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Abstract 
Interruptions are prevalent everywhere and in all work settings. Previous research has 
demonstrated a link between interruptions and impaired human performance, but less 
research has been conducted in real-life work settings (e.g., Jett & George, 2003). This 
study aims to shed light on the relationship between interruptions and human 
performance in the knowledge work setting. Knowledge work is characterized by 
distributed teams, high reliance on technology and (virtual) collaboration, all conditions 
that increase exposure to interruptions and fragmentation of work. Simultaneously, 
knowledge work, by definition, consists to a large degree of tasks that require high level 
of focus (Grudin, 2011). Therefore, it is crucial to advance the understanding on what 
impact interruptions may have on human cognitive performance in the knowledge work 
setting. This thesis aims to answer the question: How do accumulated interruptions affect 
knowledge workers’ cognitive flexibility? 
The thesis is part of a bigger research study at Aalto University that investigates the 
cognitive performance costs of contemporary work demands. Data was collected via time-
coded field observations from two full working days and cognitive flexibility performance 
tests (N= 268) of 49 individuals working in multinational enterprises with headquarters 
located in Finland. Statistical analysis was performed using multilevel modelling 
methodology, which allowed for studying within-person effects of the independent 
variables voluntary and involuntary interruptions on the dependent variables switch cost 
and mixing cost of cognitive flexibility. 
The findings of this thesis indicate that accumulated involuntary interruptions are 
significantly related to mixing costs of cognitive flexibility. The findings support previous 
research results on the harmful effect of interruptions on human performance (Jett & 
George, 2003). The findings also suggest a statistically significant relationship between 
accumulated voluntary interruptions and mixing cost of cognitive flexibility. Statistically 
significant relationships between involuntary or voluntary interruptions and switch cost 
of cognitive flexibility were not found. There are some limitations to observation of 
involuntary interruptions, which may have affected the results of the study. Future 
research should aim at capturing effects from particularly involuntary interruptions in the 
knowledge work setting. The main implication of this study is advancing the current 
knowledge and ecological validity on the study on the relationship between interruptions 
and human performance by taking a real-life within-person methodological approach, 
that allows for studying the effects of accumulated interruptions in the knowledge work 
setting. 
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Sammandrag 

Avbrytningar förekommer överallt och i alla arbetsinställningar. Tidigare forskning har 
visat en koppling mellan avbrytningar och försämrad prestationsförmåga hos människan, 
men färre antal forskningar har utförts i verkliga arbetsmiljöer (t.ex. Jett & George, 
2003). Syftet med denna studie var att belysa förhållandet mellan avbrytningar och 
mänsklig prestanda i kunskapsarbetet. Kunskapsarbete kännetecknas av bland annat 
spridna arbetsgrupper, hög beroende av teknik och (virtuellt) samarbete, alla ovan 
nämnda förhållanden som ökar både utsättandet för avbrytningar och fragmentering av 
arbetet. Samtidigt består kunskapsarbete per definition av uppgifter som kräver hög nivå 
av fokus (Grudin, 2011). Därför är det viktigt att öka uppfattningen om avbrytningarnas 
inverkan på kognitiv prestation i kunskapsarbetet. Denna avhandling syftar till att 
besvara frågan: Hur påverkar ackumulerade avbrytningar kunskapsarbetarnas kognitiva 
flexibilitet? Avhandlingen är en del av en större forskningsstudie vid Aalto-universitetet, 
som undersöker de kognitiva prestationskostnaderna för nutida arbetskrav. Data 
samlades in via tidskodade fältobservationer från två hela arbetsdagar och flertal 
kognitiva flexibilitetstest (N = 268) på 49 personer som arbetar i multinationella företag 
med huvudkontor i Finland. Statistisk analys utfördes med hjälp av flernivåmodellering, 
vilket möjliggjorde studier av personliga effekter av de oberoende variablerna frivilliga 
och ofrivilliga avbrytningar på de beroende variablernas växlingskostnad och 
blandningskostnad för kognitiv flexibilitet. 
Resultaten av denna avhandling tyder på att ackumulerade ofrivilliga avbrytningar visar 
ett samband med blandningskostnader för kognitiv flexibilitet. Resultaten stöder tidigare 
forskningsresultat om den skadliga effekten av avbrytningar på mänsklig prestanda (Jett 
& George, 2003). Resultaten antyder också ett statistiskt signifikant samband mellan 
ackumulerade frivilliga avbrytningar och blandningskostnader för kognitiv flexibilitet. 
Statistiskt signifikant samband mellan växlingskostnader för kognitiv flexibilitet och 
ofrivilliga eller frivilliga avbrytningar hittades inte. Det finns vissa begränsningar för 
observation av ofrivilliga avbrytningar, vilket kan ha påverkat resultaten av studien. 
Framtida forskning bör syfta till att fånga effekter från särskilt ofrivilliga avbrytningar i 
kunskapsarbetet. Huvudkonsekvensen av denna avhandling är främjandet av den 
nuvarande kunskapen om ämnet och ökandet av ekologiska validiteten om sambandet 
mellan avbrytningar och mänsklig prestation genom att studera effekterna av 
ackumulerade avbrytningar i verkliga livet hos kunskapsarbetare. 
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1 INTRODUCTION 
 

“The major problem of life is learning how to handle the costly 
interruptions.” 

- Martin Luther King, Jr. 

 

Are you ready to take on a challenge? Read through this thesis without getting interrupted 

neither by yourself nor by someone around you. Nearly impossible to most of us. The mere 

fact that typing the word ‘interruption’ into Harvard Business Review’s online magazine 

search gives you almost 900 hits tells that something is going on in today’s world of work. 

Martin Luther King, Jr. is not alone with his notion regarding the ‘cost’ of interruptions – 

changes in characteristics of work have come with costs and an interruption free working 

environment has become a nearly invaluable commodity. Interruptions are so omnipresent 

that we fail to recognize their perpetuating effect on our lives; according to one study, on 

average 28 percent of our workday is disrupted by interruptions (Spira & Feintuch, 2005). 

Another study reports that the amount of uninterrupted time during an average day is as little 

as an hour and 12 minutes (MacKay, 2018). 

 

The term interruption in most literature is defined as events that delay or prevent progress 

on a current goal-directed task by capturing the individual’s attention (Eyrolle & Cellier, 

2000; Jett & George, 2003). When interrupted, the interrupted person is required to orient 

his or her attention to the new goal, disengage from the previous goal and finally return 

attention to, recall, and return to the original task after dealing with the interruption. It goes 

without saying that going through this mental process over and over again places significant 

cognitive load on the interrupted individual. 

 

The very nature of knowledge work – distributed teams, extreme reliance on technology and 

(virtual) collaboration – shape a perfect ground for frequent interruptions to occur. 

Simultaneously knowledge work consists of a large degree of tasks that require a high level 

of focus and cognitive attention (Grudin, 2011). A constant need to multitask and repeatedly 

switch between different tasks and cognitive operations becomes a burden that is hard to 

tackle even by the smartest of us. It can be concluded that knowledge work, while being 

innately characterized by frequent interruptions, is also particularly vulnerable for suffering 

from them. The question thus arises as to what burden working in an environment with a lot 
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of interruptions – while being required to try to retain focus on the tasks at hand – puts on 

our cognitive system? 

 

Proliferation of research on interruptions during the past two decades has resulted in a 

deepened understanding on the nature and effects of interruptions (e.g., Puranik et al., 2019). 

Most current research has focused on negative effects of interruptions (Jett & George, 2003), 

such as higher error rate (e.g., Bailey & Konstan, 2006), loss of productivity (e.g., Cai et al., 

2018) and perceived increase of workload (e.g., Addas & Pinsonneault, 2018). Although 

some research suggests that interruptions may, in some circumstances, lead to positive 

effects on performance (e.g., Zijlstra et al. 1999), most literature argue for the deteriorating 

impact of interruptions on human performance. Advancing the understanding of this 

omnipresent stressor in today’s working life is important for preventing unnecessary strain, 

improving working conditions and eventually, enhancing knowledge worker productivity, 

which is the major survival requirement of companies and society (Drucker, 1999). 

 

Literature on interruptions have mostly treated them as isolated, single-occurrence 

phenomena, leaving room for further exploration on the complex nature of sequential or 

accumulated interruptions that are typical in today’s knowledge work setting (Jett & George, 

2003). A stream of more recent research has developed into studying the complex and 

cumulative nature of interruptions at work (e.g., Baethge et al., 2015; Werner & Holden, 

2015). Yet, there is little evidence on how multiple, accumulated interruptions impact 

knowledge worker performance over time (Baethge et al., 2015; Puranik et al., 2019). 

Therefore, Puranik et al. (2019) call for more studies taking this issue into account by “using 

methodologies that capture this complexity” (pp.31).  

 

This thesis aims at filling the gap in previous research by providing insight into how 

accumulated interruptions in real-life knowledge work setting are related to subjects’ 

cognitive flexibility capability. This thesis aims at advancing the current knowledge in 

interruption research by approaching the topic from a within-subject perspective and 

accounting for effects of accumulated interruptions during the course of two working days 

per subject. By taking this approach, I aim at bringing further ecological validity to the study 

on interruptions and their relationship with human cognitive performance, particularly in the 

setting of knowledge work. 
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1.1 Research gap and objectives of the research 

 

Given the possible negative effects on performance, and the fact that the “interruption 

culture” is here to stay, researchers (e.g., Jett & George, 2003) recognize that there is a need 

for advancing the understanding on how interruptions disrupt human performance and 

workflow. Majority of the previous studies in interruptions research have been conducted 

with experimental research designs (Jett & George, 2003) and this study is driven by the 

motivation to approach the relationship between interruptions and performance with a 

research design constituting of empirical field data that allows for studying within-person 

effects with a multilevel approach. There is not only a gap in research covering the possible 

effects resulting from interruptions on knowledge worker cognitive performance, but also 

the critical urgency of the topic due to changing work habits make the resulting practical 

suggestions of this research highly relevant for the field. 

 

The aim of this research is to examine the relationship between accumulated interruptions in 

the knowledge work setting and cognitive flexibility costs. The motivation for the study rises 

from the lack of empirical field studies in the knowledge work setting on the effects of 

interruptions. Most existing studies on the relationship between interruptions and human 

performance are conducted with experimental or controlled research settings that do not 

allow for high ecological validity, as well as treat interruptions as single-occurrence events 

as opposed to considering their accumulating nature in today’s modern work settings. 

Therefore, this thesis aims at filling this gap by studying the relationship between 

accumulated interruptions in a real-life knowledge work field setting. 

 

Furthermore, this research accounts for the different sources and types of interruptions that 

may take form during the course of a knowledge worker’s day. By taking an observative 

approach to the research, I was able to categorize the different interruption types in the 

knowledge work environment and distinguish between voluntary and involuntary 

interruptions, the effects of which are both studied in relation to knowledge workers’ 

cognitive flexibility cost. 
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1.3 Research question 

 
Interruptions are prevalent everywhere and in all work settings, and research suggests mostly 

a negative effect between interruptions and work performance (Jett & George, 2003). These 

effects have been studied mainly with experimental research designs, or within domains with 

little or no relevance for the knowledge work setting. 

 

To bring further ecological validity to the study on interruptions and their effect on 

knowledge worker cognitive performance, this thesis takes a real-life approach to the 

problem by studying the topic in the knowledge work setting. It is important to study 

interruptions and their effects on performance in this setting in order to understand more in 

depth what factors constitute to the performance of workers whose tasks require high 

cognitive load. 

 
The initial research question that gave the impetus for this research was: 

 

- How do accumulated interruptions affect knowledge workers’ cognitive flexibility? 

 

1.4 Contribution 

 
The primary contribution of the thesis is to advance the current academic understanding on 

the relationship between interruptions and human performance, particularly knowledge 

worker cognitive flexibility costs. Most current studies have focused on examining the 

relationship between interruptions and performance with experimental research designs in 

the laboratory setting, or in the field in domains that are not directly applicable to the 

knowledge work setting. While some existing research suggests that there is a negative 

relationship between interruptions and cognitive performance, this study has the advantage 

of studying this relationship in the knowledge work field setting, and furthermore, with a 

multilevel research design including within-subject effects that allows for studying the effect 

of accumulating interruptions. 

 

Moreover, by contributing to advancing the understanding on the relationship between 

interruptions and cognitive performance in the knowledge work setting, this research 
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contributes with insights for managers and team members alike as regards to what sort of 

effects an interruption rich versus interruption free environment may have on employees’ 

cognitive performance. It furthermore suggests a categorization between voluntary and 

involuntary interruptions and possible varying outcomes of interruptions depending on the 

interruption source, which may provide important information for managers and employees 

in shaping and managing the work-life of the future. 

 

Finally, this research contributes to the existing body of management literature suggesting 

cognitive flexibility cost as a valid measure for operationalizing the demands that the 

increasingly open, flexible and rapidly changing organizations put on their employees. 
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2. KNOWLEDGE WORK IN CONTEMPORARY 
ORGANIZATIONS 

 
In order to understand the theoretical background of this thesis, it is fundamental to discuss 

what the concept of knowledge work entails, and specifically, how the contemporary 

organizational environment influences in performing knowledge work. The objective of this 

chapter is to set the stage for the research by discussing the brief background of knowledge 

work and further, how knowledge work has changed and developed up to date.  

 

2.1 The evolution of knowledge work 

The expression “knowledge work” originates from Drucker‘s (1959) research, who used the 

term to describe workers whose assets are primarily intangible and immaterial as opposed to 

tangible ones. According to Davenport (2008), knowledge work constitutes tasks that require 

a high degree of expertise, education, or experience of the workforce. Furthermore, the 

primary purpose of knowledge workers is to create, distribute, or apply knowledge – to 

“think for a living” (Davenport 2008, p. 217). 

The portion of knowledge work has magnified as organizations have moved from labor-

intensive manufacturing to knowledge-intensive business processes (Ramirez & Nembhard, 

2004). In the mid 1950s, the number of knowledge workers globally outnumbered manual 

workers, and from this point, the trend has been upwards (Thomas & Baron, 1994). The 

trend towards knowledge work is a consequence from a broader shift in the society, where 

attributes such as physical strength that were highly valued during the industrial revolution, 

are becoming replaced by cognitive resources such as knowledge and skills within specific 

domains (Fitzsimmons & Fitzsimmons, 2008). Consequently, knowledge workers are 

considered as key resources in the 21st century organization and it is the performance of the 

organizations’ knowledge work force that determines whether the organization can survive 

and thrive in today’s world (e.g., Drucker, 1999; Davenport, 2008). Paying attention to 

factors that enhance, or by contrast, hinder knowledge work performance, can therefore be 

argued as key to enhancing understanding on how to foster economic growth in the 21st 

century organization. 

 



11 
 

2.2 Demands of contemporary work environment 

 
As organizations continue to grow and pursue their expansions in multinational and cross-

regional market spheres, a growing number of knowledge workers collaborate across teams 

to facilitate intrapreneurship (e.g., Benitez-Amado et al., 2010) and to foster creativity (e.g., 

Dewett, 2003) and innovation (e.g., Gërguri-Rashiti et al., 2017). Globally distributed virtual 

teams are also becoming the norm for many multinational organizations (Hinds, Liu & Lyon, 

2011). Face-to-face communication and stationary landline phones have been exchanged 

with smartphones, laptops and tablets, and employees are carrying their email and instant 

messaging (IM) applications in their pockets twenty-four hours per day. Before the 

proliferation of communication technologies, it was typical that work was bound to a specific 

time and location and tasks were completed in a linear sequence. Technological disruption 

has created new cognitive demands for knowledge work: information overload has 

increased, and work has become fragmented as activities are no longer performed one by 

one, at a specific place and a specific time.  

 

2.2.1 Information overload 
 

The balance between collaboration technology that enhances productivity and performance, 

and the cost on information overload from the result of using this technology, is a question 

of interest for both academics and practitioners. The average U.S. worker spends almost half 

their day in messaging, receiving, and sending e-mail (Davenport & Beck, 2001). Along 

with accelerating technology usage, the number of notifications, disruptions to attention, and 

task switching increase. 

 

Today, more and more routine tasks are performed by automated tools, while knowledge 

workers face the challenge of constant change, renewal and need for continuous learning and 

adaptation to changing work environments and flexible working arrangements. Ubiquitous 

connectivity comes with higher degree of flexibility and less hierarchy; however, it leaves 

the control of when and where to work to the knowledge worker himself (Barley et al., 2011). 

Knowledge workers feel the pressure of being accessible everywhere and anytime and at 

multiple channels of communication simultaneously (Mazmanian, et al., 2013). Add in 

individual’s personal fear of missing out (e.g., Przybylski et al., 2013), and the growing 
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concern over simultaneous demands of working life and family (Dowling, 2019), and a spiral 

of constant alertness to stimuli overload in both personal and working life has been created. 

