to dangerous (McFarlane and Latorella, 2002).  

 

Further interruption studies report that information workers located in office environments 

experience approximately six interruptions per hour (Pitney Bowes, 1998, in Speier et al., 2003). 

O’Conaill and Frohlich (1995) reveal that an average of 10 minutes of every hour is spent on 

responding to interruptions and that the primary task often if discontinued once the interruption 

has occurred. This implies that there is a cost related to switching between different tasks. 
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Primarily, the interrupted task will suffer from a time delay. However, there is also a cost of 

resuming the primary task after attending to the interruption task. Increased amount of errors, 

feelings of irritation, and stress clearly demonstrates this cost (Iqbal & Horvitz, 2007). Ill-timed 

interruptions may disrupt the workflow, change the coordination of work activities and negatively 

affect the employees’ efficiency, accuracy, and mood (Bailey & Konstan, 2006; Zijlstra et al., 

1999). Furthermore, interruptions may increase the cognitive workload and cause cognitive 

fatigue (Cohen, 1980). 

 

There is a great body of research on interruptions, yet, as Mark et al. (2008) express, the research 

results are often contradictory, and Spiekermann and Romanow (2008) discuss the fact that the 

research has often been lacking a structured approach to the phenomenon of study. According to 

Spiekermann and Romanow (2008), this has resulted in incomplete research and ambiguous 

research results. One issue is the fact that a majority of the interruption research has focused on 

office environments and desktop computer systems. This is potentially not a sufficient strategy 

since it does not support the complexity of modern information landscapes or the complexity of 

interruptions in other domains with other prerequisites, other information structures, etc. 

Accordingly, it could be beneficial to complement interruption research with real-world tasks of 

varying types and complexity, and studies performed in natural environments (Ho & Intille, 

2005; Kolbeinsson et al., forthcoming; Spiekermann & Romanow, 2008).  

 

Furthermore, interruption research has been criticized for not displaying a cohesive theoretical 

perspective (Kolbeinsson et al., forthcoming; Spiekermann & Romanow, 2008). Nardi (1997) 

argues that it is essential to have a theoretical perspective when conducting research. The author 

states, “With the rich stimuli of the real world setting, it is necessary to filter and focus. Those 

who lack a [theoretical] perspective can be expected to cobble together a perspective on the fly, 

one that may be uninformed, fraught with investigator bias” (Nardi, 1997, p. 365). Decortis et al. 

(2000) describe the theoretical perspective as a “theoretical filter” through which the researcher 

studies the phenomena of interest and the authors explain that the selected “filter” puts forward 

some aspects of the observed situation and puts other aspects in the background. Thus, without a 

“theoretical filter”, the researcher does not know how to break down the observed situation into 

distinct units of meaning, which is why it is essential that the researcher explicitly selects a 

theoretical perspective for the study at hand.  

 

The contradictory results of interruption research (further discussed in Section 2.3) may 

potentially be explained by the perception of the human being that the research takes on. Bannon 

(1991) strictly separates the perspectives of the human as a factor from the perspective of the 

human as an actor. Additionally, the author argues that studies conducted in laboratory settings 

suggest a passive and de-personalized view of the human being. This perspective reduces the 

human into being a system component with limitations such as a limited memory capability and 

attention span. This factor-view is recognisable from interruption research that mainly has been 

performed in laboratory settings and focused on the individual performing artificial tasks. 

According to Bannon (1991), this factor-view on the individual neglects important aspects, e.g., 

goals and beliefs, aspects that automatically are considered when the human is viewed as an actor 

in a situation. A similar idea is presented by Benyon (2010) who states that people, activities, 

context, and technologies are four inseparable elements that need to be studied as parts of a 

system in order to comprehend the interaction between people and technology. Consequently, in 
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order to understand human-computer interaction, it is essential to study the users as actors that 

are acting based on values, goals, and beliefs in their natural work environment (Bannon, 1991). 

 

The actor-view of people, i.e., to study the interaction between people and technology situated in 

an environment with requirements and constraints, requires new research strategies (Bannon, 

1991). This is confirmed by Rogers (2012) who mentions that the rapid pace of technology 

development has brought a need for a wider set of methodologies and practices to HCI research. 

DC, with its focus on the individual’s knowledge, actions and beliefs and the artefacts used to 

distribute and regulate them (Nardi, 1997), is presented as one of the most influential theoretical 

perspectives in HCI research (Nardi, 1997; Rogers, 2012). Another theoretical perspective that 

could be applicable to the interruption issues is computer-supported cooperative work (CSCW) 

that focuses on mechanisms for cooperation between people via the use of technological artefacts 

(Rogers, 2012). However, the focus of this thesis is on assembly processes, which rarely include 

cooperative work activities performed via the use of technological artefacts, but instead 

interactions face-to-face. This, in conjunction with the fact that CSCW often has been 

complemented with the use of DC as a theoretical framework (Halverson, 2002), indicates that 

CSCW is not a viable perspective for studies on interruptions in manufacturing.  

 

DC, as a theoretical framework, considers the distributed nature of human cognition. Previously, 

human cognition has been referred to as internal processes and something taking place inside the 

human’s brain. In the perspective of DC, cognition is considered to be distributed in a complex 

socio-technical environment where cognition may be studied “in the wild”, as Hutchins (1995a) 

expresses it. DC can be applied with different foci and the framework has previously been 

displayed as beneficial for studying the coordination of work activities in a complex socio-

technical environment from a HCI-perspective, where the focus is on producing insights as to 

how humans interact with technology (e.g., Hollan et al., 2000; Rogers, 2012). Further, DC may 

result in a detailed analysis, which, in HCI, may provide useful insights for design by identifying 

which problems that occur, why they occur, and how the situation can be solved and work 

practices improved (Rogers, 2012). When interruptions occur, the work processes and the 

coordination of work activities are affected. Accordingly, the application of DC is believed to 

complement prior interruption research and provide insights concerning how interruptions affect 

work processes and what possibilities there are to manage interruptions in order for an effective 

work practice to be maintained.  

 

In the scientific discipline of HCI, DC has been presented as the most useful theoretical 

framework (DePaula, 2003; Hollan et al., 2000; Rogers, 2004; 2012). This is mainly because of 

the emphasis on observations of the socio-technical cognitive system, which provides an 

opportunity to study the interaction between humans and technology in the moment as they 

unfold. However, DC is not the only available theoretical framework that emphasises the 

importance of studying real activities as they take place in real environments, and that has often 

been applied in HCI. In fact, both activity theory and situated action have received attention in 

HCI research. The main hallmarks of activity theory are different levels of activities, the history 

of the activity, the goals, and the context (Nardi, 1997). Activity theory explains cultural 

practices, and describes the structure, development, and context in which the activities take place 

(Kaptelinin et al., 1999). Further, activity is divided into activity, action, and operation as 

different levels, which are related to the motive, goal, and condition of the activity (Bertelsen & 

Bødker, 2003). The framework of situated action emphasises the emergent nature of human 
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activity and studies the moment-to-moment interaction between humans and the environment 

(Suchman, 20072). Originally, Suchman studied the use of a photocopier and discussed the use of 

plans as descriptions representing the action. Actions take place in contexts with specific 

circumstances and, therefore, plans do not control or structure the actions but are instead 

produced in action (Susi, 2006). Accordingly, social action is always situated within complex 

circumstances and social arrangements (Button, 2003), which is when the social actions can be 

studied and analysed.  

 

DC has been described as a useful theoretical framework for performing workplaces studies (e.g., 

Luff et al., 2000) and in this thesis, DC will be used as the theoretical foundation to the 

workplace study. Situated action has also been described as an influential approach to workplace 

studies and Bannon (2000, p. 235) describes Suchman’s work as“(…) the landmark publication 

of this genre”. In some aspects, the frameworks of situated action, DC, and activity theory are 

similar but when closely compared, it seems that there are some differences relevant to 

acknowledge. One of the most central differences is that DC is the only available theoretical 

framework that brings a focus on information flow, which is considered relevant when it comes 

to studies of interruptions since interruptions affect the flow of information within the system and 

through the work processes. Furthermore, the moment-to-moment focus in situated action brings 

a narrow perspective to the situational context, and Rogers (2012) mentions that situated action 

has received critique because of its level of detail and the focus on the “particulars” of a specific 

situation. This makes it problematic for the researcher to step back and generalize (Rogers, 2012), 

which indicates that it is difficult to raise the level of abstraction and study the holistic 

perspective. In interruption research, this holistic perspective is missing and highly relevant to 

pursue (Spiekermann & Romanow, 2008). Accordingly, situated action is not considered a 

theoretical perspective that is appropriate in this thesis. 

 

Halverson (2002) describes DC as flexible and Rogers (2012) mentions that DC emphasises both 

the details and the abstract. However, this can be true also for activity theory in which the unit of 

analysis is broad and contains, for example, the activity, a subject (an individual or a group of 

people), an object or a motive, artefacts, and sociocultural rules (Kaptelinin et al., 1999). Though 

this may be, activity theory has been described as difficult to understand and apply (Rogers, 

2012) and it does not have a focus on information flow, which is relevant for interruption 

research and this thesis, as previously mentioned. Hence, DC is considered the most appropriate 

framework for this study. However, DC has also received some criticism. This is especially 

presented by Nardi (1996) who is concerned by the lack of clear concepts that can be connected 

to the discipline of HCI. On the other hand, the lack of a clear methodological prescription has 

been mentioned regarding all of the mentioned theoretical frameworks (Halverson, 2002; Rogers, 

2012). This indicates that none of them provide a “quick and dirty” approach. However, this is 

not always important and potentially it could be argued that instead of providing quick results, 

they provide better and more thorough results. Besides, the frameworks have previously been 

shown to be beneficial and DC has been presented as the most useful theoretical framework for 

HCI research (e.g., Hollan et al., 2000; Rogers, 2004; 2012). 

 

In interruption research, DC could provide insights concerning the representation, transformation, 

and propagation of information and how interruptions may cause information breakdowns and 

                                                 
2 This work was originally published in 1987.  
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alternations in the coordination of work activities. Accordingly, this thesis applies DC as a 

theoretical framework to a workplace study. This study addresses the lack of interruption 

research situated in natural environments, studying real-world tasks and is believed to bring 

insights regarding interruptions from both a detailed level of analysis and from the holistic 

perspective. 
 

1.4 Aim and objective 
The research problems addressed in this thesis are the restricted theoretical foundation in 

interruption research, the limited understanding of interruptions in natural settings, and the lack 

of empirical work performed in the manufacturing industry with a DC perspective. It has 

previously been displayed that the theoretical framework of DC is applicable to complex socio-

technical domains (e.g., Hollan et al. 2000; Hutchins, 1995a; Nilsson et al. 2012). However, DC 

has not been applied to manufacturing despite the fact that it truly is such a domain. Further, it is 

a domain where interruptions frequently occur. Given this line of reasoning, it is clear that there 

is a need for a deeper understanding regarding interruptions in general, and interruptions in 

manufacturing in particular. Accordingly, the aim of this thesis is to portray interruptions in the 

socio-technical domain of manufacturing industry, from a distributed cognition perspective. 

 

In order to achieve this aim, the following objective has been formulated: 

 Investigate and analyse interruptions in manufacturing industry and provide a holistic 

perspective by the application of the theoretical framework of distributed cognition.  

 

Achieving the aim of this study enables the possibility to develop general recommendations 

applicable to the manufacturing domain. The recommendations will focus on the reduction of 

interruptions in the information flow in assembly processes and how the disruptive effects of 

interruptions can be lessened.  

 

1.4.1 Expected contributions 

There are several expected research contributions from this study. First and foremost, by the 

application of DC as a theoretical framework on interruption research, a portrayal of the 

phenomenon will be obtained. This may provide benefits for interruption research since the 

application of a DC approach may result in new insights and understandings regarding 

interruptions as they occur within a socio-technical system. With a DC approach, this project will 

introduce a new theoretical perspective on interruptions and provide a holistic understanding 

about the phenomenon. This holistic perspective is an important aspect that has been missing in 

prior interruption research.  
 

Furthermore, a deepened understanding about interruptions will be used in the development of 

recommendations regarding how interruptions preferably should be managed. These 

recommendations should be applicable both to practical use in manufacturing and for further 

research studies. The socio-technical domain of manufacturing often includes harsh environments 

where workers are exposed to time-pressure, safety risks, high information load, etc. Given this 

line of reasoning, the expected contributions of this thesis is believed to be beneficial for the 

manufacturing domain where the management of interruptions in the work activities would 

increase the possibilities for an efficient production and improve the work environment for the 
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human workers. Further, the contributions of this study may also serve as a foundation for future 

interruption research projects. 

 

Finally, the application of DC to the manufacturing domain may provide insights regarding the 

suitability of applying DC to this dynamic domain. This has the potential to bring useful 

implications for DC as a theoretical framework. 

 

1.4.2 Limitations 

This work aims to portray interruptions in manufacturing industry and the thesis will be limited to 

manufacturing facilities and their production areas. Accordingly, the study will focus on 

assembly workers and machine operators engaging in work activities related to the manufacturing 

production. Interruptions are likely to occur everywhere and affect everyone. However, due to 

time constraints, this thesis cannot study all interruptions occurring within manufacturing. 

Instead, assembly workers and machine operators, and the interruptions that occur in their highly 

dynamic work processes, are the selected foci of this thesis.  

  

1.5 Thesis outline 
The structure of this thesis is as follows: Chapter two presents the theoretical background and a 

more thorough exploration of the problem domain and previous research related to the issues 

addressed in this thesis. Chapter three displays the applied research approach, while Chapter four 

reports the analysis and results of the study. In Chapter five, the general findings of the study are 

presented along with the recommendations that have been developed. Finally, Chapter six 

presents conclusions and discussion concerning the study and its results, and suggestions for 

future research. 
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2 Theoretical background 
This chapter presents the core concepts of this thesis in more depth in order to display and 

examine the components of the previously introduced problem. The chapter is divided into four 

main sections. Section 2.1 presents and defines central concepts such as interruptions, 

notifications, etc. Section 2.2 gives a brief description regarding human cognition with the 

purpose to explain why interruptions might be problematic for the human being to handle. 

Section 2.3 presents examples of interruption research divided into different research fields. In 

Section 2.4, the theoretical framework of distributed cognition is portrayed and described with 

focus on its relation to human-computer interaction research. Finally, the theoretical background 

is concluded with a brief summary in Section 2.5. 

 

2.1 Introduction to interruptions – concept definitions 
Interruption research has received interest from several different scientific disciplines, which 

according to Spiekermann and Romanow (2008), has brought a variety of definitions for the 

concepts that are of importance for interruption research. In this section, all the notions and 

concepts related to interruption research that will be used in this thesis are defined with the 

purpose to increase the understanding of the area.  

 

Bjelica et al. (2013) mention that the technology advancements have expanded the possibilities of 

receiving information and brought information closer to the human. Furthermore, technology has 

changed the way people interact and the channels they use for communicating. These aspects 

may have increased the amount of interruptions. In modern society, humans are frequently 

interrupted with additional information during the performance of a task. Interruptions may come 

from numerous sources such as a phone call or software application pop-ups and it is common 

that the additional information encourages the person to perform a new task, normally for a short 

period of time. The concept of interruption is commonly used in these cases and a broad range of 

research literature uses the concept and describes scenarios where people are being interrupted. 

However, interestingly, this is done without a definition of the concept. Possibly, the explanation 

for this is the fact that interruption is a common word and it could be presumed that everybody 

knows what actually defines an interruption. However, without an explicitly expressed definition, 

there is a risk that the concept is interpreted differently.  

 

There is no unanimous definition for what constitutes an interruption. However, Corragio (1990, 

p. 19) presents that “an interruption is an externally generated, randomly occurring, discrete 

event that breaks continuity of cognitive focus” on an ongoing task. This definition focuses on the 

source of interruption, suggesting that interruptions are created by an external source, such as 

another person, an object, or an event. This suggests that interruptions are a very wide class of 

events and could be anything from a random noise that causes the user to shift attention from the 

current task, to something specifically aimed at diverting the attention of the user by notifying 

that another task requires attention. Further, an interruption is often explained as an event that 

requires attention immediately and “insists on action” (Covey, 1989, in Spiekermann & 

Romanow, 2008, p. 9). Accordingly, interruptions are created externally, which makes the timing 

of an interruption “beyond the control of the individual” (Speier et al., 1999, p. 339). This is 

likely to result in the postponement of the ongoing activity since an interruption means that the 

person is forced to divide attention between two sources of stimuli, the ongoing activity (the 

primary task) and the new task that the interruption is referring to (the interruption task) (Zijlstra 
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et al., 1999). In this thesis, a general definition is emphasised and interruption is defined as any 

event that causes the current activity to stop temporarily and requests or forces the person’s 

attention towards a new task. This general definition acknowledges the possibility for both 

externally and internally generated interruptions, which prior definitions do not consider (for an 

exception, see González & Mark, 2004). In fact, it seems that prior interruption research has not 

considered the possibility of a dialectic relationship between the two.  

 

In order to be interrupted, the person needs to be engaged in an activity. This ongoing activity is, 

in this thesis, referred to as the primary task. An interruption during the performance of a primary 

task often requires the human to shift the attention and attain to another task; this task is referred 

to as the interruption task. Both the primary and the interruption task may have varying 

complexity, level of severity, time pressure, etc. Further, it is relevant to acknowledge that some 

interruption tasks may be critical, and some may require a response, while others can wait a short 

time before being attended.  

 

As previously mentioned, an interruption could derive from any event that causes the current 

activity to stop temporarily. However, much of the interruption research has focused on situations 

where the primary task is interrupted by different kinds of technology. Interruptions derived from 

technology are often referred to as notifications and, accordingly, the systems that are delivering 

the notifications to the technology user are referred to as a notification system. Kolbeinsson et al. 

(forthcoming) identify a lack of definitions for the terms and formulate that “A notification is the 

product of an interruption mechanism (the notification system) that interrupts a person’s current 

(primary) task and provides information that another task requires attention.” The notification 

can present a varying degree of information regarding the interruption task and its characteristics, 

for example, Kolbeinsson et al. (forthcoming) describe that a simple bell sound from a device 

may notify the user of a received message. However, it does not necessarily provide the user with 

any information about the message, its content, or whether it requires immediate attention or not.  

 

The overall problem with interruptions is that they come at a cost for the person being interrupted 

and may result in both reduced well-being and unproductive work practices. This will be 

addressed in the next section where the cognitive aspects of interruptions will be presented 

briefly.  

 

2.2 Interruptions and cognition 
Traditionally, cognition has been described as mental information processing taking place inside 

the human brain. This is commonly referred to as the computer metaphor of mind (e.g., Card et 

al., 1983; Norman, 1993; Rogers, 2012). However, recent research has argued that this is a 

misconception and that human cognition is not comparable to a computing machine, but should 

instead be viewed as the result of the human interacting with the environment (e.g., Hutchins, 

1995a; Norman, 1993; Rogers, 2012). This implies that cognitive abilities enable the human 

being to experience the world and act on it. Although human cognition is comprehensive, there 

are limitations. When exposed to stimuli, the cognitive system experiences what is commonly 

referred to as a cognitive or mental load (Bannert; 2002; Norman, 1993). This refers to the 

amount of mental effort required for the performance of a task. Humans constantly engage in 

cognitive activities such as perception, decision-making, problem solving, memory processes, 
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etc. Thus, humans are always experiencing some level of cognitive load. However, the level of 

cognitive load varies depending on the situation, the tasks, and the demands put on the individual. 

