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Abstract 
Physical and psychological health problems from work-related fatigue, work-related stress, the lack 

of recovery and even burnouts have been a problem for employees for many decades in many 

countries. On top of that work-related tasks have become more and more complex due to an 

increase in the complexity of work related tasks and work-related knowledge, competitiveness and 

all other social difficulties that go with current jobs. This increase in work-related demands also 

results in an increase in work-related fatigue. To make things even worse, we are living in a world 

where one can take their work home, where constant reminders of work are triggered through one’s 

social media, e-mails and calls. But what if we used our mobile phone to trigger recovery and help us 

with the balancing of work-related fatigue, performance and the need for recovery?  

This study looks at the effect recovery activities have on work-related fatigue and performance. 

While many researches address the vital part recovery outside of working hours plays in employee’s 

well-being, recovery during working hours only recently gained increased attention by literature. 

Recovery activities during working hours are called micro breaks. Previous literature showed the 

importance of micro breaks but there is hardly any research on how to help employees manage 

micro breaks. That brings us to the aim of this study. By introducing a mobile application to help 

employees manage their work-related fatigue and stress throughout the day this study seeks to fill in 

the gap in literature.  

An application was designed tailored to the needs of this study. Participants were asked to use the 

app for 6 days. The app sent a notification at the start of the working day to measure work-related 

fatigue. Each 1.5 hour after that first notification participants were asked to measure their work-

related fatigue and perform a micro break. 

The three level HLM showed that most variance predicting work-related fatigue comes from level 

three (the person) and the times micro breaks are taken (or not taken). The variances between days 

is small which is already a contribution to literature. Furthermore, this study finds that taking micro 

breaks before the lunch is particularly beneficial with almost no beneficial effects of the micro breaks 

taking the last 2 hours before work. These results are new and interesting and maybe a bit 

counterintuitive as one would think that towards the end of the work day work-related fatigue will 

be higher so the need for micro breaks is higher.  

No significant relationship was found between a specific category of micro break and its effect on 
work-related fatigue and performance through the three level HLM. However, the categories 
Consumption, Physical and Mindfulness show the highest increase in vitality if the results would’ve 
been significant. Would that imply for future research that these three categories would be most 
beneficial before the lunch break? Even though this study didn’t find conclusive answers to these 
questions, it may provide a good basis for future research.  
 

In conclusion, the design, testing, deployment and effectiveness of the app was very successful and 

could provide future research with a design plan how to effectively manage the micro breaks 

employees are taken. As this has been a neglected topic and with the constant rise of apps, 

technology and the internet of things this might just be the paper kickstarting a new wave of 

research on how to implement apps to human performance studies and the potentials of doing 

research with the assistance of apps. Connecting your mobile app to the internet to perform real 

time analysis to give instant feedback to participants, learn from the participants and use their input 

to improve the study in real time. That is the future and hopefully this study contributed somehow to 

that future. 
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Management summary 
Physical and psychological health problems from work-related fatigue, work-related stress, the lack 

of recovery and even burnouts have been a problem for employees for many decades in many 

countries. On top of that work-related tasks have become more and more complex due to an 

increase in the complexity of work related tasks and work-related knowledge, competitiveness and 

all other social difficulties that go with current jobs. This increase in work-related demands also 

results in an increase in work-related fatigue. To make things even worse, we are living in a world 

where one can take their work home, where constant reminders of work are triggered through one’s 

social media, e-mails and calls. But what if we used our mobile phone to trigger recovery and help us 

with the balancing of work-related fatigue, performance and the need for recovery?  

This study looks at the effect recovery activities have on work-related fatigue and performance. 

While many researches address the vital part recovery outside of working hours plays in employee’s 

well-being, recovery during working hours only recently gained increased attention by literature. 

Recovery activities during working hours are called micro breaks. For more clarity, this study defies a 

micro break as following: 

A micro break is a short period of time during working hours with the goal (intentional or 
unintentional) to replenish (or lessen the depletion of) work-related resources from work-related 
fatigue and stress. 
 
Previous literature showed the importance of micro breaks but there is hardly any research on how 
to help employees manage micro breaks. That brings us to the aim of this study. By introducing a 
mobile application to help employees manage their work-related fatigue and stress throughout the 
day this study seeks to fill in the gap in literature.  

 

Conceptual framework 
The conceptual framework of this study is presented in Figure I.  
 

 

Figure I: conceptual framework 

Figure 1 describes what this study wants to examine. At the beginning of the day employees perceive 

work-related fatigue, this manifests in work-related fatigue during working hours. Job demands and 

resources affect the work-related fatigue and performance during working hours. An increase in job 

demands will increase the strain on work-related fatigue and therefore deplete the resources 

available to perform job demands at high levels. A lack of resources is detrimental for vitality and job 

performance. Work-related fatigue during working hours will then manifest in the perceived work-
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related fatigue at the end of the working day. Employees would then need to recover after their 

working day and the following day the cycle starts again. However, since recovery after work is 

outside the scope of this study, it is not included in the framework. Hypothesis 1 looks at a 

categorization of micro breaks and its significance on work-related fatigue and performance which 

will be explained later. Hypothesis 2 till 4 are as following:  

H2a: Participants take more micro breaks during the end of the testing period compared to the 

beginning.  

H2b: The app increases the number of micro breaks taken during a day. 

H3: Engaging in any micro break the previous time period doesn’t reduce the engagement in micro 
breaks the following period.  
 
H4: Participants vary more in the microbreaks they take at the end of the testing period compared to 
the beginning.   
 

Designing the app 
After an extensive literature study, the following framework is presented for designing a stress 
management app which will help in acquiring the desired data for scientific analysis: (1) Repetition of 
training is needed. Participants need to engage at least 4/5 times with the app during the day. (2) 
Have the app widely accessible and make it so that no other software or hardware is required. (3) 
Limit the amount of interventions. (4) Make all intervention close to equal in time length and 
accessibility. (5) Sending notification will heavily increase user engagement with the app. (6) Remove 
barriers by providing clear definitions and guides for using the app. (7) Make sure all conditions apart 
from what you want to measure are controlled as much as possible. (8) Give participants access to 
every section of the app and do not make different groups.  
 

Methodology 
Participants were asked to use the app for 6 days. The app sent a notification at the start of the 

working day to measure work-related fatigue. Each 1.5 hour after that first notification participants 

were asked to measure their work-related fatigue and perform a micro break. Six categories of micro 

breaks were defied to be included in the app: (1) Personal, (2) Physical, (3) Consumption, (4) 

Mindfulness, (5) Work-place and (6) Work. All these categories also consisted out of microbreaks. For 

the mobile application these six categories were designed with icons befitting the categories (see 

Figure III in two pages). At the end of the day participants were asked to once again measure their 

work-related fatigue and performance.  

Main findings 
This study sought to find the effect an application has on employee’s behavior towards engaging in 
micro breaks. The three level HLM showed that most variance predicting work-related fatigue comes 
from level three (the person) and the times micro breaks are taken (or not taken). The variances 
between days is small which is already a contribution to literature. So, the effect micro breaks have 
on a person’s well-being are almost the same throughout the week. This study let participants start 
at the midweek to have a clearer picture of the change happening after the weekend. However, 
there is no significant change in the effect micro breaks have on a person at the start of the week 
compared to the end of the week. Going deeper into which times are most beneficial for employees 
to engage in micro breaks this study finds that taking micro breaks before the lunch is particularly 
beneficial with almost no beneficial effects of the micro breaks taking the last 2 hours before work. 
These results are new and interesting and maybe a bit counterintuitive as one would think that 
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towards the end of the work day work-related fatigue will be higher so the need for micro breaks is 
higher. However, according to the three level HLM the effect micro breaks have the last 2 hours 
before work are not significantly beneficial for work-related fatigue. This is interesting as employees 
should focus on engaging in more micro breaks halfway to their lunch as this will help manage their 
vitality through the whole day a lot better and higher level of vitality will be achieved this way.  
 
No significant relationship was found between a specific category of micro break and its effect on 
work-related fatigue and performance through the three level HLM. However, the categories 
Consumption, Physical and Mindfulness show the highest increase in vitality if the results would’ve 
been significant. Would that imply for future research that these three categories would be most 
beneficial before the lunch break? Even though this study didn’t find conclusive answers to these 
questions, it may provide a good basis for future research.  
 
Hypothesis 2a was rejected which stated that participants take more micro breaks towards the end 
of the study compared to the beginning of the study. The idea of this hypothesis was that the belief 
was that participants needed some ramping up time in how to correctly do the procedure of 
measuring their vitality and picking a micro break afterwards. However, as can be seen in Appendix D 
participants grasped the idea of the app and the usage of the app remained the same over the six 
testing days which is remarkable. This is probably because participants received the app 2 days 
before starting the study, were asked to study the app and were provided with extensive guides to 
help them in properly navigating and using the app. The success of proper guiding the participants is 
clearly shown here but in result the hypothesis is rejected. Figure III shows that participants didn’t 
change their behavior over time (first six days as the study was only for six days). 
 
Participants who used the MicroBreaker showed that the app helped change their behavior towards 

micro breaks. Participants engaged more frequently in taking micro breaks and varied more in which 

micro breaks they took. On top of that through qualitative analysis participants showed that the 

MicroBreaker app raised awareness on micro breaks and were happy with using the app. Even 3 

weeks after the study was concluded participants said that they still were engaging in micro breaks 

more than before the study. This resulted in rejecting hypothesis 2a as participants didn’t need ramp 

up time to understand the procedure of the app and were using the app as intended right away. 

Hypothesis 2b till 4 were accepted based on the results from the analysis (both qualitative and 

quantitative). 

Conclusion 
In conclusion, the design, testing, deployment and effectiveness of the app was very successful and 

could provide future research with a design plan how to effectively manage the micro breaks 

employees are taken. As this has been a neglected topic and with the constant rise of apps, 

technology and the internet of things this might just be the paper kickstarting a new wave of 

research on how to implement apps to human performance studies and the potentials of doing 

research with the assistance of apps. Connecting your mobile app to the internet to perform real 

time analysis to give instant feedback to participants, learn from the participants and use their input 

to improve the study in real time. That is the future and hopefully this study contributed somehow to 

that future. 
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Figure II: Micro breaks  

 

 

Figure III: The number of micro breaks throughout the day for each day of the study 
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Introduction 
Physical and psychological health problems from work-related fatigue, work-related stress, the lack 

of recovery and even burnouts have been a problem for employees for many decades in many 

countries. On top of that, opportunities to recover have been dropping whereas the complexity of 

work-related tasks has been increasing the past decades. Opportunities to recover have dropped due 

to increased working hours, difficult financial times (organizations are less able to afford perks such 

as fitness facilities, additional vacation days, free food, or retreats that may reenergize employees) 

and increased job insecurity which makes employees less inclined to take time off work for recovery 

(Ashford, Lee, & Bobko, 1989; Schor, 1992; Storseth, 2007). These three factors are all related to 

each other and enhance each other in a way where employees have a harder time to recover after 

and at work. On the other side, work-related tasks have become more and more complex due to an 

increase in the complexity of work related tasks and work-related knowledge, competitiveness and 

all other social difficulties that go with current jobs. This increase in work-related demands also 

results in an increase in work-related fatigue. To make things even worse, we are living in a world 

where one can take their work home, where constant reminders of work are triggered through one’s 

social media, e-mails and calls. How in all this do we even find time to unplug ourselves? Why do 

some employees feel energetic and fit at the end of their working day while also being satisfied 

about their work-related performance that day while others feel tired at the end of their work day or 

even before it begins? Have they figured out the balancing act between work-related performance, 

work-related fatigue and the need for recovery? What exactly are they doing and what are we doing 

wrong if we feel drained at the end of the day?  

To answer these questions, this study looks at literature on work-related fatigue, performance and 

recovery. Fortunately, research on work-related fatigue stress and recovery can be traced back 

nearly three decades (Hobfoll, 1989). Since then, research on recovery, work-related fatigue and 

stress has steadily been increasing as the topic gained more and more importance and 

acknowledgment. Previous research shows that, to deal with work-related fatigue and stress, 

recovery is needed. Taking a vacation from work (Fritz & Sonnentag, 2006), unwinding in the 

weekend (Fritz & Sonnentag, 2005) or unwinding at the end of the day results in lower levels of 

work-related fatigue and stress the next day (Sonnentag, 2001; Sonnentag & Zijlstra, 2006). However, 

there is one important part of recovery that is lacking in this picture: the time spent recovering while 

at work. Trougakos en Hideg (2009) mention how surprising it is that recovery during working hours 

is hardly mentioned by literature. Some recent studies have looked at recovery during working hours 

and this study continues this trend by looking at a specific recovery activity during working hours: a 

micro break. Trougakos et al. (2008) define micro breaks as a period of time during which it is not 

required or expected to do work-related tasks. Examples of micro breaks are reading the news, a 

small coffee, smoke break or taking a walk. Previous literature on micro breaks from Trougakos and 

Hideg (2009) and Fritz, Lam and Spreitzer (2011) and the study by Trninic (2014) showed that work-

related micro breaks increase work-related fatigue and decrease work-related performance. Building 

on this research, this study wants to go further than providing evidence of which micro breaks are 

beneficial or detrimental for work-related fatigue and performance, and how to influence 

engagement of micro breaks by employees. There is a serious gap in the literature on how to 

influence the micro breaks employees take and when.  

It was previously mentioned that employees are constantly reminded of work by triggers through 

one’s social media, e-mails and calls. This happens mainly through our mobile phones, but what if we 

used our mobile phone to trigger recovery and help us with the balancing of work-related fatigue, 

performance and the need for recovery?  



10 
 

Everywhere you look, mobile phones seem to be glued to one’s hand. Posting, updating, watching, 

mailing, playing or reading. The mobile phone never seems to be far away. We embraced our phone 

to help us with living our life through apps and social media. We have apps which tell you when and 

how to sleep. Apps which tell you how and when to eat, drink and train. Apps which help you with 

mindfulness, apps which tell you how to bring structure to your life and apps which help you with all 

kind of mental and physical tasks. So why not have an app that helps you with the recovery part of 

the balancing act between work-related performance, work-related fatigue and need for recovery. 