To cope with the never-ending demands, we end up multi-tasking or stretching our resources 

beyond their limit. While our habits are changing to meet the complexity of the modern 

digital society, our minds are not able to handle that level of complexity and still be effective; 

“the complexity of our world has surpassed our “complexity of mind” (Zucker, 2019, para. 

1). 

 

2.2.2 Fragmentation of activities 
 

Couclelis (2000) defined the trend of fragmentation of tasks as activity fragmentation, which 

means that activity is split into multiple subtasks that are executed at different times and/or 

places. In the knowledge work setting, fragmentation of activities is facilitated by ICT usage 

(Alexander et al., 2010) and has two main facets: the length of time spent on a continuous 

activity and interruptions of that activity (Mark et al., 2005). The shorter the time one spends 

on a single goal-directed activity, the higher the fragmentation of work (Mark et al., 2005). 

Furthermore, the more interruptions one experiences during the accomplishment of a task, 

similarly the higher the fragmentation (ibid.).  

 

Switching between tasks is not always deteriorating for mental resources; it may also serve 

as a refreshment of one’s mind, prevent boredom and provide new ideas (Mark et al., 2005). 

Especially when the interruption provides relevancy to the task at hand, it may indeed 

improve the results of the current activity (e.g., O’Connail & Frohlich, 1995). However, 

switching between tasks comes with a cost; it requires one to orient oneself to the next 

activity and, if interrupted, to reorient back to the previous activity after the interruption has 

been dealt with (ibid.). Therefore, frequent task switching is generally related to lower level 

of task accomplishment and deterioration of performance (Mark et al., 2005). 
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3. INTERRUPTIONS 
 
The objective of this chapter is to discuss the specific job stressor of interruptions and 

existing research related to the subject. First, I briefly introduce the origins of interruptions 

research, then I discuss the various definitions of interruptions and present a proposed 

taxonomy and different types of interruptions from previous research. 

 

3.1 Definitions of interruptions 

 
Although interruption research dates to as early as the 1920’s psychology studies, when 

Zeigarnik (1927) demonstrated that interrupted tasks were better recalled than uninterrupted 

tasks, few studies between 1920 and 1980 addressed interruption effects with empirical 

research (Monk et al., 2008). It wasn’t until Kreifeldt and McCarthy’s (1981) and Gillie and 

Broadbent’s (1989) research that the interruption was first considered as a job stressor and 

deterrent of performance. These studies concluded that tasks were performed slower after 

being interrupted, and that people made more errors in performing post-interrupted tasks 

compared to uninterrupted tasks (Kreifeldt & McCarthy, 1981; Gillie & Broadbent, 1989). 

The early findings on the deterring effects of interruptions were later validated by Cellier 

and Eyrolle (1992) and Zijlstra et al. (1999).  

 

During the past two decades, interruptions research has gained attention across different 

disciplines of research (Puranik et al., 2018). This fragmentation of research has led to a 

variety of approaches to study interruptions as well as several, sometimes conflicting, 

definitions (ibid.). Existing research on interruptions lacks a cohesive, overarching definition 

for the phenomenon, and most researchers have chosen to define the concept as best suited 

to match their research scope and methods. Despite the number of definitions, some common 

aspects of interruptions can be identified across the various definitions, and a fundamental 

basis for understanding the concept can be formed.  

 

Speier et al. (2003) define interruptions as “uncontrollable, unpredictable stressors that 

produce information overload, requiring additional decision-making effort. It breaks 

attention on primary tasks and turns it toward the interruption, if only temporary” (pp. 772-

773). Moreover, Oulasvirta and Saariluoma (2004) define interruption as a “discrete event 
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during which attention is abruptly redirected to process information that is irrelevant to the 

ongoing main task” (p. 54).  

 

Despite the lack of a single, principal definition for the interruption construct, most existing 

literature agrees on that an interruption a) creates a momentary break in the individual’s 

attention (e.g., Oulasvirta & Saariluoma, 2004) and / or b) disrupts, hinders or prevents 

progress on an ongoing primary task in some capacity (e.g., Eyrolle & Cellier, 2000). Taken 

together, in this thesis, interruptions are considered as phenomena that disrupt the 

individual’s attention, behavioral performance, or both, away from the primary task (Puranik 

et al., 2018).  

 

Secondly, from Speier et al.’s (2003) and Oulasvirta and Saariluoma’s (2004) definitions, 

also the characteristics of unpredictability, uncontrollability and unexpectedness are 

emphasized. Similarly, Brixey et al. (2007) noted that the aspect of unexpectedness is 

integral to the interruption effect. By accepting unexpectedness as one of the core attributes 

of interruptions, the near constructs of voluntary task switching and multitasking can be 

separated from the interruption phenomenon (Puranik et al., 2018). 

 

While Covey (1989) suggests that an interrupt “requires immediate attention” and “insists 

on action” (p. 150-152), Puranik et al. (2018) argue that interruptions do not always lead to 

a secondary task, and that interrupted individuals do not always return to the primary task 

after being interrupted. 

 

Puranik et al. (2018), based on a comprehensive review of 247 publications on interruptions 

research from the past decades, propose a new definition of work interruptions as an attempt 

to bring coherence into the domain: “A work interruption is an unexpected suspension of the 

behavioral performance of, and/or attentional focus from, an ongoing work task” (pp. 9). As 

Puranik et al.’s (2018) definition includes the aspects of unexpectedness as well as the 

suspension of either attentional focus or behavioral performance, this is the definition that 

is guiding the research in this thesis. 
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3.2 Taxonomy of interruptions 

 
As an attempt to bring coherence into the domain of interruption research, Jett and George 

(2003) have suggested a taxonomy of interruptions. After conducting an extensive review of 

earlier research on interruptions, the authors have categorized the construct based on the 

source of the interruption, as well as the level of arrestment of the primary task (ibid.). The 

resulting taxonomy consists of four different types of interruptions: 

 

Intrusions are externally originated events and lead the individual to stop progress on the 

primary task, either temporarily or for a longer period of time (Jett & George, 2003). 

Intrusions include for example co-worker or manager encounters, email or instant message 

notifications and phone calls. Intrusions are the most studied types of interruptions, and their 

consequences, both positive and negative, on well-being and performance are well 

documented in previous research (Jett & George, 2003). 

 

A break is a self-initiated (internal) planned or spontaneous temporary stoppage of the 

primary task because of personal needs, wants or daily habits (Jett & George, 2003). Breaks 

can also be taken because of boredom or fatigue on the current task, and although they 

completely arrest the ongoing primary task, self-initiated breaks are generally considered as 

positive for human performance (Jett & George, 2003). Beeftink et al. (2008) found that self-

initiated breaks led to more insightful problem-solving, as they gave the opportunity for the 

individual to momentarily isolate themselves from the problem at hand. This time away from 

the problem is also referred to as incubation time (ibid.). Excessive amounts of breaks, 

however, may lead to disruption in the workflow and delay the accomplishment of the task 

(Jett & George, 2003). Taking excessive amounts of breaks is also referred to as 

procrastination (Jett & George, 2003). 

 

Distractions are cognitive reactions to external or internal stimuli or events. Distractions 

rarely lead to a complete task switch from the primary task to the distraction, and therefore 

distractions do usually not have a significant detrimental effect on accomplishment of the 

primary task (Jett & George, 2003). Yet, distractions also have a tendency to weaken the 

performance on the main task by creating cognitive interference. The disruptiveness of the 

distraction is dependent on the type of primary memory system that the person utilizes to 

complete the task (ibid.). A more skilled person, utilizing their long-term memory for 
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performing a certain task, is less likely to get distracted compared to a less skilled person, 

who is only relying on their working memory (ibid.). The same applies to working on new 

or unfamiliar tasks, where unfamiliar tasks are more likely to suffer from distractive events. 

Also, the similarity of the primary task and the distraction affect the level of working 

memory utilized; if the distraction task utilizes the same sort of processing method as the 

primary task, it is likely to be more disruptive compared to a distraction that utilizes a 

different working memory processor (eg. visual vs verbal) (Jett & George, 2003). Typical 

external distractions in an office environment can be for example background noise or chit 

chat in the open office, while internal distractions can be dreaming of an upcoming vacation 

trip or trouble in one’s personal life that keeps the mind occupied from the task at hand. 

 

Discrepancies are a complex form of interruptions that occur when an individual experiences 

a significant inconsistency between one’s expectations of a task and the reality (Jett & 

George, 2003), for example if the task turns out to be much harder than expected or if the 

goal or expected timeline of the task suddenly changes. The discrepancy forces the 

individual to shift attention from the (relatively) automatic processing of the current task to 

the source of the discrepancy (Jett & George, 2003). Discrepancies are triggered by the 

environment, but it is the individual’s subjective interpretation of the situation or demand 

that create the emotional reaction towards it (ibid.). Typical reactions towards discrepancies 

are delaying a response to, or completely ignoring the source of the discrepancy, which may 

have negative, or even catastrophic consequences, if the source of the discrepancy is denied 

and actions are not taken accordingly. The individual, who is interrupted by a discrepancy, 

may also experience very intense or paralyzing negative emotional reactions (Jett & George, 

2003). Discrepancies are not, however, always negative. They might also trigger a mindful 

information processing, which can contribute to increased task engagement, adaptation and 

learning (ibid.). 

 

3.3 External and internal interruptions 

 
In contrast to the more comprehensive typology proposed by Jett and George (2003), the 

most common classification of interruptions distinguishes between only two types of 

interruptions: internal and external (e.g., Fisher, 1998). In broad terms, this classification 

entails whether the motivation to the interruption comes from the individual itself or an 
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external factor, such as an event in the environment or another person (Fisher, 1998; Jett & 

George, 2004).  

 

External interruptions, or involuntary interruptions, are environmental cues, notifications, 

alerts, or other people that catch the interrupted person’s attention and as a consequence, 

lead to a temporary break in the task at hand (Fisher, 1998). Internal interruptions, or 

voluntary interruptions, on the other hand, are initiated by personal choices or internal 

cognitive processes (ibid.). In a study on task switching origins, Czerwinski et al. (2004) 

found that up to 40% of task switches were self-initiated. Similarly, Jin and Dabbish (2009) 

found that half of the interruptions that knowledge workers experienced originated from 

internal sources. 

 

Despite the pervasive nature of internal interruptions, they have not received much research 

attention (Adler & Benbunan-Fich, 2013; Puranik et al., 2018), possibly due to that they are 

more difficult to study and not as well understood compared to external interruptions (Jin & 

Dabbish, 2009). However, studies in multitasking (eg. Adler & Benbunan-Fich, 2013), a 

near construct to internal interruptions, bring light to the discussion and dichotomy of 

different interruption types and their effects.  

 

3.4 A near construct of multitasking 

 
According to Jett and George’s (2004) taxonomy, the only sort of interruptions that qualify 

under the category of internally motivated interruptions are breaks. However, literature in 

multitasking as a form of self-interruption (Adler & Benbunan-Fich, 2013), suggest that 

there is fifth dimension to the typology of interruptions, which is an internally originated 

motivation to switch tasks such that the primary goal is arrested, and a new goal is attended 

to instead. According to Jin and Dabbish (2009), self-interruptions may arise in seven 

distinct circumstances. Internal self-interruptions are triggered by the person’s own 

cognitive processes, which can be for example mental or physical breaks, recollection, which 

is a sudden reminder of something that needs to be done, or habitual routines (Jin and 

Dabbish, 2009). Furthermore, self-interruptions can also be triggered by unexpected 

conditions in the environment (see discrepancy in 3.2 Taxonomy of interruptions). 
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The definition of multitasking entails an ability to undertake “multiple task goals in the same 

general time period by engaging in frequent switches between individual tasks” (Delbridge, 

2000: p. 1). Multitasking behavior has dramatically increased in recent years and is even 

seen as a highly desirable trait in today’s knowledge work environments (Wang & Tcherney, 

2012). Yet, a growing body of research has shown its effects on human performance to be 

harmful (ibid.). 

 

3.5 Summary of interruption types included in this thesis 

 
Drawing from Puranik et al.’s (2018) definition and the different interruption types derived 

from Jett and George (2003), Adler and Benbunan-Fich (2013) and Jin and Dabbish (2009), 

the types of interruptions that lead to an observable task switch (versus just taking a 

(cognitive) break) and that originate either from internal or external sources are considered 

in this thesis; intrusions, discrepancy (as far as it leads to arrestment of the primary task) and 

self-interruptions. Therefore, breaks, distractions and discrepancies that do not lead to an 

arrestment of the primary task were not included in this research. 
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4. ATTENTION AND COGNITIVE CONTROL 
 
From a theoretical perspective, interruptions fundamentally disrupt an individual’s attention 

and require a level of cognitive control to be processed. In order to build an understanding 

on how interruptive stimuli affect an individual’s cognitive load and subsequent processing 

of information, I will discuss the theoretical backgrounds of human attention and cognitive 

control. 

 

4.1 Attention 

 
One definition of attention is “a concentration of mental activity that allows you to take in 

a limited portion of the vast stream of information available from both your sensory world 

and your memory” (Matlin, 2012, pp. 640). Thus, attention is, by definition, characterized 

as a gatekeeper that filters out irrelevant or unimportant information from an individual’s 

scope of perception. The general premise therefore is that people have the capability to 

selectively, whether consciously or unconsciously, direct their attention toward a stimulus 

that is relevant to accomplishing their goal while concurrently ignoring other irrelevant 

stimuli in the environment (Fernandez-Duque & Johnson, 1999). 

 
 
Among the earliest modern theories to explain selective attention is the Filter Theory 

(Broadbent et al., 1958). According to Broadbent and colleagues (1958), a hypothetical filter 

in the human cognitive system restricts the amount of information that is attended to at any 

given point. The limitation and underlying characteristic of Broadbent et al.’s (1958) theory 

is that there is a single processing mechanism, which only allows one channel of information 

to pass through at a time. The Filter Theory has since been criticized for not recognizing the 

ability to simultaneously process multiple information sources and interruptions. 

 

Another theory that aims at explaining the selective attention process is the Resource Theory 

(Kahneman, 1973). According to the Resource Theory, attention is a single limited resource, 

however it can be divided among separate and several tasks requiring different amounts of 

attentional capacity. Kahneman’s (1973) theory later inspired subsequent research 

suggesting that attention encompasses multiple resources that are allocated for different 

purposes (Wickens, 2002; 2008). 



20 
 

4.2 Cognitive control 

 

Human performance is to a large degree steered by a mental process called cognitive control. 

Cognitive control, sometimes referred to as executive control, is the ability to coordinate, 

direct attention towards and prioritize goals and subgoals (Miller & Wallis, 2009). The 

amount of control required for processing each piece of information varies and the general 

notion is that information processing occurs on a continuum of automaticity ranging from 

completely automatic and effortless to fully controlled and effortful (Shiffrin & Schneider, 

1977). When utmost automatic, information processing occurs as a direct and unconscious 

reaction to environmental stimuli and is driven by stimulus-response and bottom-up 

reactions (Miller & Wallis, 2009). Examples of information processing happening at the 

lowest level of control are sensory analyses, memory retrieval, motoric acts, and well-

practiced skills (such as typing your name) (ibid.). Automated behaviors relying on well-

established neural pathways are advantageous because they allow processing and execution 

of familiar information quickly and without effort, thus without putting load on the limited 

cognitive resources (Miller & Cohen, 2001). 

 

In contrast, whenever the executive system identifies that an automatic or habitual 

processing is not sufficient to obtain a particular goal and sustain behavior, the controlled 

top-down processes steps in (Miller & Wallis, 2009). Executive control can be described as 

a superordinate process over multiple cognitive domains that guide thought and behavior 

toward a goal (Miller & Cohen, 2001). These elementary cognitive processes include 

sustained attention or vigilance, initiation of goal-directed behaviors, planning, response 

inhibition, flexibility to switch between different goal states, and working memory, which is 

the ability to store and recall information in one’s mind (Niendam et al., 2012). 

 

Overall, top-down cognitive processes depend on a level of effort (Miller & Wallis, 2009), 

and most contemporary research agree on that effort is costly and that humans tend to, given 

a choice between similarly rewarding options, avoid actions that require more effort (law of 

less work) (e.g., Kool et al., 2010). That is, resources, or “the availability of one or more 

pools of general processing units, capable of performing elementary operations across a wide 

range of tasks, and drawing upon common energy sources” (Hockey, 1997; p.75) are 
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fundamentally limited and the role of executive control is to allocate these resources toward 

certain goals. 

 

4.3 Cognitive flexibility 

 

Cognitive flexibility is a construct highly related to cognitive control and has been defined 

as the ability to switch cognitive processing styles to be able to respond to different problems 

or goals while keeping in mind multiple goals (Laureiro-Martínez & Brusoni, 2018). 