Due to the complexity of the cognitive system, there is no comprehensive model that provides a 

complete description of mental load and mental processes. However, as a foundation to explain 

cognitive processes, several researchers have described the existence of two different types of 

cognition, the so-called automatic and controlled modes of cognition (Kahneman, 2011; Norman, 

1993; Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977). Generally, the automatic system 

operates on an unconscious level. This results in quick responses to stimuli with little or no effort 

or sense of control. The controlled system on the other hand, allocates attention to activities that 

demand it. This is a conscious level of cognition with limited capacities (Kahneman, 2011).  

 

Fast and autonomous performance is likely to be due to prolonged practice. For example, when 

learning how to operate a workstation at an assembly line, the activity causes high demands on 

cognitive processes such as memory and attention in order for the assembly worker to remember 

details, such as which screw to use on a particular production variant. Once the assembly worker 

has learned how to perform the task, the task is likely to induce a lower level of cognitive load. 

However, as soon as something unexpected occurs and new information is added, the assembly 

worker is interrupted during the autonomous performance and the processing of the new 

information is potentially requiring the performance of non-automatic cognitive tasks (e.g., 

memory and attention). This would put some constraints on the cognitive system and, 

accordingly, increase the cognitive load, which in turn will slow down the thinking process and 

affect the human performance. 

 

In the dynamic environment of manufacturing, the assembly worker is exposed to a substantial 

amount of information. At the workstations, assembly instructions are presented. These often 

consist of text and images depicting an overview of the assembly operations (information about 

the equipment and components needed) for each assembly variant. This implies that assembly 

sites are dynamic environments with complex work activities that are managed with numerous 

instructions, i.e., information the personnel need to attend to and mentally process in order to 

make the instructions useful for the actual assembly operations. Workers provided with too much 

information, rather than the appropriate information, is an issue in manufacturing that has 

previously been addressed as a threat for production efficiency and production outcome (e.g., 

Brolin et al., 2011; Bäckstrand et al., 2008). When additional information is presented, the 

worker needs to allocate attention efficiently among the different sources of information. 

Accordingly, being interrupted involves attending to different sources of information and 

potentially also physically different tasks. This implies not only a physical switching between 

tasks, but also a mental switching. This may interrupt the autonomous performance of the 

primary task and requires performance of non-automatic cognitive tasks, which is more 

cognitively demanding. Thus, an interruption is likely to bring an increased amount of 

information, which may result in information overload. This will in turn affect the cognitive load 

and the human’s capabilities of sensing, processing, and reacting. Therefore, an interruption may 

potentially cause an attention allocation conflict between the different sources of information and 

result in cognitive overload, which might result in difficulties for the worker to work and 

negatively affect the production outcome. 
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2.3 Interruption research 
Interruptions have been of interest since the late 1920’s when Zeigarnik attempted to explain 

selective memory processes while performing tasks (Zeigarnik, 1927). Interruption research then 

took off in the latter half of the twentieth century (Spiekerman and Romanow, 2008), with 

disasters in safety-critical domains such as aviation and nuclear power stations (e.g., Edwards & 

Gronlund, 1998; NTSB, 1988). These disasters gave rise to an increased interest for interruptions 

within the area for human factors3 research. More recently, interruptions have been presented as 

the number one human-computer interaction problem of the future (McFarlane, 1999).  

 

Clearly, researchers have studied the phenomenon of interruptions for many years and in 

different research fields. Spiekermann and Romanow (2008) mention that it has resulted in a 

body of research that has derived from different scientific disciplines and displays a great 

diversity regarding the theoretical models that have been applied in order to draw conclusions. 

Further, Spiekermann and Romanow (2008) argue that the interdisciplinary nature of 

interruptions has led to research that is incomplete and ambiguous, which suggests that a 

structured approach is needed in order to better understand interruptions and to draw meaningful 

conclusions.  

 

In the next sections, interruption research is presented with respect to the scientific discipline that 

the research stems from. Generally, interruption issues have mainly been devoted attention in 

research areas of cognitive psychology, human factors, and information systems/human-computer 

interaction. However, interruptions have been addressed in other research areas as well. In 

marketing, the effects of interruption on advertisements have been studied (e.g., Edwards et al., 

2002) and in management and human resource studies, interruptions have been shown to provide 

insights regarding how to increase workplace satisfaction (e.g., Hudson et al., 2002). In this 

thesis, the three main areas of interruption research are in focus and the next sections describe the 

characteristics of interruption research in the scientific disciplines of cognitive psychology, 

human factors, and human-computer interaction.  

 

2.3.1 Interruption research in cognitive psychology  

As mentioned above, interruption research has received attention from several scientific 

disciplines. Psychology, mainly cognitive psychology, is one of them and, in fact, probably the 

first to study interruptions. Historically, psychology dates back to Wilhelm Wundt, the “father of 

psychology”, who set up a laboratory to study conscious experience in 1879. Since then, the 

scientific discipline of psychology has studied behaviour and mental processes with the goal to 

describe, understand, predict, and control behaviour (Passer & Smith, 2007). Interest in cognitive 

aspects of behaviour gave rise to the sub-field of cognitive psychology in which the main 

concerns lie with studies of cognitive abilities such as attention, memory, perception, problem-

solving, etc., (Smith & Kosslyn, 2009). In relation to interruptions, the research is mainly 

focusing on these cognitive aspects and studies individuals and their reactions to interruptions. In 

this section, a sample of some of the most frequently occurring interruption research studies 

derived from cognitive psychology is presented.   

 

                                                 
3 The research field of human factors origins from the field of ergonomics. In modern research, the two fields are 

often grouped together and considered as one scientific discipline. In this thesis, the term human factors will be used.  
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One of the first known interruption studies was presented in 1927 by Zeigarnik. It was an attempt 

to support the theory about “tension systems” in the brain, a theory presented by Lewin in 1926, 

which suggested that the brain has systems that keep information about activities available until 

the task is fully completed (Zijlstra et al., 1999). Thus, Zeigarnik strived to understand these 

cognitive processes as the human handles interruptions, and she did so by providing participants 

with various puzzles to complete. During the experiment, some of the participants were 

interrupted during their activity, and later all the participants were asked to describe the task they 

had performed. As a result, Zeigarnik explained that the interruption of people performing a 

primary task resulted in a selective memory where uncompleted tasks were easier to recall than 

completed tasks, i.e., the details of the interrupted task (the primary task) was better remembered 

(Zeigarnik, 1927). This is referred to as the Zeigarnik effect (Zijlstra et al., 1999). Over the years, 

research has produced conflicting results and failed to replicate the results of Zeigarnik’s findings 

(e.g., van Bergen, 1968). However, several studies originate from the research by Zeigarnik, thus 

confirming the starting point of interruption research as early as in the 1920s.  

 

Interruptions are not inherently “bad”. In fact, interruptions can bring valuable information to the 

process of an activity. If the interruption is unwanted or ill-timed, however, they can negatively 

affect the user’s behaviour. A study that clearly displays this complexity is Speier et al. (1999) 

who showed that interruptions might improve human performance on simple tasks. The study 

focused on the effects of interruptions on individual decision-making performance and studied 

factors likely to induce information overload, e.g., task complexity, the influence the content of 

the task brought to the decision-making process, and the frequency of occurring interruptions. 

Two laboratory experiments were performed where the participants were asked to respond to 

decision and interruption tasks delivered to the participants via a desktop system. Both the 

primary tasks and the interruption tasks consisted of production management problems requiring 

information acquisition. While the participants worked on the primary tasks, which had both time 

and accuracy pressures, they were interrupted by the system announcing an interruption task. The 

results of the experiments show that interruptions improved decision-making performance with 

respect to time and accuracy when the tasks were simple. However, the same study also shows 

that interruptions on tasks with a complex nature significantly decreased the decision-making 

performance regarding accuracy and decision time. Regarding the content of the interruption task 

and its effect on decision-making, Speier et al. (1999) revealed that less time was required in 

order to complete the task when the primary task and the interruption task were similar. 

Interestingly, this result conflicts with another interruption study that frequently occur in the 

literature, where the similarity between the interruption task and the primary task showed a 

disruptive effect on task performance (Gillie & Broadbent, 1989).  

 

The study performed by Gillie and Broadbent (1989) examines length of the interruption, 

similarity, and complexity of tasks as three possible explanations for the fact that interruptions 

seem to have varying degrees of disruptiveness. In the experiments, the participants performed a 

primary task in the shape of an adventurous game including a memory task. The interruption 

tasks were analytical and presented arithmetic problems. Moreover, the interruption tasks had 

various lengths and various complexities. As a result, Gillie and Broadbent (1989) show that the 

length of the interruption is not a crucial factor for determining the disruptiveness of the task. 

However, the authors explain that the similarity between the primary task and the interruption 

task, and the complexity of the interruption task, seemed to affect to which degree the 

interruption is perceived as disruptive or not. Despite the fact that some years have passed, the 
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contradicting results from the studies by Speier et al. (1999) and Gillie and Broadbent (1989) 

have not been further investigated in cognitive psychology. However, the same research question 

has later been addressed in human factors (e.g., Mark et al., 2008).  

 

Noticeably, interruption research in the field of cognitive psychology has mainly concerned 

studies of general effects of interruptions as well as the characteristics of the interruption task. 

This implies that aspects such as interruption frequency, duration, complexity, etc., are studied 

with respect to the impact the interruption may bring to the human and the quality of the 

performance (e.g., Gillie & Broadbent, 1989; Monk et al., 2008; Speier et al., 1999; 2003; Zijlstra 

et al., 1999). Cognitive abilities such as attention and memory have naturally also been studied, 

and besides Zeigarnik (1927), a more recent example is a study on how people use their memory 

when trying to recover from an interruption (Edwards & Gronlund, 1998). The effects 

interruptions have on peoples’ psychological and physiological states, e.g., annoyance, 

frustration, well-being, stress, anxiety, etc., are additional aspects that have received focus (e.g., 

Bailey & Konstan, 2006; Cohen, 1980; Zijlstra et al., 1999). 

 

This overview of interruption research within cognitive psychology describes the main 

interruption issues that have been addressed, the focus of the research, and the type of questions 

that have been studied within this research field. In the next section, a similar overview is 

provided regarding interruption research in human factors. 

 

2.3.2 Interruption research in human factors 

The discipline of human factors displays a wide scope of interests and describes as located in the 

intersection between psychology, physiology, engineering, and social science. This would 

suggest an applied discipline which draws on research in behavioural science and engineering 

and attempts to understand the way people work, the tools they use, and aspects of the 

environment they are working in, with respect to human “qualities and limits”, as Moray (2005, 

p. 1) summarizes it. 

 

The scientific discipline of human factors first displayed interest in interruption research after 

publications about disasters in aviation and nuclear power stations. Until that point, the main 

research on interruptions had been performed within the area of cognitive psychology. However, 

over the years, human factors have conducted much research on interruptions and this section 

describes some examples.  

 

By monitoring the use of different computer applications, the effects of interruptions on task 

switching have displayed that users spend approximately 10-15 minutes before they return to the 

primary task. This is because interrupted users often attend to additional computer applications 

before resuming the primary task (Iqbal & Horwitz, 2007). Much research has been done with the 

aim to understand how these negative effects of interruptions may be mitigated. Adamczyk et al. 

(2004) present that the disruptive effects interruptions may have on the users’ task performance, 

emotional states, and social attribution may be decreased by identifying opportune moments for a 

notification to be presented. Identifying natural breakpoints in the primary task has been found to 

reduce frustration and reaction time (Iqbal & Bailey, 2008). Furthermore, allowing the user to 

prepare for task switching has been shown to reduce the time for resuming the primary task 

(Andrews et al., 2009; Iqbal & Bailey 2008; Ho & Intille, 2005).  
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Iqbal and Bailey (2007) examined the possibility to develop statistical models for detecting and 

differentiating breakpoints during the performance of interactive tasks. In a later study, the 

models were tested and the effects of managing notifications with this type of breakpoint 

detecting models were studied (Iqbal & Bailey, 2008). The results reveal that the models manage 

to detect a majority of the breakpoints the users’ experience, which enables notifications to be 

displayed at a time that is the most appropriate for the user. Iqbal and Bailey (2008) describe that 

this brought faster reactions to notifications and decreased the level of frustration that the users 

experienced.  

 

Andrews et al. (2009) examined the effect of presenting an alert prior to the interruption. The 

participants performed the primary task in front of a computer interface, filling production orders 

for different types of sea vessels with respect to information such as the vessel’s name, the 

material, and place for delivery. The interruption tasks were delivered after the participants had 

been alerted either visually with a flashing screen or with a tone as an auditory cue. The 

researchers did not find any significant difference between the alerts conditions themselves. 

However, the study reveal that warning users of an impending interruption decreases the users’ 

resumption time, implying that alerts make the users resume the primary task quicker than when 

the interruption is unannounced.  

 

Clearly, notifications delivered at random times have a higher cost than when the human is 

allowed to prepare for task switching (e.g., Andrews et al., 2009; Iqbal & Bailey, 2007; 2008). 

Ho and Intille (2005) applied a wireless accelerometer on the wrist of the participants and let the 

sensors determine when interruptions should be presented. The researchers argue that sensors 

may be useful in an office environment by providing information about the interruptibility of the 

user. In the study, notifications were delivered at activity transitions when the users where 

switching between the positions of sitting, standing, and walking. The study confirms that 

interruptions are less disruptive if delivered at times when the user is between tasks or at a 

(physical) breakpoint in the ongoing task.  

 

An interesting result is presented by Mark et al. (2008) suggesting that interrupted work is 

performed faster, which the researchers explain as users compensating for the time that was lost 

during the interruption. However, working faster with interrupted work has its cost, and Mark et 

al. (2008) showed that the participants in the interrupted condition experienced more stress, 

frustration, and time pressure. The study was performed in a laboratory where the researchers 

simulated an office environment and let participants perform an email task while interrupted by 

incoming questions via instant message or telephone. The interruption tasks were either related to 

the primary task or significantly different. The results display that interruptions related to the 

primary task may be perceived as beneficial by the user, however, the time to reorient back to the 

primary task is the same despite the characteristics of the interruption task. 

 

Historically, the efficiency of workers is an important aspect in the field of human factors. This is 

consistent with the focus of the interruption research that has derived from this scientific 

discipline. Aspects of interruptions that have received much interest are the timing and duration 

of the interruption as well as the resumption time. These aspects have been analysed with respect 

to the effect the interruptions might bring to the user, for example, feelings of frustration and 

stress, with the purpose to present strategies for efficiently manage interruptions (e.g., detecting 

breakpoints in the activity and preparing the user for task switching).  
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This section has presented a sample of interruption research derived from the research field of 

human factors. The selected studies are frequently occurring in the interruption research literature 

and considered as representative for the main interruption issues that have been addressed within 

this research field. In the next section, interruption research in the field of HCI is presented.  

 

2.3.3 Interruption research in HCI 

The research field of HCI was first introduced in the beginning of the 1980s and lies in the 

intersection between social and behavioural sciences, and computer and information technology 

(Carroll, 2003). During the history of HCI, a large variety of methods have been developed with 

the purpose of understanding users’ tasks, work practices, their interactions with technology, and 

new possibilities for providing useful computer support (Rogers, 2012). Interruption research in 

the field of HCI aims at finding design solutions that can be applied in pursue of efficient 

interruption management. Interruption management concerns interruptions and how they 

preferably should be handled, i.e., how interruptions should be delivered and at what time in the 

work process. As mentioned previously, interruptions derive from an event that interrupts the 

process of performing a primary task. In HCI research, interruptions of interest are notifications 

derived from technological notification systems. A notification system may be considered as an 

interruption mechanism delivering notifications and interrupting the user’s primary task. The 

purpose of delivering notifications is to help users maintain information awareness. However, 

research has shown that positive outcomes from these interruptions are difficult to realise 

(McFarlane & Latorella, 2002), probably because the notifications interrupt the user and forces 

the user to multi-task without considering that the human’s cognitive capabilities are limited 

(McFarlane, 2002). Interruption research within HCI is concerned with user interface design and 

the study of design features that could mitigate the effects that interruptions have on the user. The 

main goal is to develop interruption strategies and notification policies that are the most effective 

and, at the same time, the least disrupting for the user (Spiekerman & Romanov, 2008). 

 

The previous sections of descriptions of research in cognitive psychology and human factors 

display somewhat conflicting results regarding how interruptions affect people and their work 

performances. Despite this, it is clear that interruptions do affect people. However, interruption 

research within human factors and cognitive psychology have revealed that the user’s opportunity 

to successfully complete the primary task increases when interruptions are carefully managed and 

delivered at appropriate times (e.g., Andrews et al., 2009; Iqbal & Bailey, 2008; 2010; Ho & 

Intille, 2005). In HCI, researchers have acknowledged this and stated that context aware 

notifications are required in order for interruptions to be delivered at appropriate times. Context 

aware systems adapt with respect to multiple factors related to the message, the user, and the 

environment (Schilit et al., 1994). Generally, a context aware notification could be described as 

the work of a secretary delivering messages. Notifications have a way of immediately alerting 

that something may require attention, a secretary on the other hand will take notes about phone 

calls, visitations, future events, etc., and present these when the appropriate opportunity arises. 

However, notifications are often ill-timed and it is a fact that most current notification systems 

rarely are context aware. The result of this is notification deliveries that are uncoordinated and 

indiscriminate.  

 

McFarlane (1999) and McFarlane and Latorella (2002) present a taxonomy of interruptions 

aimed at describing factors that are important to take into account when designing a notification 
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system. The taxonomy identifies eight factors of human interruption. These are the following: (1) 

the source of interruption, (2) individual characteristics of the person receiving the interruption, 

(3) methods of coordination, (4) meaning of interruption, (5) method of expression, (6) channel 

of conveyance, (7) human activity changed by interruption, and (8) effect of interruption. All of 

the eight factors are of importance. However, for the purpose of this thesis, the focus is on the 

methods of coordination. McFarlane (1999) and McFarlane and Latorella (2002) address the 

issues of ill-timed interruptions and present four basic solutions for how to coordinate 

notifications with the purpose to control at what time the notifications are presented to the user. 

The four coordination methods are referred to as:  

 Immediate interruptions - interruptions delivered as soon as possible, i.e., at any time 

without any respect to the user’s current activity. 

 Negotiated interruptions - the system announces that it needs to interrupt, but it provides 

the user with control regarding when to deal with the interruption.  

 Mediated interruptions - the interruptions are adapted to the user’s personal schedule by a 

mediator (e.g., a personal digital assistant (PDA), or a secretary) and the notification is 

delivered as soon as it is appropriate with respect to the user’s activity and the severity of 

the message.  

 Scheduled interruptions - interruptions scheduled to be presented in intervals, e.g., every 

15 minutes.  

 

McFarlane and Latorella (2002) state that these four methods for how to coordinate notifications 

do not provide an understanding for human cognition or information processing, but instead 

should be viewed as input to the work of developing a useful design to a notification system. 

Naturally, which of the coordination methods that is the most appropriate depends on the primary 

task, how cognitively demanding it is, and how prepared the user is for switching between the 

tasks, i.e., how easy it would be for the user to “enter” a new task.  

 

McFarlane (2002) compared the four coordination methods with the purpose to describe their 

strengths and weaknesses. While performing a continuous computer-based task, the participants 

were interrupted with a graphical matching task that required the participants to match colours 

and shapes. In the study, negotiated interruptions were found to result in the best user 

performance overall. Scheduled interruptions resulted in few errors and the participants were 

positive about the fact that they were able to predict the time for the interruptions. McFarlane 

(2002) concluded that the negotiated and scheduled interruptions are the two coordination 

solutions that provided the user with the most control. Immediate interruptions were shown to 

degrade the performance on both the primary task and the interruption task. However, immediate 

interruptions have the benefit of resulting in fast responses to the interruption task. Mediated 

interruptions on the other hand, result in slower response time. However, the performance on 

both the primary and the interruption task is likely to be better with interruptions that are 

mediated with the purpose to find an appropriate time for the interruption to occur (McFarlane, 

2002).  