How about using a mobile phone to charge the human battery? 

The aim of this study is to provide insights in how the mobile phone could be used to assist 

employees in managing work-related fatigue and stress throughout the working day. A study on 

stress management apps by Coulon, Monroe and West (2016) shows that a search for stress 

management apps resulted in thousands of apps available to download through the play store. This 

resulted in app overload for users specifically looking for stress management apps. The app overload 

combined with the lack of knowledge what these apps did, lack of scientific grounded theories and 

false advertising resulted in a lackluster availability of apps to manage stress. On top of that nearly all 

these stress management apps focused on mindfulness and breathing exercises while there are many 

other strategies for managing vitality throughout the day. As this study aims at investigating micro 

breaks, current available stress management apps were not suited in providing the necessary 

answers. Therefore, a new app is created and introduced tailored to the needs of this study. To 

analyze the success of the app the following research question is stated: Does the mobile application 

reduce work-related fatigue and increase work-related performance?  

Through detailed measurement, insights will be gained on what micro breaks employees take, the 

times micro breaks are taken, and the effectiveness of certain micro breaks at time periods. 

Wouldn’t it be nice to know that by taking a specific set of micro breaks at hours three and five of the 

working day recovery is most efficient? On top of that what if physical micro breaks like taking a walk 

are most beneficial for work-related fatigue and performance after the lunch break and work-related 

micro breaks are most beneficial for work-related fatigue and performance before the lunch break? 

Current literature provides no insights on which micro breaks are most effective at which time 

periods. Another gap in literature is what happens to work-related fatigue and performance if micro 

breaks are ignored. While literature suggests that certain micro breaks are beneficial for work-

related performance, insights in the number of micro breaks taken is lacking. Would, for example, 

taking ten micro breaks throughout the day be enough for not feeling tired at the end of the day? So, 

ignoring micro breaks is detrimental for work-related fatigue at what percentages? 

This study further contributes to literature in providing a framework for designing an application to 

help manage work-related fatigue and stress throughout the working day. This framework entails 

what elements are needed in order to create a successful stress management app and what practices 

need to be adopted in designing a successful stress management app. Based on literature on 

applications with similar goals, like stress management apps, insights are provided of what is 

necessary to create a successful stress management app. For example, fitness, diet or meditation 

apps want to induce behavior change for the users of the app. By training and reminders users train 

to change their behavior. The same holds true for the core of stress management apps. Specifically, 

for this study an application is needed that induces behavior change in when and what micro breaks 

participants take.  
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Literature study 
There are a couple of core concepts this study wants to look at and discuss in this literature review. 

First, an extensive overview of what literature already says on work-related stress and recovery is 

presented. Then, this study discusses the way literature suggests to recover, identify gaps and 

contradictions in current literature on recovery. A conceptual model will be presented and explained 

in detail before finally arriving at an overview of current literature on stress management apps.  

Recovery 

The Effort-Recovery model 
The Effort-Recovery model (Meijman and Mulder, 1998) will be used as a general theoretical model 
for recovery to explain the role recovery plays in this study. The effort-recovery model states that the 
expenditure of effort is associated with short-term physiological and psychological costs. The 
psychological costs affect an individual’s psychological well-being. These costs are reversible, which 
means that after a short or long break from effort the psychobiological systems will stabilize to the 
baseline level. This process is called recovery. The implication here is that a high investment of effort 
will not be harmful, if there are enough possibilities for recovery. However, if there is not sufficient 
recovery from effort, psychobiological systems will not stabilize at baseline levels. This may result in 
chronic and manifested health problems. The most important thing is that if psycho- and 
physiological systems have remained activated without stabilizing at baseline levels the employee 
has to invest effort to compensate. This compensation will result in problems such as prolonged 
fatigue, persistent sleep disturbances, and/or manifest diseases (e.g., Sluiter, Frings-Dresen, Van der 
Beek, & Meijman, 2001), as well as in physiological dysfunctions such as higher levels of 
cardiovascular activity, changed hormonal status, and problems in immune functioning (Clow, 2001; 
Von Thiele, Lindfors, & Lundberg, 2006). The Effort-Recovery model shows that job demands lead to 
a need for recovery and if the need for recovery is not met, it can harm one’s physical and 
psychological well-being which ultimately can lead to severe issues like a burn-out.  
 

Conservation of Resources model and the Job Demands – Resources Model 
In order to better understand the relationship between work relation activities and the need for 
recovery the Conservation of Resources model (COR) by Hobfoll (1989) and the Job Demands – 
Resources theory (Bakker & Demerouti, 2014; 2017; Demerouti, Bakker, Nachreiner, & Schaufeli, 
2001) provide the necessary framework. Briefly stated the COR model suggest that resources are 
depleted throughout the day by performing work-related activities. We use these resources to 
perform work-related tasks and to meet with work-related demands. We cannot perform at 
maximum performance if these resources are depleted (Trougakos & Hideg, 2009). The Job Demands 
– Resources theory (JD-R theory) consists out of two main parts. Job demands are physical, 
psychological, social, or organizational aspects of a job associated with physical and/or psychological 
costs. These costs can be beneficial or detrimental for work related performance and well-being 
(Demerouti et al., 2001). Job resources on the other hand are physical, psychological, social, or 
organizational aspects of a job that help with the job demands (Demerouti et al., 2001). This goes in 
line with the COR theory (Hobfoll, 2001) as people want to retain, protect and build these helping 
resources. Examples of job resources are autonomy and performance feedback but also organization 
values like payment, career opportunities and job security. The JD-R theory suggest two different 
psychological processes affecting job strain and motivation. The first process is that job demands 
result in exhaustion of the physical and psychological resources. This depletes energy and in turn may 
lead to health problems (Demerouti et al., 2000, 2001a, b; Leiter, 1993). Note that this is in line with 
the COR theory but more specified towards work-related resources. The second process is that job 
resources motivate which leads to achieving work goals and high work-related performance. So, job 
resources have intrinsic motivation by achieving basic psychological needs like autonomy, 
belongingness and competence (Van den Broeck, Vansteenkiste, De Witte, & Lens, 2008) and 

https://www.emeraldinsight.com/doi/full/10.1108/02683940710733115
https://www.emeraldinsight.com/doi/full/10.1108/02683940710733115
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extrinsic motivation by having the available job resources to deal with work-related demands to 
achieve work-related goals.  
 
Both the JD-R and COR theory form the basis of how work-related resources are used to perform 

work-related tasks and achieve work-related goals. Look at it as a rechargeable battery, because 

there are many similarities. Imagine a device with a full battery. The battery uses power (resources) 

throughout the day and can function properly as long as there is power left in the battery for the 

device to work. If the battery runs out of power the device shuts off. If the battery runs on low power 

the device might not function optimally. Fortunately, an empty or low battery can be recharged for 

the device to work at maximum performance again. This can be translated to how we use our 

resources (power) to perform work-related tasks and meet work-related demands. We cannot 

perform at maximum performance if these resources are depleted (Trougakos & Hideg, 2009).  

The Effort-Recovery model together with the previously discussed Conservation of Resources model 

initiated research on Recovery. Sonnentag (2001) noticed the importance of recovery might have on 

our well-being and began studying employee’s everyday recovery processes. The study found that 

physical, social and low-effort activities resulted in an increase over well-being during the evening 

whereas work-related activities were detrimental for well-being during the evening. A follow-up 

study by Sonnentag et al. (2008) found that employees can recharge ‘human energy’ in the evenings 

by positive unwinding experiences. Examples of these positive unwinding experiences are learning 

something new, watching television and reading. These recovery activities stimulate the recovery 

process as described in the Effort-Recovery model in a way that the psychobiological systems 

stabilize to a baseline level. Research by Sonnentag et al. (2008) also showed that recovery activities 

resulted in higher levels of human energy during the following workday. Likewise, the research of 

Fritz and colleagues (2010) found that recovery activities during the weekend also recharged the 

human energy and that recovery activities resulted in lower levels of fatigue at the end of the 

weekend.  

Recovery activities 
Research frequently uses the term recovery strategy and recovery activity, but it is an important 
distinction as a recovery strategy results in a recovery activity.. This activity in turn results in a 
recovery experience as stated in the previous section. For example, the recovery strategy ‘I’m going 
to consume water’ turns into the recovery activity drinking water. On top of that , a recovery strategy 
implies that the person deliberately chooses a recovery strategy while this isn’t always the case. 
Research by Trougakos et al. (2009) for example showed the recovery activity daydreaming to be 
beneficial for work-related fatigue and performance. The distinction here is important as 
daydreaming can be a recovery strategy. One could choose to start daydreaming for example, but 
usually this isn’t the case. Daydreaming just overcomes you and therefore it usually is a recovery 
activity. On that the other hand the definition of a recovery activity implies that one recovers after 
performing the activity, but that doesn’t always have to be the case. Consumption of alcohol could 
be a recovery activity, but it might be detrimental for work-related fatigue and performance so is it a 
recovery activity? A recovery activity might be beneficial for an individual while detrimental for 
another individual for work-related fatigue and performance. And what about sleep? Sleep is 
mentioned in research as a recovery activity. This is also somewhat strange, as one must sleep. On 
the other hand, one could influence the sleeping activity by going earlier to bed instead of watching 
another movie. Would that be a sleeping strategy then? I think the distinction between a strategy 
and action should be clearer and the definition of a recovery activity has gaps in research 
(detrimental recovery activity for work-related fatigue isn’t really a recovery activity).  
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There are many recovery activities and they can be divided in many categories. This study is going to 
make an explicit distinction between recovery activities during the workday and recovery activities 
outside of working hours. It is also important to note that work-related recovery activities and non-
work-related activities can be applied during and after working hours. So basically, there are four 
main categories: (1) Work-related recovery activities outside of working hours, (2) Non-work-related 
recovery activities outside of working hours, (3) Work-related recovery activities during working 
hours, (4) Non-work-related recovery activities during working hours. Work-related activities outside 
of working hours include activities where an employee continues duties after working hours, for 
example by preparing future assignments or answering work e-mails. Non-work-related recovery 
activities outside of working hours include any activity that isn’t related to any job-tasks and isn’t 
done at the workplace, for example drinking a beer with friends or taking a bath.  Work-related 
recovery activities during working hours include activities where an employee continues to put effort 
into their job while working, for example working efficiently or skipping difficult tasks. Non-work-
related recovery activities during working hours include any activity that is not related to job-tasks 
but is on the work floor, for example smoking or taking a walk. Of course, it makes sense that any 
activity is represented only in one of these categories. Previous research mainly focused on the first 2 
categories and only recently research on recovery activities have gained more importance. Trougakos 
en Hideg (2009) mention how surprising it is that recovery during working hours is hardly mentioned 
by literature. It is obvious that one does not have the freedom to do whichever recovery activities 
one wants during working hours compared to outside of working hours. During the lunch break most 
people eat, drink and go to the toilet. Sianoja, Kinnunen, de Bloom, Korpela, and Geurts (2016) found 
short and long-term benefits of lunch break over a 1 year-period. An increase in well-being during 
lunch breaks resulted in an increase of vigor and decrease of exhaustion over the one-year period. 
However, there are still plenty of other recovery activities people are engaging in during working 
hours which fall under a specific kind of work break: micro breaks. Previous research usually refers to 
micro breaks as within-day breaks, which are short recovery activities from 2 up to 10 minutes. Other 
studies on work breaks define it as activities during which work-relevant task aren’t required or 
expected (Trougakos et al., 2008). However, the definition provided by Trougakos et al. (2008) does 
not represent all micro breaks and a clearer definition of micro breaks is required.  Micro breaks can 
happen during a period of time where work-related tasks are expected and are required. The study 
by Trougakos et al. (2009) even mentions micro breaks that are work-related tasks, such as running 
an errand, continuing to work, preparing future work or swapping between work-related tasks which 
contradicts their own definition of micro breaks. For more clarity, this study defies a micro break as 
following: 
 
A micro break is a short period of time during working hours with the goal (intentional or 
unintentional) to replenish (or lessen the depletion of) work-related resources from work-related 
fatigue and stress. 
 
Notice the deviation from the definition provided by Trougakos et al. (2009) on several fronts. 

Acknowledgment of the fact that micro breaks can happen during a period of time where work-

related tasks are expected orrequired is included in the definition and a much needed one. The 

addition of including the term during working hours is also important. A period of time during which 

work-related tasks aren’t required or are expectedcould be after your work. Watching TV for 

example would be a viable micro break by the definition by Trougakos et al. (2009) but not for the 

definition provided by this study. Also, looking at the goal of a micro break is important for the 

definition of the micro break. The results from the study by Trougakos et al. (2009) showed that that 

work-related micro breaks increase work-related fatigue and decrease work-related performance. 

However not everything influencing work-related fatigue is a micro break, strain for example affects 

work-related fatigue but isn’t a micro break. Micro breaks are activities with the goal to replenish (or 

lessen the depletion of) work-related resources from work-related fatigue and stress. Work-related 
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resources are in turn used to perform work-related tasks and meet work-related demands. This 

relation will be in more detail discussed later on, but it is important to understand that some micro 

breaks are engaged with stopping the depletion of resources but not necessary replenish them. This 

is something overlooked in most studies on micro breaks. The same goes for the distinction between 

the unintentional and intentional part of the definition as it gives us a broader scope of the micro 

breaks employees are engaging in. For example, employees can intentionally engage a micro break 

like reading personal e-mail or taking a walk to recover and increase work-related performance 

afterwards as they simple cannot continue performing work-related tasks and/or meet work-related 

demands. On the other hand, unintentional micro breaks happen when one is daydreaming for 

example. You wake up from your little daydream and notice then you have been daydreaming. 

Apparently, the need for recovery was so high that you unintentionally engaged in a recovery 

activity. 