Cognitive flexibility has been linked with adaptive behaviors, learning (Leinikka et al., 2014) 

and complex problem solving (Laureiro-Martínez & Brusoni, 2018). Knowledge work is 

inherently characterized by the demands for continuous learning and adaptability, and 

therefore cognitive flexibility acts as a job resource for knowledge workers. According to 

Laureiro-Martínez and Brusoni (2018) superior decision-making performance is associated 

with the ability to use semi-automatic cognitive processes when solving well-structured or 

less complex problems, and more controlled processes when solving ill-structured or 

complex processes. Cognitive flexibility is needed to switch between the two thinking modes 

(ibid.).  

 

Cognitive flexibility is also regarded as a factor playing a role in the performance of multiple 

simultaneous or overlapping tasks (Leinikka et al., 2014). In fact, overlapping processing of 

simultaneous tasks is neurologically impossible and what is really happening when someone 

is multitasking or interrupted is that attention is rapidly shifted from one point of focus to 

another. The cognitive process behind switching one’s attention between multiple tasks and 

goals has been described as following: 1) disengaging attention from where it is currently 

directed, 2) shifting attention from the previous stimuli to a new stimulus, 3) directing 

attention to a new stimulus (Posner, 1980). From the cognitive flexibility viewpoint, re-

shifting one’s attention also includes the process of switching to an adequate cognitive 

processing style. 

 

While cognitive flexibility capacity can be partly explained by underlying processes of 

attention and short-term memory capacity which both evolve with age and vary across 

individuals, also factors such as stress or environmental disturbances may have an impact on 
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an individual’s cognitive flexibility (Leinikka et al., 2014). In other words, limitations are 

given by the fact that cognitive flexibility by nature is a limited human capacity. 

 

Operationalization of cognitive flexibility is not a straightforward task. Traditionally 

cognitive flexibility has been measured with two types of tests: neuropsychological task 

tests, of which the Trail Making Test (Reitan 1955; Reitan 1958) and the Stroop Test (Stroop, 

1935) are widely used. Although the aforementioned have a long history of use, they are 

limited in their purpose of usage as they have been initially developed for detecting 

impairments or developments in clinical conditions (Leinikka et al., 2014). Therefore, their 

use in healthy individuals with intact cognitive capacity is problematic as their difficulty and 

test setting is not adjusted to this particular purpose.  

 

Another way of measuring cognitive flexibility is the task switching paradigm (e.g., Gupta 

et al., 2009; Kopp & Lange, 2013). In the task switching paradigm, two main principles 

should be considered: firstly, that people become faster and more accurate the more times 

they perform a certain test and secondly, when switching between tasks one’s performance 

becomes slower and less accurate / more prone to errors (Leinikka et al., 2014). A 

shortcoming of the task switching paradigm has been that traditionally the tests have been 

performed in controlled settings where there has been little possibility for ecological validity 

of the test results. Leinikka and colleagues’ (2014) task switching test was developed to 

serve the need for measuring mild cognitive impairments or intact cognitive processes in the 

general population. Leinikka et al.’s (2014) test is based on the task-switching paradigm, 

however developed in such a way that it can be performed by participants in their natural 

setting and during their natural daily tasks, which allows for a greater amount of ecological 

validity of results. Consequently, it was natural to adopt Leinikka et al.’s (2014) cognitive 

flexibility test to operationalize knowledge worker performance in this research. 

 

4.4 Cognitive flexibility costs 

 
Four main phenomena of interest explain the cognitive costs related to task switching 

paradigms (Monsel, 2003). These are: switch cost (task-repetition benefit), preparation 

effect, residual cost and mixing cost (ibid.). In this thesis, two main variables for measuring 
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the costs that arise in attention switching situations are considered: switch cost and mixing 

cost (Philipp et al., 2008). 

 

On the one hand, switch cost indicates the performance cost of switching between sequential 

tasks of switch trials and task repetition trials (e.g., Koch et al., 2005). Repetition trials 

include sequential tasks where only one cognitive stimulus dimension is relevant, such as a 

verbal letter trial that is repeated, while task switch trials include sequential tasks where the 

subject is required to switch from one cognitive stimulus to another, such as a task of a verbal 

and visual / spatial trials (Philipp et al., 2008). Switch cost is the performance difference 

measured in error rate or reaction time between the two trial modes (switch trials and repeat 

trials) within a task block (ibid.). 

 

On the other hand, mixing cost (Los, 1996) indicates the difference in performance between 

a task with blocks of sequential trials where the subject is required to utilize only one 

cognitive stimulus dimension (pure blocks) and a task with blocks of sequential trials where 

mixed cognitive stimulus dimensions are relevant (mixed blocks). Thus, mixing cost is 

calculated as the overall or mean performance difference measured in error rate or reaction 

time between pure and mixed block tasks (Los, 1996). In this setting, switch cost is the 

performance difference between the switch trials and trials with task repetition within a 

mixed task block (Rogers & Monsell, 1995). 

 

Both switch cost and mixing cost have been repetitively reported in association with 

multitasking or task switching tasks (Rogers & Monsell, 1995; Philipp et al., 2008), however 

recent research has highlighted a number of differences between these two 

operationalizations of task switching costs (Philipp et al., 2008; Marí-Beffa & Kirkham, 

2014). Firstly, aging has been shown to have an impact on mixing cost, whereas switch cost 

performance is not affected by aging (e.g., Kray & Lindenberg, 2000). Although mixing 

costs and switching costs are generally recognized to depend on different neural networks 

and origins (Philipp et al., 2008) current research has not yet established a clear-cut 

understanding on the different neural processes particularly linked with mixing cost (Marí-

Beffa & Kirkham, 2014). Philipp et al. (2008) present one possible explanation for the 

performance differences in mixing cost and switch cost, which is that while switch costs are 

related to transitory trial-to-trial memory effects, mixing cost relates to effects from 

sustained vigilance over a longer time period. 
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Marí-Beffa and Kirkham (2014) found that mixing cost was strongly associated with 

increased vigilance on task, while such association could not be found with switch cost. On 

the other hand, Lupker and colleagues (2003) found no effect on type of stimuli to mixing 

cost. The authors’ (Marí-Beffa & Kirkham, 2014) findings thus support the interpretation 

that particularly mixing cost would be linked with top-down mechanisms of cognitive 

control. There is also support in existing research that external demands, such as 

experimentally prompted stress (Steinhauser et al., 2007) influences mixing cost, but not 

switch cost. 

 

In conclusion, findings from previous research indicate a strong involvement of top-down 

processes in mixing cost effects, whereas switching cost seems to be more affected by 

temporary memory effects between trials. Consequently, variables that have been linked to 

have an influence on an individuals’ cognitive control capability, such as aging (e.g., Kray 

& Lindenberger, 2000) and stress (e.g., Mueller et al., 2010) are likely to be associated with 

mixing cost effects. Taken together, my view is that the mixing cost is an important tool in 

studying the mechanisms of sustained cognitive control, especially in contexts of 

endogenous demands to the general control mechanism. One such demand is interruptions, 

a frequent stressor in today’s workplaces. In the following chapter of this thesis, I will 

introduce the concept of interruptions and what has been established in previous research on 

the topic of interruptions and human performance. 
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5. INTERRUPTIONS AND COGNITIVE PERFORMANCE 
 

Interruptions are inherently a job stressor that add on the employee’s cognitive load and 

therefore have the potential to deteriorate knowledge workers’ cognitive performance, when 

measured in cognitive flexibility. The goal of this chapter is twofold. First, I discuss how 

interruptions have been linked with cognitive performance in previous research. I 

specifically outline how different characteristics of the interruption and the interrupted task 

play a part in this relationship and how previous research has presented mixed results in 

terms of the relationship between interruptions and cognitive performance. Then, I move on 

to present the hypotheses for the study, which are grounded in the theoretical framework and 

the findings from existing literature on the subject. 

 

5.1 Cognitive implications of interruptions 

 
The cognitive stream of research within interruptions studies have researched the 

phenomenon with an ability-based focus thus aiming at exploring and explaining the 

cognitive implications of interruptions on the performance of the primary task being 

interrupted (Puranik et al., 2018). Most interruptions studies are conducted with 

experimental research designs in laboratory or otherwise controlled settings, while field 

studies of interruption effects are scarce (Jett & George, 2003), especially in the domain of 

knowledge work. Due to the objective nature of the research and the need for externally 

observable measures, the most used operationalizations of post-interruption task 

performance have been variables such as error rates and task resumption or completion times 

(Puranik et al., 2018). Up to date, no research on interruptions in the knowledge work setting 

have used cognitive flexibility costs (switching cost and mixing cost) as measures of post-

interruption task performance. 

 

A second observation that I did during my research on existing literature on interruptions 

and task performance is the lack of studies that take into account long-term effects of 

accumulated interruptions. Most research up to date deal with interruptions as one-off, static 

phenomena, overlooking the complex and often accumulating nature of interruptions in 

today’s work life (Baethge et al., 2015; Puranik et al., 2018). Puranik et al. (2018) call for 



26 
 

more research with methodological settings that allow for capturing the complexity of 

accumulated interruptions. 

 

Various theoretical viewpoints have been presented in earlier research to explain the 

cognitive implications of interruptions. The most cited theory in previous research is the 

Memory for Goals Theory (Altman & Trafton, 2002). The Memory for Goals Theory holds 

that when interrupted, an individual temporarily suspends the goal of the interrupted task, 

while simultaneously activating the goal for the interrupting task (Altman & Trafton, 2002). 

According to Monk et al. (2018) keeping the interrupted task and its goal in memory while 

dealing with the interruption result in thwarting effects on both the interrupted and the 

interruption task. It can result in longer time to resume the interrupted task and performance 

loss in terms of time to complete the task, amount of errors and overall quality of 

performance (ibid.). 

While the Memory for Goals theory aims to explain the temporary effects on working 

memory at the time of the interruption, it does not shed light on possible effects on an 

individual’s cognitive control capacity when exposed to accumulated interruptions. On the 

other hand, some researchers have suggested that the Distraction-conflict Theory (Baron, 

1986) is able to explain the mental workload and consecutive negative effect on task 

performance caused by interruptions. The Distraction-conflict Theory states that when being 

interrupted, an individual is exposed to an “attentional conflict” wherein the individual is 

required to divide his or her attentional resources between the interrupting and the 

interrupted task and decide how to respond. (Baron, 1986).  The attentional conflict then 

leads to cognitive overload, and as a result, negatively affects the cognitive control capacity 

of the individual in subsequent task performance. 

In sum, work interruptions are of complex nature and have various cognitive implications 

for interrupted individuals. Based on past research, work interruptions are argued to put 

burden on individuals’ limited working memory and attentional resources (Puranik et al., 

2018). One stream of research (Oulasvirta & Saariluoma, 2006) has studied the effects of 

long-term working memory on individual interruption tolerance, suggesting that long-term 

working memory encoding speed is linked with higher tolerance of interruptions.  
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Finally, despite some studies indicating positive relationships between interruptions and 

performance when certain conditions are met, part research mostly stresses the negative 

outcomes of interruptions (Jett & George, 2003; Puranik et al., 2018). 

5.2 Negative relationships between interruptions and performance 

The general notion in research is that interruptions are harmful for worker performance (Jett 

& George, 2004). Previous research has addressed negative effects of interruptions to 

performance in terms of both quantitative and qualitative outcomes. Quantitative outcomes 

refer to completion time or number of tasks completed, while qualitative outcomes refer to 

error rate with lesser errors indicating higher performance. 

In a controlled research environment, Cellier and Eyrolle (1992) provided evidence for 

increase in both completion time (qualitative) and amount of errors (quantitative) for the 

interrupted task. Similarly, Bailey and Konstan (2006) performed a controlled experiment 

(N= 50), which showed that interruptions led to both doubled error rate (qualitative) and up 

to a 27% increase in completion time (quantitative) of the interrupted task. Eyrolle and 

Cellier (2000) reported an increase in the completion time (quantitative) of both the 

interrupted task and the interruption task, as well as a deterioration of performance 

(qualitative) particularly at the very beginning of the processing of the interruption task. 

In the field setting, some researchers have found first evidence of a negative relationships 

between certain types of interruptions and (perceived) task performance (eg. Eyrolle & 

Cellier, 2000; Addas & Pinsonneault, 2018). In their week-long diary study, Czerwinski et 

al. (2004) found support for the hypotheses of higher self-reported task difficulty and longer 

completion time for returned-to projects compared with projects with no interruptions 

(Czerwinski et al., 2004). In their experimental observation study, Mansi and Levy (2013) 

discovered that completion time of both simple tasks and complex tasks, where the spatial 

cognitive dimension was particularly required, was negatively affected by instant messaging 

interruptions. Marulanda-Carter and Jackson (2012) reported in their findings on effects of 

e-mail interruptions that a typical task took one third longer to complete when interrupted 

by an email. 

Baethge and Rigotti’s (2013) findings showed that interruptions have an unfavorable effect 

on self-rated performance. Similarly, Mark et al. (2017) found a relationship between shorter 
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online screen focus and lower perceived productivity at the end of workday. In Mark et al.’s 

(2018) study on individual differences in coping with workplace interruptions, participants 

who reported not being in control of their work, rated their focus and productivity much 

higher when interruptions were blocked on their computer screens. On the other hand, 

subjects who reported a higher perception of having control of their work, also scored higher 

on perceived workload when interruptions were blocked. Mark et al. (2018) explains this 

that without distractions, the people with high control of their work were not triggered to 

take breaks and thus worked in longer stretches, which leads to higher perceived workload 

and potentially increased stress. 

 

5.3 Positive relationships between interruptions and performance 

 
Previous research has found that, in certain conditions, performance may de facto benefit 

from interruptions, as opposed to thwarting it. Sanders and Baron (1975) found that tasks, 

which were perceived as simple and monotonous, were performed better when interrupted. 

Ratwani et al. (2006) found that interruptions of simple primary tasks improved both 

performance quality and performance quantity (faster completion time) of those tasks. 

Similarly, Coraggio (1990) found a performance increase for simple tasks, and performance 

decrease for complex tasks when exposed to interruptions. The above results can be 

explained with the distraction-conflict theory that states that performance of simple tasks 

can be facilitated by attention conflicts, while performance of complex tasks is impaired by 

attention conflicts (Baron, 1986). 

Fisher (1998) initiated a relationship between interrupted simple tasks and perceived 

boredom and found that when tasks that required little attention were exposed to 

interruptions, it reduced the subjects’ perception of boredom. Adler et al. (2015) simulated 

a problem-solving situation, where subjects were either forced to multitask, were allowed to 

decide whether to multitask or not, or were forced to perform the problem-solving task in a 

sequence without any multitasking. The study showed that performance was lowest when 

the primary task was perceived difficult and task switching was forced. On the other hand, 

when the primary task was perceived as simple, the subjects who were forced to multitask 

performed better compared to the subjects, who were not multitasking. Similarly, Beeftink 

et al. (2008) found that switching tasks at one’s own discretion, as opposed to being forced 
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to multitask at predetermined times, increased the subjects’ problem-solving performance. 

Madjar and Shalley (2008) studied task switching and creative performance and found that 

individuals experienced higher levels of creativity when they had the autonomy to switch 

tasks when they wanted. The ability to switch tasks when they felt like it provided them with 

the possibility to determine when they needed to take a break or switch to another task in 

between to recharge and induce the information from the previous task (ibid.). 

Adler et al. (2012), in their research on multitasking effects on performance, showed that the 

relationship between performance, when measured in quantitative terms, and multitasking, 

can be depicted as an inverted U-shaped curve. A medium level of multitasking increases 

the person’s focus towards the task, which increases completion time and thus productivity, 

however as the amount of multitasking exceeds the persons limit of processing capability, 

also productivity is deteriorated (ibid.). On the other hand, Adler et al. (2012) found that 

when performance is measured in qualitative terms, that is, in terms of how accurate the 

results are, the depicted relationship is a downward slope and as multitasking increases, 

performance of the task decreases. 

 

5.4 Moderators of the impact of interruptions on performance  

 
Previous research on the relationship between interruptions and performance demonstrates 

that interruptions are a complex phenomenon and the perceived or actual impact of 

interruptions on cognitive performance may be influenced by multiple factors, such as the 

type of interruptions (e.g., Mansi and Levy, 2013), primary and secondary task 

characteristics, as well as individual differences in coping with interruptions (Mark et al., 

2018).  Next, some of these moderators that have been identified in previous research, are 

discussed. 

 

5.4.1 Relevancy between the interruption and the primary task 
 

According to Mark et al. (2005) the context of the interrupt determines whether the 

interruption can be considered beneficial or deteriorating; when interruptions force you to 

move attention to a different ‘working sphere’ (i.e. a different primary task with a distinctive 
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goal and characteristics) from the task at hand, then they are disruptive and most likely lead 

to a decrease in performance. In contrast, interruptions that are related to one’s current 

working sphere are considered helpful as they bring new information, ideas and fresh 

thoughts to the current task (ibid.). Similarly, Speier et al (2003) found that the negative 

impact of interruptions was higher when the interruption was unrelated to the primary task. 