 

Most current notification systems present notifications immediately without considering the 

context and the user activity. However, there are some examples of research on interruption 

systems that actually do respond to these aspects and display notifications at activity breakpoints. 

Iqbal and Bailey (2010) have developed a notification system that uses sensor input to detect 
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natural breakpoints during the execution of the primary task. The authors argue that a natural 

breakpoint, i.e., the boundary between two adjacent action units, is the most appropriate time for 

the user to be interrupted. Iqbal and Bailey (2010) present a system that acts as a mediator 

between the user and the application that wants to deliver a notification, by detecting task 

structure and only presenting notifications at breakpoints in the user’s task. Compared to current 

notification systems and notifications delivered at any time, this scheduled approach would 

decrease both the error rate and the time to switch between tasks. However, to schedule 

notifications may be beneficial in some situations, while some notifications may require 

immediate responses. This implies that no single coordination method is best in all possible 

situations. Instead, a context aware notification system probably needs to use multiple 

coordination methods in order for the system to support the user.  

 

Further interruption studies within HCI have studied the effects of interruptions on tasks with 

different grades of complexity. For example, Burmistrov and Leonova (2003) studied participants 

performing a computer-assisted text-editing task when interrupted by phone calls and told to 

perform a secondary task of editing operations with varying complexity. The results reveal that 

the performance (measured in primary task completion time) of simple tasks is not influenced by 

interruptions in the same way as the performance of complex tasks, where the performance was 

significantly decreased by the interruption. This result is consistent with findings of Speier et al., 

(1997), where interruptions were found to facilitate the performance on simple tasks while 

interruptions significantly inhibited the performance on more complex tasks.  

 

Begole et al. (2004) mention that humans, when interacting face-to-face, use subtle cues to 

display presence and availability. In telecommunication media, this is not as natural and easy. 

The researchers describe an attempt to model face-to-face situations in an instant message system 

by passively collecting availability cues with the use of motion and sound sensors placed in the 

user’s office. The results display that the users still were interrupted by messages. However, the 

amount of interruptions decreased and the interruptions that did occur were more tentative 

messages such as, “I see that you are busy, but I have a quick question” (Begole et al., 2004, p. 

514). 

 

Interruption research within the field of HCI has mainly focused on how to design notification 

systems in order to increase users’ ability to handle interruptions successfully. Much of this 

research is based on, or in some way related to, the factors in the taxonomy of interruptions 

(McFarlane, 1999; McFarlane & Latorella, 2002). By analysing how interruptions affect a user, 

HCI researchers aim at understanding if there are specific interface design features that could 

mitigate the harm interruptions bring. Accordingly, the main goal is to develop effective 

notification strategies. However, only a small part of the research provides a discussion about 

design guidelines especially aimed at the development of intelligent and context aware 

notification systems. The most prominent attempt regarding the development of design guidelines 

is presented by McFarlane (2002). Generally, the majority of HCI research on interruption has 

been conducted in artificial environments and mainly, the tasks are artificial and performed with 

the use of stationary desktop computers.  

 

2.3.4 Summary of interruption research 

As noted in the sections above, the scientific disciplines in which interruption research has been 

conducted bring somewhat different angles and perspectives on the research, which affects 
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aspects such as, for example, the questions that are considered important to study, the research 

methods that are considered appropriate, and the perception of the human being. Across the 

disciplines of cognitive psychology, human factors, and HCI, the most attention of interruption 

studies has focused on the effect interruptions have on users’ primary task performance. It is 

noticeable that time and technological advancements have influenced the research and requested 

a shift of focus towards technological aspects, i.e., how to manage interruptions with the use of 

technological development and how to design notification systems.  

 

In general, interruption research in cognitive psychology concerns studies of how interruptions 

affect the cognitive abilities of a human being with respect to variables such as performance 

quality, completion time, and efficiency. Interestingly, these variables are not considered 

characteristic for interruption research within the specific discipline of cognitive psychology. In 

fact, interruption research in the discipline of human factors has focused on similar questions and 

measured similar variables. However, the field of human factors has added another concern and 

focused on the workers efficiency and the development of strategies for improving the efficiency. 

Bannon (1991) describes that the discipline of human factors has a factor-view on human beings. 

This implies that human factors is a scientific discipline that often has viewed the human as a 

passive factor, a system component, with limited functionality. This narrow perception of the 

human is noticeable in interruption research that has derived from this discipline. When the three 

scientific disciplines of interruption research are compared, HCI displays the most distinguished 

focus due to its work regarding the design of notification systems that take human cognition into 

account. However, as seen in the sections above, there is no distinct difference between the three 

scientific disciplines when considering the performed interruption research. In fact, all the 

examined disciplines have developed their own perspectives on questions that are somewhat 

similar. Spiekermann and Romanow (2008) address this and express that few insights from the 

years of interruption research have been embraced by other scientific scholars. The authors 

express, “(…) all disciplines have started, in theory as well as in practice, to develop their own 

angles of analysis of the (…) phenomenon. Many scientific works are studying the same things 

over and over again, but are using divergent terminology” (Spiekermann & Romanow, 2008, p. 

6). This is consistent with the authors’ statement that interruption research needs to be 

complemented with a structured approach (Spiekermann & Romanow, 2008). 

 

In general, some additional observations can be made concerning interruption research derived 

from the three scientific disciplines described above. Clearly, interruptions and notifications have 

received much attention. However, across the different disciplines, there seems to be a lack of 

basic research on interruptions. One attempt to provide a cohesive model of interruption 

management has been presented by Latorella (1999). The model describes effects of interruptions 

and strategies for how to handle these in interface design. Nevertheless, the model has not 

received much interest in interruption research. Latorella’s Interruption Management Stage 

Model (IMSM) may be seen as a theoretical tool for solving interface design issues. However, the 

model has a narrow scope and does not acknowledge non-technological aspects of interruptions, 

e.g., the fact that interruptions may derive from other sources than technological applications, nor 

does the model consider the context the human is part of and the impact the environment may 

have on the way the human is affected by the interruption. These issues seem to be reoccurring in 

interruption research, which potentially could be due to the fact that the research often has 

consisted of experiments in laboratory settings with testing of methods by using paper cards or 

stationary desktop systems, which has emphasised the role of information workers and office 
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environments. Further, the use of artificial tasks is common in interruption research, which 

previously has received criticism. For example, Iqbal and Bailey (2008) mention that the tasks 

used in interruption research often are simple with interruption moments selected beforehand and 

therefore potentially not realistic, and Lee and Duffy (forthcoming) claim that interruption studies 

need to study different types of human tasks. Kolbeinsson et al. (forthcoming) argue that these 

aspects suggest that interruption research needs to branch out into natural contexts with the 

purpose to increase the practical applicability of the research. Moreover, the fact that the majority 

of interruption research is performed in artificial environments implies that it may lack ecological 

validity since it does not reflect the dynamic nature of a real-world situation.  

 

An additional observation derived from prior interruption research concerns often contradictory 

results. This has previously been recognised, in fact, Mark et al. (2008) argue that the conflicting 

ideas on how interruptions affect work seem to increase at the same pace as the number of studies 

on interruptions. The contradictory results may be due to the fact that the research rarely displays 

a cohesive theoretical perspective that could guide the empirical research, which potentially could 

affect both the researcher and the research performed. It is difficult to conduct research without a 

theoretical filter through which the phenomenon can be studied and there is always a risk that the 

researcher will feel lost and, as Nardi (1997, p. 365) expresses it: “cobble together a perspective 

on the fly”. Naturally, an improvised perspective could potentially result in researcher bias. 

Further, it would not be as supportive for the researcher as previously recognised perspectives, 

which helps the researcher break down the observed situation into units of meaning (Decortis et 

al., 2000).  

 

Monk et al. (2008) confirm that interruptions are a complex phenomenon that has been studied 

from different perspectives and observed through different “lenses” but often with a lack of a 

cohesive theoretical approach. This has resulted in research that is scattered and research results 

that are contradictory. Accordingly, it has been argued that the artificial tasks present in the 

majority of previous interruption research would benefit from being complemented with studies 

of real-world tasks performed and observed in natural environments (Kolbeinsson et al., 

forthcoming). With the application of DC as a theoretical framework, prior interruption research 

could be complemented with a portrayal of interruptions as they unfold in a natural socio-

technical environment. The theoretical framework of DC is presented in the next section. 

 

2.4 Distributed cognition 
Much research on human cognition has focused on how information is represented and how these 

representations are “(…) transformed, combined and propagated through the system” (Simon, 

1981, in Hutchins, 1995b, p. 2). According to Hutchins (1995a; 1995b), the way information is 

represented, transformed, and propagated could be applied on a unit of analysis larger than an 

individual person. With this modified unit of analysis, researchers are able to directly observe 

representations in the environment and explain human behaviour from a distributed perspective, 

instead of attempting to elicit behaviour from which internal processes operating in the 

individual’s brain can be determined. In this larger setting, with a focus on a socio-technical 

system rather than on an individual, the same questions regarding the structure and the processing 

of representations that are internal to the system can be studied (Hutchins, 1995a). Studying 

cognitive systems with this larger scope may be an easier task than trying to determine internal 

processes in an individual’s brain. Furthermore, Hutchins (1995a) clearly states that it also brings 
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light upon the fact that systems larger than an individual may possess cognitive properties that 

cannot be reduced to the cognitive properties of an individual. Kirsh (1999) describes this as a 

coordinated system, a partnership between the human and the environment that, with its resources 

and constraints, helps the human to communicate, reason, perceive, and interpret in order to 

perform tasks effectively.   

 

Originally, DC was introduced by Hutchins (1995a) who stressed that cognition should be 

studied “in the wild” and not in the laboratory. This is consistent with Rogers (2004) who argues 

that theories derived from studies in laboratory settings are somewhat questionable and not as 

applicable to phenomenon of the real world as theories derived from studies in natural settings. 

DC emphasises a system perspective where cognition should be considered a cultural process that 

involves both human mind and environment as two parts that cannot be separated. This is in 

contrast to the traditional view of cognition as internal processes isolated in the mind of the 

individual. Hutchins (1995a) states that human cognition is fundamentally distributed in the 

socio-technical environment and expresses, “(…) human cognition is always situated in a 

complex sociocultural world and cannot be unaffected by it” (Hutchins, 1995a, p. xiii).  

 

Compared to other cognitive approaches, DC can be distinguished by its boundaries of the unit of 

analysis and the range of processes that are considered part of the cognitive system. The unit of 

analysis is defined by the functional relationships between the elements that are part of the 

cognitive system, i.e., humans, artefacts, and the environment itself. Concerning the range of 

processes considered part of the cognitive system, DC emphasises a broader view on cognitive 

events. Accordingly, cognitive processes are seen as the interaction between internal processes 

and the manipulation and propagation of external objects and representations within the system 

and its entities (Figure 1).  

 

Figure 1: In A, the traditional cognitive science perspective is depicted, suggesting that the unit of analysis is 

restricted to the individual’s mind. From a DC perspective (B), the unit of analysis is considered to be distributed 

across people and artefacts within the cognitive system, and cognitive processes are the result of the relationship 

between these entities of the system (Lindblom & Thorvald, forthcoming).  

 

The focus of DC is to view cognition as distributed in a complex socio-technical environment. 

Within this socio-technical system, cognition is seen as the creation, transformation, and 
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propagation of representational states (Hutchins, 1995a), i.e., how information and knowledge are 

represented and how the information is transformed and propagated through and across artefacts 

and in transmissions between humans. When human activity is studied “in the wild”, Hollan et al. 

(2000) describe three types of distributed cognitive processes that will become apparent. These 

are the following: 

 cognitive processes distributed across members of a social group, 

 cognitive processes may be coordinated between the human’s internal mechanisms (e.g., 

memory and attention) and external structures (e.g., material artefacts and social 

environment), and 

 cognitive processes may be distributed over time in such a way that the result of earlier 

events can affect and transform the nature of upcoming events. 

 

Hutchins (1995b) mentions that observing organisations as cognitive systems has been performed 

before the introduction of DC (see Simon & Kaplan, 1989) and that the environment previously 

has been presented as a tool for external memories (e.g., Norman, 1993). Despite this, Hutchins 

(1995b) argues that the introduction of DC introduces a new approach to the role of the material 

media, which embodies representations, as well as a new approach to the physical processes that 

propagate the representations across different media.  

 

According to Rogers (2012), the applicability of DC to HCI research has been debated with the 

argument that DC requires extensive fieldwork before the researcher is able to provide results or 

draw conclusions. Further, DC has been criticized for the lack of explicit guidelines or checklists 

for the researcher to use when moving between different levels of analysis, attempting to merge 

the details with the abstract (e.g., Halverson, 2002; Rogers, 2012). When well executed, the 

detailed analysis DC often results in may be beneficial in identifying the reason for problems to 

occur and understanding how they may be solved. Further, DC has been shown to be an 

adaptable framework and attempts have been made to structure the DC approach into methods 

(e.g., Galliers et al., 2007; Nilsson et al., 2008). One example is presented by Galliers et al. 

(2007) in the development of DIB (Determining Information Flow Breakdown), which is a DC 

method that is more accessible and easier to apply with a focus on breakdowns in the information 

flow. Accordingly, distributed cognition has been presented as a highly useful theoretical 

framework for research in the area of HCI (DePaula, 2003; Hollan et al., 2000; Rogers, 2004; 

2012).  

 

The system level view incorporated in DC makes it well suited as a framework for studying a 

socio-technical system and the interaction between people and technology working within it 

(Hollan et al., 2000). The benefits of making HCI studies “wild” is presented by Carroll and 

Rosson (2013) in their arguments for moving the HCI research out of the laboratory and into 

natural environments. Other researchers have reported that a distributed view of cognition could 

improve HCI research (e.g., DePaula, 2003; Hollan et al., 2000; Perry, 2003; Rogers, 2004) and 

the main argument is that the observation of a socio-technical cognitive system provides a unique 

opportunity to study the fine details of the interaction between humans and technology in the 

moment as they unfold. Rogers and Ellis (1994) refer to this as the study of dynamics of activities 

in situ. 
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Many HCI researchers have emphasised the importance of considering the user and the social and 

technical context where activities take place (e.g., Bannon, 1991; DePaula, 2003; Hollan et al., 

2000; Rogers, 2004). Rogers (2012) argues that this is important in order to understand the work 

activities the users engage in, the problems and breakdown they encounter and which problem-

solving processes they use in order to deal with these problems. These are aspects of a socio-

technical system that is beneficial to observe with DC and its unit of analysis, which focuses on 

cognitive processes that are internal to the system rather than internal to the individual (Hutchins, 

1995b). Heath et al. (2000, p. 307) address this benefit of DC and present that: 

 
(…) distributed cognition has provided the vehicle for a body of ethnographic work and an array 

of findings concerning the ways in which tools and technologies feature in individual and co-

operative activity in organizational settings.  

 

In HCI, the perspective of DC as a theoretical framework for human cognition brings another 

approach to the study of interactions between the human and technology. DePaula (2003) 

describes this as a shift from studying the isolated individual and the isolated mind in interaction 

with technology, towards the study of actions situated in a context including both people and 

technology. This important change is noticeable also in interruption research where the focus has 

shifted from experiments performed within cognitive psychology, where the individual is in 

focus, towards the integrated focus of HCI where the interaction between people and technology 

situated in a context is studied. Together, actions situated in a context including both people and 

technology form a functional unit, which Hutchins (1995a; 1995b) considers as a complex socio-

technical cognitive system. In this view, the unit of analysis is the socio-technical system and the 

way information is represented, transformed, and propagated therein.  

 

Information and knowledge is commonly transformed through representational states such as 

mental, social, external, and technological states and with DC as the theoretical perspective, all 

these transformations and states are studied. In order to develop an understanding regarding these 

complex and socially distributed work activities, Rogers and Ellis (1994) argue that the 

researcher should observe the transitions of information and representations that give rise to a 

coordination of activities. The authors provide details and describe that the researcher should 

focus the data collection in four areas involved in these knowledge transitions. The four areas are: 

 the way that the work environment has structured work practices,  

 changes in the representational media,  

 the individuals interactions with each other, and  

 the interactions between the individuals and system artefacts.  

 

According to Perry (2003), this suggests that the DC analysis should describe the background of 

the activity and available resources. Further, inputs and outputs of the socio-technical system will 

need to be identified, together with the available representations, transformational activities, and 

work processes. Together these aspects will provide a view of both the social and cognitive 

aspects of activities taking place within the system. 

 

Clearly, the study of cognition with this expanded unit of analysis has received some interest and 

the DC framework has not only been applied to HCI research but, for instance, also to the field of 

ship navigation (Hutchins 1995a), information visualisation (Liu et al. 2008) and information 

fusion (Nilsson et al. 2012). This is probably because the system level view makes DC a useful 
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approach when studying complex socio-technical domains. This suggests that it is reasonable to 

assume that DC would be applicable also for the complex socio-technical domain of 

manufacturing (Lindblom & Thorvald, forthcoming). Manufacturing is a domain where cognitive 

aspects rarely have been studied, which suggests that the application of DC potentially can offer 

important insights and contributions to this complex domain. In this thesis, DC is introduced into 

the socio-technical domain of manufacturing industry with the aim to portray interruptions.  

 

2.5 Summary of the theoretical background 
There is a great body of research concerning interruptions and aspects such as how they affect 

people and how they should be managed. These aspects are the overall aim of the interruption 

research. However, the research has often focused on the details, which has resulted in a lack of 

an overview and results that are contradictory. Monk et al. (2008) describe this lack of a 

theoretical approach in interruption research, which according to Nardi (1997) and Decortis et al. 

(2000) is a problem that leads to confusion for the researcher and potentially biased results since 

the researcher commonly lacks a theoretical filter through which the phenomenon can be studied. 

 

The theoretical background also displays that result from previous research is scattered, usually 

displaying just one level of analysis, thus, focusing on details of interruptions without studying 

how the details are part of the holistic perspective of interruptions. This indicates that knowledge 

concerning interruptions is theoretically restricted and has an inadequate theoretical foundation 

for interruptions in natural settings. Further, DC could provide insights regarding interruptions as 

a phenomenon taking place in a complex socio-technical environment. To the best of my 

knowledge, DC has not been applied in interruption studies or in a manufacturing setting. This 

thesis aims at portraying interruptions in the socio-technical domain of manufacturing industry, 

from a distributed cognition perspective, which suggests that both the theoretical framework of 

DC and prior interruption research will be expanded into manufacturing as a natural socio-

technical environment. 
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3 Method and performance 
The theoretical background displays the complexity surrounding the field of interruption 

research. Therefore, there is a great need for further studies concerning human interruptions. This 

study will investigate and analyse interruptions in the manufacturing domain with the purpose to 

portray interruptions as they naturally occur within the socio-technical system.  

 

In this chapter, the empirical work is presented. First, the research design with a workplace study 

is described (Sub-section 3.1.1). Secondly, the planned work process and the data collection 

techniques are presented (Sub-section 3.1.2). Thereafter, the selected workplaces are described 

(Section 3.2) and the performance of the empirical work is presented with a description of the 

performed data gathering and data analysis (Section 3.3).  

 

3.1 Research design 
With respect to the nature of the aim of the study, a purely qualitative research approach has been 

selected as the most appropriate. The value of collecting data with qualitative characteristics has 

previously been demonstrated in HCI research (e.g., Luff et al., 2000; Rogers, 2012) and 

workplace studies have been acknowledged to provide important insights and knowledge about 

real users working in real contexts (Heath et al., 2000; Luff et al., 2000). Accordingly, a 

workplace study has been planned with the purpose to portray interruptions. The study is further 

presented below.   