It is important to understand that micro breaks are different recovery activities compared to 

recovery activities during vacations, weekends and the end of the day. The difference is that micro 

breaks immediately relieve stress and replenish one’s resources (Trougakos & Hideg, 2009). An 

activity at the end of the day is for example looking television. This is a recovery activity which 

replenishes vitality for the following working day but is clearly different from a micro break. If a 

person is overwhelmed with the workload and experiences high levels of stress during working 

hours, watching television isn’t really an option (for a longer period of time that is as it will conflict 

with required work-related activities and meeting work-related demands), but a micro break is. It’s 

not only an option but also necessary for recovery.  

The research by Fritz, Lam and Spreitzer (2011) showed that learning something new, focusing on 

what gives joy in my work, seeking feedback, setting a new goal, do something that will make a 

colleague happy, make time to show gratitude to someone I work with, seek feedback and reflecting 

on the meaning of my work were activities positively related to vitality and negatively related to 

exhaustion. So, one could look at work-related recovery activities as activities that have something to 

do with your work or the people you work with that aren’t job demands or job tasks. Interestingly, 

the research by Fritz, Lam and Spreitzer (2011) found that most micro breaks resulted in lower levels 

of vitality and higher levels of exhaustion which is in contradiction with most previous literature on 

micro breaks (Trougakos & Hideg, 2009).  

The research by Trougakos et al. (2008) found that service employees who engaged in more respite 

activities during daily work breaks, experienced higher levels of positive emotions and lower levels of 

negative emotions during these breaks and exhibited higher levels of positive affective displays after 

the breaks. The results therefore propose that restful and enjoyable activities such as taking a walk 

or reading the news during work breaks provide greater recovery. Research has shown that rest 

breaks and physical activity are beneficial to health whereas smoking and coffee breaks are not 

(Pronk, Crouse, & Rohack, 1995). Also, frequent small breaks give a positive effect on work-related 

performance (Pronk, Crouse, & Rohack, 1995). Furthermore, Trougakos et al. (2008) found that 

respite breaks (socializing, napping, and relaxing) aided recovery and performance which means 

these activities have a positive effect on performance and reduce fatigue. Chore breaks on the other 

hand did not aid recovery nor performance, thus have a negative effect. Drinking water, taking a 

walk, smoking, checking personal e-mail, making plans for the weekend, running an errand, or having 

a snack also have a positive effect on performance and recovery (Trougakos & Hideg, 2009). Trninic 

(2014) also found that micro breaks decrease work-related fatigue, stress and increase work-related 

performance. That being said, it is important to mention that microbreaks might affect people 

differently. One person might benefit a lot from checking personal e-mail while someone else might 
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not benefit from it at all. Everyone might have his own set of recovery activities that are beneficial. 

That is why Hunter and Wu (2016) showed the importance of doing a preferred activity during the 

break. Engaging in the recovery activities one likes and having control over this choice might be 

essential for restoring resources (Trougakos & Hideg, 2009).  

Finally, a study by Zacher, Brailsford and Parker (2014) looked at how to measure micro breaks at an 

hourly basis. Participants were asked to hourly fill in questionnaires through an online survey to 

measure the micro breaks they were taking and perceived work-related fatigue. This study sent 

notifications on the mobile phones of participants to measure work-related fatigue and reminded 

them to take a micro break. They chose to look at micro breaks and work-related strategies 

separately. Zacher, Brailsford, Parker (2014) found that only non-work-related micro breaks were 

beneficial for work-related fatigue. Non-work-related activities weren’t significant in predicting work-

related fatigue. They argue that non-work-related micro breaks might have short-term effect on 

employee’s well-being, whereas work-related micro breaks imply long-term effects on employee’s 

well-being. Regarding the hourly measures their research found that engaging in a non-work-related 

micro break in the previous hour reduces the likelihood that employees engage in a non-work-

related micro breaks again in the next hour. Also, the study by Zacher, Brailsford and Parker (2014) 

gave more insight into which micro breaks employees took throughout the day. Consistent with the 

research by Fritz et al. (2011) drinking water, going to the bathroom and having a snack were the 

three most used micro breaks. Checking e-mail, switching to another task and talking to a co-worker 

were the three most used work-related strategies. 

Recovery Experiences 
Sonnentag and Geurts (2009) suggest disassembling recovery into recovery as a process and recovery 

as an outcome. Recovery as a process are the recovery activities which change the strain on an 

individual’s psychological well-being. Recovery as an outcome on the other hand is the psychological 

state of an individual after the recovery period (after the recovery activities). Recovery as an 

outcome is what we want to achieve by engaging in recovery activities. Recovery outcome is the 

psychological state of an individual after the recovery period (after the recovery activity). Sonnentag 

and Fritz (2007) describe four distinct recovery experiences: relaxation, mastery, control and 

psychological detachment from work. While previous research looked extensively at these 4 recovery 

experiences during working hours this study wants to look if it can be applied to micro breaks as well, 

linking previous literature with literature on micro breaks.  

Psychological detachment from work 
Psychological detachment from work refers to a state where one is not performing work-related 

activities. It also means that one is not thinking about work-related activities, work-related problems 

and work-related opportunities (Fritz & Sonnentag, 2007). Taking the Effort-Recovery model into 

mind, detachment from work results in the possibility to recover as the psychobiological system have 

the opportunity to stabilize to the baseline levels. If detachment from work does not happen and an 

individual is still thinking about work the psychobiological system still experiences a strain and 

therefore cannot fully recover. Literature shows that higher levels of psychological detachment from 

work outside of working hours results in lower levels of psychological distress and physical complains 

(Shimazu et al., 2012). Detachment from work also results in lower levels of exhaustion (Fritz et al., 

2010; Siltaloppi et al., 2009), higher levels of vitality (Kinnunen, Mauno, & Siltaloppi, 2010) and a 

decrease in the need for recovery (Siltaloppi et al., 2009). Detachment from work is specifically 

important during non-work hours as it might not be feasible to detach from work during working 

hours. Returning to perform work-related activities after being fully detached from work might turn 

out to be even more effortful. That being said, there are plenty of micro breaks that result in a 
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decrease in work-related fatigue and work-related stress but do not let the individual fully detach 

from their work. Think about going to the toilet, drinking water, taking a walk or any work-related 

micro breaks previously mentioned are activities while one still can think about work on the 

background so full detachment from work does not happen. On the other hand, a couple of micro 

breaks might result in higher detachment of work like socializing, napping, reading the news. Not 

fully detaching from work might be beneficial for micro breaks. Think about it like this, if you take a 

break of one hour at work one might be fully detached. Once you return to perform work-related 

tasks performance might be lower due to being fully detached from work. This is different for a micro 

break, as full detachment is not achieved, and performance probably will not change if one takes a 

micro break of one minute. The relationship between detachment from work and recovery has been 

studied before but the link between detachment from work and micro breaks is hardly been studied.  

Relaxation 
Relaxation is often associated with leisure activities and is a state of low sympathetic activation. 

Higher levels of relaxation outside of working hours results in lower levels of psychological distress 

and physical complains (Shimazu et al., 2012). Research by Fritz et al., (2010) also showed that 

relaxation during the weekend not only positively affects the first working day but also the end of the 

next workweek.  This goes in line with the research that relaxation experiences reduce short and 

long-term stress-related complaints (Stone et al., 1995; Van der Klink, Blonk, Schene, & Van Dijk, 

2001). Compared to detachment from work, relaxation is something that could be achieved by 

certain micro breaks and have even been proven to be significantly reducing work-related fatigue 

and stress. Listening to music, napping and relaxing are examples of micro breaks that result in a 

recovery experience (Trougakos et al., 2008; Trougakos & Hideg, 2009). 

Mastery  
Mastery experiences are associated with challenging situation with resulting achievement or 

learning. Examples are learning a new language or learning a new hobby (Fritz & Sonnentag, 2006). 

Higher levels of mastery experiences outside of working hours results in lower levels of psychological 

distress and physical complains (Shimazu et al., 2012). Mastery experiences also result in lower levels 

of exhaustion (Siltaloppi et al., 2009), higher levels of vitality (de Bloom et al., 2015; Kinnunen et al., 

2010) and a decrease in the need for recovery (Siltaloppi et al., 2009). Certain micro breaks might 

result in mastery experiences. Certain forms of mindfulness are something an individual might learn 

over time and therefore result in a mastery experience. Mindfulness has been associated with 

mastery and stress reducing and will be discussed in more detail later when a deeper look into 

mindfulness intervention programs is taken. 

Control 
Control refers to an individual’s ability to choose when and how to engage in activities outside of 

working hours (Fritz & Sonnentag, 2007). This study wants to note that this can also be applied to 

micro breaks. Control of when and how to take desired micro breaks. Higher levels of control outside 

of working hours result in lower levels of psychological distress and physical complains (Shimazu et 

al., 2012) and a decrease in the need for recovery (Siltaloppi et al., 2009). On top of that like 

previously mentioned, it might be essential for the recovery experience that the employee believes 

he has control over which recovery activity is chosen (Trougakos & Hideg, 2009). Especially for micro 

breaks it might be rather important if the individual believes he has a free choice in which micro 

breaks to take and when.  
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Sleep 
All these recovery experiences affect the recovery potential of the recovery activities performed. A 

final recovery activity this study wants to address is sleep. Through sleep the human body restores 

many functions of the organisms. Recovery experiences also affect sleep. A high detachment from 

work should increase the quality of sleep. When there is no to low detachment, one might continue 

thinking about work and therefore have a bad night’s sleep. Similar, low levels of relaxation might 

result in a difficult time to fall asleep as one might still be very active at the end of the day. Mastery 

and control are perceived with feelings of accomplishment and satisfaction resulting in an increase in 

sleep quality. The recovery potential of the sleeping recovery activity increases with higher levels of 

these recovery experiences. The same goes for the recovery potential of other recovery activities. 

However, literature fails to link these recovery experiences with micro breaks.  

Pleasure and enjoyment 
Apart from the four previously discussed recovery experiences, research by Demerouti et al, (2012) 

and van Hooff et al. (2011) found that pleasure and enjoyment as recovery experiences related to 

higher levels of vigor and lower levels of fatigue and exhaustion. Similar to the research by  

Brummelhuis and Trougakos (2014), which found that extrinsically motivated work-related activities 

were detrimental for morning exhaustion whereas intrinsically motivated work-related activities 

were not, recovery experiences might give more insight into why certain recovery activities result in 

recovery for certain people while for others they do not. For example, previous research on recovery 

activities found that household activities are detrimental for work-related fatigue. Could this be 

attributed to the fact that the person choosing the household activity had no control over which 

activities to engage in? Would the household activity result in recovery if the person had a free 

choice of which activity to engage in and then choose to do household activities? 

Research suggest that effectiveness of recovery experiences can be trained. Hahn, Binnewies, 

Sonnentag, and Mojza (2011) studied a training program focused at improving recovery experiences. 

They found a significant improvement in recovery experiences and an increase in well-being. Ebert et 

al., (2015) found that an internet-based recovery program with a focus on recovery processes and 

sleep resulted in a significant increase in recovery experiences and levels of sleep. This leads to 

evidence that recovery processes can be trained or used as interventions. Siu, Cooper, and Phillips 

(2014) also found that the experience of mastery increased when a module, which focused on 

training recovery processes, was included in a broader stress-management intervention.  

Conceptual framework 
The conceptual framework of this study is presented in Figure 1. Note that this study looks 
specifically at micro breaks (recovery activities during working hours) and will continue to build upon 
the research by Trninic (2014) by introducing a mobile application which will help employees 
regulate micro breaks. The app will assist employees by how, when and why to take micro breaks.  
 
Figure 1 on the next page describes what this study wants to examine. At the beginning of the day 

employees perceive work-related fatigue, this manifests in work-related fatigue during working 

hours. Job demands and resources affect the work-related fatigue and performance during working 

hours. An increase in job demands will increase the strain on work-related fatigue and therefore 

deplete the resources available to perform job demands at high levels. A lack of resources is 

detrimental for vitality and job performance. Work-related fatigue during working hours will then 

manifest in the perceived work-related fatigue at the end of the working day. Employees would then 

need to recover after their working day and the following day the cycle starts again. However, since 

recovery after work is outside the scope of this study, it is not included in the framework.  
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Figure 1: conceptual framework 

This study focusses on recovery activities during working hours. The concept of micro breaks is 
introduced and defined but which of all possible micro breaks are chosen for this study and why? 
Recovery activities according to Fritz, Lam and Spreitzer (2011) are either micro breaks or work-
related strategies. However, this study finds it hard to differentiate between a micro break like 
surfing the web or a work-related strategy like checking email. Both aim at restoring energy and are 
categorized as recovery activities. Both are done at the workplace. There is much overlap between 
certain activities, like cleaning the office or do an errand is categorized as a work-related strategy and 
micro break respectively. Trougakos and Hideg (2009) mention physical activities such as taking a 
walk, but the activity smoking or shopping also implies physical activity yet isn’t categorized as such. 
Based on the research by Fritz, Lam and Spreitzer (2011), Trougakos and Hideg (2009) and Trninic 
(2014) the following categories of micro breaks are defined: (1) Personal, (2) Physical, (3) 
Consumption, (4) Mindfulness, (5) Work-place and (6) Work. This categorization is tied together with 
the design of the app as users of the app would need to choose between these categories. A 
category of six with four recovery activities per category was chosen as a design for the app as it 
improves user friendliness and app usability. This will be discussed in more detail in the section 
designing the app.  
 