It has been theorized that when an interrupt results in a cognitive load on the same sensory 

channel as used by the primary task, it has a deteriorating effect on performance (Speier et 

al. 1999). The study by Edwards and Grönlund (1998) showed that recovery of a primary 

task was more difficult when the interruption overlapped with the primary task in terms of 

information or task components, compared to interrupts with no overlapping task 

components. However, some research also recognizes that if the interrupting task is relevant 

to the primary task and brings information that assists in completing the primary task, the 

tasks may de facto benefit from being interrupted (eg. Speier et al., 1999). 

For example, Gupta et al. (2013) found that the interrupting person’s hierarchical position 

had an impact on performance and self-reported workload; they showed that supervisor or 

manager interruptions are attended to immediately, which results in increased performance 

(faster completion time), but with the cost of increased perceived workload. Furthermore, in 

Speier et al.’s (1999) study, it was shown that the negative relationship between interruptions 

and performance is more notable when the interruption has less relevancy to the primary 

task and thus does not support the completion of the primary task.  

Also, Addas and Pinsonneault’s (2018) findings from field research support the above 

mentioned notion. The authors showed that interruptions with no relevance to the primary 

task are negatively related to performance both directly and indirectly through a perception 

of individual workload (Addas & Pinsonneault, 2018). In contract, the authors demonstrated 

that exposure to interruptions with high relevance to the primary task showed a positive 

direct relationship with performance, but a negative indirect relationship with perceived 

workload. 

 

5.4.2 Characteristics of the interruption task 
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One area of study has been different characteristics of the interruption task that may 

moderate the relationship between interruptions and performance. One is the level of 

complexity of the interruption task, which has been found to moderate the relationship 

between interruptions and primary task performance (eg. Cades et al., 2008). Cades et al. 

(2008) found that a complex interruption, as opposed to a simple interruption, resulted in a 

longer resumption time to the primary task. According to the authors, a complex interruption 

causes more demand to the working memory and the interrupted person is not able to actively 

sustain the primary goal while dealing with the interruption, which leads to a greater 

resumption lag after handling of the interrupt (ibid.). 

Murray and Khan (2014) found that also the timing of the interrupt matters. Interruptions 

that occurred either midway to or towards the closure of the primary task had a more 

detrimental effect on performance, compared with interruptions that occurred in the very 

beginning of the primary task. This finding can be explained with that in the beginning of 

the task, the cognitive load is lower than later on during the completion process of the task 

(ibid.). 

 

5.4.3 Characteristics of the primary task 
 

Also, characteristics of the primary task have been considered in earlier research. Bailey et 

al. (2001) found that the degree of disruption of the interrupt depends on the interrupted 

person’s current cognitive load at the time of the interruption. Therefore, performance of 

complex tasks is in a higher level impaired by attention conflicts, compared with 

performance of simple or monotonous tasks (see Distraction-conflict theory: Baron, 1986). 

This is also supported by Murray and Khan (2014), who demonstrated a more significant 

negative performance effect of interruptions the more demanding the primary task was. In 

Schaule et al.’s (2018) study, office workers’ cognitive load was inferred from their 

physiological state (heart rate variability) measured with a smartwatch. They found that 

interruptions that occurred at a state of high cognitive load were more disruptive to 

performance than interruptions that occurred at a state of lesser cognitive load (ibid.). 
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5.5 Summary of previous research 

In conclusion, previous literature agrees on that interruptions generally have a negative effect 

on human performance (Jett & George, 2003). There is also evidence on the positive effect 

of interruptions on performance when certain conditions are met (eg. Sanders & Baron, 

1975; Coraggio, 1990), such as when the interrupted person is not doing anything that 

requires a high cognitive load when being interrupted (Bailey et al., 2001), or when subjects 

get to choose the time of task switching themselves (Beeftink et al., 2008).  

When being exposed to interruptions, the interrupted person increases the amount of 

attention, vigilance and effort towards the task, which may explain the resulting momentary 

improvement in task performance and engagement (Ratwani et al., 2006; Zijlstra et al., 

1999). In current research, most of them conducted in laboratory settings, the process and 

effects of isolated interruptions occurring as one-off events have been extensively reported. 

Current literature does not, however, consider the long-term effects of accumulated 

interruptions (Jett & George, 2003).  

Monk’s (2004) research on frequency of interruptions suggests that even in the situation of 

more frequent interruptions, people tend to adopt coping strategies that allow them to 

complete the tasks as fast and with as few errors as compared with situations with less 

interruptions. Zijlstra et al. (1999) raised the concern of the possible detrimental effect on 

persons’ strain and well-being as a result from accumulated over-compensation of cognitive 

resources during times of interruptions. While interruptions in certain conditions may lead 

to performance gains, explained by the person’s capability to momentarily increase attention 

towards the task (Ratwani et al., 2006; Zijlstra et al., 1999), the cognitive cost of constant 

attention overload when interruptions accumulate over time has received less attention in 

previous studies.  

 

5.6 Theoretical framework and hypotheses development 

According to the Theory of Mental Workload, the human cognitive system is capable of 

processing a finite number of elements at a given time (Navon & Gopher, 1979; Kahneman, 

1973). The processing facilities, or so-called resources (e.g., Kahneman, 1973), are 
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dependent on multiple factors, such as the individual’s expertise in the area and the level of 

attention required to process the task. Navon and Gopher (1979) illustrate the difference in 

action regulation levels by the term subject-task parameters, which, according to the authors, 

are “constraints imposed on the system by the task, or more precisely, by the encounter of a 

specific task and an individual subject” (p. 215). 

In its essence, the Theory of Mental Workload states that the mental workload of an 

individual is the sum of the cognitive demands (goal-directed action cycles) minus the sum 

of the cognitive resources of the individual (Navon & Gopher, 1979). The human cognitive 

system is able to supply resources up to a level that can be either equal to the demands or 

equal to the total limit of available resources, whichever is smaller (ibid.). Whenever the 

demand is less than the available capacity, there is residual capacity available, i.e., unused 

resources (Wickens, 2008). A state of residual capacity is the ideal state for any worker, as 

there then are available resources for any unexpected events, or regulation obstacles, in the 

environment (ibid.), such as interruptions. If the demand is higher than the cognitive 

availability, the individual experiences overload and performance will eventually decrease 

(Wickens, 2008). In other words, when the workload gets too high, or multiple goal-directed 

actions overlap with each other (i.e., demands are higher than equal to resources), an 

individual is in a state of mental overload, which is associated with negative outcomes. Even 

in situations of more frequent interruptions, the human cognitive system is able to adopt 

coping strategies that allow for sustained performance (Monk, 2004). However, the effects 

of accumulated interruptions, the way in which interruptions most naturally occur in daily 

knowledge work, is yet to be explored. Thus, the Theory of Mental Workload (Navon & 

Gopher, 1979; Wickens, 2008) suggests that being constantly exposed to an environment 

with demands of multiple goal-directed actions, places significant load on the human 

cognitive system. If the load exceeds the available resources, performance is deteriorated 

(Wickens, 2008). 

In the study on sustained performance in work that requires multiple switches between tasks 

and cognitive spheres, the construct of cognitive flexibility is well suited to account for 

performance (Leinikka et al., 2014). According to Marí-Beffa and Kirkham (2014), out of 

the performance measures linked with cognitive flexibility performance, mixing cost is 

linked with top-down mechanisms of cognitive control and susceptible to external demands, 

such as stress (Steinhauser et al., 2007). On the other hand, switching cost has shown 
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transitory trial-to-trial working memory effects and is not as likely to be linked with top-

down processes of or demands to cognitive control (Marí-Beffa & Kirkham, 2014). 

Based on existing literature and previous research on the relationship between involuntary 

(external) interruptions and human performance, I formed the following hypothesis to be 

examined:  

Hypothesis 1: Accumulated involuntary interruptions are positively related to cognitive 

flexibility costs of knowledge workers, particularly mixing cost. 

Based on the literature, determinants of performance in an environment with multiple or 

aggregate goal-directed actions are, in addition to the volume of the demands, also the 

origins or motivations of the demands (eg. Adler & Bendunan-Fich, 2012). Previous research 

has attempted to distinguish between internal and external interruptions and their effects on 

cognitive performance, partly as an attempt to explain mixed results in earlier studies. While 

most studies on the relationship between interruptions and performance highlight a negative 

relationship between the two constructs, self-initiated interruptions may enhance task 

performance instead of decreasing it (Adler & Bendunan-Fich, 2012; Ratwani et al., 2006; 

Zijlstra et al., 1999). 

Adler and Bendunan-Fich (2012) suggest that up to a certain level, processing multiple 

simultaneous (or in fact consecutive) demands, when the motivation for those demands 

springs from the individual himself, may increase performance of those tasks. This can be 

explained by the concept of arousal, that is the psychological reactions that lead to a state of 

alertness and attention (Adler & Bendunan-Fich, 2012). When demands increase, also 

arousal level is increased and more cognitive resources are mobilized until the point when 

demands are higher than the available resources, which may explain the shape of the 

relationship (ibid.). 

Another angle to explain the potential improvement in performance resulting from 

interruptions is the concept of incubation (eg. George, 2007). Incubation refers to a period 

when an individual is directing attention away from their primary task to resume to the same 

task later (ibid.). The time away from the active engagement with the primary task allows 

the individual to approach it from a new point of view and with renewed mental sets, which 

may allow for new ideas, insights, and information to originate (ibid.). 
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Therefore, I further hypothesize the following:  

Hypothesis 2: Accumulated voluntary interruptions are negatively related to cognitive 

flexibility costs of knowledge workers, particularly mixing cost. 
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6. METHODOLOGY 
 

In order to answer whether accumulated interruptions at work are associated with knowledge 

workers’ cognitive flexibility, the two main hypotheses presented in the hypothesis 

development section were tested using multilevel modelling. This section presents an 

overview of the data that was used for this research, as well as a description of the variables 

of interest within the data. Then, insight is provided into the methodology used for analysis 

and reasoning behind the choice of the specific method for statistical analysis. 

 

6.1   Data collection 

 
I participated in a bigger research study1 at Aalto University that investigated the cognitive 

performance costs of contemporary work demands. In this project, data were collected via 

time-coded field observations during 2 full workdays per individual and from cognitive 

flexibility performance tests performed in total between 3 to 6 times per individual. The data 

were collected between November 2013 and October 2014. Time-coded field observations 

from 2 full working days (á 8 hours / day) of 49 individuals working in multinational 

enterprises with headquarters located in Finland were used in the study. In sum, a total of 

784 hours of observations including numerical data on the amount of voluntary and 

involuntary interruptions and 268 cognitive flexibility performance test results were used in 

this study. The criteria for the selection of participants was membership of a globally 

distributed team and location in the firm headquarters (to enable observation onsite). 

Snowball sampling technique allows for identifying a sample that meets the desired 

characteristics, but also leads to a non-random sample, which has a direct impact on the 

representativeness of the study.  

 
Consent for data collection was acquired via contacting the human resources representatives 

in these companies, who acquired voluntary participants for the study. 49 employees 

participated in the study, which resulted in 268 data points in total when the data was filtered 

for working days. 18 (36,7 %) of participants were female and 31 (63,3 %) were male. 20 

participants (40,8 %) had a managerial status, whereas 29 participants (59,2 %) did not have 

 
1 UnCoDe: uncovering the hidden cognitive demands of global work, 2013-2015. Principal Investigator: 
Niina Nurmi 
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managerial status. The mean age of participants was 37,89, the mean amount of simultaneous 

ongoing projects at the time of study was 3,63 and the mean work experience of participants 

was 7,54 years. 

 

An important note in the data collection process is the considerable effort from study 

participants, as they needed to give consent to the observer following their daily work for 

two full working days. Furthermore, the observation required substantial effort from the 

research team. Therefore, this challenging aspect of the data collection method can be seen 

in the rather limited number of study subjects. 

 

The data was compiled into csv format to be imported into SPSS. Then, the data was sorted 

such that each individual measurement by each test subject was linked to the specific subject 

ID. Thus, the Level 2 (subject level) ID appeared on every Level 1 (within-subject) record. 

The sorting method enabled identifying the individual test results and interruption exposure 

levels to the 49 test participants, which would allow for studying between-subject differences 

in within-subject patterns of change. 

 

6.2     Data sources 

 

Two main data sources were used for this study: (1) time-coded field observations and (2) 

cognitive flexibility test performance. The data was collected between November 2013 and 

October 2014. 

 

6.2.1 Time-coded field observations 
 

Members from a research group conducted time-coded field observations of each 

participants’ activities during their workdays. Each study participant was observed during 

two (2) working days. The observations were performed with a twofold goal. Firstly, the 

accuracy of the observation logs was critical. Accurate time stamps of each activity were 

needed, and systematic labels required to make the observation logs consistent and 

comparable to each other to allow for between and within-subject analysis. Secondly, the 

observation logs should include and document in detail all interactions and activities that the 
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participants carried out during their workdays to build an as thorough understanding of their 

work experiences as possible. 

 

A software tool was created to particularly meet these goals. The observation software was 

programmed with a list of predefined, commonly observed activities at a workplace that 

could be selected whilst observing the participants, or the observer could also write open 

ended activities and add field notes. The observation software also included an activity 

button, which was clicked when a certain activity started and when it ended. The software 

allowed for multiple activities to be performed simultaneously, which also allowed for 

tracking of multitasking or simultaneous activities. Time-coded stamps for each activity’s 

commencement and end were automatically added to the observation notes. After the data 

collection, the data was exported to Excel, and activities were coded and calculated in 

numeric format. 

 

6.2.2 Cognitive flexibility tests 
 

The cognitive flexibility test validated by Leinikka et al., (2014) was chosen as a way of 

operationalizing participants’ cognitive flexibility. The test is a revised version of the 

traditional Number-Letter task and uses a given subset of Arabic numbers (2-9) and Latin 

letters (a, e, g, I k, m, r, u) (Leinikka et al., 2014). The test and its source code is available 

online at http://github.com/measureself/cognitive-flexibility. 

 

Each participant performed the three-phased cognitive flexibility test twice during each 

workday. The test was conducted online. In advance to taking the test, the participants got 

instructions to focus equally on speed and accuracy when completing the tests, and they got 

a chance to practice each test task between one and three times before the actual task. 

(Leinikka et al., 2014). 

 

The test procedure is as follows: The test consists of three tasks. In all tasks, letter-number 

pairs (e.g., a7) are displayed either above or below a fixed horizontal line to the participant, 

and a horizontal jitter is used to minimize the chance of the participants fixating on a certain 

spot. The responses are given by pressing either the X or M key from the keyboard. At the 

http://github.com/measureself/cognitive-flexibility
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conclusion of each of the three tasks, the participant will be shown the percentage and the 

average response time for correct answers.  

 

Detection task. A baseline reaction time is measured in the detection task, by asking the 

subject to press key X as fast as possible when they notice a specific stimulus on the screen. 

This detection task phase consists of 10 trials. The letter-number pairs are viewable until the 

subject gives their response, but there is an upper limit of reaction time of 1950 milliseconds. 

Button presses between 40-1950 ms post-stimulus onset are regarded as responses. To 

discount probable mishits, the reaction times that are less than 39 ms are disregarded from 

the records.  (Leinikka et al., 2014). 

 

Categorization task. The categorization task comprises 80 trials and it measures 

categorization ability. First, letter-number pairs are displayed above the horizontal line, and 

the goal is to identify the pair's number as either odd or even by pushing X or M on the 

keyboard. Same stimulus pairs are then placed underneath the horizontal line, and the task 

is to classify the pair's letter whether it is consonant or vowel by pressing X or M. Because 

the pairs of letters and numbers are semi-random, each letter and number occur the same 

amount in all possible combinations. The trials consist of first 40 above the line, and 40 

below the line. (Leinikka et al., 2014). 

 

Task-switching. In the final task, the participants perform both the above-described 

categorization tasks alternately. This time, the letter-number pairs are displayed above or 

below the horizontal line, by turns. The task varies depending on the location cue. For 

example, if the letter-number pair is shown above the horizontal line, the task is to identify 

the pair's numbers as odd or even. When the pair is shown below the horizontal line, the task 

is to identify the pair's letter as consonant or vowel, by either pressing X or M. (Leinikka et 

al., 2014). 

 

6.3 Measures 

 

6.3.1 Independent variables 
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Accumulated involuntary interruptions. In the time-coded observation notes, the total 

aggregated count of interruptions originating from internal or external sources were counted 

for each participant throughout the full workday until the point of day when they performed 

the afternoon cognitive performance test. Only the sorts of interruptions that are observable 

by the resulting change of action were counted in the research. Pre-coded involuntary, or 

external, interruption sources that were included in the study were phone calls, incoming 

text messages, instant message notifications, incoming e-mail notifications and interrupting 

colleagues. In case of events that did not fall into any of the pre-coded categories, a note was 

written for the type of action, which allowed for categorization of also other than pre-coded 

actions. 