 

3.1.1 Workplace study  

According to Carroll and Rosson (2013), HCI is an area of research that needs to produce 

practical knowledge that can be applied and useful instead of just producing theoretical 

descriptions, methods, and frameworks. Several researchers seem to agree (e.g., Hollan et al., 

2000; Rogers, 2012) and emphasise that people, activities, context, and technologies are four 

inseparable elements that all needs to be taken into account in HCI research (Benyon, 2010). 

Accordingly, emerging interests in developing methods that capture the organisational and social 

needs of a system have been seen and in the lights of this debate, a discipline has emerged. This 

body of empirical research is commonly known as “workplace studies”, which provide a deeper 

understanding for work, technology, and interaction (Luff et al., 2000).  

 

Warfield Rawls (2008) mentions that Harold Garfinkel presented workplace studies or “a method 

for studying work” as early as in the 1950s, and argues that researchers need to enter workplaces 

to learn the properties of work. In fact, Warfield Rawls (2008) treats workers as experts, not the 

researchers, and brings to light how work is performed and how problems are detected and dealt 

with by the workers. Warfield Rawls (2008, p. 710) defines workplace studies as: 

 
(…) a cross between research and work. Performed by trained researchers, the questions they raise 

orient towards the problems and taken-for-granted competences workers manage in doing their 

work. They are different from ‘applied research’, which takes its problems and questions about 

how the world is ordered from disciplinary interests with no immediate practical relevance to the 

worksite, and then attempts to ‘apply’ them. 

 

Workplace studies address the interactional organisation of a workplace and the way different 

tools and technologies are used as support in work tasks and collaborations (Heath et al., 2000). 

Artefacts in the workplace are often integrated in the context of the activity to such a high degree 
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that their role in the activities as such is often overlooked. However, it has been described that 

“artefacts shape cognition and collaboration” (Woods, 1998, p. 168) and Heath et al. (2000) 

argue that workplace studies are beneficial since they often achieve to demonstrate the tacit body 

of practice through which tools gain their relevance in the workplace activities and how the usage 

of them often rests upon a complex social organisation. Naturalistic studies of workplaces have 

shown the essentially situated and contingent character of collaboration and technology use 

(Heath et al., 2000).  

 

Workplace studies aim at studying, discovering and describing how people accomplish tasks, 

often with observations as the main data collection technique. In fact, observations of daily work 

activities have been described as the foundation of workplace studies, which offers a holistic 

understanding of work experiences (Luff et al., 2000). Szymanski and Whalen (2011) explain 

that workplace studies are concerned with issues beyond the individual tasks, instead focusing on 

entire “workscapes”. This entails studying patterns, constructions, and configurations of work 

practices, and the social, cultural, and historical environments where the work is performed, as 

well as the artefacts that inhabit these sites and are inevitably involved in the accomplishment of 

work. Szymanski and Whalen (2011) argue that these phenomena are closely related and 

therefore need to be investigated and analysed in terms of their interrelatedness, and thus 

holistically, whenever possible. The authors strongly express that it should be noted, however, 

that this does not mean that analysis of a specific phenomenon of interest in a “workscape” 

cannot be undertaken. Accordingly, a workplace study is considered appropriate for studying 

interruptions in the work processes of assembly. This approach can provide an understanding for 

the activities taking place in assembly, the tools and artefacts used to support activities, and how 

interruptions affect activities in the work process.  

 

Workplace studies are studies of work and organisations that concern the situated organisation of 

collaborative activities and the use of artefacts in work practices. Luff et al. (2000) mention that 

DC is one approach applicable to studying this practical action in the workplace and Szymanski 

and Whalen (2011, p. 10) argues that DC “(…) owe more than a little to the (…) stance of work 

practice studies.” In fact, Heath el al (2000) argue that Hutchins (1995a), with his study on work 

activities in ship navigation, has provided some of the most illuminating and influential research 

regarding workplace studies.  

 

The most central aspect of workplace studies is to study work processes, to which DC has been 

shown to be a useful theoretical approach. Accordingly, in this thesis, DC is applied as a 

theoretical foundation to a workplace study. DC is thus used as a “theoretical filter” (cf. Decortis 

et al., 2000) through which the work processes in the complex socio-technical domain of 

manufacturing is studied, and through which the collected data is analysed. The use of DC as a 

theoretical framework to the workplace study will allow observations of the whole socio-

technical system, a holistic understanding of the work processes, and an understanding regarding 

how interruptions affect the work processes and activities taking place within the system.   

 

3.1.2 Data collection techniques 

Little is known about interruptions in naturally occurring and culturally constituted settings. A 

descriptive attempt to portray interruptions as they occur in a natural setting is therefore of 

importance. In this study, observation is the primary data collecting technique. Observing human 

activities permits the researcher to understand “real life in the real world” (Robson, 2011, p. 316). 
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Accordingly, observation is emphasised as a technique that is beneficial in the attempt to capture 

the distributed and situated nature of human work practices (Williams et al., 2006). 

 

A major advantage of observation is the directness it allows. Robson (2011) presents a 400 years 

old quote asserting that “Saying is one thing; doing is another” (de Montaigne, 1588, in Robson, 

2011, p. 316). Observation may have varying degrees of participation, i.e., the extent to which the 

observer participates in the setting. In this study, participant observations are considered 

beneficial since they will provide the researcher with first-hand experiences of the setting, the 

interactions taking place within this setting, the work practices, the information flow, and the 

breakdowns. Further, participant observation allows the researcher to be “discover-oriented”, 

which, according to Patton (2002), will provide the researcher with an enhanced understanding of 

the context and the phenomenon of interest. The observations will be supported by video-

recordings, which bring the benefit of more elaborate details than what is possible to capture with 

the researcher as the only “instrument”, observing and taking field notes. 

 

It is not possible nor desirable to observe everything, and Patton (2002) argues that it is relevant 

for the observer to assign a pre-determined starting point, a so-called sensitising concept, to 

orient and guide the fieldwork. The sensitising concepts provide initial direction to the study and 

a way of organising the complex stimuli the researcher will experience, thus, making the 

observation more manageable (Patton, 2002). In this study, relevant sensitising concepts relate to 

the focus of DC, i.e., the information flow and the coordination of internal and external 

representations. These aspects, along with the perspective of interruptions and their effects on 

information flow and the coordination of representations, will be used as sensitising concepts and 

guidance for the researcher during the study.  

 

One of the benefits with participant observation is the multiple and overlapping data collection 

techniques it enables for the researcher observing and interacting with the participants 

simultaneously as (s)he engages in and experiences the setting (Patton, 2002). This enables the 

researcher with opportunities to perform interviews in the moment of the event, which Cooper et 

al. (2007) describe as highly beneficial in order to achieve complete and accurate data. 

Accordingly, the participant observations will be complemented with interviews. There are 

different types of interviews and they range from unstructured interviews, to strictly prepared 

interviews where participants are asked carefully worded and pre-arranged questions (Patton, 

2002). Unstructured interviews provide the participants the opportunity to express their thoughts 

about the situation at the same time as the flexibility of the interviews provide the researcher the 

opportunity to pursue information in any direction that appears to be relevant. This type of 

interview is often referred to as “ethnographic interviewing” (Patton, 2002). In this study, the 

interviews will mainly be unstructured and informal, but additional interviews will potentially 

also be performed with the purpose to decrease the risk of misunderstandings and pursue a deeper 

understanding about relevant aspects.  

 

The use of observations and interviews as techniques for data gathering enables data 

triangulation, which Patton (2002) describes as the use of various data sources. Different 

techniques for data gathering complement each other and provide different types of data. To 

triangulate these data sources increases the accuracy and credibility of the findings and enables 

the researcher to test for consistency between the different data sources (Patton, 2002).  
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Participant observations and interviews performed in a real manufacturing environment permits 

the study to include human beings, the context they are situated in, the information flow, and the 

tools and artefacts used in the unit of analysis. This allows studying the work processes and the 

portrayal of interruptions, as they occur within this system.   

 

3.2 Selection of workplaces: Forest and Vehicle 
First and foremost, an appropriate workplace had to be identified in order to perform the study. 

With respect to the aim at portraying interruptions in manufacturing, the study should be 

performed within a factory in which the assembly workers and the work practices are possible to 

observe. A variety of manufacturing sites were considered and two factories were selected as 

appropriate workplaces for this study.  

 

The manufacturing domain displays a large variety when it comes to manufacturing work 

processes. Therefore, two different workplaces were considered beneficial. Despite their 

differences concerning manufacturing processes, the two workplaces are both successful 

organisations and prominent in their business areas. One of the workplaces is a medium sized 

organisation that develops and manufactures forest machines, which are distributed all over the 

world. The other workplace is part of a large group that produces cars, trucks, and buses. This 

particular unit produces engines, and this workplace study is performed at one of the production 

lines producing components of the engines. In this report, the two workplaces are referred to as 

Forest and Vehicle.  

 

Workplace 1 – Forest 

Forest is a medium sized organisation that develops and manufactures 11 different harvesters and 

forwarders, i.e., forest machines used to fell trees and efficiently transport them out of the forest. 

This study took place in the final assembly of forwarders where the assembly workers engage in 

individual workstation production, a production system often referred to as dock assembly. This 

implies that the product or a large unit of it, in this case a forest machine, is assembled at the 

same workstation.  

 

This study took place at the location of Forest’s head quarter, where approximately 150 

employees are working with product development and manufacturing of spare parts, and final 

assembly. A majority of the employees are male and regarding education, most of the assembly 

workers have finished high school. The employee turnover at Forest is low, which results in 

assembly workers with a great amount of experience from assembling the forest machines during 

many years. Often, the employees have developed different areas of expertise and different tasks 

and responsibilities are divided accordingly. For example, each assembly worker is mainly 

assembling one or two different types of machines.   

 

The forest machines are large and they are highly complex with components that are large, heavy, 

and complicated to assemble. At Forest, the harvesters and the forwarders are assembled in 

different buildings and by different assembly workers. This study took place at the location of the 

final assembly of forwarders, which involves approximately 200 hours of work for each machine 

(2.5 weeks of work for two assembly workers). In total, Forest manufactures and distributes 

approximately 130 forest machines per year.  
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In this study, the main participants were two assembly workers working at the same dock, 

engaging in the final assembly of two different types of forwarders. These participants will be 

referred to as participant 1 and 2 respectively. Further, interviews were performed with the 

production manager, who will be referred to as such. Participant 1 has been an employee at 

Forest for three years. Previously, he has approximately 30 years of experience from designing 

and assembling machines used in the printing industry. Participant 2 started working at Forest 

during the final semester of high school. Except for a short period of time when he worked in the 

forest, operating the machines that Forest manufactures, he has been working at Forest since then 

(approximately eight years).  

 

Workplace 2 – Vehicle 

Vehicle is part of a large group that produces cars, trucks, and buses. At the manufacturing site 

for Vehicle, the engines are produced. Approximately, 2700 employees working at Vehicle 

produces 300 engines per day. The main manufacturing processes of the engines are casting, 

machining, and assembling. The workplace study took place in the casting area and more 

specifically, at one of the production lines at the foundry: the moulding line. 

 

In Vehicle’s foundry, casting operations produce components of the engines – mainly cylinder 

blocks, cylinder heads, and flywheels. Together, one moulding line and three core making lines 

constitute the casting process (the cores are used to create cavities in the engine blocks, therefore, 

the core making lines are so called feeding lines, providing input, i.e., cores, to the moulding 

line).  

 

Approximately 110 employees are working at the casting production lines and the majority is 

male. In this study, the participants were seven operators working at the moulding line in the 

foundry at Vehicle. The operators work as a team and the overall responsibility of the team is to 

resolve breakdown issues at the moulding line. This implies that the seven roles in the team have 

different responsibilities and perform different work tasks. The main participant of the study 

(referred to as participant 3) has the experience and training to position three of the seven roles in 

the team. During this study, participant 3 was observed in two different roles, (1) as the line 

operator, and (2) as the main operator (the roles are furthered described in Section 4.2).  

 

The moulding line has a particularly low rate when it comes to employee turnovers. Accordingly, 

the majority of the seven participants had worked at the moulding line for approximately ten 

years. However, three of participants had more than 25 years of experience running this particular 

line. Participant 3 have previous experiences from working in industry and during the last eleven 

years, he has been working at the moulding line at Vehicle.  

 

3.3 Data gathering and data analysis 
To perform an adequate analysis of gathered data, it is crucial to spend enough time in the setting 

so that the researcher achieves knowledge about the domain, its users, and the organisation. 

Furthermore, since the occurrence of interruptions cannot be predicted it was not possible to 

synchronise the observations with interruptions, which implies that also situations without 

interruptions were observed. Accordingly, much time was spent in the workplaces of Forest and 

Vehicle. In total, there were four hours of video-recorded material and approximately 30 hours of 
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observation gathered during three visits at Forest and two visits at Vehicle. Due to company 

regulations, no video-recordings were performed at Vehicle.  

 

During the study, the ethical aspects of research were considered (Codex, 2014). All participants 

were informed about the aim of the study and the fact that their participation was voluntary. 

Further, the participants were guaranteed that the gathered data would be handled with 

confidentiality. It was considered important to assure the participants that the focus of the study 

was to understand the manufacturing domain and the work processes, and not to evaluate their 

work performance. Further, all photographs and video-recordings were approved by the 

concerned participants. 

 

Participant observations were performed. These were guided by the sensitising concepts, which 

provided direction to the study and a way to organise the complex stimuli experienced at the 

manufacturing settings. Due to the scope of this study, relevant sensitising concepts were related 

to the focus of DC and interruptions. The information flow and the coordination of internal and 

external representations are central to DC, and when these aspects were used as sensitising 

concepts and studied with respect to interruptions, the result was a focus on information flow and 

the coordination of representations in relation to how these aspects were affected by 

interruptions. Accordingly, the concepts used as guidance in this study brought a focus on the 

propagation of information within the unit of analysis, the use of artefacts and tools4 as external 

representations, and the coordination between these external representations and internal 

representations. Due to the scope of this study, these aspects were constantly studied from the 

perspective of interruptions, i.e., how interruptions affected the information flow and resulted in 

workarounds.   

 

During the observations performed at the two different workplaces, the researcher asked 

questions, interacted with the participants and participated in the setting. The questions emerged 

from the context and the events beings observed and constitutes, what Patton (2002) refers to, as 

an unstructured interview. The purpose of these questions was to clarify certain aspects of the 

work practices that were observed, verify the researcher’s understanding, and establish that the 

data was not affected by misunderstandings or inadequate assumptions. Accordingly, the 

unstructured interviews yielded the researcher further knowledge about the domain, the users, 

and the work processes as well as they decreased the risk for misunderstandings.  

 

During all observations, field notes were continuously taken. These contained a full record of the 

study and the performed activities, including quotes from the participants, notes about the 

activities observed, sketches of the settings, and the researcher’s thoughts during the study. The 

observations were complemented with video-recordings at Forest but since a video-camera 

potentially can make participant uncomfortable, the video-recording were only occasionally used 

and considered as a complement to the participant observation. However, the video-recordings 

provided the opportunity to gather more detailed data than could be captured in the field notes. 

 

Robson (2011) explains that research of natural and non-controlled activities may cause the 

planned work process to change. During the end of the performance of this study, it was 

                                                 
4 Numerous definitions for the terms “artefact” and “tool” have been suggested (cf., Susi, 2006). Due to the scope of 

this study, the terms are used in a general sense, saying that tools are manually operated, and artefacts are man-made.  
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determined to complement the observations and the unstructured interviews with a few semi-

structured interviews. The questions during the semi-structured interviews concerned aspects that 

were not observable during the participant observations and, thus, not appropriate to address in 

the unstructured, informal interviews with questions related to the activities being observed. The 

semi-structured interviews were performed with the production manager at Forest and the line 

manager at Vehicle with the purpose to receive general information about the different 

manufacturing processes and the organisations. An interview guide was prepared with questions 

and topics of relevance. For example, the different work roles and their relation to each other 

were explored during these interviews. Since an interview often demands the researcher’s full 

attention, the interviews were tape-recorded and notes were taken by the researcher in order to 

assure that no details were missed. 

 

The collected data was continuously analysed during the data gathering process with the purpose 

to display whether relevant aspects were missing from the data. Accordingly, each observation 

session and each interview were followed by transcription of the notes in order to make sure that 

they were understandable. In cases where the field notes raised ambiguity or uncertainty, the 

issue were noted and further investigated during the next observation session.  

 

Patton (2002) mentions that qualitative research rarely has a clear ending point and that the 

researcher therefore has to decide when it is appropriate to end the study. The present study was 

ended at a point where the researcher experienced that the collected and analysed data confirmed 

already observed patterns. At this point, a more thorough data analysis was performed. All 

relevant gathered data were carefully analysed in order to identify consistencies in the data.   

 

As mentioned, a thorough data analysis was performed once all the data had been collected. This 

process could be described as a sense-making effort aiming at the identification of consistencies 

and meanings in the gathered data. This is normally referred to as content analysis (Patton, 2002). 

All gathered data was carefully inventoried and key aspects were identified. The search for these 

aspects was guided by the sensitising concepts, which provided a filter through which all data 

was studied and analysed. The different data sources were searched for consistencies and the 

different types of data provided, what Patton (2002, p. 248) refers to as, a “cross-data validity 

check”. By triangulating the data sources, the data and the identified themes were supported and 

validated. Accordingly, the findings emerged out of the data in the shape of patterns representing 

certain aspects in the work processes where the coordination between internal and external 

representations was found to have an embedded meaning, which affected the information flow. 

These patterns were then analysed with respect to interruptions in the information flow. Four 

different themes emerged and these are described in the next chapter as different types and 

dimensions of interruptions.  

 

All material was analysed and contributed to the researcher’s domain knowledge and the 

understanding of the work processes. Accordingly, all collected data has contributed to the result 

of this thesis. The findings are presented in the next chapter with the use of illustrative episodes. 

This implies that not all collected material is included in the presentation of the results. This is 

consistent with Patton (2002) who argues that the researcher should select and present parts of the 

data when much data has been gathered. Accordingly, the themes identified in the data analysis 

are presented with the use of a few representative episodes selected to illustrate the different 

types of interruptions that were observed during the workplace study. Since the workplace study 
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was performed at two different workplaces, the analysis was not deeply detailed for each episode 

but instead focused on providing a holistic perspective of interruptions as they occur within 

assembly processes in the manufacturing domain.  

 

The results of this study contributed to the development of recommendations regarding how to 

reduce interruptions and their disturbing effects. The recommendations are described in Section 

5.2.   
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4 Empirical analysis and results 
This chapter presents the analysis and results from the workplace study. The time spent in the 

manufacturing settings and all gathered data has contributed to a bird’s-eye view of assembly 

work practices, the information flow, and the artefacts used at the two workplaces. From this 

broad description, the sensitising concepts were used to identify episodes and illustrative 

examples of observed work activities affected by interruptions. As mentioned, not all material is 

included in the presentation of the results and the illustrative examples are deliberately few to 

ease readability and not deeply detailed with respect to the aim to portray interruptions. However, 

the examples are considered as representative for the themes identified in the data analysis.  

 

Generally, Section 4.1 presents the results from the first workplace (Forest), while Section 4.2 

presents the results from the second workplace (Vehicle). Each of the sections is structured with 

respect to the different types of interruptions that were identified during the study and selected 

examples are presented. The general findings from the study are presented in Chapter 5, which 

also presents the recommendations that have been developed.  

 

4.1 Workplace 1 – Forest  
This study took place in the final assembly of forwarders, which is a large assembly site that 

contains workstations for the simultaneous assembly of five to six forwarders. Each workstation 

is equipped with assembling tools, instruction material for the forwarders, pen and paper, etc. In 

the ceiling, an automatic lift is placed, which the assembly workers use for lifting heavy parts of 

the machine into place. The most commonly used hand tools, including wrenches in different 

sizes, screw drivers, etc., are positioned on a portable tool wagon: one for each assembly worker. 