Personal activities are activities that are personal and have nothing to do with work related activities, 
work related demands or colleagues. The Personal category consist out of social networking, 
checking personal mail, using other apps on your mobile phone or reading the news through an app 
or a newspaper. Based on previous literature these activities were found to significantly predict 
work-related fatigue and therefore are included (Fritz, Lam & Spreitzer, 2011; Trninic, 2014; 
Brailsford, Parker & Zacher, 2014). However, the recovery process is different for most micro breaks. 
Social networking and checking personal mail are similar to the recovery that occurs when people are 
engaging in social activities. By engaging in social activities, we open up a channel of social support 
(Demerouti et al, 2009). Social support has been found to be beneficial for the strain job demands 
have on employee’s well-being (Bakker, Demerouti & Euwema, 2005). Social activities also use 
different resources than the work-related resources used to perform work-related tasks and meet 
work-related demands. Both of these processes contribute to the recovery process when engaging in 
social activities. Reading the news can be attributed to mastery activities. Through personal 
fulfillment and emotionally rewarding mastery experience (learning something new for example by 
reading the news or satisfaction from being up to date with what is happening in the world) can lead 
to an increase in well-being. Previous research also suggests that these kinds of activities have a 
positive effect on recovery (Winwood et al. (2007). All the micro breaks in the personal category will 
trigger recovery so therefore following hypothesis is proposed: 
 
Hypothesis 1a: Personal micro breaks are beneficial for work-related fatigue and performance during 
the working day.  
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Physical activities are activities that require employees to leave their work place or perform physical 
activities at their work place and consist out of going to take a drink, taking a walk or going to get 
something that you’ll need later on, going to the toilet and stretching. Notice that the first three 
activities require employees to move from their work place and the final activity can be done at the 
work place but also away from the work place. Standing up and taking something that you’ll need 
later on is a new micro break specifically for this study. As one of the main goals while designing the 
app was to promote healthy behavior and give employees suggestions on which one of the six 
categories to engage with. Previous literature shows the significant benefits of physical activity like 
walking and stretching (Fritz, Lam & Spreitzer, 2011; Trninic, 2014; Brailsford, Parker & Zacher, 2014), 
but this study wanted to look at how to promote healthy behavior. A study by Brummelhuis and 
Trougakos (2014) looked at motivation associated with recovery activities. They found that intrinsic 
motivation can offset the negative effect these activities have on well-being. For example, 
extrinsically motivated work-related activities were detrimental for morning exhaustion whereas 
intrinsically motivated work-related activities were not. This can explain the difference that some 
studies found work-related activities to be detrimental for individual’s well-being whereas other 
studies found they were not. If the work-related activities were intrinsically motivating it might not 
decrease individual’s well-being. This study extends this concept to physical micro breaks. If the users 
of the app are given intrinsic motivation, the effectiveness of the micro break and therefore the app 
might be higher. That is why for the physical activity taking a walk the addition of ‘or going to get 
something that you’ll need later on’ is included as it gives users a reason to stand up. Also, the 
stretching activity is stated as following: I’m going to stretch so that I’m not working cramped. It gives 
a motivation of why one should do the recovery activity. As mentioned previously, the aim of the app 
was to promote healthy behavior, that is also the reason why smoking isn’t included in this study 
even though previous research found a significant effect of smoking on work-related performance 
and fatigue. However, this study wants to discuss that it makes a lot of sense that smoking reduces 
stress and fatigue to smokers as it is a habit and a craving. Smokers need their nicotine, and the app 
shouldn’t influence the amount that employees smoke nor should it be taken into consideration as 
an effective recovery activity. The baseline level of their psychobiological systems for smokers 
includes smoking (the nicotine but probably also the activity as a habit). There are several ways 
physical activities results in recovery. First, as attention is shifted from work-related activities 
towards one of the physical activities the strain on work-related resources reduces. This could 
happen party through detachment from work. Like previously mentioned, complete detachment 
from work during working hours is probably not achieved nor desired. But being partly detached 
from work still results in a reduction on the strain on psychobiological systems (Sonnentag & Fritz, 
2007) because work-related resources are not used. The distraction hypothesis is applicable to 
physical activities. Briefly stated, the distraction hypothesis states that the “time out” from work-
related stress results in an increase in well-being rather than the activity itself. When engaging in one 
of the physical activities attention is shifted away from work-related activities towards physical 
activities. Following hypothesis is proposed: 
 
Hypothesis 1b: Physical micro breaks are beneficial for work-related fatigue and performance during 
the working day.  
 
The category consumption consists out of drinking and consuming something small. While previous 
literature on micro breaks made a distinct differentiation between drinking water and drinking coffee 
this study moves away from that. Mainly because previous literature found no significant effect of 
either drinking non-caffeine or caffeine drinks (Trninic, 2014). On top of that Brailsford, Parker & 
Zacher (2014) found no significant effect of caffeine drinks but did find a beneficial effect of drinking 
water on work-related fatigue and performance. Fritz, Lam and Spreitzer (2011) found a detrimental 
effect of drinking caffeine on work-related fatigue and performance. The same argument as for the 
smoking activity is used here. Users who drink coffee probably have it as a habit and is included in 
the baseline levels of their psychobiological systems. On top of that the detrimental effect it can have 
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on work-related fatigue and work-related performance according to Fritz, Lam and Spreitzer (2011) 
means drinking caffeine is not included in this study as it doesn’t promote healthy behavioral change. 
Notice that in the physical category also getting something to drink is included but the difference 
between the two is that one required that one leaves the working place which is a different recovery 
activity compared to drinking water which is done at the work place. When going to get water one 
could encounter other colleagues and other forms of micro breaks might be engaged in compared to 
drinking water at the workplace so the effect on work-related fatigue and performance should also 
be different for both options. That being said, a big overlap between the two will probably be there 
which will be taking into consideration during the analysis of the data. Similar to the physical 
activities these activities will shift the attention towards the consumption of either drinks or food. 
Following hypothesis is proposed:  
 
Hypothesis 1c: Consumption micro breaks are beneficial for work-related fatigue and performance 
during the working day.  
 
Mindfulness is a category of micro breaks that help with clearing the mind and help with detachment 

from work. It consists out of taking a powernap, meditation, daydreaming and listening to music. 

Research by Fritz, Lam and Spreitzer (2011) found that listening to music and daydreaming are 

beneficial for work-related fatigue. The mindfulness category defines both daydreaming and listening 

to music, as they have most similarities with meditation and taking a powernap compared to all 

other micro breaks. It resulted thus in the mindfulness category. A recent study by Gu, Cavanagh & 

Strauss (2017) showed significant beneficial results by engaging in mindfulness and listening to music 

on stress. Also, meditation was beneficial for work-related fatigue according to Brailsford, Parker and 

Zacher (2014). Napping didn’t show significant result from previous studies (Fritz, Lam & Spreitzer, 

2011; Trninic, 2014; Brailsford, Parker & Zacher, 2014) but is included in this category to complete 

the category with a fourth element which is in line with having four micro breaks for each category 

apart from the consumption category. Once again, this will be discussed in more detail during the 

“designing the app” section. Relaxing activities do not demand anything from the psychobiological 

systems of the employee nor require effort. Sonnentag and Fritz (2007) state that relaxation 

activities reduce psychobiological activation and allow the psychobiological system to return to their 

baseline levels. They also mention that relaxing activities are pleasurable and result in positive 

emotions. Positive emotions in turn help employees gain energy which can be used in the future to 

reduce the influence of stressors on well-being (Fredrickson, 2001). Following hypothesis is stated: 

Hypothesis 1d: Mindfulness micro breaks are beneficial for work-related fatigue and performance 
during the working day.  
 

Workplace activities consist out of cleaning workplace, talk to co-worker, looking for feedback and 

make/update to-do list. The important part about workplace activities are that they take place at 

one’s workplace. Fritz, Lam and Spreitzer (2011) categorized these activities as work-related 

strategies but this study wants to address that while they take place at where one is working, it 

doesn’t mean they should be regarded as work-related activities. Talking with colleagues is not per se 

a work-related activity if one iss talking about personal topics. This activity would be more in line 

with social activities as described by previous literature Hideg & Trougakos (2009). While Fritz, Lam 

and Spreitzer (2011) found that cleaning the workplace, have no effect on subjective vitality and 

fatigue of the employees, research by Trninic (2014) and research by Brailsford, Parker and Zacher, 

(2014) found a beneficial effect. Recovery occurs in the same way compared to social activities for 

talking to a co-worker. Making/updating a to-do list helps recovering through mastery. Cleaning the 

workplace might give enjoyment and pleasure and once again for all these micro breaks shifting 

attention from work-related activities results in an decrease on the strain on psychobiological 
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systems from work-related activities. Talking to a co-working, looking for feedback and 

making/updating a to-do list were found beneficial for work-related fatigue and performance (Fritz, 

Lam & Spreitzer, 2011; Trninic, 2014; Brailsford, Parker & Zacher, 2014) which leads to following 

hypothesis: 

Hypothesis 1e: Work-place micro breaks are beneficial for work-related fatigue and performance 
during the working day.  
 

Work activities includes switching from a difficult to an easy task, seek feedback, reflecting on the 

meaning of my work and reflecting on how I make a difference at work. The general idea is that these 

activities will reduce the strain on psychobiological systems and that the resources of an employee 

will be less depleted while using any of the activities stated above. This happens mainly through 

mastery. Understanding what it is one is learning/working towards gives personal fulfillment and 

pleasure through enjoyment. Research also has shown the beneficial effects of these work activities 

on employees’ well-being (Fritz, Lam & Spreitzer, 2011; Brailsford, Parker & Zacher ,1014; Trninic, 

2014). This results in following hypothesis:  

 Hypothesis 1f: Work micro breaks are beneficial to work-related fatigue and performance during the  
working day.  
 

The choice for a mobile application rather than a diary study has several reasons from a researcher’s 

perspective. One of the reasons is to have more control over the behavior of the participants, 

because all participants have access to their mobile phone and probably have it with them at all 

times or at least more so than a diary study (Atienza & Patrick, 2011). And for participants behind 

desktops or laptops, the application can also be installed as a windows/apple application on their 

desktop and so they will also receive reminders to take the microbreaks built into the application at 

all times. This reminder alone will force participants to at least think about taking a microbreak. This 

will increase the chance that participants will more actively participate in the study. The application 

also measures if participants actually take the microbreak after the reminder, but the belief is that 

participants will be more compelled to take a microbreak if they get constant reminders to take a 

microbreak which in result means more control over the participants from a researcher’s 

perspective. This is in line with literature that mobile apps can induce behavioral intervention 

(Backinger & Augustson, 2011). As participants might struggle adapting to the procedure of the app 

and based on previous literature it is expected that behavioral change from participants might take 

some time (Versluis et al., 2018; Carissoli, Villani & Riva, 2015). That is why participants will engage in 

more micro breaks towards the end of the testing period compared to the beginning. Following 

hypothesis are proposed towards behavioral change of the participants regarding the mobile 

application: 

H2a: Participants take more micro breaks during the end of the testing period compared to the 

beginning.  

H2b: The app increases the number of micro breaks taken during a day. 

The study by Brailsford, Parker & Zacher (2014) had a similar research design to this study as it 
looked at the effect of micro breaks at one working day. Interesting is that participants were asked to 
hourly fill in questionnaires through an online survey to measure the micro breaks they were taking 
and perceived work-related fatigue. This study sent notifications on the mobile phones of 
participants to measure work-related fatigue and remind them to take a micro break. There is much 
similarity between the two studies, however Brailsford, Parker & Zacher (2014) found that only non-
work-related micro breaks were beneficial for work-related fatigue. Non-work-related activities 
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weren’t significant in predicting work-related fatigue. They argue that non-work-related micro breaks 
might have short-term effect on employee’s well-being, whereas work-related micro breaks imply 
long-term effects on employee’s well-being. This study is going to look if the same results can be 
found through our first six hypothesis. Regarding the hourly measures their research found that 
engaging in a non-work-related micro break the previous hour reduces the likelihood that employees 
engage in a non-work-related micro breaks again in the next hour. This was not the case for engaging 
in work-related micro breaks. In this study work-related activities are categorized under the category 
of work and work-place. Non-work-related micro breaks fall under the other categories. This is an 
interesting result as based on previous literature it is suggested that work-related resources should 
be at its highest in the morning. Work-related resources decrease over the course of the day due to 
work-related activities, which means that recovery will be needed more over the course of the day 
with the highest need for recovery at the end of the working day. This increase in the need for 
recovery results in employee’s doing more micro breaks towards the end of the day in order to deal 
with work-related fatigue. Work-related resources will also be lower towards the end of the day, so 
the expectation is that employees will turn more to non-work-related activities as the resources for 
work-related activities will be low. It is really interesting that Braisford, Parker & Zacher (2014) saw a 
decrease in micro breaks taken when a micro break was taken the previous period. Taking everything 
together following hypothesis is proposed: 
 
H3: The number of micro breaks taken changes over time with an expected increase of the number 
of micro breaks taken towards the end of the working day. 
 

Mobile application 
Previous research mainly gathered data through diaries, but this study takes a different approach, 
that is data gathering through a mobile application. Research on both design and effectiveness of 
stress management training through mobile phones is scarce. Plaza et al., (2013) showed for example 
that even though there is a wide selection of mindfulness-based mobile apps, no research or 
evidence is supporting the effectiveness of those apps on individual’s well-being. A recent study by 
Christmann, Hoffmann & Bleser (2017) analyzed available stress management apps in the google play 
store. Out of the 750 available apps, 62 were selected for thorough review. Out of all these apps 
“Stress management,” “provide instruction,” and “provide information about consequences” were 
the most frequent used behavioral change techniques, whereas “motivational interviewing,” “use 
follow-up prompts,” and “agree to behavioral contract” were nonexistent in any app. Furthermore, 
“sounds,” “breathing,” “meditation or mindfulness,” and “music” were the most prevalent stress 
management techniques. On the other hand, “food or nutrition,” “hypnosis or self-hypnosis,” 
“guided imagery or visualization,” “sport,” “muscle relaxation,” and “physical stress relief 
techniques” were less frequently found in all the apps examined. The study by Coulon et al. (2016) 
examined stress management apps available on the Apple iOS App Store and much comparison can 
be struck between the research on stress management apps available for the Google Play Store and 
the Apple iOS App store. From the entire sample of apps only one was shared between both stores 
and overall the same results were found. In conclusion, both stores have similar options for stress 
management apps.  
 