 

Accumulated voluntary interruptions. In the time-coded observation notes, also the total 

aggregated count of interruptions originating from voluntary, or internal motivations, were 

counted for each participant throughout the full workday until the point of day when they 

performed the afternoon cognitive performance test. It needs to be noted that only the sorts 

of interruptions that are observable by the resulting change of action by the participant were 

counted in the research and thus, for example a pure cognitive switch without resulting 

behavioral actions, could not be included in the study. Pre-coded voluntary interruption 

sources that were included in the study were for example browsing social media, reading 

news, starting a conversation online or offline with a colleague or friend. In case of events 

that did not fall into any of the pre-coded categories, a note was written for the type of action, 

which allowed for categorization of also other than pre-coded actions. 

 

6.3.2 Dependent variables 
 

Cognitive flexibility. Cognitive flexibility was measured based on the cognitive flexibility 

test validated by Leinikka et al. (2014). The test is a modified three-phased version of a 

Number-Letter task, where letter-number pairs are shown to the subject above or below a 

stationary horizontal line (ibid.). The test consists of three tasks and in each task, both 

percentage of errors and reaction time for correct answers are measured (ibid.). In this 

study’s interest is the difference in error rate between trials of tasks where the subject is 

reacting only to one cognitive stimulus, such as a verbal categorization task, versus when 

the subject is required to switch from one cognitive stimulus to another, i.e., when a verbal 
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or number-based categorization task is combined with a spatial cue of whether the letter-

number pair is placed below or above the horizontal line. (Leinikka et al., 2014). 

 

Three different tasks are included in the cognitive flexibility test. The first task is a detection 

task, where a baseline reaction time is identified and where the subjects are asked to press 

key X instantly whenever they see a stimulus, a letter-number pair, on the screen. The second 

task is a categorization task that consists of two phases. In the first phase, the participant is 

presented with letter-number tasks above the horizontal line and the participant is asked to 

categorize the number in the letter-number pair as either odd or even by pressing X or M on 

the keyboard. In the second phase, the letter-number pairs are presented below the horizontal 

line and the task is to categorize the letter in the letter-number pair as either consonant or 

vowel by pressing X or M. The third task is a task-switching task, where the participant 

performs the above presented two categorization task phases alternatingly and the location 

of the letter-number pair, either above or below the horizontal line, is the cue for which task 

should be performed. (Leinikka et al., 2014) 

 

Participants performed the test twice a day, once in the morning and once in the afternoon, 

during a duration of two consecutive working days. In this study, I was interested in the 

results from the afternoon test, when the subjects had been under the potential influence of 

workday interruptions. 

 

The specific measures that were drawn from the study results are switch cost and mixing 

cost, both of which were measured in terms of error rate. 

 

Switch cost. Switch cost is the difference in performance between switch trials and repeat 

trials within a single task block. Switch trials means tasks where the subject is required to 

switch from one cognitive stimulus to another, such as a task where a letter-number 

categorization task is combined with a task of recognizing a spatial cue (task-switching task). 

Repeat trials are sequential tasks where only one cognitive stimulus dimension is relevant, 

such as a letter-number categorization task. (Koch et al., 2005; Philipp et al., 2008). 

 

Mixing cost. Mixing cost is the difference in performance between blocks of tasks where 

only one cognitive stimulus dimension is relevant and blocks where mixed cognitive 

stimulus dimensions are relevant. (Los, 1996; Rogers & Monsell, 1995). 
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6.3.4 Control variables 
 

Control variables included the number of projects that the subject was part of at the time of 

the study, subject’s tenure, as well as demographic variables, such as gender, age and 

managerial status. 

 

The number of simultaneous projects of the participant at the time of study was measured as 

a control variable because high workload is potentially related to decreased cognitive 

performance (Teo et al., 2017) and may act as a perplexing variable. Furthermore, 

participants’ tenure at the time of the study was included as a control variable because 

experience level is potentially related to cognitive performance (Avolio et al., 1990) and thus 

may act as a confounding variable. Finally, demographic variables of gender, where 0 

presented male and 1 presented female, age and managerial status, where 0 presented non-

managerial status and 1 presented managerial status were included in the research to control 

for any possible implications on the results based on these factors. 

 

6.4 Methods of statistical analysis 

 
The statistical analysis in this study was performed with the software IBM SPSS Statistics 

Version 26.0. In this section, the reasoning behind the choice of method for the statistical 

analysis of this study is presented, as well as the conditions and process for the method. 

 

6.4.1 Justifying the choice of multilevel modelling and the setting of the 
analysis 

 
 
Given the fact that in this study data is longitudinal data of repeated measurements clustered 

within individual test subjects, the data needs to be treated as nested within individuals. The 

research methodology in this thesis thus needs to consider the nested structure of the data, 

as well as the setting of the research in a real-life setting as opposed to a controlled 

experiment environment which may lead to missing instances of data input. Therefore, the 

natural choice of methodology for this thesis was multilevel modelling. Multilevel modelling 

allows for treatment of non-independent and sometimes (highly) unbalanced observation 
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data such as repeated measures within individuals from real-life observation settings (Vuorre 

& Bolger, 2018). 

 

Synonyms for multilevel modelling are linear mixed modelling (e.g., Verbeke & 

Molenberghs, 2000), hierarchical modelling (Raudenbush & Bryk, 2002; Raudenbush, 

2004) and the lesser used random-effects modelling (Laird & Ware, 1982). The multilevel 

modelling approach recognizes that data points for a particular subject or at a particular level 

may be more similar to one another than data points for other subjects and thus, per definition 

of the approach, the observations are not independent from each other as is assumed in most 

aggregate and disaggregate approaches. Therefore, the approach assumes that singular 

measurements within the data set may be partially interdependent (Hofmann, 1997). 

 

With the help of multilevel modelling, it is possible to perform cross-level investigations at 

two or more levels. To be able to estimate both within person level and between persons 

level relationships, two (or more) concurrent models need to be built and estimated 

(Hofmann, 1997). In this thesis, two levels are considered: Level-1 units are the individual 

measurement occasions per subject for the independent variables involuntary and voluntary 

interruptions and Level-2 units are the individual subjects and their describing variables. 

 

Figure 1 depicts the setting of the Level-1 (within persons) and Level-2 (between persons) 

variables in the multilevel analysis. 

 
Figure 1. Setting of the multilevel research analysis 
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6.4.2 Multilevel modelling equation 
 

The random intercept equation for the multilevel model is as following: 

 

Level-1 equation:  Yti = β0i + β1Xti + rti    (1)  

Level-2 equation:  β0i = γ0 + γ 1Z1i + γ 2Z2i +… γ 5Z5i + U0i    (2) 

 

In equations (1) and (2)   

Yti indicates measurement of cognitive flexibility cost for 

individual i at measurement occasion t 

β0i indicates level (i.e. intercept) for the individual i 

  β1 indicates constant slope that is same for all individuals 

Xti refers to Level-1 predictor, i.e., the number of interruptions 

for individual i at measurement occasion t 

Z1i, Z2i, …, Z5i refer to (individual i) Level-2 predictors, which are 

used as control variables 

  γ 0 indicates the Level-2 mean across all individuals 

γ 1, γ 2, …, γ 5 refer to the regression coefficients for the Level-2 

predictors 

 rti refers to the Level-1 error term 

 U0i refers to the Level-2 error term 

 

 

For the model it is assumed that 

 

E (rti =) = E (U01) =  0 for all individuals i 

Var(rti =) 2 refers to Level-1 error variance 

Var(U01) = 00 refers to Level-1 error variance in the intercept 

 

When estimating the Level-1 and Level-2 equations, a distinction between fixed effects and 

random effects needs to be made. The parameters that are fixed across individuals instead of 

random are representing the fixed effects in this equation, in this case for example the γ0 in 
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the Level-2 equation (2). On the other hand, the parameters that are allowed to vary across 

individuals are representing random effects, in this thesis for example β0i in the Level-1 

equation (1). 

 

The equation above is used as a basis for running the analyses for both dependent variables, 

mixing cost and switch cost. The control variables are gender, age, tenure, managerial 

position, and number of simultaneous projects at the time of the observation. 

 

6.4.2 Preliminary research for multilevel modelling 
 

According to Peugh et al. (2020), some preliminary research on the data set is needed before 

multilevel modelling can be carried out. Previous multilevel modelling research suggests the 

use of intraclass correlation coefficient (ICC) for justifying a multilevel modelling approach 

for a dataset (ibid.). ICC values range from zero to one and higher ICC values represent 

higher clustering effects (Hofmann, 1997). 

 

The ICC can be calculated when the Level-1 error variance and Level-1 error variance in the 

intercept are known. The ICC represents a ratio of the Level-1 error variance in the intercept 

to the total variance in the dependent variable (Hofmann, 1997). 

 

Therefore, the intraclass correlation is calculated as follows: 

 

ICC = τ00/(τ00+σ2)   (3) 

 

In equation (3) 

  τ00 refers to Level-1 error variance in the intercept 

σ2 refers to Level-1 error variance 

 τ00+σ2 = Var(U01 + rti) indicates the sum of the Level-1 error 

variance and the Level-1 error variance in the intercept 

 

If the ICC ratio is low, it means there is little variance between individuals or that the 

structure of the data is not significantly nested (Nezlek 2011). On the other hand, higher 

values represent higher clustering effects and a methodology capturing the nested structure 
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of the data is justified (Hofmann, 1997). In the next steps in the multilevel modelling process, 

individual level predictors and control variables are added to the equation and the predictor 

model is estimated (Hofmann, 1997). 
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7. RESULTS & ANALYSIS 

 

7.1 Correlations 

7.1.1 Statistics and correlations for mixing cost of cognitive flexibility 
(Table 1) 

 
Table 1 shows the means, standard deviations, and correlations for all the variables 

accounted for in the study and the dependent variable mixing cost of cognitive flexibility. 

The control variables that were included in the study are gender, age, tenure, number of 

simultaneous projects at the time of study and managerial status. 

 

Table 1 shows that number of projects is slightly correlated with mixing cost (r = 0.18, p < 

0.01), which could mean that people with more simultaneous projects at the time of the study 

have a higher tendency for scoring higher on the mixing cost of cognitive flexibility, i.e., 

perform worse on the cognitive performance test compared with people with lesser number 

of simultaneous projects. Furthermore, age is significantly correlated with mixing cost (r = 

0.18, p < 0.01) of cognitive flexibility. 

 

Table 1 also shows that managerial status and involuntary interruptions are negatively 

correlated (r = -0.15, p < 0.05), i.e. the occurrence for involuntary interruptions seems to be 

lower for people who are managers compared to employees with no managerial status. 

Managers may for example have a more private location in the office and therefore not be 

as susceptible for interruptions compared to employees lower in the hierarchy. However, as 

the data does not specify the seating arrangement in the office for each study subject, 

justifications for the results cannot be made. 

 

While voluntary interruptions based on Table 1 do not show correlation with mixing cost (r 

= 0.05, p > 0.05), involuntary interruptions seem to be correlated with mixing cost of 

cognitive flexibility (r = 0.12, p < 0.05). 

 

 

 

 



48 
 

 
Table 1 Summary statistics and correlations of mixing cost of cognitive flexibility 

    Mean SD 1. 2. 3. 4. 5. 6. 7. 
1. Mixing cost 13.83 10.34         
2. No. Of. Projects 3.54 2.59 .18**        
3. Tenure 7.57 6.7 -.09 .10       
4. Genderª 1.66 0.47 -.09 .19** .17**      
5. Age 37.7 6.13  .16** .20** .41** .02     
6. Managerial statusᵇ 0.41 0.49 -.05 -.07 -.04 -.03 .17**    
7. Interruptions (V)ᶜ 5.16 5.99 .05 .06 .08 .05 -.05 -.11   
8. Interruptions (IV)ᵈ 2.99 4.77 .12* .08 -.05 .07 -.10 -.15* .63** 

 * Correlation is significant at the 0.05 level (2-tailed).       
 ** Correlation is significant at the 0.01 level (2-tailed).       
 ª 1 = female, 2 = male         
 ᵇ 1 = manager, 0 = not manager         
 ᶜ Voluntary interruptions         

 

ᵈ Involuntary interruptions 
 
          

7.1.2 Statistics and correlations for switch cost of cognitive flexibility (Table 
2) 

 

Table 2 shows the means, standard deviations and correlations for all the variables in the 

study and the dependent variable switch cost of cognitive flexibility. In a similar manner to 

mixing cost, Table 2 shows correlation between number of projects and switch cost of 

cognitive flexibility. For switch cost of cognitive flexibility, age does not seem to correlate 

with the dependent variable (r = 0.05, p > 0.05), however a significant correlation can be 

found with the employee managerial status (r = 0.20, p < 0.01), indicating that people with 

managerial status have a tendency of showing higher scores of switch cost of cognitive 

flexibility. 

 

While the correlation analysis suggests that the variables voluntary interruptions and switch 

cost of cognitive performance are uncorrelated (r = -0.03, p > 0.05), as is the case with the 

variables involuntary interruptions and switch cost( r = -0.01, p > 0.05), multilevel modelling 

analysis will be run for both dependent variables in the next section of this thesis. The 

analyses for the dependent variable switch cost of cognitive performance will be presented 

in the “Additional analyses” sections. 
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Table 2 Summary statistics and correlations of switch cost of cognitive flexibility 

    Mean SD 1. 2. 3. 4. 5. 6. 7. 
1. Switch cost 13.83 10.34         
2. No. Of. Projects 3.64 2.71 -.13*        
3. Tenure 7.43 6.6 .09 .12*       
4. Genderª 1.65 0.48 .11 .19** .18**      
5. Age 37.83 6.11 .05 .21** .40** -.01     
6. Managerial statusᵇ 0.41 0.49 .20** -.09 -.04 -.06 .16**    
7. Interruptions (V)ᶜ 5.07 6.02 -.03 .03 .08 .04 -.03 -.12*   
8. Interruptions (IV)ᵈ 3.00 5.01 -.01 .07 -.04 .09 -.08 -.16** .62** 

 * Correlation is significant at the 0.05 level (2-tailed).       
 ** Correlation is significant at the 0.01 level (2-tailed).       
 ª 1 = female, 2 = male         
 ᵇ 1 = manager, 0 = not manager         
 ᶜ Voluntary interruptions         
 ᵈ Involuntary interruptions         

 
 
 

7.2 Intraclass correlation 

 

This study yielded variances of 66.10 (τ00) and 48.17 (σ2). These now allow for calculating 

the ICC. The obtained ICC value for this study was τ00/(τ00+σ2) = 66.10 / (66.10+48.17) = 

0.578, indicating that approximately 57.8% of variance in mixing cost of cognitive flexibility 

resides between individuals. 

 

The ICC analysis was also run for the second dependent variable switch cost of cognitive 

flexibility for running an additional analysis along to the primary hypothesis. For switch cost 

of cognitive flexibility, the variances were 125.18 (τ00) and 108.92 (σ2). This resulted in an 

ICC value of τ00/(τ00+σ2) = 125.18 / (125.18+108.92) = 0.535, indicating that approximately 

53.5% of variance in switch cost of cognitive flexibility resides between individuals. 

 

The results of the ICC calculations of the dataset provide a basis to examine predictors on 

mixing cost and switch cost of cognitive flexibility. In the next sections of this thesis, the 

hypotheses are tested with multilevel modelling and the results of the analyses presented. 
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7.3 Hypotheses testing 

 
In Hypothesis 1, I predicted that accumulated involuntary interruptions would be positively 

related to cognitive flexibility costs of knowledge workers, particularly mixing cost. In 

contrast, I predicted that accumulated voluntary interruptions would be negatively related 

to cognitive flexibility costs of knowledge workers, particularly mixing cost (H2). In 

addition, the predictor variables switch cost of cognitive flexibility were studied in 

additional analyses for both independent variables. 

 

7.3.1 Hypothesis 1: Accumulated involuntary interruptions are positively 
related to cognitive flexibility costs of knowledge workers, particularly 
mixing cost.  

 

The first hypothesis explored the link between involuntary (external) interruptions and 

cognitive flexibility costs operationalized as mixing costs. It is hypothesized that 

accumulated involuntary interruptions would be positively related to cognitive flexibility 

costs of knowledge workers, particularly mixing cost (H1). The dependent variable in both 

models in Table 1a is cognitive flexibility, particularly the mixing cost result from the 

cognitive flexibility test validated by Leinikka et al. (2014). Model 1 (null model) presents 

only the control variables, while in Model 2 (predictor model) the independent variable 

involuntary interruptions has been added. 