This solution makes the tools available for the assembly worker. Further, the assembly site has 

numerous shelves along the outer walls, as well as in sections in the middle of the room (see 

Figure 2). The shelves hold a large amount of boxes in wood, cardboard, or plastic, which contain 

the articles frequently used in the assembly of the forwarders. The majority of the boxes are 

marked with the article number representing the respective article that the boxes contain. 

Accordingly, the assembly workers, the workstations and the tools and artefacts they are 

equipped with, constitutes the socio-technical system at Forest. 

  

Figure 2: The image to the left shows some of the larger shelves. These hold a large amount of boxes and articles 

used for the assembly operations at the same time as they separate the workstations from each other. The image to 

the right shows some of the smaller shelves, placed along the outer walls.  
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Normally, two assembly workers assemble each forwarder. The final assembly process starts 

with a welded chassis and the work process includes the assembling of approximately 3000 

articles, after which the forwarder should be functioning and ready for a test drive.  

 

4.1.1 Interruptions at Forest 

From a DC perspective, interruptions are described as an occurrence affecting the information 

flow and the way in which information is transformed and propagated within the socio-technical 

system. When an interruption affects the information flow, the coordination of work activities in 

the work process is affected and interruptions were frequently observed to cause workarounds in 

the information flow.   

 

Different types of interruptions occur frequently at Forest. The organisation considers this a 

serious problem affecting the efficiency and the production outcome. At the time for this study, 

Forest was actively working towards an organised work process in order to reduce the amount of 

interruptions. Primarily, this was done with the development of a new material artefact, which in 

this text will be referred to as the “new assembly instruction”. The attempt to explicitly organise a 

work process that has been unstructured for many years is a process that requires time and effort. 

During the study, this process of change was initiated. However, it had not yet been implemented 

in the assembly operations and the occurring interruptions were still numerous and of different 

types. In the sub-sections below, selected episodes from the workplace study are presented, 

which describe the different types of interruptions that were identified at Forest.    

 

4.1.2 Process driven interruptions 

One of the most frequently occurring interruptions at Forest is the result of a work process that 

cannot continue before an interruption task is performed. I denote this type of interruption as 

process driven interruptions.   
 

The reason for process driven interruptions to occur can vary, but at Forest, the main reason is 

the unstructured work processes and the inadequate access to material artefacts. As mentioned 

above, Forest is actively attempting to create an organised work process by participating in a 

Lean-based project. One of the objectives of the project is to develop new assembly instructions 

for the forest machines. The overall goal of this action is to make the assembling process 

smoother and more consistent throughout the organisation, which also will reduce the occurrence 

of interruptions. This statement could be explained with a comparison of the navigational chart 

used in ship navigation that Hutchins (1995a) describes. The chart offloads cognitive effort to the 

environment, presents accumulated knowledge, and provides a bird’s eye perspective of local 

space, position, and motion (Hutchins, 1995a). How representational states are created, 

transformed, and propagated within a system is central in DC. However, if representations were 

always seen as representing something else, the same cognitive outcomes would not be achieved 

as when humans shift from attending the representation to attending the thing represented. 

Therefore, Hollan et al (2000) argue that representations should not only be viewed as tokens 

referring to something else other than themselves. Just as seamen use the navigational chart to 

navigate from port to port, the assembly workers need a navigational chart to support the work 

process of assembling a forest machine from start to end. In manufacturing, the navigational chart 

can be analogous to instructions representing the assembly work process. More details regarding 

this is presented in the first episode below.  
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Episode 1 – “Run aground” 

At Forest, the assembly workers constantly need to navigate through the work process of 

assembling a forest machine and they perform this navigation with the use of different resources. 

These are partly the humans’ internal knowledge, but other important resources are material 

artefacts and articles used in the assembly, e.g., tools like bolts and nuts. Hence, this is the socio-

technical system at this level of analysis.  

 

In the selected episode, participant 1 and 2 assemble a machine that falls into the category of non-

routine (variant) assembly. This machine is supposed to have extra equipment, which increases 

the amount of assembly operations and aggravates the navigation through the work process. 

During the assembly, participant 2 explains, “the construction drawings are in my head”. When 

asked to elaborate, he continues, “I ’feel’ when something is right or wrong. I assemble the 

machine based on my knowledge”. During this conversation, participant 1 was standing next to 

us, nodding his head in agreement. A couple of minutes later, participant 1 laughs, looks at the 

researcher, and says, “Okay, right now, the construction drawings in my head do not agree with 

the machine”. He walks over to a nearby wagon where different material artefacts are placed. 

One by one, he looks through the instructions (see Figure 3) in pursue of an answer regarding 

how to assemble the article to which his primary task relates. At this point, it is evident that the 

work process cannot continue until participant 1 has figured out how the primary task is supposed 

to be performed. Accordingly, the process driven interruption creates a workaround in the 

information flow. This changes the overall work process for the assembly worker and the 

coordination of different representational states, which constitutes the information flow. 

Accordingly, the interruption caused what could be referred to as a metaphorical “detour” in the 

work process. 

 

Figure 3: The image displays an assembly worker studying assembly instructions, which are central material 

artefacts used in the assembly work process. On the wagon, other central material artefacts are placed.  

 

The most central material artefacts at Forest are blueprints, self-made photographs, and what is 

referred to as “the old assembly instruction”. The material artefacts display different graphical 

representations of the same machine, which is why participant 1 uses several of the material 

artefacts in order to understand how to continue the primary task. The blueprints present a 

construction plan of the machine and its parts, which depicts the construction of the machines 

rather than how the machine should be assembled. The self-made photographs on the other hand, 

depict assembled parts of the machine, and are often complemented with representations in 
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textual form (see Figure 4). The photographs were taken by participant 1 and 2 with the purpose 

to represent states of the assembly process they earlier have found to be difficult. Finally, the old 

assembly instruction (the predecessor of the blueprints) displays an old construction plan of the 

machine and its parts. Despite the fact that this material is no longer up to date, the assembly 

workers prefer this material artefact because of the holistic perspective it offers (which is missing 

in the blueprints).  

 

Participant 1 studies these three artefacts and starts to walk back to his workstation with the ring 

binder full of self-made photographs in his hand. As he walks past his colleague, participant 2 

says, “Can I have the ring binder for a little while?” Participant 1 answers, “I need it, but you 

can have some of the photographs”, after which he opens the ring binder and removes the 

photographs from its cover in order to make it possible to divide the photographs between them.  

 

Figure 4: The image displays one of the self-made assembly photographs, which the assembly workers also have 

complemented with symbolic instructions in the shape of article numbers and the quantity of each article needed. 

 

Clearly, the self-made photographs are useful material artefacts that are frequently used as 

external memory aids regarding the assembling of specific parts of the machine. Internal 

representations is difficult to verbalize, however, the photographs the participants have taken is 

an attempt to externalize fragments of the participants internal knowledge/representations 

regarding assembly practices such as the order in which the parts should be assembled. These 

external representations are then available to other assembly workers and distributed socially 

over time. This clearly shows that information is flowing back and forth between the assembly 

workers internal representations, and the external textual and graphical representations in the 

socio-technical system. 

 

As mentioned, the assembly workers navigate through the work process with the use of different 

resources. In the described episode, a process driven interruption occurs when participant 1 “runs 

aground” in the navigation process, which causes a workaround in the information flow because 

of the new information the interruption brought with it. The episode clearly displays the 

intertwined process of using human recourses, i.e., the humans’ internal knowledge, as well as 

the use of material artefacts in the attempt to return to the primary task. To assemble each 
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machine with the use of “feeling”, as participant 2 expresses it, seems to be standard at Forest 

and when asked about the assembly operations, the participants often attempt to clarify their 

actions with explanations such as “I just know it, I feel it”. This is explained by Polanyi (1967, p. 

4) with the words: “we can know more than we can tell”. Polanyi (1967) refers to this as tacit 

knowledge. One example that is central in assembly is the internal representations regarding how 

tight a bolt should be. This is an example of internal knowledge that is difficult to externalize in 

any other way than through the practice of the assembly workers, which Gallagher (2005) refers 

to as embodied practice. This internal knowledge emphasises that the assembly at Forest is a 

craftsmanship and the assembly workers “know how” is often internally represented and difficult 

to verbalize (craftsmanship has previously been discussed, e.g., by Keller & Keller, 1996). To 

know when a bolt is properly tightened requires utilization of tactile perception, which is 

exemplified by internally embodied representations5. Accordingly, the internal representations 

are externalized in the practice of the assembly worker (for more details about embodied aspects 

of cognition, cf. e.g., Gallagher, 2005; Lindblom, forthcoming: a).   

 

Further important resources for the assembly process are the material artefacts. These graphical 

representations of the machines represent the real world, albeit, in an abstract way. This can be 

compared to the navigational chart previously discussed. Furthermore, the material 

representations of the machines display varying representational states, often graphical, textual, 

and numerical. For the assembly workers to navigate successfully through the work process, the 

different material artefacts interact. This coordination of representational states is central for the 

assembly work and constitutes the information flow in which information flows back and forth 

between the assembly workers and external structures, and is propagated within the socio-

technical system.  

 

As previously mentioned, Forest attempts to create an organised work process where each 

assembly process will consist of several sub-processes, which will guide the assembly workers in 

their navigation towards a functioning forest machine. One step in the process of creating sub-

processes is the movable forest machine that each assembly team recently started to use as an 

external representation that visualises the status in the work process and coordinates the work 

activities (see Figure 5). The lack of structured work processes has caused many process driven 

interruptions such as the one described above. However, the self-made photographs have been 

shown to be useful for the assembly process. The photographs correspond better with the real 

world than the other material artefacts, which, similar to the navigational chart, introduce a 

perspective of the machine that is difficult to achieve in the “real world”. Accordingly, the 

photographs provide better support for the navigation and therefore, the new assembly instruction 

will have some similarities with these photographs. In fact, Forest hopes that the new material 

artefact will replace the other material artefacts described above. With organised work processes, 

and a material artefact that supports the navigation trough the assembling, the cognitive processes 

of the assembly workers are more supported, the negative effects of interruptions are likely to be 

lessened, and the resumption of the primary tasks facilitated. By providing information relevant 

to the assembly processes, the material artefact can support the assembly workers in finishing 

workarounds in their individual information flows and hopefully, the new assembly instruction 

                                                 
5 In this thesis, a complete description of embodiment is out of the scope. Therefore, embodiment is not studied or 

presented in detail.   
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can minimize future workarounds in the general information flow for the overall assembly 

process.  

 

Figure 5: The image shows ten sub-processes of assembling a forest machine. Every time one sub-process is 

finished, the little magnetic forest machine in the image is manually moved to the next sub-process. The little forest 

machine represents the status of the process, helps the assembly workers to keep track of their work process, and 

eases the navigation from start to end.  

 

Generally, to develop a new assembly instruction includes a process of coordinating different 

representational states. The episode described above show that this occurs naturally in the setting 

with the intertwined process of using human recourses, material artefacts, and tools to complete 

an assembly operation. The difference between this described episode and the development 

process that Forest engages in, concerns the attempt to externalize the assembly workers’ internal 

representations and coordinate the different representational states so that they can be propagated 

throughout the socio-technical system and applied in assembly operations.  

 

Episode 2 – Gloves as information bearer 

In this episode, a second example of a process driven interruption is described. The reason for 

this interruption is lunch break at the final assembly of forwarders and despite the lower level of 

severity (when compared to the episode described above), it is considered a process driven 

interruption due to the fact that it is impossible to work 24 hours a day.  

 

In the episode described below, it becomes clear that the two assembly workers are experienced 

when it comes to assembling the forwarders and that they have developed strategies that support 

them in the work process. Further, this episode shows that interruptions with a prolonged time 

interval are managed differently by the assembly worker than interruptions with a limited time 

interval, such as the interruption described in the previous episode.   

 

At Forest, different types of interruptions frequently occur and while some interruptions 

introduce a simple interruption task, which is performed quickly before the assembly worker 

resumes the primary task, some interruptions have other characteristics. The detailed analysis of 

this episode starts a few minutes before lunch break. In the building for final assembly, the work 

activity is high. The participants are occupied with their cooperative work and while participant 2 

is assembling the gearbox, participant 1 is engaged in the adjustment of one part of the chassis 

that has been wrongfully welded. With the use of a sledgehammer, he hammers on the chassis 

and attempts to adjust a small part of the chassis in order to ease the upcoming assembly 
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operations. Suddenly, participant 1 puts down the sledgehammer, turns to the researcher and says, 

“Now, it’s time for food”. After this statement, he takes off his gloves and places them on top of 

the sledgehammer, which he has placed on top of the chassis (see Figure 6).  

 

After the lunch break, the assembly workers continue their assembly operations. When 

participant 1 returns to his workstation, he stands still for a few seconds, looking at the gloves 

and their placement. Then he reaches for the gloves, puts them on, lifts the sledgehammer and 

continues to hammer on the chassis. This course of event was observed after each break as well 

as every morning when participant 1 returned to work. When asked about the procedure he says, 

“It is just like using a bookmark in a book, the gloves show me where I should continue 

working”. When the gloves are on his hands, they hold no special meaning. However, as soon as 

he explicitly places them in the work setting he turns the gloves into information bearer and part 

of the information flow.  

 

To use the gloves as an external memory aid representing the status of the process is a personal 

strategy participant 1 has developed. This is what Dix et al. (2004) refer to as an explicit 

placeholder, which is placed in the environment to remind the person about what to do next in the 

work process. The gloves are thus supporting processes distributed across time, presenting the 

progress and results of earlier performed assembly operations, which could change the nature of 

later assembly operations. This episode illustrates one kind of distribution of cognitive processes.  

 

Figure 6: When interrupted in the work process, participant 1 uses his gloves as an external memory aid and a 

placeholder in order to remind himself what to do next in the primary task.  

 

The complexity of the forwarders and the large amount of assembly operations that are necessary 

in order to complete a machine could potentially aggravate the resumption of the primary task 

once an interruption has occurred. With the use of his gloves, participant 1 propagates internal 

information of the status of the work process into external structures, distributing the information 

both in space and in time. The gloves could thus be seen as a mediating tool that is utilized to 

communicate internal information in the information flow, which in this case is knowledge about 

the work process, which includes the present status of the process and the next step in the 

process.   
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4.1.3 Social interruptions 

During the assembly of the forwarders, the assembly workers work together in pairs, creating a 

complex work process and an interesting system, which involves the coordinating of work 

activities within the team and between its members. This involves cognitive processes that are 

distributed across the members of the group. In this highly cooperative work, a new type of 

interruptions was identified, which I denote as social interruptions. In the sections below, two 

episodes from the workplace study at Forest are described with the purpose to illustrate examples 

of social interruptions.  

 

Episode 1 – Collaborative assembly work 

A video sequence was chosen in which the assembly workers are assembling the largest and most 

complex model of the forwarders. In this episode, the assembly work process has just begun. 

During the observations, it becomes clear that the two assembly workers have been working 

together for a long period, and is very accustomed to working together as a team. The work is 

cooperative and distributed; hence, they share the overall aim but are normally engaged in 

separate assembly operations. Their seamless integration of work activities demonstrates the 

coordination of work where the performance of different operations in the end of the work 

process leads to a joint result.  

 

As long as the assembling of the machine is progressing the way it is expected to, the participants 

rarely communicate verbally. It seems that silence is a communication in its own way, providing 

information that the situation is under control. This is consistent with the argument by Hollan et 

al., (2000), suggesting that silence can provide important information. When asked about verbal 

communication, participant 2 smiles and says that they do not need to talk to each other, “I hear 

him over there”, he points to the other side of the machine, and continues “I know what that 

sound means, it means that he is working on the hydraulics”. Fundamental to a distributed socio-

technical system, the work activities, and embodied practices, is to identify relevant features 

represented in different media. The experience participant 2 expresses indicates that such media 

can be found in the machine itself. Further, to understand the auditory perceptions as bearer of 

information regarding the progress of his colleagues’ work, demonstrates internal and external 

representations.  

 

When the detailed analysis of the video sequence starts, participant 1 is assembling the electrical 

parts in the front of the chassis, while participant 2 is assembling the diesel tank, thus working at 

the other end of the machine. Suddenly, participant 1 glances at the self-made photographs, 

which he has placed beside him. With one finger, participant 1 moves over the photograph and 

localizes the part of the photograph that represents the specific article he attempts to assemble. 

Then he utters, “I think I will need your help with this.” 

 

When participant 1 asks for assistance, participant 2 is being interrupted in his ongoing task. At 

this moment participant 2 is standing approximately seven meters away, assembling the smaller 

parts of the diesel tank. However, once the silence has been broken, participant 2 immediately 

pauses his ongoing task, i.e., his information flow has changed and the interruption caused a 

“detour” in the work process in the shape of a workaround. He places the wrench he was using on 

a nearby tool wagon and walks over to participant 1. During the minutes to come, the participants 

engage in a collaborative work process, as opposed to the cooperative work they normally 

perform. The interaction is natural and the communication about the assembling practice is once 
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again wordless. While participant 1 uses a long piece of metal as a lever, participant 2 uses a 

large wrench. Together they are trying to assemble two separate articles.  

 

Suddenly, the assembly workers scatter, participant 2 returns to his workstation, and the 

participants resume their cooperative work, performing separated assembly operations. Clearly, 

the specific part of the assembly operation that needed assistance is completed. The fact that the 

participants do not need verbal communication in order to guide their work process and succeed 

with the performance clearly demonstrates the importance of embodied knowledge. Often, 

embodied representations are difficult to verbalize and mainly visible through gestures. However, 

at Forest, the hands of the assembly workers are often occupied with tools, and gestures are 

therefore rarely observed. Instead, the tactile experiences provide the assembly workers with 

information regarding the machine and the assembly operation, represented in an embodied felt 

experience. Accordingly, the assembly activities and the embodied practices described in this 

episode clearly show the transformation, propagation, distribution, and interpretation of different 

representational media in the information flow.   

 

Figure 7: This image displays participant 1 and 2 in collaboration. Participant 2 assists participant 1 and are thus 

engaged in an interruption task while participant 1 performs his primary task.  

 

In the described episode, it becomes apparent that assembly work involves multi-tasking and is 

inherently social and communicative. Even though the communication rarely is verbal, 

information regarding the work process flows back and forth between the assembly workers in 

the team, their embodied practice, and textual and graphical representations in the material 

artefacts, which clearly show the propagation of information in the information flow.  

 

The social interruption caused a workaround in the information flow of participant 2 when he 

assisted his colleague. This act supported participant 1 in finishing his workaround caused by the 

need of assistance. This can partly be explained by Morris’s (2005) phenomenon of “tooling up” 

others since the participants are functioning as a group and move together through the work 

process and towards the overarching goal, i.e., a fully assembled forwarder. This could be 

described with the use of the metaphor of navigation in which the overall information flow 

benefitted from the act of cooperation by enabling the assembly team to take the most efficient 

route to the goal.  Accordingly, it could be argued that this episode shows different levels of the 
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information flow, i.e., the general information flow of the overall assembly of the forwarder, as 

well as the information flows for each of the two assembly workers. 

 

In this noisy environment, a simple sentence and someone asking for assistance could easily go 

undetected. In fact, this verbal communication was often difficult to notice during the 

observation. Despite this, the team members did not seem to find it difficult to perceive each 

other’s requests for assistance, suggesting that the communication was relevant for the team 

members and their coordination of work, but perhaps not valuable, or understandable, for an 

outsider.  