Upon further investigation on the quality of the apps and what is valuable for the users resulted in 
lackluster findings. Research by Dennison, Morrison, Conway & Yardley (2013) shows that self-
regulation techniques (self-monitoring, feedback and goal setting) are perceived of high value within 
their focus group discussion. These techniques are regularly found in fitness and weight management 
applications yet seems to be absent or hardly representative in the available stress management 
apps (Christmann, Hoffmann & Bleser, 2017). On top of that some of the available apps suggest 
dangerous advice like the consumption of alcohol or medicines to reduce stress, frenzied and 
unsystematic breathing (Christmann, Hoffmann & Bleser, 2017). Another study by Plaza et al. (2013) 
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found that 56%-61% of meditation apps has meditation as app objective. There is a serious lack of 
scientific based arguments, techniques and stress management strategies in the available pool of 
stress reducing apps. Literature investigated if patients and physicians would make use of proper 
stress management apps. A resounding 95% of patients stated that they would use of a stress 
management app with stress management strategies that were evidence based (diaphragmatic 
breathing, meditation, mindfulness, progressive muscle relaxation, visualization and the use of 
imagery, cognitive restructuring, problem solving, coping and behavioral activation, building or 
activating social supports or a combination of these stress management strategies) and more 
importantly believed such an app would help them. The physicians also stated (90%) that these stress 
management strategies would help their patients. This study concludes that currently there is no 
useable application that looks at the whole scope of micro breaks as stress management strategies. 
This shifts the focus towards other smartphone-based stress management strategies like 
mindfulness.  
 

Smartphone based stress management 
In a study by Versluis et al., (2018) a smartphone-based worry reduction training was used in order to 
test if the training improved physiological indications of stress. Vesluis et al., (2018) based their 
research on the perseverative cognition hypothesis. Perseverative cognition is the repetitive or 
chronic activation of cognitive representations of one or more psychological stressors. Worrying and 
cognition about stressful events in either the past or future falls under perseverative cognition and it 
mediates the detrimental effects of stress on well-being (Brosschot, 2010; Brosschot, Verkuil, & 
Thayer, 2010). The perseverative cognition hypothesis states that not the stressful events but the 
perseverative cognition about those stressful events lead to prolonged physiological effects of 
stressors (like a burnout). On top of that, recent research showed that most of the perseverative 
cognition is unconscious and has an even higher effect on stress-related prolonged activity 
(Brosschot, Verkuil, & Thayer, 2010). Brosschot, Verkuil and Thayer (2010) argue that because a large 
part of our cognitive processing is unconscious, a large part of our perseverative cognition is 
unconscious which lead to unawareness of which cognitive processes are leading to stress.  
Versluis et al., (2018), looked for an intervention for this unconscious stress which landed them on a 
smartphone-based worry reducing training as intervention. They argued that mental exercises such a 
cognitive training and meditation lead to automated (therefore unconscious) cognitive behavioral 
change. Just like riding a bike, you learn this skill and afterwards you use this skill unconsciously to 
ride the bike (Davidson & McEwen, 2012). A smartphone could train people through repetition to 
learn a new skill to unconsciously reduce stress providing more support for hypothesis 4 and 5. 
However, as the training period is probably too short, the habit of doing the micro breaks will not be 
incorporated by the participants in their daily routines. Versluis et al., (2018) argue that the training 
through the smartphone will shorten the experience of stress, and therefore the physiological 
response, by attention control and reduced stress reactivity. Attention control is increased as one 
learns how to shift thoughts and attention to the present moment rather than worrying about the 
past and future. This goes hand in hand with detachment from work. Hearth rate variability (HRV) 
was measured as a way to indicate if the smartphone was effective or not in reducing stress as stress 
results in prolonged low levels of HRV (Brosschot, Gerin, & Thayer, 2006; McEwen, 1998). The 
perseverative cognition hypothesis states that worrying mediates the detrimental relation between 
stress and HRV (Brosschot et al., 2006; Ottaviani et al., 2016). So, reducing worry will increase HRV by 
reducing stress. Mindfulness exercises also increase HRV which means the mobile application should 
be set up for success (Azam et al., 2015; Burg, Wolf, & Michalak, 2012). An ekgMove sensor 
(Movisens GmbH, Karlsruhe, Germany) which participants wore under their clothes was measuring 
cardiac activity continuously on three test days during a 4-week period. Once at start, once after 2 
weeks and once at the end to measure if the app would increase HRV. The results of the study were 
that the smartphone-based worry reduction training wasn’t increasing HRV nor reducing unconscious 
stress which is somewhat disappointing.  
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Now, Versluis et al., (2018) discuss several reasons how and why the training wasn’t successful. The 
total number of training session each day also didn’t moderate the effect of the training sessions on 
unconscious stress or HRV. They argued that learning a new skill might differ between individuals and 
that the actual training sessions were simply too short and in future the training should be tailored to 
the individuals. Another reason for the unsuccessful results from the app might be due to a low 
training rate as only 41% of the participants did at least 1 training a day through the app. They also 
mention that the app might have caused more stress to individuals as the participants already 
perceived work demands exceeding their abilities to cope with stress and work demands. Receiving 
training during working hours was only detrimental for their perceived stress. This goes against 
previous research which showed that 4 or 5 training session during a day could reduce anxiety 
(Kenardy et al., 2003; Newman, Kenardy, Herman, & Taylor, 1997; Newman et al., 2014). The 
learning point is that when providing the necessary framework for designing a stress-management 
app, repetition of training is needed. Participants need to engage at least 4/5 times with the app 
during the day. Versluis et al., (2018) mention another problem with their design. Participants were 
allowed to freely choose which mindfulness exercise to perform. This resulted in too much variability 
in type and length of exercise. Taking this into consideration when designing the app for this study 
participants need to be presented with few options and the options presented should be of same 
length. While micro breaks are essential short periods of time, this study also takes a look at a lot of 
different micro breaks, so it will be interesting how to tackle this problem.  
 

A successful mediation app 
While the study by Versluis et al., (2018) lacked an app suited for the study the research by (Chittaro 
and Vianello, 2016) did create an app suited for their study with interesting results and implications 
for future research. 
 
Moving on, the research by Chittaro and Vianello (2016) showed that most previous research on 
computer-based mindfulness studies required special hardware and software which wasn’t available 
to the general public. This resulted in them choosing a mobile application which was widely 
accessible and based on their previous research they concluded that the app AEON helps users in 
training distancing from thoughts and meditation overall (Chittaro & Vianello, 2014). So, when 
designing the app, it needs to be easily accessible and not require any special hardware or software.  
AEON is an app which visualizes thoughts entered by users by ink on parchment which is under 
water. Users can then interact with the water which in turn produces water waves which in turn 
dissolves the written text in ink progressively. This represents a tangible mindfulness exercise that 
isn’t breathing, which is something prevalent in most mindfulness apps. The study by Chittaro and 
Vianello (2018) showed that AEON resulted in higher levels of decentering based on the Toronto 
Mindfulness Scale (Lau et al., 2006), better ratings of degree of pleasantness and level of difficulty. 
On top of that, the app was preferred over traditional mindfulness techniques (not based on 
technology like apps). The goal of the study by Chittaro &Vianello (2016) was analyzing the effects of 
the AEON app on every context during a 4-week time frame. The app had a questionnaire which 
measured decentering which had to be filled in at start of the study, halfway and at the end of the 
study. The study took the meditation effect experience into account that mediation could have on 
the participants which is important and should be acknowledged. Chittaro & Vianello (2016) also 
hypothesized that participants with high meditation experience might not benefit at all from using 
the app. This makes sense, as participants who already have their mindfulness training at a good 
level, might experience hindrance or annoyance with the app when it clashes with their own 
mindfulness.  
 
The study showed that most sessions (44.9%) took from 18:00 to 00:59. This is in line with research 
by Gunaratana (2002) as evenings are a good time to meditate due to the requirements of peace and 
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quiet. During the 4-week time period the activity of the participants dropped after 4 days and peeked 
higher during the 15th day. The peek at the 15th day is explained by having a notification sent to the 
participants on the 14th day about filling in the second questionnaire measuring decentering. Chittaro 
& Vianello (2016) point out that sending notification might be a good way to stimulate participants in 
using the app. This is something reflected by participants as feedback on the app and study. Once 
again, when designed the app on micro breaks the ability to sent notifications is important as it will 
heavily increase the engagement with the app. The analysis of the data showed that the level of 
decentering increased for both experienced and non-experienced meditators with a higher level of 
decentering acquired by experienced meditators. This makes a lot of sense as experienced 
meditators were already familiar with decentering thoughts before using the app and the app helped 
growing the mindfulness to an even higher level. For unexperienced meditators there was a 
significant increase in decentralization after 2 weeks compared to the start of the study and also 
between 4 weeks compared to 2 weeks. For experienced mediators there was no difference between 
the 3 measurements. Important to note is that the majority of the participants did not use the app 
very frequently and still got increased levels of decentralization suggesting even short training 
sessions should be enough for increasing decentralization. This is in contradiction with the study by 
Versluis et al., (2018) where they argued that the training sessions could be too short for participants 
to change their behavior. Perhaps if the study by Versluis et al., (2018) used AEON instead maybe 
better results would have been acquired. AEON goes in line with moving thoughts from the past and 
future to the present moment and has a low entrance level for mindfulness compared to the app 
used in the study by Versluis et al., (2018). Participants of the AEON app explicitly said that the app 
trained them to distance themselves from negative thoughts (worries), to see their worries as 
external objects and not to respond to their worries. This goes in line with what Versluis et al., (2018) 
hoped to find in their research which begs the question why AEON wasn’t used. 
 

A mobile application to reduce stress 
The next step is to look at an app which reduces stress and its effectiveness. The research of Chittaro 
& Vianello (2014), where they showed that an app could successfully train decentering, was the 
starting point for the research by Carissoli, Villani & Riva (2015). Their goal was to find the 
effectiveness of a short relaxation activity through their mobile phone on reducing stress. Research 
on the Traditional Mindfulness-Based stress reduction protocol showed significant decrease in stress, 
anxiety and depression (Miller, Fletcher & Kabat-Zinn, 1995; Hofmann, Sawyer, Witt, et al., 2010). 
However, the common problem with most mindfulness exercises and training programs is that it is 
time intensive, require practice and/or knowledge and can be difficult for people unexperienced with 
mindfulness. These are barriers for adopting mindfulness and therefore also for the effectiveness of 
the app (Carmody & Baer, 2009). Therefore Carissoli, Villani & Riva (2015) focused on two short 
relaxation activities. Meditation and listening to music. Participants were put into one of these two 
groups or another group with no relaxation activities. Figure 2 on the next page show the 
home/starting page of the app on the right side with the two different activities and breadth 
meditation activity on the left. Meditation activities (Guided meditations) had three options. The 
Brief option was a short meditation which focusses the thoughts of the participants to the present 
through breathing. The option Breath was a technique were the participant had to sit in a quiet and 
peaceful location while focusing on breath and body movements. Whenever thoughts arose, the 
participant would notice that his mind was distracted from the exercise. The mountain option 
entailed the imagining of a mountain which through changes all around itself (seasons, snow, rain, 
sun, storms, heat) remains strong and solid. This represented the participant who could learn in time 
to be the mountain and that changes around him happen, but he/she remains strong and solid while 
accepting the changes all around him/her. For the listening to music group, participants were asked 
to listen to music. They could choose from a list of music pieces of 15 minutes. Participants were 
asked to do two relaxation activities a day for three weeks and were freely to choose when with the 
only condition to not do any other activities during the relaxation activity. One could easily listen to 
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music while doing something else for example, but participants were instructed to sit and just listen 
to the music pieces provided by the app. Before and after each relaxation activity participants were 
asked to monitor their hearth rate. Participants received instructions on how to measure their beats 
per minute (BPM). Carissoli, Villani & Riva (2015) argue that using a psychological measure like 
hearth rate (HR) provides a clearer picture on the effect of the app. HR is reduced by long term 
meditation as your psychological state goes into relaxation which in turn decreases physiological 
arousal (Zeidan, Johnson, Gordon, et al., 2010; Grossman, Niemann, Schmidt, et al., 2004).  To 
measure the reduction of stress, participants were asked to fill in the Mesure du Stress 
Psychologique (MSP) questionnaire (Tessier, Lemure, Fillion, 1990; Di Nuovo, Rispoli, Genta, 2000) 
before the testing period and three weeks after the testing period of three weeks. The results from 
the MSP questionnaire showed no significant difference between the group that listened to music, 
the group that meditated or the group that did nothing. There wasn’t even a difference between 
music listeners or meditators on BPM. However, a significant decrease in BPM was achieved in the 
meditation and listening to music group before and after the relaxation activity.  
 

 
Figure 2: A stress management application designed by Carissoli, Villani & Riva (2015) for the purpose of their study. 