 

Table 3 shows that the multilevel interaction effect of involuntary interruptions on mixing 

cost of cognitive flexibility is positive and significant (γ = 0.29, standard error [SE] =0.10, t 

= 2.80, p < 0,01). The interaction model showed a significant improvement in model fit over 

the null model (Δ-2x log = 7.696, df. = 1, p < 0.01). Control variables included in the analysis 

were gender, age, tenure, managerial status, and number of projects. The results of the 

analysis showed that the null hypothesis is rejected, and Hypothesis 1 (H1) is confirmed. 
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Table 3 Hypothesis 1 analysis: relationship between involuntary interruptions and mixing cost 

           
                  
   Involuntary interruptions - cognitive flexibility (mixing cost) relationship   
                 
           
  Null model    Predictor model   

                 

           

  Estimate SE p-value   Estimate SE p-value  

                  
           
 Intercept 0.099 7.948 0.990   -1.157 8.01 0.886  
 Gender 1.968 2.474 0.430   2.181 2.489 0.386  
 Age 0.329 0.215 0.132   0.345 0.216 0.117  
 Tenure -0.349 0.193 0.076   -0.345 0.194 0.085  
 Managerial status 1.916 2.407 0.430   1.522 2.427 0.534  
 No. of projects 0.626 0.453 0.174   0.583 0.456 0.207  
 Involuntary interruptions - - -   0.293 0.105 0.005**  
 Variance level 1 (day) 48.150 4.619    46.360 4.447   
 Variance level 2 (subject) 55.903 13.378    57.036 13.535   

 −2 Log likelihood 1896.207     1888.511   
           
  **p < .01, *p < 0.05. SE = standard error. N = 268.   
           

    

 

   

 

         

7.3.2 Additional analysis 1: relationship between involuntary interruptions 
and switch cost 

 
To test whether involuntary interruptions are related to cognitive flexibility costs 

operationalized as switch cost, the analysis was also run with the dependent variable switch 

cost. In Table 1b, the dependent variable is cognitive flexibility cost operationalized as 

switch cost. Model 1 (null model) presents only the control variables, while in Model 2 

(predictor model) the independent variable involuntary interruptions has been added. 

 

Table 4 shows that the multilevel interaction effect of involuntary interruptions on mixing 

cost of cognitive flexibility is not significant (γ = 0.08, standard error [SE] =0.03, t = 0.49, 

p = 0.96, n.s.: not significant), which indicates that there is no statistically significant 

relationship between involuntary interruptions and switch cost of cognitive flexibility. 
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Table 4 Additional analysis 1: relationship between involuntary interruptions and switch cost 
           
                  
   Involuntary interruptions - cognitive flexibility (switch cost) relationship   
                 
           
  Null model    Predictor model   

                 

           

  Estimate SE p-value   Estimate SE p-value  

                  
           
 Intercept 46.365 10.947 0.000   46.036 10.970 0.000  
 Gender -3.776 3.409 0.274   -3.720 3.412 0.281  
 Age 0.011 0.296 0.969   0.0156 0.296 0.958  
 Tenure 0.215 0.265 0.423   0.217 0.266 0.418  
 Managerial status -6.816 3.316 0.046*   -6.922 3.324 0.043  
 No. of projects -0.931 0.625 0.143   -0.943 0.625 0.138  
 Involuntary interruptions - - -   0.078 0.296 0.958  
 Variance level 1 (day) 109.045 10.516    108.912 10.504   
 Variance level 2 (subject) 102.741 26.015    102.837 26.034   

 −2 Log likelihood 2106.598     2106.360   
           
  **p < .01, *p < 0.05. SE = standard error. N = 268.   

 
 

7.3.3 Hypothesis 2: Accumulated voluntary interruptions are negatively 
related to cognitive flexibility costs of knowledge workers, particularly 
mixing cost. 

 

The second hypothesis explored the link between voluntary (internal) interruptions and 

cognitive flexibility costs operationalized as mixing costs. It is hypothesized that 

accumulated voluntary interruptions would be negatively related to cognitive flexibility 

costs of knowledge workers, particularly mixing cost (H2). The dependent variable in both 

models in Table 2 is cognitive flexibility, particularly the mixing cost result from the 

cognitive flexibility test validated by Leinikka et al. (2014). Model 1 (null model) presents 

only the control variables, while in Model 2 (predictor model) the independent variable 

voluntary interruptions has been added. 

 

From Table 5 we can see that the multilevel interaction effect of voluntary interruptions on 

mixing cost of cognitive flexibility is significant (γ = 0.16, standard error [SE] =0.08, t = 

2.06, p = 0.04), however, contrary to what I predicted, the relationship is positive. Therefore, 

while the results of the study fail to reject the null hypothesis, the results indicate a 

statistically significant positive relationship between accumulated voluntary interruptions 

and mixing cost of cognitive flexibility. 
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Table 5 Hypothesis 2 analysis: relationship between voluntary interruptions and mixing cost 

           
                  
   Voluntary interruptions - cognitive flexibility (mixing cost) relationship   
                 
           
  Null model    Predictor model   

                 

           

  Estimate SE p-value   Estimate SE p-value  

                  
           
 Intercept 0.099 7.948 0.990   -1.098 8.009 0.892  
 Gender 1.968 2.474 0.430   2.035 2.486 0.417  
 Age 0.329 0.215 0.132   0.346 0.216 0.116  
 Tenure -0.349 0.193 0.076   -0.366 0.193 0.065  
 Managerial status 1.916 2.407 0.430   -1.734 2.421 0.477  
 No. of projects 0.626 0.453 0.174   0.603 0.456 0.192  
 Voluntary interruptions - - -   0.163 0.0792 0.041*  
 Variance level 1 (day) 48.145 4.619    47.135 4.522   
 Variance level 2 (subject) 55.903 13.378    56.746 13.516   

 −2 Log likelihood 1896.207     1892.034   
           
  **p < .01, *p < 0.05. SE = standard error. N = 268.   
           

 

7.3.4 Additional analysis 2: relationship between voluntary interruptions 
and switch cost 

 
To test whether voluntary interruptions are related to cognitive flexibility costs 

operationalized as switch cost, the analysis was also run with the dependent variable switch 

cost. In Table 6, the dependent variable is cognitive flexibility cost operationalized as switch 

cost. Model 1 (null model) presents only the control variables, while in Model 2 (predictor 

model) the independent variable voluntary interruptions has been added. 

 

Table 6 shows that the multilevel interaction effect of voluntary interruptions on switch cost 

of cognitive flexibility is not significant (γ = 0.02, standard error [SE] =0.12, t = 0.18, p = 

0.85, n.s.), which indicates that there is no statistically significant relationship between 

voluntary interruptions and switch cost of cognitive flexibility. 
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Table 6 Additional analysis 2: relationship between voluntary interruptions and switch cost 
           
                  
   Voluntary interruptions - cognitive flexibility (switch cost) relationship   
                 
           
  Null model    Predictor model   

                 

           

  Estimate SE p-value   Estimate SE p-value  

                  
           
 Intercept 46.365 10.947 0.000   46.204 10.985 0.000  
 Gender -3.776 3.409 0.274   -3.767 3.410 0.275  
 Age 0.011 0.296 0.969   0.0137 0.296 0.963  
 Tenure 0.215 0.265 0.423   0.213 0.267 0.428  
 Managerial status -6.816 3.316 0.046*   -6.841 3.320 0.045*  
 No. of projects -0.931 0.625 0.143   -0.935 0.625 0.142  
 Voluntary interruptions - - -   0.022 0.120 0.854  
 Variance level 1 (day) 109.045 10.516    109.010 10.511   
 Variance level 2 (subject) 102.741 26.015    102.836 26.038   

 −2 Log likelihood 2106.598     2106.564   
           
  **p < .01, *p < 0.05. SE = standard error. N = 268.   
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Figure 2. Summary of results of the hypotheses tests 

 

 

 
Figure 3. Summary of results of the additional analyses 
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8. DISCUSSION 

8.1 Summary 

 

The objective of this thesis was to explore whether accumulated interruptions are related to 

knowledge workers’ cognitive performance. More specifically, this thesis aimed to answer 

the specific research question of whether accumulated involuntary and voluntary 

interruptions at work are associated with knowledge worker cognitive flexibility. Cognitive 

flexibility is the ability to switch cognitive processing modes when dealing with multiple 

intertwining or conflicting goals (Laureiro-Martínez & Brusoni, 2018), and therefore a 

crucial element and job resource in coping with the demands of today’s modern knowledge 

work. Cognitive flexibility is not a static trait and is affected by an individuals’ momentary 

cognitive control capacity. In this research, the measures of mixing cost and switch cost of 

cognitive flexibility (e.g., Leinikka et al., 2014) were considered to measure the potential 

effect of aggregated interruptions on cognitive flexibility. Previous research has suggested 

strong involvement of top-down processes particularly on mixing cost effects of cognitive 

flexibility (e.g., Kray & Lindenberger, 2000; Mueller et al., 2010; Marí-Beffa & Kirkham, 

2014), which directed me to focus on the dependent variable mixing cost of cognitive 

flexibility. Besides, additional analyses were done to test whether the same effect is 

applicable to the dependent variable switch cost of cognitive flexibility. 

 

Based on a review of existing literature, I hypothesized that the independent variable 

accumulated involuntary interruptions would be positively related to mixing costs of 

cognitive flexibility in the knowledge work setting. The association was formed around the 

theory that being constantly exposed to an environment with multiple and conflicting goal-

directed actions places significant load on the human cognitive control system (Navon & 

Gopher, 1979). This effect on cognitive load and cognitive control capacity is reflected in 

an individual’s cognitive flexibility performance and may show a link with the mixing costs 

of cognitive flexibility. 

 

I also proposed a second hypothesis of a negative relationship between accumulated 

voluntary interruptions and mixing cost of cognitive flexibility, meaning that the more 

voluntary interruptions a person would encounter, the lesser the cognitive flexibility costs, 

and the higher the cognitive flexibility capacity, would be. Earlier research suggests that to 
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some extent, self-initiated interruptions may enhance momentary attention and arousal, 

which may explain a resulting increase in vigilance and therefore also improvement in task 

performance (Adler & Bendunan-Fich, 2012; Ratwani et al., 2006; Zijlstra et al., 1999), or 

incubation time that is time away from the primary task may allow the individual to approach 

the task from a new point of view allowing for novel insights and information to originate 

(George, 2007). Hypothesis two therefore proposed that interruptions, when initiated 

voluntary, may in fact enhance cognitive flexibility. 

 

The data consisted of repeated measures within individuals, which led to the choice of 

multilevel modelling (MLM) as the desired method of analysis. MLM is a lesser used 

methodology in interruptions research and it allowed to take into account the aggregated 

nature of the interruption phenomena at the workplace. Previous research has mostly studied 

the effects of interruptions as a one-off, momentary phenomena, or alternatively on a 

conceptual descriptive level (Jett & George, 2013), so my research provides novel insight to 

the timely topic of interruptions at the workplace. The need for new methods of analysis to 

study interruptions is also recognized by Puranik et al. (2019) who call for more research 

that takes into account the complexity of interruptions in the chosen methodology. 

 

The results of the hypotheses analyses are depicted in Figure 2 and the results of the 

additional analyses are depicted in Figure 3. Firstly, it was confirmed that accumulated 

involuntary interruptions are positively associated with mixing costs of cognitive flexibility. 

This result is in line with results from existing literature and therefore advances the current 

knowledge on the topic by taking into account the accumulated nature of interruptions in the 

real-life knowledge work setting. 

 

Contrary to what was hypothesized, accumulated voluntary interruptions also resulted in a 

positive and statistically significant relationship with mixing cost of cognitive flexibility. 

While the hypothesis suggested an inverted relationship, implying that accumulated 

voluntary interruptions may in fact lessen the costs of cognitive flexibility, the results 

showed otherwise and suggest that also voluntary interruptions may negatively affect a 

knowledge worker’s cognitive flexibility. Existing research on voluntary interruptions has 

shown mixed results, and the result from this analysis urges researchers to continue studying 

the relationship of voluntary interruptions and performance. 
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While the results from my analyses do not confirm direct cause-effect relationships, the 

results indicate a strong relationship between accumulated involuntary interruptions and 

mixing costs of cognitive flexibility, as well as a statistically significant relationship between 

accumulated voluntary interruptions and mixing cost of cognitive flexibility. The result from 

the first analysis is consistent with earlier research on negative effects of interruptions on 

human performance (Jett & George, 2003), and the result from the analysis of the second 

hypothesis indicate that more research is needed on the relationship between voluntary 

interruptions and human performance. 

 

Overall, these results bring new insights into the study on interruptions by suggesting 

positive relationships between accumulated involuntary and voluntary interruptions and 

mixing costs of cognitive flexibility. Earlier research has mostly proved the relationship 

between interruptions and human performance in single-occurrence experiments (Jett & 

George, 2003; Baethge & Rigotti, 2013) and thus this thesis is among the first studies to 

suggest this relationship also in situations when interruptions accumulate over time. 

Secondly, this research brings additional insights into the study on cognitive flexibility in 

management sciences, and specifically how the mixing costs of cognitive flexibility are 

linked with job stressors, such as interruptions. Next, I discuss the empirical findings in this 

thesis in more detail by relating them to previous literature presented earlier in this study. 

 

8.2 Accumulated involuntary interruptions are positively related to 

mixing costs of cognitive flexibility 

 

The findings in this study suggest that exposure to more frequent involuntary interruptions 

during a knowledge worker’s workday has a statistically significant positive relationship 

with the individuals’ cognitive flexibility costs, namely mixing costs. Mixing cost of 

cognitive flexibility has been linked with top-down processes of cognitive control (Marí-

Beffa & Kirkham, 2014) that are essential for enduring cognitive flexibility especially in 

situations with external demands or strain. The more strain an individual experiences, the 

higher are the costs of cognitive flexibility, and the lesser the resources of that individual to 

deal with further cognitive demands. Borrowing the fundamentals of the Theory of Mental 

Workload (Navon & Gopher, 1979), the mental workload of an individual is the sum of the 

cognitive demands minus the sum of the cognitive resources of the individual (Wickens, 
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2008). When the cognitive demands exceed the available resources for a particular 

individual, there is a risk of performance decrease and increased number of errors and 

mistakes (ibid.).  

 

It needs to be taken into consideration, however, that this thesis aimed at capturing the 

relationship effect between accumulated interruptions and cognitive flexibility costs. 

Therefore, causality between the two variables, nor a direct link with cognitive performance 

is not proven and further studies are needed to demonstrate these effects. The limitations of 

the present study and suggestions for further research are covered in more detail in chapter 

9. 

 

8.3 Accumulated voluntary interruptions are positively related to 

mixing costs of cognitive flexibility 

 

The findings in this study showed a statistically significant and positive relationship between 

accumulated voluntary interruptions and mixing cost of cognitive flexibility. The result is 

somewhat contradicting to the stream of previous research that has suggested that voluntary 

(internal) interruptions may enhance human performance. For example, Beeftink et al. 

(2008) found that switching tasks at one’s own discretion, as opposed to being forced to 

multitask at predetermined times, increased the subjects’ problem-solving performance. 

Adler and Bendunan-Fich (2012) found that multitasking, that is exposing oneself to 

consequent internal interruptions, may increase performance up to a certain extent, but once 

the amount of multitasking has reached a point when the processing of those (internal) 

interruptions go beyond the available resources of that individual, performance starts to 

decrease. As in this research, the data did not allow me to identify the possible tipping point 

in the possible U-curve type of relationship between voluntary interruptions and mixing cost 

of cognitive flexibility, it is impossible to tell whether the results reflect the effect suggested 

by Adler and Bendunan-Fich (2012). Furthermore, as the study was done in a real-life setting 

and as most study participants suffered simultaneously or alternatively of both involuntary 

and voluntary interruptions before each cognitive test session, it is also impossible to 

completely isolate the effect of the other type of interruptions on the relationship between 

voluntary interruptions and mixing costs of cognitive flexibility. Therefore, the findings of 

this study suggests that further research is done on the relationship between particularly 
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voluntary interruptions and performance, and in settings that allow for the isolation of one 

type of interruptions while studying the effects of the other. 

 

There is also another methodological issue involved in studying voluntary (internal) 

interruptions, which may be one explanation to the mixed results in earlier research on the 

relationship between these constructs. Firstly, when studying voluntary interruptions with 

an observation study design, only directly observable action or behavior can be included in 

the study, meaning that study subjects’ thoughts and cognitive switches are excluded from 

the study. Simultaneously, it may be exactly those internal thought processes and mental 

breaks that lead to the most beneficial effects in terms of performance increase. On the other 

hand, most of the observed voluntary interruptions in this study included for example 

browsing social media, which is an action that in fact puts a significant cognitive load on our 

system (Brooks, 2015) although often being considered as a slack time activity. Future 

studies should attempt to experiment with new methodological approaches to capture non-

observable voluntary interruptions, and the advances in cognitive neuroscience will play a 

huge role in this research opportunity. Secondly, while several attempts have been made to 

classify and categorize interruptions based on their different characteristics, a generalized 

and widely recognized categorization of interruptions is missing, and every researcher is 

required to partly rely on existing research and partly on their own judgement when 

categorizing interruptions. 