 

Episode 2 – Warning for loud sound 

In another episode, the assembly workers have recently started the assembly of a forwarder. Once 

again, the assembly operations are divided between the assembly workers in a coordination of 

work activities. When asked about this coordination, participant 2 shrugs and says, “Often, we 

start with one end each. After a while, we meet in the middle. It is as simple as that.” This 

coordination is the result of the information flow in which the information flows back and forth 

between the assembly workers, the machine, and the artefacts. This relates to the assembly 

workers internal knowledge about the work process and the assembling of forwarders, which 

makes it possible for the assembly workers to adjust their own work progress to the progress of 

the colleague without explicitly communicating about this coordination of activities.   

 

In this episode, participant 1 encounters some issues with a bolt that is difficult to tighten 

properly. The fact that the bolt is not properly tighten is perceived by the participant through 

tactile cues and embodied knowledge. After series of attempts to tighten the bolt manually, 

participant 1 puts down the wrench and walks over to the tool wagon. Hanging on the side of the 

tool wagon is a nut runner; an electric tool which quickly and efficiently fastens bolts. Participant 

1 takes the nut runner in his hand, but before he starts to use it, he turns to participant 2 and says, 

“Now, I will make some noise”. As a response, participant 2 raises his head, makes eye contact 

with participant 1, after which he puts his hearing protection over his head, covering his ears. 

Participant 1 does not start the machine until the colleagues hearing protection is in place.  

 

This course of events is repeatedly observed during the study. Instead of wearing the hearing 

protections at all times, the assembly workers warn each other before making loud noises. This 

demonstrates the social aspects of assembly work where social interactions are an inevitable part 

of the socio-technical system. The episode shows how internal and external information is 

propagated into auditory information and communicated to the people in the surroundings. 

Accordingly, information in the episode is socially distributed.  

 

Situations like these, to warn the colleague in beforehand, indicate care and respect for the 

colleague. However, and despite the good intention, it will cause an interruption. In fact, social 

interruptions are frequently occurring during the assembly work at Forest. The episodes 

described are representative, and most of the social interruptions are generated within the 

assembly team. Generally, the social interruptions are observed as immediate, which implies that 

the interrupting person does not seem to wait until the colleague has ended the ongoing task. 

Instead, the social interruptions appear to be delivered spontaneously and without further 

considerations. 
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4.1.4 Nested interruptions 

The high frequency of interruptions that occur at Forest sometimes result in a phenomenon I will 

denote as nested interruptions. Nested interruptions occur when the assembly worker is 

interrupted during the performance of an interruption task, which adds a new dimension to 

interruptions. It could be assumed that nested interruptions increase the complexity of managing 

interruptions and the difficulty to resume the primary task and perform efficiently. With the 

purpose to illustrate the cause of events when a nested interruption occurs in an assembly work 

process, one selected episode is described below.   

 

Episode 1 – Losing a bolt 

To illustrate nested interruptions, a video sequence was chosen in which the assembly workers 

are approximately halfway through the work process of assembling a forwarder when participant 

1 is interrupted in the primary task. The interruption is process driven and triggered by a bolt that 

does not fit properly. When participant 1 notices the issue, the primary task is interrupted and the 

work process cannot continue until the interruption task, with the aim to make the bolt fit, is 

performed.  

 

After several attempts to assemble the bolt, participant 1 looks carefully at the bolt while he 

explains to the researcher: “It does not seem to be defected”. He reaches for a folding rule placed 

in his pocket and measures the length of the bolt. Thereafter, he measures the hole where the bolt 

should be assembled. Once again, he turns to the researcher and explains the cause of actions. He 

says, “The hole is a little bit askew, which makes the bolt impossible to assemble correctly. I 

have to shorten the bolt a couple of millimetres”. In this episode, the information flow is 

transformed because of the process driven interruption. This caused the assembly worker to 

address the reason for the interruption before returning to the primary task, which created a 

workaround in the information flow. As a result, the work process required more time than what 

was previously anticipated.  

 

With the bolt in his hand, participant 1 walks over to a bench grinder, starts the machine and 

decreases the length of the bolt. Once he is done, he turns off the machine and carefully looks at 

the bolt in his hand. He starts to walk towards his workstation with the shortened bolt in his hands 

when a social interruption occurs. A colleague working in the warehouse with spare parts for the 

machines engages participant 1 in a conversation regarding a specific article. Thus, the 

conversation was not relevant for either the primary task or the interruption task that the 

participant was about to end when this second interruption occurred. Once again, a workaround 

occurred in the information flow because of the second interruption, which brought the assembly 

worker into a conversation with a colleague. 

 

Participant 1 and the colleague from the warehouse discuss for a couple of minutes, after which 

participant 1 returns to his workstation. At this point, his confusion is evident and he does not 

seem to remember the primary task he was about to resume. He stands still by one side of the 

forwarder and looks around the workstation for a short while. The view of the machine, the tools 

he had placed nearby the position where the primary task should be performed are external 

memory aids, which function as a reminder of where in the work process has was before the 

nested interruption occurred. This is described by Dix et al. (2004) as a placeholder, which helps 

people keep track of the status of their work process and reminds them of what they should do 

next. This could also be seen as one kind of distribution of cognitive processes where the 
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coordination between internal and external structures supports the process that is distributed 

across time and presents results of the previously performed assembly operations, which could 

have changed the nature of this later event. Once participant 1 realises what he was working on 

before the nested interruption, he starts to go through his pockets and mutters, “Where did I put 

the bolt?” He walks to the bench grinder where he previously had shortened the bolt, looks 

around, and walks back again to the workstation where the primary task was still waiting to be 

resumed. Suddenly, he sees the bolt where he had placed it on the tool wagon that he walked by 

during the conversation with the colleague. He picks the bolt from the wagon and resumes the 

primary task of assembling it to the machine.   

 

During this episode, a nested interruption occurred when the assembly worker was interrupted 

during the performance of an interruption task. A nested interruption is likely to bring higher 

demands on the assembly worker’s internal cognitive abilities such as memory and attention, and 

it is therefore not surprising that this episode is the only interruption during the workplace study 

that resulted in difficulties for the assembly worker to resume the primary task.  

 

4.2 Workplace 2 – Vehicle 
Vehicle manufactures engines for heavy-duty vehicles and this workplace study took place at one 

of the lines where the manufacturing of the engines starts. The moulding line consists of several 

automatic machines that are transporting the heavy and warm moulds through the line. This 

involves the process of pressing sand into moulds and transporting them to the casting area, in 

which melted iron is poured into the moulds. The moulds are then transported to the cooling lines 

where it resides for approximately six hours until the components have cooled down and the 

casting process is finished.   

 

The production at the moulding line is active 24 hours a day and the personnel are working in 

shifts. For each shift, seven operators attend to different work roles. Three of the roles are 

interchangeable while the other roles are constant. The three interchangeable roles are line 

operator, main operator, and sand controller. The line operator has a very central role. He is 

stationed at the control room at all times, and his responsibility is to monitor all activity in the 

moulding line in order to detect problems and report all abnormalities (see Figure 8). The line 

operator is also responsible for stop/start of the line and handles all communication between the 

other operators and the maintenance department to which detected problems should be reported. 

Basically, the line operator runs the whole line by monitoring the sensory data from the 

machines, and coordinating the team so that potential shortcomings can be handled efficiently. 

The line operator is located in the control room, which could be compared to a control tower in 

aviation. To operate the control panel and the whole moulding line is cognitively demanding and 

the line operator is exposed to a high amount of interruptions. The control room is equipped with 

a rich array of material artefacts such as computers, telephones, video screens, etc. Due to its 

convenient location at the middle of the line, it is also a common place for the rest of the 

personnel to meet up and discuss the current situation at the moulding line.  
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Figure 8: The control room in which the line operator monitors imagery from 16 video-cameras that are deployed 

throughout the moulding line, as well as five computer screens with sensory data regarding the production process at 

the moulding line.  

 

The main operator performs field work and is supervising processes and machines within the 

moulding area. This implies that the main operator normally is the first to attend to issues 

negatively affecting the line. The sand controller is responsible for the sand that is used to create 

the moulds. In order for the moulds to sustain the casting process, the sand is prepared and mixed 

with other ingredients based on specific recipes. The sand controller is responsible for the sand 

mixtures to be correct, along with other preventive tasks related to the sand process and sand 

quality.  

 

The control room is a location where both the main operator and the sand controller gather in 

between their tasks. Also the maintenance workers on the line are frequently attending the control 

room, where they often discuss the line, the shortcomings they have encountered, etc., with the 

others in the team. Due to the mobile nature of the work activities performed in the team (except 

for the line operator who is instructed never to leave the computer screens unmonitored), the 

operators are carrying the most frequently used tools with them; for example a flashlight, 

wrenches, and screw drivers. Tools and equipment less frequently used are kept in a workshop 

nearby. 

 

It is a harsh environment with noise from the machines and heat coming from the melted iron. 

Further, the environment is highly stressful because of the important activities taking place at the 

line. In fact, the moulding line is often referred to as “the heart” of Vehicle. This indicates that all 

lines are affected if something goes wrong and the production on the moulding line stops.  

 

The production structure with the use of production lines makes the socio-technical system 

spread over a large area, which makes the system harder to observe. The operators working with 

resolving breakdown issues at the moulding line, and their tools and artefacts constitute the main 

structure of the socio-technical system at Vehicle. 

 

4.2.1 Interruptions at Vehicle 

Every day, interruptions affect the work processes at Vehicle. In fact, interruptions at the 

moulding line are considered as a problem, which regularly are discussed within the operator 

team as well as in the organisation as a whole. Though this may be, the discussions mainly relate 

to the production losses that a stopped line will bring, which suggests that the focus is on 
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breakdowns in the machinery rather than interruptions affecting the operators, their possibility to 

perform efficiently, and their level of cognitive load. However, the workplace study clearly 

shows that breakdowns at the moulding line, i.e., a stop in the production, simultaneously affect 

the operators and cause interruptions in their work activities. Viewed from a DC perspective, the 

focus on information flow is central and interruptions are considered to affect and change the 

information flow. Of the interruptions observed at Vehicle, some of them caused a breakdown in 

the information flow while most of them caused a workaround that slightly affected the 

information flow and caused an alteration in the work practices.  

 

During the study, several different types of interruptions were observed and while some of them 

are similar to the interruptions occurring at Forest, Vehicle also experiences notifications, which, 

according to prior interruption research, represent a more traditional type of interruption. Process 

driven interruptions, social interruptions, and nested interruptions have all been presented 

previously in this report. Therefore, examples from Vehicle describing these types of 

interruptions are only briefly presented below. In Sub-section 4.2.2, two selected episodes are 

presented with the purpose to illustrate notifications, which is the type of interruptions that, in 

this workplace study, is specific for Vehicle. 

 

One of the observed process driven interruptions is an interruption that frequently affects the 

line operator. The computers and the video screens are central material artefacts and provide 

information about the activity at the line. However, in order for the line operator to get access to 

updated information regarding shortcomings and breakdowns affecting the line, one of the 

computer systems needs to be manually refreshed. The fact that the line operator’s work process 

cannot continue until the system has been manually refreshed regularly stops the work process, 

and the primary task, of the line operator, i.e., to monitor the screens. The primary task cannot be 

resumed until the line operator clicks on the refresh button, which reloads the system. Once this 

is done, the line operator resumes the primary task, pleased with the knowledge that the presented 

information is refreshed and updated. This process driven interruption is the result of an 

insufficient technical system. The lack of support provided by the system causes regularly 

interruptions, which clearly shows the importance of developing usable technical systems.   

 

The work of the operators is inherently social and especially the line operator is often exposed to 

social interruptions. Because of the line operator’s overall responsibility, it is important that all 

communication go through the control room, which regularly changes the information flow. 

Accordingly, the line operator is often interrupted in the primary task by colleagues asking 

questions or reporting potential issues they have noticed when walking along the line. 

Furthermore, also nested interruptions were identified at Vehicle. One example is when the main 

operator was interrupted in his primary task of switching the pallets in which the moulds are 

created. When the maintenance workers asked for his assistance, he engaged in an interruption 

task. During the activity of changing a mechanical belt, the main operator hears the unmistakable 

sound of the communication radio crackling. This makes him stop the activity, i.e., the 

interruption task, and concentrate on the voice on the other end of the communication line. 

Hence, the main operator was interrupted in the performance of an interruption task and thus, 

experienced a nested interruption.   
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4.2.2 Notifications 

At Vehicle, the socio-technical system enables cognitive processes to be distributed across 

people, artefacts, tools, and technology. The use of technology as central material artefacts results 

in interruptions derived from notifications. In the sections below, two episodes from the 

observation at Vehicle are described with the purpose to illustrate examples of delivered 

notifications and the interruptions they cause.  

 

Episode 1 - Red triangle 

A video sequence was chosen in which participant 3 had the role of the line operator. In the 

selected episode, participant 3 was sitting in his chair and monitoring the screens. These material 

artefacts, along with two telephones and two communication radios, are the equipment used to 

perform the work of the line operator. Thus, important bearers of information at the moulding 

line are people, physical artefacts, and computers, and the line operator is the central hub in the 

distributed cognitive system.  

 

The complexity of the knowledge required of the line operator is evident when considering the 

control panel and the multiple screens the line operator is monitoring. The available information 

represents the line, its machines, and the status of the process. However, the mapping between the 

representations and the actual machinery is sometimes inadequate. This aspect further enhances 

the complexity of controlling the moulding line. For example, the line operator is not allowed to 

leave the control room, which makes him depending on digital representations providing 

information about the status of the line and the machines. Even the digital representations that are 

the most similar to the real world, i.e., the video screens, only provide information from one 

constant angle due to the placement of the video-cameras. Accordingly, the line operator has to 

create an interpretation about the status of the line based on individual pieces of information 

presented in different representational states. To be able to see aspects relevant for a task only 

through the use of tools is what Goodwin and Goodwin (1996) describe as tool-mediated seeing.  

 

Sensor information from the machines on the line is displayed automatically on four of the five 

computer screens. Suddenly, participant 3 notices a small, red icon displayed on one of the 

computer screens (see Figure 9). This interface displays a holistic perspective of the line, its 

machines, and their status. As soon as participant 3 notices the icon, he leans towards the 

computer screen. After carefully studying the screen for a few seconds, participant 3 reaches for 

the computer mouse, and initiates an interaction that, judging by the many clicks with the mouse, 

seems to be complicated. He turns to the researcher and explains, “I know that something is 

wrong. The system tells me that. But now, I have to find out what is wrong”. The notification he 

refers to, the icon that tells him that something is wrong, is a red triangle about 1 centimetre high 

that, when the machine is malfunctioning, is presented in the interface on top of the symbolic 

representation of the machine that the notification concerns. 

 

Once participant 3 notices the notification, he investigates the issue by navigating through a 

complicated hierarchical interface for the specific machine that the notification concerns. Each 

click with the computer mouse changes the interface and provides further and further depth 

regarding the selected machine. He explains: “This is a loop of activities or conditions that the 

machine needs to complete. When something goes wrong, the conditions are not completed and 

this red triangle appears”. The notification does not provide information regarding the nature of 

the issue or its severity. Instead, the notification only notifies a problem, but gives no further 
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information. This notification technique makes each problem equal in severity until the line 

operator has investigated the issue and made an assessment about its level of severity. After a few 

more clicks with the computer mouse, participant 3 feels confident that he has understood the 

problem, he reaches for the communication radio that is hanging from the ceiling and calls out for 

the main operator, asking him to fix the problem. This episode shows that an interruption caused 

not only the information flow of line operator to change, but also the information flow of the 

main operator. Once the notification is presented, the line operator’s primary task of monitoring 

the screens is interrupted and a workaround in the information flow occurs when he needs to 

investigate the cause of the notification. Once the cause is known, the line operator is in the 

finishing phase of the workaround and when he notifies the main operator, the information flow 

of the main operator is affected by a workaround due to the interruption task of fixing the 

problem. Accordingly, the notification presented to the line operator generated, with a slight time 

delay, an interruption for the main operator and both operators were affected by the changes in 

the information flow.  

 

Figure 9: This is a sketch inspired by the interface the line operator are monitoring (the original image could not be 

displayed due to a confidentiality agreement). The machines in the moulding line are represented as blue shapes, and 

in the right upper corner, the notification is presented above the representation of the corresponding machine. 

 

The type of notification described in this episode is what McFarlane (1999) and McFarlane and 

Latorella (2002) refer to as an immediate interruption, i.e., notifications that are delivered to the 

user as soon as possible without any respect to the user’s current activity. McFarlane (2002) 

mentions that, depending on the user’s primary task and how cognitively demanding it is, 

immediate interruptions are often not preferable. They do result in fast responses to the 

interruption task, but the response and the disruptiveness of the notification has been shown to 

degrade the performance on both the primary task and the interruption task. The fact that 

immediate interruptions do result in fast responses suggests that some interruptions need to be 

presented immediately. However, considering the high amount of interruptions affecting the line 

operator, the work performance, and the line operator’s cognitive load, it would be beneficial if 

only the issues that needed immediate responses were notified to the line operator as immediate 

interruptions.   

 

During the observation, the tools and digital representations provided in the control room were 

constantly used. The notification in this episode notified the line operator that something was 

wrong with one of the machines on the line. The computer systems representing the machines 

with graphical representations are central to the work of the line operator. However, to monitor 

the screens and know what to look for is not an easy task. Participant 3 explains that he has 
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developed his capacity to see and understand the activities and the processes relevant to the 

success of the moulding line. This is what Goodwin (1994) refers to as professional vision, which 

is a socially organised way of seeing and understanding events that are of interest in the domain 

and to the social group. The professional vision of the line operator requires a coordination of the 

multiple external representations presented on the screens with the internal representations of the 

line operator in order for him to understand the situation and decide how to handle it. Hence, the 

activities in the control room display the coordination between internal and external structures 

since the external representations support the line operator’s accomplishment of successfully 

running the line.   

 

Episode 2 – Crackling on the line 

In this video sequence, participant 3 had the role of the main operator. As such, his most central 

material artefact is the hearing protection with inbuilt 2-way radio. In this episode, this material 

artefact presents the notification and causes the interruption in the work activity.  

 

The line operator had previously reported a breakdown at the cooling lines, and asked the main 

operator to investigate the breakdown at the location. Participant 3 hastes trough the moulding 

line and down the stairs to the basement. Once he reaches the cooling lines, he looks around and 

sees that one of the wagons transporting the hot moulds has derailed. The wagons are arranged in 

such a way that they move through the cooling lines in a row. Accordingly, one derailed wagon 

stops all of the other wagons as well. As soon as participant 3 realises what is wrong at the 

cooling lines, he moves towards the derailed wagon and on his way, he picks up a large steel pipe 

lying on the floor. Suddenly, the communication radio crackles. This notifies that one of the 

operators are about to say something. Normally, communication through the radio implies that 

there is a breakdown or a shortcoming negatively affecting the line. Once participant 3 hears the 

radio crackle, he immediately stops his ongoing task, he moves his hands to his head and adjusts 

the hearing protection so that the voice through the communication radio will be as clear as 

possible. He stands still for a couple of seconds and concentrates on the voice. Thereafter, he 

turns to the researcher and explains what he is hearing. He says, “The same radio frequency is 

used for all radio communication. I hear everything, but this time he, [the line operator], did not 

talk to me.” Participant 3 turns toward the derailed wagon, continues with the primary task, and 

pushes the wagon onto the track with the use of the steel pipe. This episode shows a workaround 

in the information flow. If the line operator has addressed the main operator through the 

communication radio, the workaround in the information flow would have been greater for the 

main operator. However, this time the main operator could return to the primary task almost 

immediately and the workaround in the information flow was therefore minor. 