For the group without relaxing activities, perceived stress did increase based on the MSP 
questionnaire. Carissoli, Villani & Riva (2015) argue that this result could be due to the participants in 
the group without relaxing activities being exposed to job stress without treatment which led to 
increased perceived stress. Then they go on to mention that the duration of the study was too short. 
Notice the similarities with the research by Versluis et al., (2018) as they also stated that the 
participants needed more time to train these skills. Another similar argument between the two 
studies is the lack of face-to-face training by an expert which could enhance the adoption of the app. 
That might have been the case but both studies show similar problems in the design of their 
research. The control of what happens with the participants on the testing days just seems lackluster. 
They measure once before they start the testing period and once 3 weeks after the testing period is 
done. Who knows what happened in those three weeks? What happened on the testing days? Did 
the participant have a bad day resulting in a lot of stress? On top of that, Carissoli, Villani & Riva 
(2015) state that in order to measure if a reduction of stress is achieved by the app, they looked at 
psychological measures like the hearth rate. Luckily, a significant decrease in BPM was achieved in 
the meditation and listening to music group before and after the relaxation activity. But if you really 
think about it, there seems to be mismatch between the control and results of the research. If 
participants listen 30 minutes to specifically chosen music which would reduce HR it is to be expected 
that HR is dropped. Imagine listening to classical, soothing music for 30 minutes or doing breathing 
exercises to calm yourself. Of course, hearth rate is going to drop. And this is actually exactly what is 
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done in this study. They measured if the meditation or listening to music activity decreased HR and it 
did. But there was no control in what the impact of it was. For example, do participants experience 
less stress the following day if they did one of these relaxing activities the night before or the 
morning before their working day compared to not doing a relaxing activity? On top of that, Carissoli, 
Villani & Riva (2015) even state that previous research showed that meditation resulted in a decrease 
in HR (Zeidan, Johnson, Gordon, et al., 2010; Grossman, Niemann, Schmidt, et al., 2004). Also, what 
does a decrease in HR mean? Physical activities increase HR but much evidence is provided that 
these activities reduce stress and increase recovery. Similar to the study be Versluit et al. (2018) 
there seems to be a mismatch of the control conditions and the interventions (mindfulness or 
listening to music exercises) in order to validate the proposed hypothesis. Even significant results 
could provide no insights into the effect the intervention really had on perceived stress. Comparing a 
training to a control condition while making sure all other factors are constant except for those core 
elements of the training is needed to determine whether those core elements of the training cause 
the detrimental or beneficial results (Mohr et al. 2009). Without controlled conditions, any other 
factor could influence the results and might even be the main reason for the effect why the training 
was beneficial or detrimental towards decentralization in this case. This is a really important aspect 
when designing the app. Making sure that one has as much control over what participants are doing 
when using the app. Another insight from the study by Carissoli, Villani & Riva (2015) is that when 
doing research on stress and how to implement a mobile application to reduce stress is that all 
participants need to have the same treatment. For example, if you design a study based on training 
from an app all participants need to have access to the same elements (the app for the Android 
platform needs to be the same as for the iOs platform) and perform equally on all phones. Having 
someone with an older phone resulting in some features not working properly might increase 
perceived stress throughout the study for that particular participant. Also, assigning participants into 
different groups might increase perceived stress as a participant might not be participating in his 
preferred training.  
 

A successful mindfulness-based intervention in decreasing perceived stress 
Taking the concerns mentioned in previous research that control was lacking and therefore 
methodological rigor, a final piece of literature is looked at which addresses that issue and tries to 
design a stress management app suitable for scientific analysis. Research by Gu, Cavanagh & Strauss 
(2017) stated that a review of previous studies on mindfulness-based interventions (MBI) concluded 
that many previous studies consisted out of at least one or more methodological limitations. They 
argue that most studies did not properly match the MBI to the control condition for comparison. This 
is exactly what is discussed before and is important in designing the MBI properly to get the desired 
results from the study. They go on to mention that most previous studies compared two groups, a 
control group with no MBI and a group with MBI. This also resulted in not having control over what is 
measured. In order to examine the effect an MBI has on a specific factor (like stress), removing non-
specific elements of face-to-face and having a matched control intervention controlling additional 
non-specific factors is required (Gu, Cavanagh & Strauss, 2017). Taking this into mind, the aim of the 
study by Gu, Cavanagh & Strauss (2017) was examining whether there was a significant reduction in 
perceived stress between a group using an MBI for 2 weeks compared to a control group with no MBI 
and matching non-mindfulness conditions. This matching non-mindfulness condition was a group of 
participants which during the 2 weeks participated in a classical music listening intervention. This set-
up is similar to the study by Carissoli, Villani & Riva (2015) only with more control. Gu, Cavanagh & 
Strauss (2017) went even further by examining the effects mindfulness, self-compassion and worry 
as mediators have on the relation between MBI and stress. So, their study looked if an MBI reduced 
stress but also how on both the groups. To summarize, the study tested the effects of a group (MBI, 
classical music or no intervention) and time (start of the intervention, mid-intervention and post-
intervention) on self-reported levels of the three mediators (mindfulness, worry, self-compassion) 
and perceived stress. 
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Participants were put into one of the three groups (MBI, classical music intervention or no 
intervention) and giving standardized e-mails on day 3, 7 and 10 of the 2-week period to remind and 
encourage the participation in the interventions. At day 7 and 14 general questionnaires were 
emailed measuring mindfulness, worry, self-compassion and perceived stress. The MBI consisted out 
of a website with several topics. A welcome page providing information of what to participants can 
expect out of the intervention. A page giving information, history, practices and benefits of 
mindfulness. A daily practice page with a 10-min audio recording (the same recording had two 
variants with a female and male voice) telling participants what to do. Participants had to introduce 
mindfulness to one routine activity during the first week. During the second week mindfulness had to 
be introduced to a 5-30 min walk. There were a couple of pages with FAQ and advice on what to do 
for several common experiences during mindfulness. Also, a page to record feelings and thoughts 
was available. The group listening to music was also redirected to a webpage with approximately 
similar pages but applied to music. Instead of what is mindfulness, the types of music were 
discussed. Instead of explaining the benefits of mindfulness the benefits of listening to music were 
explained. The two audio recordings were replaced with 2 pieces of classical music. The results of the 
study showed that the post-intervention scores were significantly lower in the no intervention group 
compared to the MBI group. The post-intervention scores for the listening to music group were also 
significantly lower compared to the MBI group. Also, a significant group by time interaction was 
found for perceived stress. Change in mindfulness, worry and self-compassion were all three 
significant predictors of change in stress for the MBI group compared to the no intervention group 
and for the MBI group compared to the listening to music group. Gu, Cavanagh & Strauss (2017) 
conclude that learning meditation mediates the effect meditation has on perceived stress. So not 
only does meditation reduce stress it also mediates through changes in mindfulness, worry and self-
compassion the perceived stress. These findings are important contributions for literature as it shows 
that with proper control of the methodology a significant reduction in stress can be found by the 
proposed MBI. Even the listening to music group perceived a significant reduction in stress. And 
more information on the underlying mechanism (mindfulness, worry and self-compassion) that 
attribute towards this reduction in stress. It gives us a better understanding of how to design 
interventions. Also, another important contribution is the remark that listening to music and 
mindfulness have similar results and therefore listening to music could be a valid strategy in reducing 
stress. Note that this is in line with the choice of this study by putting listening to music and 
meditation into the category Mindfulness. Another takeaway from the research by Gu, Cavanagh & 
Strauss (2017) is that triggering engagement in the intervention is important. The amount of 
intervention and time spent on intervention by participants was a bit disappointing. With an average 
of 7.52 days or 7.21 days over the 2 weeks for MBI and listening to music respectively only half of the 
week participants did one intervention. It was mentioned by Gu, Cavanagh & Strauss (2017) that 
participants received a notification on day 3, 7 and 10 to engage in these interventions but clearly 
that was not enough. Maybe a reminder was needed each day or something else in order to trigger 
the interventions to get even better results.  
 
After an extensive literature study, the following framework is presented for designing a stress 
management app which will help in acquiring the desired data for scientific analysis: (1) Repetition of 
training is needed. Participants need to engage at least 4/5 times with the app during the day. (2) 
Have the app widely accessible and make it so that no other software or hardware is required. (3) 
Limit the amount of interventions. (4) Make all intervention close to equal in time length and 
accessibility. (5) Sending notification will heavily increase user engagement with the app. (6) Remove 
barriers by providing clear definitions and guides for using the app. (7) Make sure all conditions apart 
from what you want to measure are controlled as much as possible. (8) Give participants access to 
every section of the app and do not make different groups.  
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Procedure and participants 
The previous study by Trninic (2014) on microbreaks looked at which micro breaks participants used 

during working hours and the influence of these microbreaks on vitality and performance and was 

used as reference point of which elements the application needed to have. The research by Trninic 

(2014) used a diary study in which they filled in which microbreaks they thought they did and how 

long. The diary study had a general section in which general data about the participants was 

gathered. Participants were then instructed to complete daily surveys right after their working day 

was finished and right before going to bed for five consecutive days. This included a section which 

asked questions about vigor and exhaustion before going to work and at the end of the working day 

and a section of which microbreaks they took during the day. Obviously, the mobile application 

therefore needed to have these elements as well.  

A diary study has several limitations compared to a mobile application. Participants for the diary 

study were asked to fill in at the end of the day which micro breaks they though they did and how 

often. Some participants filled in these questionnaires at the end of their working day, some before 

going to bed and some somewhere in between. Some also forgot to fill it in and filled it in the next 

day. The mobile application at least made sure that everyone gets a reminder each 1.5 hour to pick a 

micro break. All the clicks are recorded (so the choice for which micro break). This meant two things. 

First, there was more control over the study as participants were more regular reminded to take a 

micro break and to record which micro breaks they were taking. Secondly, false information was 

hardly possible. Also, each time participants did a micro break they could quickly record this in their 

mobile phone, as they just had to click the micro break they did on their phone. As mentioned in the 

literature section, the belief is that most participants have access to their mobile phone or desktop at 

all times, so a micro break could always be filled in at the exact times they were done. This is a huge 

advantage compared to having someone forget the diary study (one could of course argue that you 

can forget a mobile phone, but this happens a lot less than some paper diary study) or even to 

participants having to remember which micro breaks they think they did and how often. Also 

recording each time a micro breaks is done is much easier than remembering and giving an indication 

of which micro breaks one thinks he did throughout the day and how often. The mobile application 

records all the clicks and therefore a more genuine representation of which micro breaks participants 

did was recorded. 

As previously discussed an application tailored to the needs of this study was created under the 
name MicroBreaker (microbreakerapp.com or mikropauze.com for the version used by participants 
from Serbia). As two groups of participants were included, the app was designed in two languages. In 
the procedure and participants section, a detailed explanation is provided why was chosen for two 
groups of participants. All participants received an extensive guide which explained each section of 
the app, the expected procedure and how to install the app (See Appendix A.1 and A.2 for two pages 
from the guide). The application MicroBreaker was a progressive web app which means that each 
device could use the app. As this was an important requirement for designing the app to make sure 
each application was presented with the same app. The app was usable by Android, iOS, Google and 
even desktops! Yes, you could install the application on your desktop and one would receive 
notifications. A couple of participants even preferred the use of their desktop for receiving these 
notifications over the smartphone. After installing the application users had to create an account 
which would be used for identification of users and assigning them to groups (See Figure 3 on the 
next page).  
After participants created an account, access to all sections of the app was granted to everyone 
which is in line with (8) Give participants access to every section of the app and do not make 
different groups. Participants had to log in once and after that the app would remember the 
credentials of the users. Once logged in a home screen was presented with five different sections (1) 
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Home (2) MicroBreaks (3) Measures (4) Articles and (5) Profile. See figure 4 at the bottom of the app 
on the previous page. The home section is a short introduction and guide through the app. The 
different sections of the app are explained and the app was interactive that when clicking on a 
certain category the user would directly be sent to that section of the app (See Figure 5 on the next 
page). The other sections will be explained later on.  
 
So, after succesfull log in to the app participants were asked to fill in a general questionnaire 
gathering general information about the participants but more importantly storing the data and 
setting the times at when notifications are sent. Once participants had an account and were 
instructed on how to use the app, through a video with spoken text for the Croatia + Serbia 
participants, face-to-face explanation, a comprehensive written guide and a guide as reference point 
in the app itself, they were added to a certain group depended on the start of the working day. 
Particularly the video guidelines were really helpful in reminding and helping participants in what is 
expected during the course of the study. Figure 6 provides the section in which the evening analysis 
is explained (Zadnja analisa means final analysis). The video was embedded in the app so clicking the 
play button would start the video immediately and could be seen full screen. With voice each part of 
the procedure is explained of what participants need to do. After each participant was assigned to a 
group, the testing period could start. 

                         
Figure 3: Login screen of MicroBreaker            Figure 4: Welcome page of MicroBreaker 
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Figure 5: The home section of the app       Figure 6: Video guide of the final measurement procedure 

 

                                             

Figure 8: Notification in the morning!  Figure 9: Message after completing the morning 
measure 

 

Figure 7: Notifications as received by desktop users 
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At the start of the working day participants received a notification as seen in Figure 7 and Figure 8 for 
desktop and smartphone users respectively on the previous page. Once a notification was received, 
participants could click on it and it would bring them right away to the correct page. At the start of 
the working day, participants received a notification telling them good morning and asking them to 
fill in a form. After the form was filled, the message ‘Thanks! In 1.5 hour you’ll receive a notification 
to take a Micro Break!’ was displayed, see figure 9 on the previous page. Another message at the 
bottom of the app would appear that the app could be closed now. 
 
The app had four different notifications and measurements. One at the beginning of the work day 
which asked participants to fill in forms related to vigor and exhaustion. Participants received 
another notification 1.5 hour into work to remind participants to take a micro break and measured if, 
when and which micro break they took. Then 4 times 1.5 hours later a notification came up in which 
participants first had to fill in questions about vigor and exhaustion and thereafter had to pick a 
micro break (or skip if they did not want to do the micro break). At the end of the working day the 
final notification came which asked participants to fill in forms related to vitality, exhaustion, 
autonomy and work performance. The ultradian rhythm is used for when participants receive their 
notification (every 1.5 hours). The creator of the app was also online during the whole testing period 
in order to make sure everything went smoothly and as expected. Data was stored in Google 
Firebase and a backup was made in such a way that each filled in form and chosen micro break was 
mailed to a server with the IP-addresses of the participants who were filling in the forms just in case 
data might be lost or something went terribly wrong with the datastore from the app. In that case 
one could always reverse engineer who filled in what at what times. The application was tested 2 
weeks for stability with ups and downs and towards the end all problems got resolved. The 
application was accessible with every android mobile phone, iOS mobile phones, windows, linux and 
macOS. There was only a limitation on pushing notification on iOS mobile phones due to restrictions 
from the software used to develop the app. All other platforms did receive push notifications. 
Therefore, those with an iOS mobile phone had to participate with their computers, laptops or 
tablets, as receiving notifications was a big part of what this study wanted to analyze and 
contradicted some rules based on the research design framework previously stated. (5) Sending 
notifications will heavily increase user engagement with the app and the guideline (8) Give 
participants access to every section of the app and do not make different groups, would be violated 
so the decision was made to exclude participants who used an iOS mobile phone or tablet. 
Participation though macOS or OS (desktop) was allowed as the core elements still hold place. 
Participants behind a computer would receive the notifications and would be behind the computer 
throughout the day so missing it would be hard (just like for the mobile phone assuming employees 
have access to their phones and regularly check it for emails, WhatsApp messages, Facebook updates 
or phone calls). 
 