 

8.4 Accumulated involuntary or voluntary interruptions are not 

related to switch cost of cognitive flexibility 

 

In the two additional analyses, I aimed to explore whether there exists a relationship between 

accumulated involuntary or voluntary interruptions and switch cost of cognitive flexibility. 

The results showed that there is no statistically significant relationship between these 

variables. This finding supports earlier suggestions (Marí-Beffa & Kirkham, 2014) on that 

while mixing cost of cognitive flexibility is related to top-down mechanisms of cognitive 

control and susceptible to external job stressors and demands, such as interruptions, the same 

does not apply to switch costs, which are related to more temporary trial-to-trial effects of 

working memory capacity. Further research could explore these relations in more detail. 
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8.5 Managerial implications 

 

The findings of this study have a potential to offer important insights to managers and 

individual employees alike for promoting not only performance, but also occupational health 

and employee wellbeing and work engagement. As the findings in this thesis indicate that 

accumulated involuntary and voluntary interruptions increase mixing costs of cognitive 

flexibility, individuals and organizational decision-makers should be interested in 

developing tactics to both reduce interruptions at the workplace and provide resources (tools 

and techniques) to cope with frequent interruptions. Essentially, it is not insignificant 

whether you cause interruptions to your colleagues, or whether you choose to multitask or 

interrupt your own work. However, interruptions most often happen in a social context, and 

as the findings of this thesis suggest, both externally caused and internally initiated 

interruptions are related to higher mixing costs of cognitive flexibility, and therefore, 

interruptions and their potential effects on workers’ performance should be acknowledged 

in organizations on both team and organizational levels. Increasing knowledge on the 

potential harmful implications of interruptions on both individual and organizational levels 

is a first step in the process towards more effective, more wellbeing and fostering 

organizations. 

 

8.6 Limitations of the present study and suggestions for further 

research 

 

The design of this study offers novel insights into the field of interruptions research. 

However, there are some limitations to the study that need to be considered. Firstly, 

interruptions are a complex phenomenon with a multitude of possible outcomes to human 

cognitive systems, and further research is needed to enlighten the relationship between the 

dependent and independent variables in this research. First, the predictors may be further 

specified. One obvious methodological lack in this study is that only interruptions, with 

observable behavioral outcomes, could be included in the study. Further research should 

adopt methodologies that allow for studying the effects of voluntary interruptions, including 

those interruptions that happen only on thought level and do not necessarily lead to action 

or observable behavior. Developments in cognitive neuroscience will play an important part 
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in advancing this understanding. Secondly, the outcomes of interruptions are manifold and 

future research should aim at exploring the possible implications of interruptions beyond the 

notion of performance. A big majority of today’s knowledge workers deal with tasks where 

errors or failure do not lead to catastrophic scenarios, and today, many organizational 

cultures aim at celebrating failure as a way to learn and improve (eg. Heath, 2009) as opposed 

to avoiding failure. Yet, interruptions may also lead to wellbeing related implications, partly 

by causing increased stress and indirectly by causing potential anxiety from the feeling of 

poor performance or incapacity, particularly if the organizational culture is not supportive 

of it and lacks in psychological safety. Therefore, further research should explore a wider 

variety of both dependent and possible explanatory variables linked with accumulated 

interruptions. As mentioned previously, this study proposes a relationship between 

interruptions and mixing cost of cognitive flexibility, and causality between the two 

variables nor a direct link with performance cannot be proven with the current study design. 

Therefore, future studies should aim at taking approaches that can explore the causal links, 

moderators, and cause-effect relationships in more detail, as well as explore with different 

operationalizations of the performance construct. 

 

Thirdly, the results of this study are not widely generalizable beyond the particular 

population of the study, which is knowledge workers working in multinational companies 

headquartered in the capital region of Finland. The number of participants in this study was 

limited (N= 49) due to both high effort and trust required from participants. Taking part in 

the study took considerable effort from participants, as they needed to perform cognitive 

tests twice per day. In addition, participants were required to allow an observer to observe 

in detail their actions at work during two working days. Furthermore, participation in the 

study was not random but voluntary, so it is possible that those organizations and individuals 

that were willing to take part in this research have a higher-than-average interest in the 

subject and for example adopted organization or team wide interruptions coping strategies. 

 

Despite the limited amount of study subjects, the analysis indicated significant results. As 

the present study focuses only on knowledge workers working in Finnish multinationals, the 

results are representable only for this study sample and therefore the external validity of this 

study is limited. Future research could approach the research question by comparing results 

in different industries, countries and even organizational or team cultures, as both the 
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occurrence of interruptions, as well as the available resources to cope with interruptions may 

differ significantly based on the environment in which one is working. 

 

An important topic and limitation to address is that the coping mechanisms to deal with 

interruptions are very individual and although the within-subject approach in this thesis is 

partly able to take this into consideration, individual level factors as possible moderators in 

this relationship could be interesting topics for future research. Especially the mixed results 

in earlier studies on multitasking effects could potentially be explained by that people have 

different motivations for multitasking. Some may expose themselves to frequent internal 

interruptions because of boredom or to ease their cognitive load, while others may in fact be 

forced to multitask because of the nature of their work; if the workload is high and tasks 

fragmented, the individual might use multitasking as a coping mechanism to attempt to 

juggle between the endless demands.  
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9. CONCLUSION 

 
This study investigated the link between accumulated involuntary and voluntary 

interruptions and knowledge workers’ cognitive performance. Given that the characteristics 

of today’s knowledge work, including distributed teams, high reliance on teamwork and a 

fragmentation of tasks, give a perfect opportunity for frequent interruptions to arise, it is 

important that the potential consequences of being exposed to interruptions in one’s working 

environment are brought to employees’ and managers’ attention. 

 

Experimental research settings, which have been most common in earlier research on the 

link between interruptions and performance, have been able to explore the nature and 

characteristics of interruptions and demonstrated a strong link with human performance in 

terms of both quantitative and qualitative outputs, pointing towards a negative performance 

relationship (e.g., Cellier & Eyrolle, 1992; Bailey & Konstan, 2006). Yet only a limited 

amount of current research has acknowledged the complexity and often accumulated nature 

of interruptions in real life. In the field setting, some researchers have found first evidence 

of a negative relationship between certain types of interruptions and (perceived) task 

performance (eg. Eyrolle & Cellier, 2000; Addas & Pinsonneault, 2018). This study went 

beyond these findings by taking into account the accumulated nature of interruptions in a 

real-life knowledge work setting and relating those findings to objective measures of 

subjects’ cognitive flexibility costs. 

 

The findings of the study indicate that exposure to more frequent interruptions at the 

workplace is associated with higher cognitive flexibility costs in the knowledge work setting. 

In particular, the study confirmed positive relationships between mixing cost of cognitive 

flexibility and accumulated involuntary and voluntary interruptions. This finding on the 

relationship between involuntary interruptions and mixing costs of cognitive flexibility 

supports earlier research on the relationship between interruptions and performance 

conducted in laboratory settings or with experimental research designs (e.g., Cellier & 

Eyrolle, 1992; Bailey & Konstan, 2006), and further adds ecological validity for the 

knowledge work context. The finding on the relationship between voluntary interruptions 

and mixing cost of cognitive flexibility suggests the need for further research on the 

relationship between voluntary interruptions and human performance. Findings of this study 

also bring important insights on the potential harmful effects of interruptions in the real-life 
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knowledge work setting and urge each individual and organization to be mindful of their 

actions at work and not remain indifferent what comes to interrupting others and oneself. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



66 
 

References 
 
 
Addas, S., & Pinsonneault, A. (2018). E-mail interruptions and individual performance: is 
there a silver lining?. MIS Quarterly, 42(2), 381-406. 
 
Adler, R. F., & Benbunan-Fich, R. (2012). Juggling on a high wire: Multitasking effects on 
performance. International Journal of Human-Computer Studies, 70(2), 156-168. 
 
Aguinis, H., Gottfredson, R. K., & Culpepper, S. A. (2013). Best-practice 
recommendations for estimating cross-level interaction effects using multilevel 
modelling. Journal of Management, 39(6), 1490-1528. 
 
Alexander, B., Ettema, D., & Dijst, M. (2010). Fragmentation of work activity as a multi-
dimensional construct and its association with ICT, employment and sociodemographic 
characteristics. Journal of Transport Geography, 18(1), 55-64. 
 
Altmann, E. M., & Trafton, J. G. (2002). Memory for goals: An activation‐based 
model. Cognitive science, 26(1), 39-83. 
 
Avolio, B. J., Waldman, D. A., & McDaniel, M. A. (1990). Age and work performance in 
nonmanagerial jobs: The effects of experience and occupational type. Academy of 
Management Journal, 33(2), 407-422. 
 
Baethge, A., & Rigotti, T. (2013). Interruptions to workflow: Their relationship with 
irritation and satisfaction with performance, and the mediating roles of time pressure and 
mental demands. Work & Stress, 27(1), 43-63. 
 
Bailey, B. P., Konstan, J. A., & Carlis, J. V. (2001). The Effects of Interruptions on Task 
Performance, Annoyance, and Anxiety in the User Interface. In Interact (Vol. 1, pp. 593-
601). 
 
Bailey, B. P., & Konstan, J. A. (2006). On the need for attention-aware systems: 
Measuring effects of interruption on task performance, error rate, and affective state. 
Computers in human behavior, 22(4), 685-708. 
 
Barley, S. R., Meyerson, D. E., & Grodal, S. (2011). E-mail as a source and symbol of 
stress. Organization Science, 22(4), 887-906. 
 
Baron, R. S. (1986). Distraction-conflict theory: Progress and problems. In Advances in 
experimental social psychology (Vol. 19, pp. 1-40). Academic Press. 
 
Beeftink, F., Van Eerde, W., & Rutte, C. G. (2008). The effect of interruptions and breaks 
on insight and impasses: Do you need a break right now?. Creativity Research Journal, 
20(4), 358-364. 
 
Benitez‐Amado, J., Llorens‐Montes, F. J., & Perez‐Arostegui, M. N. (2010). Information 
technology‐enabled intrapreneurship culture and firm performance. Industrial Management 
& Data Systems. 
 



67 
 

Bledow, R., Rosing, K., & Frese, M. (2013). A dynamic perspective on affect and 
creativity. Academy of Management Journal, 56(2), 432-450. 
 
Boehm-Davis, D. A., & Remington, R. (2009). Reducing the disruptive effects of 
interruption: A cognitive framework for analysing the costs and benefits of intervention 
strategies. Accident Analysis & Prevention, 41(5), 1124-1129. 
 
Bosch‐Sijtsema, P. M., Ruohomäki, V., & Vartiainen, M. (2009). Knowledge work 
productivity in distributed teams. Journal of Knowledge Management. 
 
Brixey, J. J., Robinson, D. J., Johnson, C. W., Johnson, T. R., Turley, J. P., & Zhang, J. 
(2007). A concept analysis of the phenomenon interruption. Advances in Nursing 
Science, 30(1), E26-E42. 
 
Broadbent, D. E. (1958). Perception and communication. Elmsford, NY, US. 
 
Brooks, S. (2015). Does personal social media usage affect efficiency and well-being?. 
Computers in Human Behavior, 46, 26-37. 
 
Bryk, A. S., & Raudenbush, S. W. (1992). Hierarchical linear models: Applications and 
data analysis methods. Sage Publications, Inc. 
 
Cades, D. M., Werner, N., Boehm-Davis, D. A., Trafton, J. G., & Monk, C. A. (2008). 
Dealing with interruptions can be complex, but does interruption complexity matter: A 
mental resources approach to quantifying disruptions. In Proceedings of the human factors 
and ergonomics society annual meeting (Vol. 52, No. 4, pp. 398-402). Sage CA: Los 
Angeles, CA: Sage Publications. 
 
Cai, X., Gong, J., Lu, Y., & Zhong, S. (2018). Recover overnight? work interruption and 
worker productivity. Management Science, 64(8), 3489-3500. 
 
Cellier, J. M., & Eyrolle, H. (1992). Interference between switched tasks. Ergonomics, 
35(1), 25-36. 
 
Coraggio L. (1990) Deleterious Effects of Intermittent Interruptions on the Task 
Performance of Knowledge Workers: A Laboratory Investigation, PhD Dissertation, 
University of Arizona, College of Business and Public Administration. 
 
Couclelis, H. (2000). From sustainable transportation to sustainable accessibility: Can we 
avoid a new tragedy of the commons?. In Information, place, and cyberspace (pp. 341-
356). Springer, Berlin, Heidelberg. 
 
Covey, S. R. (1989). The 7 Habits of Highly Effective People. Simon & Schuster. 150-152. 
 
Czerwinski, M., Horvitz, E., & Wilhite, S. (2004, April). A diary study of task switching 
and interruptions. In Proceedings of the SIGCHI conference on Human factors in 
computing systems(pp. 175-182). 
 
Davenport, T. H., & Beck, J. C. (2001). The attention economy. Ubiquity, 2001(May), 1-
es. 



68 
 

 
Davenport, T. H. (2008). Improving knowledge worker performance. In From Strategy to 
Execution (pp. 215-235). Springer, Berlin, Heidelberg. 
 
Davis, G. B. (2002). Anytime/anyplace computing and the future of knowledge 
work. Communications of the ACM, 45(12), 67-73. 
 
Delbridge, K. A. (2000). Individual differences in multi-tasking ability: Exploring a 
nomological network (unpublished doctoral dissertation). Michigan State University, 
Department of Psychology. 
 
Dewett, T. (2003). Understanding the relationship between information technology and 
creativity in organizations. Creativity Research Journal, 15(2-3), 167-182. 
 
Dibbets, P., & Jolles, J. (2006). The Switch Task for Children: Measuring mental 
flexibility in young children. Cognitive Development, 21(1), 60-71. 
 
Dowling, D. (2019). A working parent’s survival guide. Harvard Business Review, 97(4), 
147-151. Retrieved from https://hbr.org/2019/07/a-working-parents-survival-guide. 
 
Drucker, P. F. (1959). The Landmarks of Tomorrow.[On Economic and Social Progress in 
the Twentieth-century.]. Heinemann. 
 
Drucker, P. F. (1999). Knowledge-worker productivity: The biggest challenge. California 
management review, 41(2), 79-94. 
 
Edwards, M., & Gronlund, S. D. (1998). Task interruption and its effects on memory. 
Memory, 6(6), 665-687. 
 
Eyrolle, H., & Cellier, J. M. (2000). The effects of interruptions in work activity: Field and 
laboratory results. Applied ergonomics, 31(5), 537-543. 
 
Fernandez‐Duque, D., & Johnson, M. L. (1999). Attention metaphors: How metaphors 
guide the cognitive psychology of attention. Cognitive science, 23(1), 83-116. 
 
Fisher, C. D. (1998). Effects of external and internal interruptions on boredom at work: 
Two studies. Journal of Organizational Behavior: The International Journal of Industrial, 
Occupational and Organizational Psychology and Behavior, 19(5), 503-522. 
 
Fitzsimmons, J. A., Fitzsimmons, M. J., & Bordoloi, S. (2008). Service management: 
Operations, strategy, information technology (p. 4). New York: McGraw-Hill. 
 
George, J. M. (2007). 9 Creativity in organizations. Academy of Management annals, 1(1), 
439-477. 
 
Gërguri‐Rashiti, S., Ramadani, V., Abazi‐Alili, H., Dana, L. P., & Ratten, V. (2017). ICT, 
innovation and firm performance: the transition economies context. Thunderbird 
International Business Review, 59(1), 93-102. 
Gillie, T., & Broadbent, D. (1989). What makes interruptions disruptive? A study of 
length, similarity, and complexity. Psychological research, 50(4), 243-250. 

https://hbr.org/2019/07/a-working-parents-survival-guide


69 
 

 
Grudin, J. (2011). Human-computer interaction. Annual review of information science and 
technology, 45(1), 367-430. 
 
Gupta, R., Kar, B. R., & Srinivasan, N. (2009). Development of task switching and post-
error-slowing in children. Behavioral and Brain Functions, 5(1), 38. 
 
Gupta, A., Li, H., & Sharda, R. (2013). Should I send this message? Understanding the 
impact of interruptions, social hierarchy and perceived task complexity on user 
performance and perceived workload. Decision Support Systems, 55(1), 135-145. 
 
Heath, R. (2009). Celebrating failure: The power of taking risks, making mistakes, and 
thinking big. Red Wheel/Weiser. 
 
Heck, R. H., Thomas, S. L., & Tabata, L. N. (2014). Examining individual change with 
repeated measures data. Multilevel and Longitudinal Modelling with IBM SPSS,, 167-238. 
 