 

This episode shows that external information, e.g., sensory data from the machines on the line 

and information from the computer systems the line operator monitors, is communicated between 

the operators in the team. Thus, the internal and external information are propagated into auditory 

information and communicated, mainly, with the use of the communication radio as a central 

material artefact. The collaborative distributed work performed by the operators in the team 

makes the cognitive processes distributed across time, space, and between the members of the 

group. This can be seen in the coordination of work activities where the operators have separate 

responsibilities and perform separate operations that in the end leads to a satisfactory result and a 

well-functioning line.  
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In this chapter, it has been shown that interruptions of varying types frequently occur in 

manufacturing. Selected episodes from the two workplaces in the study have been described with 

focus on interruptions in the information flow, where the use and integration of different 

representations are central. The described episodes show that people, physical artefacts, and 

computers function as bearers of information and that transformation, propagation, distribution 

and interpretation of different representational media are central aspects in the performed work 

activities in manufacturing. Hence, the cognitive processes are distributed across time, space, and 

between members of the group. In the next chapter, the general findings from this study are 

emphasised and the developed recommendations are presented.  
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5 General findings 
This chapter presents the general results from the empirical work. Further, the recommendations 

developed with respect to the theoretical background (Chapter 2) and the results of the empirical 

study (Chapter 4) are presented.  

 

5.1 Interruptions in manufacturing 
This study complements prior interruption research, which has often presented a focus on 

experimental settings and artificial tasks performed by an individual, and often with the use of a 

stationary desktop system. The present workplace study, with the aim to portray interruptions in 

the socio-technical domain of manufacturing industry, from a distributed cognition perspective, 

has a different focus. Further, to the best of my knowledge, interruptions have previously never 

been studied in the manufacturing domain, nor with the use of DC as a theoretical framework.  

 

In this study, interruptions in manufacturing have been investigating and analysed with respect to 

the information flow and the use and integration of different representations in the work 

processes. The results of this study indicate a complexity surrounding the interruption 

phenomenon that previously has been unidentified. This general finding concerns the discovery 

that interruptions can have varying characteristics, which implies that several different types of 

interruptions exist. In this workplace study, two new types of interruption were identified. 

Further, this workplace study shows that the structure of an interruption can vary, which suggests 

the existence of a new dimension of interruptions. While the “traditional” dimension of an 

interruption focuses on one primary task and one interruption task that exist simultaneously, the 

dimension discovered in this workplace study suggests that one primary task and multiple 

interruption tasks can exist simultaneously. Thus, this is a new dimension of interruptions, which 

I denote as nested interruptions.  

 

In Figure 10, the different types of interruptions that were observed during this workplace study 

are presented. These are process driven interruptions, social interruptions, and notifications. In 

the visualisation in Figure 10, the different types of interruptions are linked to Forest and Vehicle 

with the use of lines. These lines represent the occurrence of the interruption types at the two 

workplaces in this study. Accordingly, the figure shows that process driven interruptions and 

social interruptions were observed at Forest. At Vehicle, process driven interruptions, social 

interruptions, and notifications were observed. The “clouds” in the figure represent the different 

dimensions of interruptions that were observed during the study and at both of the workplaces. 

This includes the dimension of “traditional” interruptions with one primary task and one 

interruption task and the new dimension of nested interruptions where multiple interruption tasks 

can coexist. The different types of interruptions and the new dimension of nested interruptions 

are further described below.  
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Figure 10: The model depicts the types of interruptions and the dimensions that were observed during the study.  

 

As mentioned, two new types of interruptions were identified in this workplace study. I denote 

these as process driven interruptions and social interruptions. When the work process for the 

primary task cannot continue, a process driven interruption occurs. There could be multiple 

reasons for this type of interruption. For example, a lack of information or appropriate equipment 

may cause the work process to stop, which repeatedly was observed at both Forest and Vehicle. 

Social interruptions were also frequently observed at both workplaces, for example as requests 

for assistance. Similar issues have been discussed in the research field of health and stress (e.g., 

Beathge & Rigotti, 2013); however, social interruptions have previously not been recognised in 

interruption research. The identification of process driven interruptions and social interruptions at 

both workplaces included in this study is a noteworthy result. Interestingly, notifications, which 

have received much focus in prior interruption research, were only observed at Vehicle. This 

could potentially be explained by the fact that the work environment at Vehicle, especially the 

control room, displays considerable similarities to the artificially arranged environments often 

used in prior interruption research. Clearly, it is relevant to study naturally occurring interruptions 

“in the wild”. 

 

McFarlane and Latorella (2002) mention that humans often multi-task. Accordingly, the 

conclusion that simultaneously performed tasks could include more than one primary task and 

one interruption task could easily be made. This is confirmed in this workplace study, where 

nested interruptions frequently were identified in the natural work settings of Forest and Vehicle. 

Nested interruptions can arise from all possible interruption types in all possible combinations; 

hence, nested interruptions display nothing about the characteristics of the interruptions. This 

new dimension of interruptions suggests that the concepts of primary task and interruption task 
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need to be complemented with further concepts describing the multiple interruption tasks that 

occur in nested interruptions.  

 

Prior interruption research has often studied the effects of interruptions. However, this study 

suggests that the effects interruptions bring to people are highly depending on the person’s 

experience of performing the primary task. This has previously not been received interest in 

interruption research, which probably is due to the use of artificial environments, artificial tasks, 

and subjects without experience of performing the selected task. Studying interruptions in natural 

settings brings another perspective and people performing their natural tasks, which seems to 

lessen the negative effects interruptions may bring. 

 

5.2 Recommendations  
This workplace study clearly displays that interruptions are part of everyday life for assembly 

workers and operators working in the socio-technical domain of manufacturing. When 

considering the theoretical background, prior interruption research, and the empirical work of this 

study, it is apparent that interruptions can never be eliminated. With this in mind, a suitable 

strategy in order to manage interruption is to further the understanding regarding how 

interruptions can be reduced and how to lessen the negative effects interruptions can bring.  

 

When it comes to recommendations regarding interruptions, prior interruption research has 

focused on the development of strategies for how to manage notifications, how notifications 

should be coordinated, and how to design interfaces with respect to frequently appearing 

notifications (e.g., Latorella, 1999; McFarlane, 1999; McFarlane & Latorella, 2002) (see Sub-

sections 2.3.3 and 2.3.4). This workplace study shows that interruptions can have varying 

characteristics, which suggests that strategies for how to manage notifications are not sufficient in 

the “real” world where also other types of interruptions occur.   

 

Interruptions are not inherently bad and sometimes they add valuable information and support the 

performance of the primary task. However, frequently occurring and unwanted interruptions can 

bring negative effects such as stress, difficulties to resume the primary task, cognitive overload, 

etc., (see Chapter 2 for further details). This leads to the conclusion that it would be beneficial to 

limit the frequency at which interruptions occur and to make the interruptions that do occur easier 

to handle. These two aspects were identified from both the interruption literature and the 

performed empirical study as highly relevant to interruptions. Accordingly, the developed 

recommendations in this thesis relate to two categories: (1) how to reduce the amount of 

interruptions, and (2) how to minimize the disruptive effects of interruptions.  

 

The broad recommendations presented in this thesis should be seen as a complement to the more 

specified strategies previously develop in order to manage notifications as a specific type of 

interruption. The sections below present the recommendations developed with the purpose to 

reduce the amount of interruptions and to support the management of interruptions and minimize 

their disruptiveness. With respect to the general definition of interruptions that is emphasised in 

this thesis (see Section 2.1), the developed recommendations are general. Further, the 

recommendations should be considered as abstractions which, based on their interdependency, 

cannot fully be separated and analysed in isolation. In the sections below, each recommendation 

is briefly explained with respect to their theoretical and empirical foundations.  
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Recommendations to reduce interruptions 

 

 Increase awareness about interruptions and their effects in the organisation  

Hudson et al. (2002) discuss the complex tension between the disruptiveness of an 

interruption and the potential benefits it could bring. Truly, this is a complex dimension of 

interruptions and prior interruption research does not show consistent results. In fact, 

while some studies emphasise the negative effects that interruptions bring (e.g., Bailey & 

Konstan, 2006; Zijlstra et al., 1999), some show opposite results, indicating that 

interruptions often are both beneficial and wanted by the individual (e.g., Hudson et al., 

2002; Iqbal & Horvitz, 2010). Consequently, the effects of interruptions can differ, which 

suggests that it is relevant to strive for an increased awareness about the interruptions 

occurring in the organisation and the effects they bring.  

 

Generally, people are familiar with the thought that interruptions do occur. However, this 

workplace study shows that many of the occurring interruptions could be prevented 

(mainly the process driven interruptions, see Sub-sections 4.1.2 and 4.2.1) if the situations 

in which they occur were recognised in advance. Accordingly, this recommendation 

should be considered as a starting point and a prerequisite for the other recommendations 

to be realised. This recommendation suggests identifying interruptions as they occur in 

the organisation, which would be the starting point for more elaborate activities with the 

purpose to reduce the amount of interruptions.  

 

 Design workstations with respect to interruptions 

When a human engages in an activity, Kirsh (1999) declares that the environment is a 

changing coalition of external and internal resources. Accordingly, the challenge is to 

coordinate these different resources appropriately and to design workstations that may 

reduce the amount of interruptions.  

 

The need for workstations to be designed with respect to interruptions is clearly displayed 

in the empirical study. In fact, many of the observed interruptions could potentially be 

prevented if the workstations enabled a better coordination of the resources. This is 

especially true for the process driven interruptions (see Sub-sections 4.1.2 and 4.2.1), 

which often are a result of external factors that do not complement the human’s cognitive 

abilities or scaffold the work activities that should be performed.  

 

Keller and Keller (1996) describe how the blacksmith organises and builds the 

environment in which he works, a process that the authors describe as a practice of the 

smith in the same way as the forging of a piece of iron is. Accordingly, the coordinated 

structure of the resources and the spatial design of the workstation should be well mapped 

with the assembly process and the sequence of the assembly operations. 

 

 Design tasks with respect to interruptions 

Tasks should be designed with respect to human cognitive abilities. According to the 

rough model of human information processing, which presents the so-called automatic 

and controlled modes of cognition (cf., Section 2.2), tasks should be designed so that they 

provide support for the activities that humans are poorly suited for cognitively, and help 
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the worker to develop the cognitive skills the human is biologically predisposed to easily 

process. 

 

It is relevant to have a proper balance between the two modes of cognition, so that the 

worker is not forced to use limited conscious capacity to unnecessary issues. When the 

task demands the performance of non-automatic cognitive activities, the result will be an 

increased cognitive load (e.g., Kahneman, 2011; Norman, 1993). In this situation, 

interruptions are likely to put further constraints on the cognitive processes, result in a 

slower thinking process due to the limited available cognitive capacity and result in an 

even more increased cognitive load. When this happens, the resumption of the primary 

tasks is likely to be aggravated, which also was seen during the empirical work when a 

nested interruption caused a worker to temporarily forget the primary task (see Sub-

section 4.1.2).  

 

Recommendations to minimize the disruptive effects of interruptions  

 

 Provide both details and a holistic perspective 

Interruptions can often diminish the individual’s sense of control regarding the interrupted 

activity (McFarlane & Latorella, 2002). Accordingly, to be able to switch between details 

of the ongoing task and the holistic perspective of that task strengthens the sense of 

control, which is likely to make interruptions less disruptive and easier to recover from.   

 

This workplace study shows that the workers actively strive to get access to both details 

and the holistic perspective concerning the work activities taking place (see Chapter 4). 

One example is Vehicle, where all of the operators are listening to the same frequency on 

the communication radio in order to receive information about the line and its overall 

status (see Sub-section 4.2.2). To be able to shift back and forth from details to a holistic 

perspective has been shown to be important for the navigation through the work process, 

which includes knowledge regarding the current status of the work process as well as an 

understanding about where the process is going. This result is consistent with research 

suggesting that people have a tendency to strive for more information (Kirsh, 2000) and 

that a coordination of activities requires access to information outside your ongoing task 

(Hudson et al., 2002). However, this recommendation does not suggest that all available 

information should be presented. Information overload would not be beneficial from an 

interruption perspective. However, it is relevant to have the right information (e.g., Brolin 

et al., 2011) in order to develop awareness about the situation and a feeling of control 

over the primary task and its execution.   

 

 Make the status of the work process visible 

An interruption could be described as a disruption of though and accordingly, to resume 

the primary task can sometimes be difficult (e.g., Bailey & Konstan, 2006; Iqbal & 

Horwitz, 2007; O’Conaill & Frolich, 1995). An interruption could change a person’s 

awareness about the primary task. This workplace study shows that the creation of 

external structures can facilitate the internal processes and support the person’s awareness 

about the situation and where to resume the primary task. This is addressed by Kirsh 

(2010) who stresses how humans always are creating external representations to reduce 

memory load and to allow us to think more powerfully. In this study, the use of 
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placeholders in the environment was shown to make the process of the work status 

visible, which supported the resumption of the primary task (see Sub-section 4.1.2). Dix 

et al. (2004) explain that placeholders refer to things that tell a person what needs to be 

done and thus, help people to keep track of their work process. Accordingly, to visibly 

display the status of the work process eases the challenge of resuming the primary task 

and decreases the risk for the person to wind up in doubt or ignorance about where (s)he 

is in the work process.  

 

When feeling lost in the work process, it may also be difficult to formulate where the 

process is heading. Accordingly, this recommendation is related to the previous presented 

recommendation and is perhaps slightly depending on its fulfilment. When people have 

access to both details and the holistic perspective, it is easier to keep track of the current 

situation and thus easier to visibly display the status of the work process. 

 

The developed recommendations are a synthesis of the theoretical background (see Chapter 2) 

and the empirical study (see Chapter 4). Accordingly, they are designed to be general and 

therefore applicable to other organisations than just the ones participating in this workplace 

study. The overall purpose of the recommendations and their most important contribution is to 

raise awareness about interruptions. As previously mentioned, interruptions are not inherently 

bad, although they can bring negative effects. When applied, the presented recommendations can 

reduce the amount of interruptions and minimize the disruptive effect of interruptions, which 

provides an increased possibility for the individual to successfully handle the interruptions that 

occur.  
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6 Conclusions and discussion  
The aim of this study was to portray interruptions in the socio-technical domain of manufacturing 

industry, from a distributed cognition perspective. Prior interruption research has shown a 

restricted theoretical foundation and a limited understanding of interruptions in natural settings. 

Further, despite the fact that the theoretical framework of DC has been shown to be applicable to 

complex socio-technical domains, DC has previously not been applied to the manufacturing 

domain. This study complements prior interruption research and provides further understanding 

about the interruption phenomenon as well as it initiates interruption research in the 

manufacturing domain.   

 

With a workplace study, interruptions in manufacturing were investigated and analysed with the 

application of DC. With two workplaces, this workplace study has provided a portrayal and a 

holistic perspective of interruptions as they occur in the assembly processes in the manufacturing 

domain. This holistic perspective of naturally occurring interruptions has resulted in the 

identification of two new types of interruptions and one new dimension of interruptions. This 

discovery complements previous understandings about interruptions and can contribute to 

insights regarding how interruptions and their disruptiveness can be reduced. Accordingly, the 

knowledge that prior interruption research has contributed with has been integrated with the 

empirical findings from this study in the development of five recommendations. These concern 

two aspects of interruptions that the empirical work has put forward as relevant. The aspects 

concern how to reduce interruptions, and how to minimize the disruptive effects interruptions 

might bring. Naturally, these recommendations alone cannot eliminate all the unwanted or ill-

timed interruptions, nor can they make the human being resistant to the negative effects 

interruptions can bring. However, with an increased awareness about interruptions and with 

support from the workplace, the tasks, and the external structures in the setting, the human will be 

able to better allocate cognitive abilities and, as Dix (2002, p. 2) phrases it, “(…) not just act on 

the world, but act with the world”. Accordingly, the recommendations are considered to 

contribute to the manufacturing industry where the recommendations could result in improved 

efficiency and better production outcomes as well as improved work environments where the 

workers’ cognitive abilities, with its strengths and limitations, are acknowledged.  

 

In the following sections, the results of the study are discussed with focus on contributions and 

implications for research and to the manufacturing domain (Section 6.1). Further, the 

methodological approach of this workplace study is discussed (Section 6.2), and finally, 

suggestions for future research are presented (Section 6.3).  

 

6.1 Contributions and implications  
One relevant implication of this study is the development of insights, thoughts, and questions 

related to the results and interruption research. It is known that research results often raises new 

questions and insights that would be interesting to investigate, and this study is no exception. In 

the following sections, thoughts and reflections about the results and its contributions and 

implications are presented.  

 

In this thesis, a general definition of the interruption concept was emphasised (see Section 2.1), 

mostly since the possibility for both externally and internally generated interruptions was 

considered relevant. Now that the study is completed, the emphasised definition seems to be 
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appropriate. Especially since it could be argued that process driven interruptions are partly 

internally generated since they require a certain level of knowledge about the activity in order for 

the worker to understand that the work process cannot continue. This supports the emphasis of a 

general definition for interruptions that acknowledges a relationship between external and 

internal triggers that may generate interruptions.  

 

An interesting aspect regarding interruptions is their disruptiveness. For example, social 

interruptions were often observed as immediate and delivered without further considerations. 

However, it is difficult to perceive whether the interruptions were as immediate and thus, as 

intrusive, as they were perceived when the situation was observed. For example, at Forest, the 

assembly workers report that they receive information regarding the other team member and his 

work process through implicit cues in the setting. This suggests that a social interruption might be 

adjusted to these cues and the individual’s perception of the colleague’s availability. This is, 

however, very difficult to observe from the outside and probably also difficult for the individual 

to explicitly declare.  

 

Another interesting aspect regarding interruptions relates to the dimension of nested 

interruptions. After the workplace study was completed, it was discovered that nested 

interruptions had previously been mentioned in a study about work fragmentations and multi-

tasking for managers in office environments, presented by Mark et al. (2005). However, the 

authors did not pay attention to this dimension but just used the concept and expressed that 

“Interruptions can become nested, leading to stress in keeping track of multiple states of tasks” 

(Mark et al., 2005, p. 322). Clearly, the reference about nested interruptions has not provided 

much input to interruption research, which probably is due to the minor interest the authors 

demonstrate for the nested interruptions. The fact that it previously has been addressed is, 

however, beneficial since it strengthens the results of this study and validates the findings of 

nested interruptions.  

 

A general thought concerns the negative effects interruptions might bring. These effects are 

difficult to identify when observing human behaviour and work activities. In fact, when studying 

interruptions in natural settings, it becomes apparent that the effect interruptions bring depends 

on the individual and aspects such as the current affective state, the experience of performing the 

activity, and the individual’s perceived need for additional information. Sometimes an 

interruption causes a negative effect on the ongoing task (e.g., decreased efficiency and increased 

cognitive load) but a positive effect on the next coming task or perhaps a positive effect on 

another level of the information flow. For example, the knowledge gained from the interruption 

could have a beneficial effect on the general information flow of the overall assembly goal, but 

not for the interrupted worker. The complexity described makes it difficult to assess the effects of 

an interruption from the position of the observer. Furthermore, this complexity implies a need for 

further develop concepts and notations in interruption research. 

 

Hutchins (1995a, p. 371) expresses that “The study of cognition in the wild may reveal a different 

sort of task world that permits a different conception of what people do with their minds.” In the 

same way, studying interruptions “in the wild” have permitted a new and different conception of 

interruptions as they occur within a socio-technical system. As previously has been mentioned, 

prior interruption research has mainly been performed in artificial environment and with the use 

of artificial tasks (see Chapter 2). Naturally, the workplace study presented here only constitutes 
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initial steps towards a more encompassing interruption research “in the wild”. The results of these 

initial steps, however, convince me that further interruption studies along these theoretical and 

methodological lines will be fruitful in the pursue of knowledge about interruptions and how they 

preferably should be managed.  