Participants were asked to participate six days in order to test one of the hypotheses. They started 
the first week the final three days of the working week and the second week they continued with the 
first three days of the working week. This was to test if there would be a difference in app usage after 
the weekend compared to before the weekend. There was a risk that participants needed a couple of 
days understanding the procedure, so this was the safest option. See Figure 10 on the next page for a 
schedule used for participants starting their work day at 08:00 AM. At 8:00 AM a notification to fill in 
a morning measure was sent and recorded, then at 9:30 AM, 11:00 AM, 12:30 AM, 2:00 PM, 3:30 PM 
regular notifications were sent measuring work-related fatigue at that specific time and reminding 
participants to take a micro break. Finally, at 5:00 PM the cycle is complete ending with an evening 
measure asking participants to once again fill in a form.  
 
As the aim of this study is to look at what micro breaks are effective in reducing work-related fatigue 
and increase work-related performance a section with micro breaks was required. Like stated in the 
literature section, a new categorization of micro breaks with specific chosen micro breaks tailored to  
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Figure 10: A notifcation schedule for a random person starting his work day at 8:00 AM till 5:00 PM.  

the needs of this study is created. This resulted in six categories of micro breaks: (1) Personal, (2) 
Physical, (3) Consumption, (4) Mindfulness, (5) Work-place and (6) Work. All these categories also 
consisted out of micro breaks. For the mobile application these six categories were designed with 
icons befitting the categories (see Figure 11 on the following page). The design of the categories will 
be done with the help of a designer of websites, icons and logo’s and she underlines an important 
factor in designing the icons for the separate categories that is all icons should have the same scale, 
color and position. This is important so that preference towards one of the micro breaks is not a 
result from poor design choices. Literature suggest that icons trigger bias towards preference can 
occur when there is a difference in scale, color and position (Rosenholtz, Li, Nakano , 2007). Once a 
participant clicked on one of these categories, 4 options appeared of micro breaks which were 
related to that specific category (See figure 22). For example, if one clicked on the physical activity 
(second icon with the text ‘Beweging’) the menu like in Figure 12 appeared. Participants were 
presented with choices to engage in physical activities and all they had to do is click the activity they 
wanted to do and do it. A message would appear thanking the participant and telling them that the 
app can be closed now. All the sections of the app had also icons representing the different sections 
in a menu at the bottom of the screen. The reason for this is that all sections are accessible at all 
times. For the color palette of the app a green and blue color was chosen representing sleep, 
relaxation and recovery (Valdez & Mehrabian, 1994). The background was white with a lot of white 
space to emit calm and restfulness (See figures 11 and 12 on the following page).  
 
For the overall application a design was chosen in line with the heuristics developed by Nielsen & 
Molich (1990). Visibility of system status was achieved by having participants informed through 
system notifications about what’s going on and what to do when. The match between the application 
and the real world is done by having icons representing the 6 different categories of microbreaks 
with images that are associated with the words describing the categories of microbreaks. Also, the 
design was set up in such a way that the information received was logical and the steps through the 
app made sense. Participants received a notification, once they clicked on the notification the app 
opened on the correct section and they had to fill in a couple of questions about vigor and 
exhaustion. All this supports a smooth experience for the users and reduce downtime on clicking 
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through the app. The app would kind of defeat the point of micro breaks if participants spent 90% of 
their recovery period clicking through the app itself. 
 

         
Figure 11: The section with Micro Breaks  Figure 12: The micro breaks that are representing the physical     

category 

A clear and clean design was chosen for the main menu with as few information as possible to reduce 

information overload and reduce the time was needed to fill in the forms and choose a microbreak. It 

was important that this process was smooth and fast as microbreaks itself are small breaks and if 

most of the portion is spent on clicking through the app little time is left for the actual microbreak 

and therefore recovery time. Error prevention, user control and freedom were built into the app. 

Messages would appear whenever something went wrong with information about why and what 

went wrong. For example, participants could not complete the section on vigor and exhaustion if not 

all elements were filled in. A back button was built into each page and everything could be redone if 

participants felt the need to. This also supports users to recognize, diagnose and recover from errors 

requirements as stated by the heuristics by Nielsen & Molich (1990). 

In the introduction is mentioned that this study is based on a study done by Trninic (2014) and is a 
follow up on that study. Back then, with corporation with the company Međaš, a diary study about 
microbreaks and the effect on fatigue and performance was conducted. This study builds on that by 
introducing a mobile application for monitoring participants behavior. Once again, the company 
Međaš was approached if they were willing to participate in this follow up study. Međaš is the 
distribution centre for the largest manufacturer of drinks, liquor and wine in the Balkan called Vino 
Župa. Međaš however, has logistics, production, trading and service departments. They also have 
their own supermarket chain. That being said, the firm Međaš states that their main specialization is 
the distribution of alcoholic and non-alcoholic drinks, liquor and wine from Vino Župa. Međaš lies in 
Serbia, a country in South-East Europe. The study by Trninic (2014) stated that there was a gap in 
literature on recovery in non-Western societies and cultures. A couple of years later this is still the 
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case. Most research is done in western countries with different norms and values than compared in 
Serbia. The study by Trninic (2014) confirmed that other results were found there which probably has 
to do with a difference in norms and values among other things, like the company’s culture. For this 
study, not only participants from Međaš were used. Because an application was built for this study, 
participants were much more accessible and therefore participants from the Netherlands were 
reached as well. This allowed to investigate if there is indeed a difference between the cultures and if 
the results could be reproduced found by the study of Trninic (2014).  
 
In order to control who was participating in the study a general section was asked to be filled in like 
previously mentioned. 42 participants joined the study and only 29 participants were selected for the 
final analysis. This is for several reasons, those participants with only one or two measures 
throughout the day for work-related fatigue and the micro breaks engaged were excluded as any 
results from the data provided could be inconclusive. The assumption is made that those who only 
measured once or twice or did one micro break throughout the day simply forgot to record their 
micro breaks or measure it. Or somehow it was still not clear what the expected procedure was. 
However, a return rate of 69% is adequate return rate (Rea & Parker, 1992). 73.2% of the 
participants filled in data for six days and a small percentage kept even using the app after their 
testing period was over, hence that some participants in this study provided data for 12 days. My 
final sample included 29 participants (51,7% woman). The mean age of the participants was 41,60 
years (SD = 12,731) and mean job tenure was 16,36 years (SD = 11,528). Most participants had fixed 
work schedules, with an average contract work time of 38,29 hr per week (SD = 5,025). Average 
overtime per week was 3,607 hr (SD = 8,271). About one third (34,5%) of the participants had a 
leadership position. With respect to family status, 37,9% lived with a partner and had no children 
living at home, 41,4% lived with a partner and had children living at home, 13,8% lived alone without 
children, 1 participant (3,4%) didn’t fill in anything. The participants came from different 
departments within Međaš (76%) and from two different companies in the Netherlands (24%) which 
combined resulted in a total sample size of 29. Most participants were working in the trading, 
transport and logistics and industrial department with 24,1%, 20,7% and 17,2% respectively. Some 
participants worked in the communication sector (6,9%), some worked in the catering sector (3,4%), 
teaching sector (6,9), business services (6,9) and some worked in the financial sector (3,4%). 

Measures 
In order to measure which microbreaks would increase or decrease work-related fatigue, measures 

of vitality and exhaustion is needed. The morning measure consists out of a three-item scale 

developed for this study and is based on the Utrecht Work Engagement scale developed by Shaufeli 

& Bakker (1996). This three-item scale consists out of ‘I feel fit and strong’, ‘I feel excited to start 

working again’ and ‘I feel stressed’. The three items must be answered on a 5-point Likert-scale 

ranging from 1 (I do not agree) to 5 (I fully agree). The study by Trninic (2014) showed that sleep is an 

important predictor of the effectiveness of microbreaks during the day and therefore for the 

morning measure the question ‘I’ve had enough sleep last night’ was included. See Figure 13 to get a 

feel of how this looks. After clicking at the morning notification, the app opened to this section which 

asked participants to fill it in. As seen in figure 14 the statements could be easily rated with the 5-

point Likert scale. It is important to note that the app basically takes the name from your mobile 

cache, so participants didn’t have to fill this in each time a notification is sent, speeding up the 

process of filling in the forms. Participants also could not complete the form before answering all 

questions in order to prevent missing data points. After completing this form, participants are 

thanked and told that they will receive a new notification in 1.5 hours (see Figure 9, previously 

discussed). The notifications after each 1.5 also led to a form which measured vitality and exhaustion 

at that exact moment. The same scale is used as for the morning measure in order to reduce 

complications and increase usability and app interface. However, as the app already recorded the 
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control for sleep this was not asked again but changed for a different question in order to control the 

micro breaks people took. The procedure for when a notification was received consisted out of filling 

in a questionnaire and picking a micro break afterwards. However, control over the clicks on micro 

breaks was needed. For example, someone could fill in the form and then say that he/she will engage 

in the micro break taking a walk from the physical category but would actually not do it. That is why 

this form asked the question if the last micro break was actually done. See Figure 15 that it looks very 

similar to the Figures 13 and 14. The only difference is that a button on the top right corner is 

provided so that participants could quickly go to the menu of micro breaks as once again this was the 

procedure expected from the participants. Analysis showed that participants needed less than a 

minute from receiving the notification to fill in the form and choose a micro break which ultimately 

was a goal in designing the app. 

                    

Figure 13: Form for the morning analysis  Figure 14: Form for the morning analysis drop-down 
menu 

The final notification is received by participants at the end of the work day which brings them to a 

form measuring vitality and exhaustion at the end of the working day. Participants once again will be 

presented with the same questions measuring vitality and exhaustion but on top of that 

measurements for autonomy and work-related performance are included in order to gain more 

control over the measured data as work-related performance is a part of what the app wants to 

increase. Work-related performance is a tricky subject however and literature suggests several 

methods to measure it. Supervisor reports and employee peer-assessments are favorable for 

measuring work-related performance. However, due to the scope and time of this study the choice 

was to go with self-reported performance as the measurement for work-related job performance as 

the other two were not an option. Therefore, at the end of the day the app will ask the question 
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‘Today I managed to meet the goals within my function’ with once again a 5-point Likert-scale 

ranging from 1 (I do not agree) to 5 (I fully agree). See figure 16 as it looks pretty much the same as 

the other forms. Through the testing period of the app it was found that morning, day and evening 

terms were confusing for participants as some participants filled in a morning analysis during the day 

(technically they were right as 11:00 AM is still in the morning) so the forms were changed to first 

measurement, general measurement and final measurement to avoid confusion. This helped as most 

participants correctly followed which forms to fill in throughout the day.  

                                       

Figure 15: Form for the day analysis             Figure 16: Form for the evening analysis      

Control variables are included as some may have an impact on vitality and exhaustion. For example, 
the age of the employee and the number of weekly hours (s)he works might have an effect on 
vitality. The control variables were gender, age, education, working experience, the number of 
weekly hours and whether the participant had a management position or not. Data on the control 
variables was acquired by asking participants to fill in the general questionnaire. This questionnaire 
also adds them to a certain group based on the start of the working day. Based on which group one 
participant is in, notifications are sent at different times to keep the general cycle of morning 
measure, five day-level measures and an evening measure intact. Finally, 3 weeks after the 
participants used the apps a new general questionnaire will appear in the app. Participants will be 
asked to fill in this general questionnaire in order to gather more qualitative information about the 
app and some general feedback. A 5-point Likert-scale ranging from 1 (I do not agree) to 5 (I fully 
agree) was used for all questions to measure the effectiveness of the app (See Appendix C for 
pictures).The app will store the data with the help of Google Firebase. This is a service connected to a 
mobile application which gathers data on everything done within the app. All clicks and lengths of 
page viewings are recorded. 
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Results 
As a lot of data was stored through the app, the data had to be manually and programmatically be 
adjusted to fit what this study wanted to measure. Due to the nature of the study a three-level 
hierarchical linear model is used to analyze the data. As the app recorded the exact minute measures 
and micro breaks clicks were done, the first level consisted out of a timeframe which would assign 
the measures to one of the 8 timeframes defined. The morning analysis was assigned to time frame 
1. Each 1.5 hour thereafter was another time frame with finally the evening analysis being time 
frame 8. Each micro break done in the previous time frame would be assigned to the next. So, when 
participants received their first day notification at 9:30 they were asked to fill in values for work-
related fatigue and stress and were asked thereafter to engage in a micro break. The micro break 
recorded at 9:30 would affect the measure on work-related fatigue at the next notification received. 
The values were arranged in such a way that the micro break would fit the correct timeframe of the 
measure. That was level 1 of the three-level hierarchical linear model (HLM). Level 2 was the day and 
level three was the person. Following the book by Heck et al. (2014) on how to perform HLM analysis 
first was looked at the amount of variance that could be explained at each level. Table 1 shows the 
results from this analysis. It shows that all three levels are significant predictors. However, the 
intraclass correlation coefficients show the amount of variance attributed to each level as shown in 
table 2. It shows that level 1 attributed to 20% of the total variance, whereas level 3 attributes 71% 
of the total variance and level 2 only 8%. This is useful data as that explains that there is not much 
difference in variances at level 2 which are the days. However most of the variances is because of the 
differences between persons and the measures throughout the day which is where the micro breaks 
come in.  
Table 1: MHL Basic analysis on the three levels 

 
 
Table 2 Calculated ICC from figure 16 

  ICC % 

L1 Variance 0,193 0,201 20% 

L2 Variance 0,081 0,084 8% 

L3 Variance 0,684 0,714 71% 
 
Let’s first analyze level 1. Appendix B1 shows the effect the different timeframes have on work-
related fatigue. According to Appendix B1 all timeframes apart from 7 are significant predictors of 
work-related fatigue and all are beneficial with the most beneficial times being 2, 3 and 8. The 
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meaning of this will be explained in more detail in the discussion. Moving on to the inclusion of micro 
breaks into the model (See table 3).  
 