Hockey, G. R. J. (1997). Compensatory control in the regulation of human performance 
under stress and high workload: A cognitive-energetical framework. Biological 
psychology, 45(1-3), 73-93. 
 
Hofmann, D. A. (1997). An overview of the logic and rationale of hierarchical linear 
models. Journal of management, 23(6), 723-744. 
 
Jackson, T., Dawson, R., & Wilson, D. (2002). Case study: evaluating the effect of email 
interruptions within the workplace. In Conference on Empirical Assessment in Software 
Engineering, Keele University, EASE (pp. 3-7). 
 
Jett, Q. R., & George, J. M. (2003). Work interrupted: A closer look at the role of 
interruptions in organizational life. Academy of management Review, 28(3), 494-507. 
 
Jin, J., & Dabbish, L. A. (2009, April). Self-interruption on the computer: a typology of 
discretionary task interleaving. In Proceedings of the SIGCHI conference on human factors 
in computing systems (pp. 1799-1808). 
 
Kahneman, D. (1973). Attention and effort (Vol. 1063). Englewood Cliffs, NJ: Prentice-
Hall. 
 
Kahneman, D., & Tversky, A. (1973). On the psychology of prediction. Psychological 
review, 80(4), 237. 
 
Koch, I., Prinz, W., & Allport, A. (2005). Involuntary retrieval in alphabet-arithmetic 
tasks: Task-mixing and task-switching costs. Psychological Research, 69(4), 252-261. 
 
Kool, W., McGuire, J. T., Rosen, Z. B., & Botvinick, M. M. (2010). Decision making and 
the avoidance of cognitive demand. Journal of Experimental Psychology: General, 139(4), 
665. 
 



70 
 

Kopp, B., & Lange, F. (2013). Electrophysiological indicators of surprise and entropy in 
dynamic task-switching environments. Frontiers in human neuroscience, 7, 300. 
 
Kray, J., & Lindenberger, U. (2000). Adult age differences in task switching. Psychology 
and aging, 15(1), 126. 
 
Kreifeldt, J. G., & McCarthy, M. E. (1981). Interruption as a test of the user-computer 
interface. 
 
Laird, N. M., & Ware, J. H. (1982). Random-effects models for longitudinal data. 
Biometrics, 963-974. 
 
Laureiro‐Martínez, D., & Brusoni, S. (2018). Cognitive flexibility and adaptive decision‐
making: Evidence from a laboratory study of expert decision makers. Strategic 
Management Journal, 39(4), 1031-1058. 
 
Leinikka, M., Vihavainen, A., Lukander, J., & Pakarinen, S. (2014). Cognitive flexibility 
and programming performance. In Psychology of programming interest group 
workshop (pp. 1-11). 
 
Los, S. A. (1996). On the origin of mixing costs: Exploring information processing in pure 
and mixed blocks of trials. Acta Psychologica, 94(2), 145-188. 
 
Lupker, S. J., Kinoshita, S., Coltheart, M., & Taylor, T. E. (2003). Mixing costs and 
mixing benefits in naming words, pictures, and sums. Journal of Memory and 
Language, 49(4), 556-575. 
 
MacKay, J. (2018, May 10). The true cost of email and IM: You only have 1 hour and 12 
minutes of uninterrupted productive time a day. RescueTime: Blog. Retrieved March 3, 
2020, from: https://blog.rescuetime.com/communication-multitasking/. 
 
Madjar, N., & Shalley, C. E. (2008). Multiple tasks' and multiple goals' effect on creativity: 
Forced incubation or just a distraction?. Journal of Management, 34(4), 786-805. 
 
Mansi, G., & Levy, Y. (2013). Do instant messaging interruptions help or hinder 
knowledge workers’ task performance?. International Journal of Information 
Management, 33(3), 591-596. 
 
Marí-Beffa, P., & Kirkham, A. (2014). The mixing cost as a measure of cognitive 
control. Task switching and cognitive control, 74-100. 
 
Mark, G., Gonzalez, V. M., & Harris, J. (2005). No task left behind? Examining the nature 
of fragmented work. In Proceedings of the SIGCHI conference on Human factors in 
computing systems (pp. 321-330). 
 
Mark, G., Iqbal, S., & Czerwinski, M. (2017). How blocking distractions affects workplace 
focus and productivity. In Proceedings of the 2017 ACM International Joint Conference on 
Pervasive and Ubiquitous Computing and Proceedings of the 2017 ACM International 
Symposium on Wearable Computers (pp. 928-934). 
 

https://blog.rescuetime.com/communication-multitasking/


71 
 

Mark G., Czerwinski M., Iqbal S. T. (2018). Effects of individual differences in blocking 
workplace distractions. In Proceedings of the 2018 CHI Conference on Human Factors in 
Computing Systems (CHI ’18), New York: ACM. 92(12). 
 
Martin, M. M., Staggers, S. M., & Anderson, C. M. (2011). The relationships between 
cognitive flexibility with dogmatism, intellectual flexibility, preference for consistency, 
and self-compassion. Communication Research Reports, 28(3), 275-280. 
 
Marulanda‐Carter, L., & Jackson, T. W. (2012). Effects of e‐mail addiction and 
interruptions on employees. Journal of Systems and Information Technology. 
 
Matlin, M. W. (2012). Cognition, 8th. John Wiley & Sons. 640. 
 
Mayer, R. E. (1996). Learners as information processors: Legacies and limitations of 
educational psychology's second.. Educational psychologist, 31(3-4), 151-161. 
 
Mazmanian, M. (2013). Avoiding the trap of constant connectivity: When congruent 
frames allow for heterogeneous practices. Academy of Management Journal, 56(5), 1225-
1250. 
 
McFarlane, D. C., & Latorella, K. A. (2002). The scope and importance of human 
interruption in human-computer interaction design. Human-Computer Interaction, 17(1), 
1-61. 
 
Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex 
function. Annual review of neuroscience, 24(1), 167-202. 
 
Miller, E. K., & Wallis, J. D. (2009). Executive function and higher-order cognition: 
definition and neural substrates. Encyclopedia of neuroscience, 4(99-104). 
 
Monk, C. A., Trafton, J. G., & Boehm-Davis, D. A. (2008). The effect of interruption 
duration and demand on resuming suspended goals. Journal of Experimental Psychology: 
Applied, 14(4), 299. 
 
Mueller, S. C., Maheu, F. S., Dozier, M., Peloso, E., Mandell, D., Leibenluft, E., ... & 
Ernst, M. (2010). Early-life stress is associated with impairment in cognitive control in 
adolescence: an fMRI study. Neuropsychologia, 48(10), 3037-3044. 
 
Murray, S. L., & Khan, Z. (2014). Impact of interruptions on white collar 
workers. Engineering Management Journal, 26(4), 23-28. 
 
Navon, D., & Gopher, D. (1979). On the economy of the human-processing 
system. Psychological review, 86(3), 214. 
 
Nezlek, J. B. (2011). Multilevel modelling for social and personality psychology. SAGE 
Publications Ltd. 
 
Niendam, T. A., Laird, A. R., Ray, K. L., Dean, Y. M., Glahn, D. C., & Carter, C. S. 
(2012). Meta-analytic evidence for a superordinate cognitive control network subserving 



72 
 

diverse executive functions. Cognitive, Affective, & Behavioral Neuroscience, 12(2), 241-
268. 
 
O'Conaill, B., & Frohlich, D. (1995, May). Timespace in the workplace: Dealing with 
interruptions. In Conference companion on Human factors in computing systems (pp. 262-
263). 
 
Oulasvirta, A., & Saariluoma, P. (2004). Long-term working memory and interrupting 
messages in human–computer interaction. Behaviour & Information Technology, 23(1), 
53-64. 
 
Oulasvirta, A., & Saariluoma, P. (2006). Surviving task interruptions: Investigating the 
implications of long-term working memory theory. International Journal of Human-
Computer Studies, 64(10), 941-961. 
 
Ratwani, R. M., & Trafton, J. G. (2006). Now, where was I? Examining the perceptual 
processes while resuming an interrupted task. Naval research lab Washington DC. 
 
Perlow, L. A. (2012). Sleeping with your smartphone: How to break the 24/7 habit and 
change the way you work. Harvard Business Press. 
 
Peugh, J. L., Beal, S. J., McGrady, M. E., Toland, M. D., & Mara, C. (2020). Analyzing 
discontinuities in longitudinal count data: A multilevel generalized linear mixed model. 
Psychological Methods.  
 
Philipp, A. M., Kalinich, C., Koch, I., & Schubotz, R. I. (2008). Mixing costs and switch 
costs when switching stimulus dimensions in serial predictions. Psychological 
Research, 72(4), 405-414. 
 
Posner, M. I. (1980). Orienting of attention. Quarterly journal of experimental 
psychology, 32(1), 3-25. 
 
Przybylski, A. K., Murayama, K., DeHaan, C. R., & Gladwell, V. (2013). Motivational, 
emotional, and behavioral correlates of fear of missing out. Computers in Human 
Behavior, 29(4), 1841-1848. 
 
Puranik, H., Koopman, J., & Vough, H. C. (2019). Pardon the interruption: An integrative 
review and future research agenda for research on work interruptions. Journal of 
Management, 0149206319887428. 
 
Sanders, G. S., & Baron, R. S. (1975). The motivating effects of distraction on task 
performance. Journal of Personality and Social Psychology, 32(6), 956. 
 
Schaule, F., Johanssen, J. O., Bruegge, B., & Loftness, V. (2018). Employing consumer 
wearables to detect office workers' cognitive load for interruption 
management. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous 
Technologies, 2(1), 1-20. 
 
Schneider, W., & Shiffrin, R. M. (1977). Controlled and automatic human information 
processing: I. Detection, search, and attention. Psychological review, 84(1), 1. 



73 
 

 
Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of 
experimental psychology, 18(6), 643. 
 
Speier, C., Vessey, I., & Valacich, J. S. (2003). The effects of interruptions, task 
complexity, and information presentation on computer‐supported decision‐making 
performance. Decision Sciences, 34(4), 771-797. 
 
Spira, J. B., & Feintuch, J. B. (2005). The cost of not paying attention: How interruptions 
impact knowledge worker productivity. Report from Basex. 
 
Ramírez, Y. W., & Nembhard, D. A. (2004). Measuring knowledge worker 
productivity. Journal of intellectual capital. 
 
Ratwani, R. M., Andrews, A. E., McCurry, M., Trafton, J. G., & Peterson, M. S. (2007, 
October). Using peripheral processing and spatial memory to facilitate task resumption. 
In Proceedings of the Human Factors and Ergonomics Society Annual Meeting (Vol. 51, 
No. 4, pp. 244-248). Sage CA: Los Angeles, CA: SAGE Publications. 
 
Raudenbush, S. W. (2004). HLM 6: Hierarchical linear and nonlinear modelling. 
Scientific Software International. 
 
Raudenbush, S. W., & Bryk, A. S. (2002). Hierarchical linear models: Applications and 
data analysis methods (Vol. 1). sage. 
 
Reitan, R. M. (1955). The relation of the trail making test to organic brain damage. Journal 
of consulting psychology, 19(5), 393. 
 
Reitan, R. M. (1958). Validity of the Trail Making Test as an indicator of organic brain 
damage. Perceptual and motor skills, 8(3), 271-276. 
 
Rogers, R. D., & Monsell, S. (1995). Costs of a predictible switch between simple 
cognitive tasks. Journal of experimental psychology: General, 124(2), 207. 
 
Takala, J., Suwansaranyu, U., & Phusavat, K. (2006). A proposed white‐collar workforce 
performance measurement framework. Industrial Management & Data Systems. 
 
Teo, G., Reinerman-Jones, L., Matthews, G., Szalma, J., Jentsch, F., Hudson, I., & 
Hancock, P. A. (2017). Selecting workload and stress measures for performance 
prediction. In Proceedings of the human factors and ergonomics society annual 
meeting (Vol. 61, No. 1, pp. 2042-2046). Sage CA: Los Angeles, CA: SAGE Publications. 
 
Thomas, B. E., & Baron, J. P. (1994). Evaluating knowledge worker productivity: 
literature review (No. USACERL-IR-FF-94/27). Construction Engineering Research Lab 
(Army) Champaign IL. 
 
Verbeke, G., & Molenberghs, G. (2000). A model for Longitudinal Data. Linear mixed 
models for longitudinal data, 19-29. 
 



74 
 

Vuorre, M., & Bolger, N. (2018). Within-subject mediation analysis for experimental data 
in cognitive psychology and neuroscience. Behavior Research Methods, 50(5), 2125-2143. 
 
Wang, Z., & Tcherney, J. (2012). The ‘‘Myth’’ of Media Multitasking: Reciprocal 
Dynamics of Media Multitasking, Personal Needs, and Gratifications. Journal of 
Communication, 62(3), 493–513.  
 
Wickens, C. D. (2002). Multiple resources and performance prediction. Theoretical issues 
in ergonomics science, 3(2), 159-177. 
 
Wickens, C. D. (2008). Multiple resources and mental workload. Human factors, 50(3), 
449-455. 
 
Zeigarnik, B. (1927). On the memory of completed and uncompleted 
actions. Psychologische Forschung, 9, 1-85. 
  
Zijlstra, F. R., Roe, R. A., Leonora, A. B., & Krediet, I. (1999). Temporal factors in mental 
work: Effects of interrupted activities. Journal of Occupational and Organizational 
Psychology, 72(2), 163-185. 
 
Zucker, R. (2019, October 10). How to deal with constantly feeling overwhelmed. Harvard 
Business Review. Retrieved from https://hbr.org/2019/10/how-to-deal-with-constantly-
feeling-overwhelmed.  
 
 
 
 
 
 
 

 

https://hbr.org/2019/10/how-to-deal-with-constantly-feeling-overwhelmed
https://hbr.org/2019/10/how-to-deal-with-constantly-feeling-overwhelmed

	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	1 INTRODUCTION
	1.1 Research gap and objectives of the research
	1.3 Research question
	1.4 Contribution

	2. KNOWLEDGE WORK IN CONTEMPORARY ORGANIZATIONS
	2.1 The evolution of knowledge work
	2.2 Demands of contemporary work environment
	2.2.1 Information overload
	2.2.2 Fragmentation of activities


	3. INTERRUPTIONS
	3.1 Definitions of interruptions
	3.2 Taxonomy of interruptions
	3.3 External and internal interruptions
	3.4 A near construct of multitasking
	3.5 Summary of interruption types included in this thesis

	4. ATTENTION AND COGNITIVE CONTROL
	4.1 Attention
	4.2 Cognitive control
	4.3 Cognitive flexibility
	4.4 Cognitive flexibility costs

	5. INTERRUPTIONS AND COGNITIVE PERFORMANCE
	5.1 Cognitive implications of interruptions
	5.2 Negative relationships between interruptions and performance
	5.3 Positive relationships between interruptions and performance
	5.4 Moderators of the impact of interruptions on performance
	5.4.1 Relevancy between the interruption and the primary task
	5.4.2 Characteristics of the interruption task
	5.4.3 Characteristics of the primary task

	5.5 Summary of previous research
	5.6 Theoretical framework and hypotheses development

	6. METHODOLOGY
	6.1   Data collection
	6.2     Data sources
	6.2.1 Time-coded field observations
	6.2.2 Cognitive flexibility tests

	6.3 Measures
	6.3.1 Independent variables
	6.3.2 Dependent variables
	6.3.4 Control variables

	6.4 Methods of statistical analysis
	6.4.1 Justifying the choice of multilevel modelling and the setting of the analysis
	6.4.2 Multilevel modelling equation
	6.4.2 Preliminary research for multilevel modelling

	7. RESULTS & ANALYSIS
	7.1 Correlations
	7.1.1 Statistics and correlations for mixing cost of cognitive flexibility (Table 1)
	7.1.2 Statistics and correlations for switch cost of cognitive flexibility (Table 2)

	7.2 Intraclass correlation
	7.3 Hypotheses testing
	7.3.1 Hypothesis 1: Accumulated involuntary interruptions are positively related to cognitive flexibility costs of knowledge workers, particularly mixing cost.
	7.3.2 Additional analysis 1: relationship between involuntary interruptions and switch cost
	7.3.3 Hypothesis 2: Accumulated voluntary interruptions are negatively related to cognitive flexibility costs of knowledge workers, particularly mixing cost.
	7.3.4 Additional analysis 2: relationship between voluntary interruptions and switch cost

	8. DISCUSSION
	8.1 Summary
	8.2 Accumulated involuntary interruptions are positively related to mixing costs of cognitive flexibility
	8.3 Accumulated voluntary interruptions are positively related to mixing costs of cognitive flexibility
	8.4 Accumulated involuntary or voluntary interruptions are not related to switch cost of cognitive flexibility
	8.5 Managerial implications
	8.6 Limitations of the present study and suggestions for further research
	9. CONCLUSION

	References