 

Prior interruption research has been scattered and divided into several separated scientific 

disciplines. In an attempt to unite the field of interruption research, the results and their 

implications will mainly be discussed on a more abstract level and rarely with explicit references 

to the different scientific disciplines. As mentioned, interruption research has received criticism 

for being scattered and presenting contradictory results (see Chapter 2). This could be a result of 

the existing gap between the separate scientific disciplines. The present study lies within the field 

of HCI, but has initiated to bridge the gap between the scientific disciplines by taking on a broad 

approach to interruptions as a phenomenon. By raising the level of abstraction and studying 

interruptions with a broad research question and the aim to portray interruptions as they occur in 

manufacturing, this study has initiated the work to develop a foundation for interruptions that can 

improve the possibilities for uniting interruption research.  

 
This thesis has contributed with a portrayal of interruptions in the socio-technical domain of 

manufacturing industry, from a distributed cognition perspective. This portrayal provides a 

unique contribution since interruptions have previously not been studied from the perspective of 

DC, nor in the manufacturing domain. This workplace study has provided insights as to how 

work is performed in assembly processes in a larger unit of analysis including people, 

technologies, and artefacts, as well as it has provided insights regarding how the work is affected 

by interruptions. Further, the results of this study has provided a deeper understanding about 

interruptions and revealed that different types of interruptions exist and that several interruption 

tasks can coexist in a nested interruption. These insights could have major implications for 

interruption research and contribute to the development of relevant future research questions. 

Further, the insights of this study address the criticism prior interruption research has received 

and initiates the process of providing a thorough research foundation, to which the scattered 

research results from prior interruption research can come together, strengthen each other, and 

provide a more cohesive understanding of interruptions.   

 

Furthermore, the results of this workplace study can provide implications and important insights 

to the improvement of the work environments in manufacturing. The system perspective 

incorporated in DC was found to be beneficial for studying interruptions and it could be argued 

that it is relevant to continue to apply this socio-technical system perspective. To study 

interruptions in natural work processes clearly has contributed with new perspectives and 

insights, which has yielded further developed knowledge about interruptions and the management 

of these. The relevance of taking on a system view is discussed by Wilson (2014) who argues that 

the practical value of research is strengthen with the application of a system view. In fact, Wilson 

(2014) describes the future of the scientific discipline of human factors as dependent on the 

acceptance of human factors as a systems discipline, which the author refers to as systems 

ergonomics or systems human factors. The importance of a system perspective is further 

supported by workplace studies, in which the study of the interactional organisation of a 

workplace and the way tools and technologies are used (Heath et al., 2000) provide a system 
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perspective that, according to Warfield Rawls (2008), increases the practical value of the 

research.  

 

Accordingly, this study reveals that prior interruption research, and its focus on performing 

experiments, benefits when complemented with a broader unit of analysis. Previously, the 

humans’ cognitive abilities have been taken into account, however, there is a need to apply new 

models of cognition with a broader unit of analysis (e.g., the theoretical framework of DC) in 

order to truly understand, and be able to explain, interruptions. Further, this study has provided 

insights concerning the relevance of considering external representations and scaffolds in the 

setting when studying, and attempting to improve, work processes. Further insights to research 

relates to the potential to improve interfaces with respect to incoming notifications, but also 

design of workstations and work tasks so that the interaction is smooth and the human is provided 

appropriate support in the performance of the activity. 

 

This study’s main contribution to the manufacturing industry is the developed recommendations, 

which provide guidance concerning how to reduce interruptions and how to manage the ones that, 

despite all, do occur. When implemented, the recommendations could bring positive implications 

and improve the efficiency and the production outcome, which would benefit not only the 

industry, but also the entire society. Improved efficiency is often the goal for the manufacturing 

domain; however, this has often been achieved without considering the human workers and their 

work environment. Therefore, what is considered the overall contribution of this study is to show 

that the manufacturing production can be improved and work processes can be made more 

efficient when interruptions are managed, without exerting the human workers.   

 

Furthermore, this study introduces DC into the manufacturing domain, thus, contributing to DC 

as a theoretical framework. It has previously been argued that DC should be applicable to 

manufacturing (cf., Lindblom & Thorvald, forthcoming), which in this study has been shown to 

be correct. The great amount of information and the coordination of activities necessary to reach 

a good production outcome are just some of the aspects that make manufacturing suitable for 

studying from the DC perspective. It is believed that the manufacturing domain truly could 

benefit from the system level view incorporated in DC. This brings a focus on the cognitive 

aspects of work activities, which often have been neglected in the manufacturing domain 

(Thorvald, 2011). In this study, DC has brought new and insightful perspectives on 

manufacturing. Despite its applicability to the manufacturing domain, DC could benefit from 

further developed concepts, which is furthered discussed below. 

 

6.2 Methodological discussion 
Identical circumstances can never be re-created, which makes reliability and validity irrelevant in 

naturalistic inquiry (Robson, 2011). Lincoln and Guba (1985) present four criteria for evaluating 

qualitative work. The four criteria for naturalistic inquiries are: (1) credibility, (2) transferability, 

(3) dependability, and (4) confirmability (Lincoln & Guba, 1985). Together, the four criteria aim 

at improving the trustworthiness of the study.  

 

There are several approaches to reach credibility in qualitative studies (Shenton, 2004). In this 

thesis, the empirical work has been based on well-established qualitative techniques for data 

gathering: observation, video-recordings, and interviews. Further, the methodological choices are 
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supported by the concept of DC (Hutchins, 1995a) and workplace studies (e.g., Heath et al., 

2000), in which observations “in the wild”, video-recordings, and interviews previously have 

been successfully applied. Furthermore, in order to improve the credibility, data triangulation was 

applied, which according to Patton (2002) increases the accuracy and credibility of the findings. 

 

Patton (2002) describes the importance of providing rich descriptions of the workplaces, the 

settings, the participants, etc. This is consistent with Lincoln and Guba (1985) and the criteria of 

transferability and dependability. Transferability refers to the degree to which the findings can be 

applied to other situations (Merriam, 1998). This requires rich descriptions to ensure that the 

provided information about the fieldwork and the phenomenon of study is sufficient to enable a 

comparison to other situations. In this study, the two workplaces displayed differences in their 

work processes, which mainly are due to the differences regarding their production systems (i.e., 

dock assembly at Forest, and production lines at Vehicle). Nevertheless, the majority of the 

observed interruption types and the observed interruption dimensions occurred at both of the 

workplaces. Hence, the general findings of this study are likely to be applicable also to other 

assembly sites in the manufacturing domain. Dependability refers to the degree in which the same 

results would be obtained if the study was repeated in a similar context, with similar methods, 

and with similar participants (Shenton, 2004). Due to the changing nature of naturally occurring 

phenomena, dependability is difficult to achieve in qualitative inquiry. Florio-Ruane (1991) 

argues that observation are tied to the specific situation and “frozen in the ethnographic present”. 

Still, in this report, the empirical work has been described with rich descriptions of the theoretical 

approach, the methodological choices, the techniques for gathering data, etc., (see Chapter 3). 

These detailed descriptions enable researchers to repeat the study, however, not necessarily to 

gain the same results.  

 

The last criterion for trustworthiness is confirmability, which focuses on the interpretations made 

during the study. Naturally, no person is completely unbiased and without interests and 

perspectives. However, the use of data triangulation strengthens the confirmability in naturalistic 

inquiry and furthermore, this report has been read by the participants in order to ensure that 

researcher bias is not an issue in this study.  

 

In this study, two workplaces were selected. To develop a domain knowledge and an 

understanding of the work processes at these two different workplaces were challenging and a 

process that required both time and great effort. Overall, the use of two workplaces in one study 

is considered beneficial and the fact that the same interruption types were identified at both 

workplaces strengthens the transferability and dependability of the results. However, it is relevant 

to acknowledge that the strength and increased trustworthiness that two workplaces can bring to a 

study can also cause a loss of detail depth. The difficulties of providing depth in the details in not 

considered an issue that affected the possibilities to achieve the aim to portray interruptions. The 

scope of this study, i.e., interruptions in manufacturing, has previously been unexplored, which 

makes a holistic perspective considered appropriate.  

 

During the workplace study, DC has been useful as a theoretical filter. The focus of a workplace 

study is to study and describe work practices and how people accomplish tasks (Luff et al., 2000). 

In this study, this has been performed at two workplaces and the use of DC as a theoretical 

perspective has made it possible to observe the socio-technical system and to understand the 
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work processes with respect to how interruptions affect the information flow and the use and 

integration of different representations.  

 

The data gathering was challenging at Vehicle due to their highly complex work processes, the 

large area in which the production took place, and the safety regulations, which restricted my 

movements within this large socio-technical system. Further, the fact that company regulations 

did not allow video-recordings made the data analysis dependent on the field notes, which 

aggravated the possibilities to perform a detailed analysis. The socio-technical system was more 

accessible at Forest due to the production structure of dock assembly, which also enabled video-

recording. For these reasons, the episodes described in detail (see Chapter 4) are mainly episodes 

observed at Forest.    

 

Rogers (2012) argues that the theoretical framework of DC is difficult to apply due to the lack of 

explicit features to look for, as well as the lack of a checklist to guide the researcher in the 

analysis of the gathered data. The performance of this study has required considerable time and 

effort, and much of this has to do with the lack of a structured approach regarding how to perform 

a proper DC analysis. Accordingly, I would like to agree with the statement of Rogers, saying 

that the application of DC is challenging. The difficulties of applying DC have been addressed 

before and a few attempts towards structuring the approach into a method have previously been 

made (cf. e.g., Galliers et al., 2007; Nilsson et al., 2008). However, none of these relates to 

interruptions and it has been pointed out that the methods often show either a high complexity or 

a simplified approach that does not support a proper DC analysis (Sellberg & Lindblom, 2014). 

In the performance of this study, some direction was needed. Since the methods attempting to 

structure DC were considered insufficient for this thesis, support was taken from the sensitising 

concepts of this study (see Section 3.3). Nevertheless, the application of DC was still challenging, 

which is why further support was taken from Rogers and Ellis (1994) and the four areas involved 

in knowledge transitions that the authors present. Further, also the insights presented by Hollan et 

al. (2000) suggesting three different types of distributed cognitive processes that will become 

observable when studying human activity from a DC-perspective was used as support during the 

empirical work (see Section 2.5). With the lack of a checklist, as Rogers (2012) mentions, these 

insights and contributions were valuable in the performance of the DC analysis and functioned 

like a pair of glasses, ensuring the right theoretical focus. 

 

To perform interruption research in the manufacturing domain with the theoretical perspective of 

DC has brought its very own challenges. These mainly relate to the set of concepts included in 

the DC framework. In fact, the terminology of DC has sometimes been insufficient while other 

times, the concepts were irrelevant for the scope of this study. One example of the latter relates to 

the emphasis Hutchins (1995a) puts on the historical development of tools. In this study, with its 

focus on interruptions, the history of the tools and material artefacts were not considered as 

central. A description of different levels of activity on the other hand, is one aspect that would 

have been useful in this study. This is also one aspects considered to be missing from the DC 

framework. The lack of explicitly defined levels of activity aggravated the descriptions of the 

activities taking place in the work processes that were studied. One suggestion for further 

development of DC is therefore to take inspiration from activity theory in which activities are 

divided into different levels (see Section 1.3). Another aspect that was identified as very central 

in manufacturing and conceptually missing from DC is the craftsmanship and the assembly 

workers embodied knowledge. Although embodiment is considered a central aspect in DC, 
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Lindblom (forthcoming: b) has presented DC as “peculiarly ’disembodied’” and Hutchins (2006) 

himself poses a similar opinion and writes: 

 
In the last chapter of Cognition in the Wild (Hutchins, 1995), I argue that cognitive science made a 

fundamental category error when it mistook the properties of a person in interaction with a social 

and material world for the cognitive properties of whatever is inside the person. One enduring 

problem with this claim is that it demands a description of how cognitive properties arise from the 

interaction of person with social and material world. Cognition in the Wild provides a profoundly 

incomplete answer to this question. (…) it says almost nothing about the embodied practices of the 

navigators as flesh-and-blood people. For the most part, the cognitive processes described in 

Cognition in the Wild, and in other treatments of distributed cognition, are presented without 

reference to the role of the body in thinking. That is, in spite of the fact that distributed cognition 

claims that the interaction of people with things is a central phenomenon of cognition, the 

approach has remained oddly disembodied (Hutchins, 2006, p. 1, emphases added). 

 

The terminology of DC is somewhat ambiguous and it could be argued that Hutchins (1995a) 

does not explicitly use and define the concepts of DC. Instead, the concepts are inexplicitly 

described with the use of examples and description of the work processes in the ship navigation 

that Hutchins studies. The concepts have been more explicitly described, for example, by Hollan 

et al. (2000). Still, DC has received criticism for the lack of a clear set of concepts (e.g. 

Halverson, 2002; Rogers, 2012). The framework of DC is primarily an approach for 

understanding cognitive processes embedded in an environment, which is an important focus that 

should be respected and valued. Despite this, the conceptual restrictions aggravate the application 

of DC, which suggests that further developed concepts and notations would strengthen DC as a 

framework. In this study, concepts such as placeholders and tacit knowledge have occasionally 

been applied due to the lack of concepts in DC that is applicable to internal representations and 

different types of external representations. Hence, concepts outside of the terminology of DC 

may contribute to the framework and stretch the limitations of the approach to increase its 

applicability to different domains and different phenomena of study.  

 

6.3 Future research  
Rogers (2012) mentions that interesting insights and new research questions often emerge when 

the boundaries of what is studied is expanded and looked at with different theoretical lenses and 

methods. This study introduces a new theoretical perspective to interruption research and the 

results do yield insights and suggestions for future research. One starting point relates to the 

limitations of this study, in which the focal point concerns interruptions occurring in assembly 

work processes performed by assembly workers and machine operators. To limit the study to 

production areas and work activities related to the manufacturing production implies that the 

whole information flow has not been covered in this study. Instead, the workplace study was 

performed at certain episodes in time. This implies that certain stages of the work processes and 

thus certain parts of the information flow have been studied, which has yielded a description of a 

lower level of the information flow. Research limitations are necessary and these were mainly 

due to time constraints. This suggests that future research possibilities exist by simply expanding 

the research presented here. With an enlarged study, a full-scale analysis of the whole 

information flow in assembly, with all its levels of details and the abstract, could be performed. 

The holistic perspective of the present study also suggests the relevance of performing a more 

detailed study, for example, a fine-grained analysis with deeply detailed descriptions of one 

observed episode. Furthermore, expanding this research into other domains than manufacturing 
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could provide additional insights about interruptions as they occur in natural settings and 

contribute even more to the experimental studies in prior interruption research.  

 

The recommendations that have been developed are considered one of the main contributions of 

this study. Due to the complexity of interruptions in natural settings, it would be valuable to 

validate the recommendations. The time constraints of this study did not allow a validation, 

however, to validate and iterate the recommendations could increase their applicability to the 

manufacturing domain and strengthen their possibilities to reduce interruptions and their negative 

effects.  

  

Further suggestions for future research concern the types of interruptions that were identified in 

this study. With the aim to portray interruptions, this study did not attempt to provide a detailed 

description about the identified interruption types and their characteristics. This suggests that 

future research projects could provide a deepened understanding about the identified types of 

interruptions, answering questions regarding what generates an interruption of a specific type, 

how do they effect the human, etc. Nested interruptions would potentially be the most interesting 

to study since this enhanced complexity makes the nested interruptions more unpredictable and 

likely to cause a greater effect on the human. In fact, nested interruptions give rise to a few 

research suggestions, for example, to investigate if the compositions of the nested interruptions 

(i.e., the different types of interruptions being nested) affect the complexity of resuming the 

primary task. It could be assumed that nested process driven interruptions would be easier to 

recover from since these interruptions allow the individual to work towards the same overall goal. 

However, this is just a passing though, which needs to be furthered studied. The research 

approach of this study was purely qualitative and the results clearly show that one study can give 

rise to new research questions. This further emphasises the relevance of performing research with 

varying research approaches where the qualitative and quantitative characteristics can 

complement each other and result in complementing research results. 

 
Other ways of continuing research along the lines of the present study would be to expand the 

boundaries of what is studied even further and study interruptions with other theoretical lenses. 

Despite the difficulties described regarding the application of DC, the theoretical framework is 

considered applicable to interruption research. The introduction of DC to interruption research 

has yielded new insights about the phenomenon and contributed with multiple suggestions for 

future research. This implies that it could be beneficial to continue to investigate how distributed, 

embodied, and situated approaches, such as for example DC, situated action, activity theory, etc., 

can contribute to interruption research, the understanding about interruptions in natural settings, 

and how to successfully manage them. These theoretical approaches display a similar perspective 

on the human as DC but include different concepts and slightly different foci. The application of 

different distributed and embodied approaches have previously made major contributions to 

research fields such as HCI (cf. Rogers, 2012) and could potentially continue to make important 

contributions to interruption research as well.  

 

Finally, this study has provided insights to DC as a theoretical framework suggesting that 

guidelines supporting the researcher would increase the possibilities for application and ease the 

performance of research with DC as its theoretical foundation. Furthermore, the conceptual 

restrictions suggest that it might be beneficial to expand and further develop the conceptual 

apparatus included in the framework. With a comprehensive conceptual apparatus, the framework 
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is likely to better match the real world and be more applicable to various naturally occurring 

phenomena. 

 

6.4 Concluding remarks 
To summarize this research, to portray interruptions as they occur within the socio-technical 

domain of manufacturing from a distributed cognition perspective has yielded contributions to 

research, to manufacturing, and to society as a whole. Considering the negative effects 

interruptions might bring, frequently occurring interruptions could be viewed as a work 

environment problem effecting efficiency, performance, and the human worker. Interruptions 

have previously not been studied in the manufacturing domain. Considering the important 

position manufacturing has in modern society and the major amount of people the manufacturing 

industry employs, the work environment is not an aspect to take lightly. The results of this study 

and the developed recommendations can yield a significant difference for the manufacturing 

domain concerning optimization of the work processes and increased efficiency. This could lead 

to increased quality of the production outcome and a strengthen position of manufacturers in the 

society.   

 

In history, strategies for improved efficiency have often resulted in work environments with 

increased levels of stress. Due to the methodological choices and the cognitive origin of the 

theoretical foundation of this study, the developed recommendations consider cognitive abilities 

and limitations. Thus, the improved work processes the results of this study can bring will not be 

at the expense of the human worker. The consideration of the human worker origins in the 

perspective of the human being the research study has as its foundation. In this study, it is 

emphasised that the human should be viewed as a highly active and central part of the socio-

technical system, which is consistent with workplace studies in which the workers, not the 

researchers, are viewed and treated as the experts (Warfield Rawls, 2008). Research related to the 

manufacturing domain has traditionally been performed within the scientific discipline of human 

factors, which is a discipline that has been described as limited when it comes to the view of the 

human worker (Bannon, 1991). To perceive the human as an actor, instead of a factor, brings 

new ways of understanding work processes and the relationship between people and the use of 

tools and artefacts in work settings (Bannon, 1991). This perspective on the human worker is 

considered important to acknowledge and this study brings new insights for research in the 

manufacturing domain by explicitly showing that the perspective of the human as an actor is 

beneficial for interruption research as well as for research in manufacturing. Overall, 

interruptions are part of life and they can affect both the humans’ wellbeing and the possibility to 

perform efficiently. This makes interruptions a relevant and important phenomenon throughout 

the society. With a deepened understanding about interruptions and research acknowledging the 

human worker, work processes can be improved, the efficiency can be increased, and the work 

environment can be designed so that it truly supports the cognitive abilities and limitations of the 

human being.   
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