 Unfortunately, the conclusion has to be made that no significant results were found on the specific 
categories of micro breaks on specific time frames. That being said, consumption comes close to 
being significant. Hypothesis 1a through 1f is rejected based on inconclusive results. That being said, 
the micro breaks categories Consumption, Physical and Mindfulness are beneficial for work-related 
fatigue if the results would have been significant with the most beneficial predictor being 
consumption.  
Table 3: Three level analysis including micro breaks 

 

 

Estimates of Fixed Effectsa 

Parameter Estimate Std. Error df t Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Intercept 3,352166 2,397883 522,369 1,398 ,163 -1,358512 8,062844 

TimeframeCODEAdjusted ,077531 2,724369 514,191 ,028 ,977 -5,274731 5,429794 

MBgedaan ,136506 2,379907 518,266 ,057 ,954 -4,538945 4,811957 

TimeframeCODEAdjusted * 

MBgedaan 

-,078747 2,694286 514,595 -,029 ,977 -5,371900 5,214406 

Personal -,057524 ,294993 536,866 -,195 ,845 -,637005 ,521957 

Physical ,339685 ,276337 512,550 1,229 ,220 -,203206 ,882577 

Consumption ,490313 ,276219 517,974 1,775 ,076 -,052335 1,032960 

Mindfulness ,235644 ,325793 504,365 ,723 ,470 -,404435 ,875722 

Workplace -,056458 ,319332 522,135 -,177 ,860 -,683791 ,570875 

Work 0b 0 . . . . . 

TimeframeCODEAdjusted * 

Personal 

,269237 ,469742 532,390 ,573 ,567 -,653538 1,192012 

TimeframeCODEAdjusted * 

Physical 

-,415444 ,440932 512,179 -,942 ,347 -1,281703 ,450815 

TimeframeCODEAdjusted * 

Consumption 

-,559073 ,440900 513,313 -1,268 ,205 -1,425264 ,307118 

TimeframeCODEAdjusted * 

Mindfulness 

-,140568 ,498694 506,758 -,282 ,778 -1,120330 ,839193 

TimeframeCODEAdjusted * 

Workplace 

,136340 ,488657 513,835 ,279 ,780 -,823672 1,096351 

TimeframeCODEAdjusted * 

Work 

0b 0 . . . . . 

a. Dependent Variable: AdjustedVitality. 

b. This parameter is set to zero because it is redundant. 

 

 

Estimates of Covariance Parametersa 

Parameter Estimate Std. Error Wald Z Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Repeated Measures CS diagonal offset ,189112 ,012781 14,797 ,000 ,165651 ,215897 

CS covariance ,067460 ,017283 3,903 ,000 ,033586 ,101333 

Intercept [subject = PersonID] Variance ,660034 ,191198 3,452 ,001 ,374103 1,164504 

Intercept [subject = DayID * 

PersonID] 

Variance ,024381b ,000000 . . . . 

a. Dependent Variable: AdjustedVitality. 

b. This covariance parameter is redundant. The test statistic and confidence interval cannot be computed. 
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Let’s see the results the app had on the micro breaks. Table 2 shows the number of micro breaks 

taken each day. Only the first six days are included, the days 7-12 for the people who kept using the 

app are not included for the purpose of accepting/rejecting hypothesis H2a which stated: 

H2a: Participants take more micro breaks during the end of the testing period compared to the 

beginning.  

Through a t-test no difference between the categories and specific micro breaks taken in week 1 

compared to week 2 was found (See Appendix B.2). Interesting is that a significant difference was 

found in the amount of work-related micro breaks and mindfulness micro breaks taken in the second 

week compared to the first week. Taking a look at figure 18 here below no difference is seen 

between the categories of micro breaks. Day 5 seems to score a bit higher on categories 4,5 and 6 

compared to the other days which are Mindfulness, Workplace and Work-related micro breaks. The 

number of micro breaks taken is almost identical for the first 5 days. For the sixth day six people 

stopped participating which results of a drop of 1/5th of the participants and therefore also a drop of 

1/5th in the number of micro breaks at day six. All together leads to the conclusion that hypothesis 

H2a is rejected.  

Table 4: Micro breaks taken at days 1 through 6 

 

 

Figure 18: The number of micro breaks in each category over the days. 

Hypothesis H2b stated that the app increases the number of micro breaks taken during a day. This 

hypothesis is somewhat tricky to measure as there is no real way to know how many micro breaks 

someone was doing before the study. As one can see, the number of micro breaks stay fairly even 

over the six days (Figure 18 and table 2 on the previous page) so those measures cannot be used to 

reject/accept hypothesis H2b. However, in Figure 19 the number of micro breaks taken at which 

times is plotted. When looking at the figure one notices that at certain times the number of micro 

breaks taken by participants peaks. Is this a coincidence? In table 3 the times of when the 

notifications can be seen which holds true for the largest group of participants. Notice that the peaks 
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coincide with the moment a notification to take a micro break is sent. And the other peaks coincide 

with the participants that are receiving notification at those time (10:00 and 11:30 afterwards for 

example) yet this is a smaller group.  

Participants also received a general questionnaire 3 weeks after the testing period concluded with 

follow up questions about using the app. One of these questions was ‘I have the feeling that during 

the study I engaged in more micro breaks than I’d normally do’. Based on the 5-point Likert-scale 

ranging from 1 (I do not agree) to 5 (I fully agree) participants rated the question high with only 1 

participant disagreeing and 1 participant having no opinion. The rest of the participants felt that they 

took more micro breaks when using the app and both graphs combined concludes that hypothesis 

H2b is accepted. The app did increase the number of micro breaks participants took during the day. 

 

 
Figure 19 

Table 3 

08:00 Morning notifciation 

09:30 Micro Break notification 

11:00 Micro Break notification 

12:30 Micro Break notification 

14:00 Micro Break notification 

15:30 Micro Break notification 

17:00 Evening notification 
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Hypothesis 3 states that the number of micro breaks taken changes over time with an expected 
increase of the number of micro breaks taken towards the end of the working day. Taking a look at 
figure 19 on the previous page a drop of the number of micro breaks taken by participants drops 
after 16:00 PM. That being said the graph does not show if the micro breaks an individual is taking 
decreases/increases over time. For that a new variable is computed to test whether a participant did 
a micro break during one of the time periods (see figure 20). One can see that the first period hardly 
micro breaks are done. This is expected as the first period is sending a notification to fill in the 
morning measure form but not guiding participants to take micro breaks. That happens from the 
second period onwards. A steady increase in micro breaks taken while a steady decrease of micro 
breaks not taken is shown up to time frame 7. The number of micro breaks engaged increase for all 
time frames except for time frame 7 which is from 15:30 till 17:00. That being said as time frame 8 is 
the evening analysis participants could up to that point still fill in micro breaks they took. It means 
that the micro breaks from 7 and 8 should be combined as it would entail the period from 15:30 till 
18:00 to get a clearer picture of when participants take micro breaks. Hypothesis 3 is accepted. 
 
 

 
Figure 20: Micro break done (ja) or Micro break not done (nee). 

Figure 20: ‘I did more Micro Breaks during the study than I’d normally do.’  
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Discussion 
This study sought to find the effect an application has on employee’s behavior towards engaging in 
micro breaks. The three level HLM showed that most variance predicting work-related fatigue comes 
from level three (the person) and the times micro breaks are taken (or not taken). The variances 
between days is small which is already a contribution to literature. So, the effect micro breaks have 
on a person’s well-being are almost the same throughout the week. This study lets participants start 
at the midweek to have a clearer picture of the change happening after the weekend. However, 
there is no significant change in the effect micro breaks have on a person at the start of the week 
compared to the end of the week. Going deeper into which times are most beneficial for employees 
to engage in micro breaks, this study finds that taking micro breaks before the lunch is particularly 
beneficial with almost no beneficial effects of the micro breaks taking the last 2 hours before work. 
These results are new and interesting and maybe somewhat counterintuitive as one would think that 
towards the end of the work day work-related fatigue will be higher so the need for micro breaks is 
higher. However, according to the three level HLM the effect micro breaks have the last 2 hours 
before work are not significantly beneficial for work-related fatigue. This is interesting as employees 
should focus on engaging in more micro breaks halfway to their lunch as this will help manage their 
vitality through the whole day a lot better and a higher level of vitality will be achieved this way.  
 
Looking at hypothesis 1a to 1f no definitive confirmation or rejection is found. Looking at Heck et al. 
(2014) on HLM one answer for this result could be explained through not having enough participants. 
As with three levels the amount of cases needed increase substantially to find significance, there 
might have been just too few useful cases. However, the categories Consumption, Physical and 
Mindfulness show the highest increase in vitality if the results would have been significant. Would 
that imply for future research that these three categories would be most beneficial before the lunch 
break? It is a real shame this study did not find conclusive answers to these questions, but maybe it 
provides a good basis for future research. After manually going through data and after seeing that 
measures on work-related fatigue did not change much for many participants at certain timeframes, 
this study wants to address a discussion point on micro breaks previously overlooked or not 
mentioned. First let’s bring up the definition for micro breaks provided in the literature study: 
 
A micro break is a short period of time during working hours with the goal (intentional or 
unintentional) to replenish (or lessen the depletion of) work-related resources from work-related 
fatigue and stress. 
 
The part that is interesting here is ‘lessen the depletion of work-related resources from work-related 
fatigue and stress’. As a lack of change from micro breaks on work-related fatigue and performance 
hints at this addition to micro breaks this study believes it might be an important one. Previous 
literature suggests that micro breaks should be beneficial for work-related fatigue and increase 
vitality. This study claims that by not increasing the strain on employee’s well-being the micro break 
has been successful in achieving what it wanted to. For example, one did 3 micro breaks in the 
morning but does not feel more energetic or vitalized now so one could think the micro break was 
not beneficial. However, if one did not do those 3 micro breaks vitality would be even lower now. 
While the increase in vitality does not show from engaging in the micro breaks, the micro break still 
had a beneficial effect on work-related fatigue and vitality. Maybe the lack of change on vitality 
means the micro break is doing its work on the background. 
 
This study did not find which micro breaks would be most beneficial at what specific times. However, 
this study did find that the time when micro breaks are taken is a significant predictor for work-
related fatigue and vitality. 
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Hypothesis 2a was rejected which stated that participants take more micro breaks towards the end 
of the study compared to the beginning of the study. The idea of this hypothesis was that the belief 
was that participants needed some ramping up time in how to correctly do the procedure of 
measuring their vitality and picking a micro break afterwards. However, as can be seen in Appendix D 
participants grasped the idea of the app and the usage of the app remained the same over the six 
testing days which is remarkable. This is probably because participants received the app 2 days 
before starting the study, were asked to study the app and were provided with extensive guides to 
help them in properly navigating and using the app. The success of proper guiding the participants is 
clearly shown here but in result the hypothesis is rejected. Looking at previous studies where 
Carissoli, Villani & Riva (2015) and Versluis et al., (2018) argue that face-to-face training and 
explanation is needed for participants, this study overcomes that by having a well written guideline 
with video. One of the benefits of having all the guidelines in the app is that participants were able to 
study and understand the meaning of the app and what they were supposed to do. Because all the 
choices were free, participants probably did not feel pressure from the app. One question in the 
general questionnaire after the study was ‘I experience annoyance from the app’. Only three 
participants said that they felt a bit of annoyance of the app whereas 5 had no opinion and the rest 
did not experience any annoyance (See appendix E). Also, Versluis et al., (2018) argued that 
participants needed a long training period for their app while participants in this study instantly knew 
what to do. This once again shows that preparing the participants and designing a user-friendly app is 
rather important in having your app succeed. Taking a look at Appendix B.2 there was a difference 
between the 2 weeks found on the Mindfulness and Work-related activities. The first three days 
Mindfulness micro breaks were done more which coincides with the last 3 days of the week. For the 
Work-related micro breaks an increase was found the second week. Taken both together gives 
meaning to the preference and choices of which micro breaks participants take. Towards the 
weekend mindfulness is preferred whereas after the weekend work-related micro breaks are 
preferred. Of those work-related resources thinking about the meaning of my work was the most 
prevalent micro break which means that employees are thinking about the meaning of their work 
after the weekend.  
 
Hypothesis H2b was confirmed, which stated that the app increases the number of micro breaks 

taken during a day. As previously mentioned, the analysis of this hypothesis is a bit tricky as there is 

no real way to know how much micro breaks someone was doing before the study. However, the 

graphs and qualitative measurements provided conclusive arguments to accept the hypothesis. On 

top of that the qualitative measures provided even more interesting results. On the question if 

participants believed that they did more micro breaks after the study only 5 had no opinion and the 

rest totally agreed, even after 3 weeks of ending the study by the app. On the question if they 

believed the app was helpful in assisting with work-related fatigue, stress and energy 8 participants 

had no opinion, 1 participant felt the app did not help and the rest felt that the app helped them. 

Moving on to the awareness section, 3 participants had no opinion on the question if they believed 

that awareness of micro breaks has increased whereas the rest felt the app helped raise awareness 

immensely. 3 participants had no opinion if the app gave them more insight into how much micro 

breaks they are taking whereas the rest felt that insights into their own micro breaks management is 

gained. Looking at some comments participants were really happy and felt the app helped them a 

lot. General statements like ‘I’d get a notification and see that my water bottle is empty so I’d go 

refill it’ and ‘Giving me insight into what options for micro breaks I have is nice, I learned a lot’ show 

that with a good design and methodology not only nice results can be achieved but you could 

actually train people very effectively and fast. With only six days people changed their behavior, 

much awareness was raised, and insights provided.  
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Hypothesis 3 was based on the study by Zacher, Brailsford and Parker (2014). They found that 

engaging in a non-work-related micro break the previous hour reduces the likelihood that employees 

engage in a non-work-related micro breaks again in the next hour. Hypothesis 3 states that the 

number of micro breaks taken changes over time with an expected increase of the number of micro 

breaks taken towards the end of the working day. The hypothesis was accepted, contradicting 

previous literature. One explanation could be that the research by Zacher, Brailsford and Parker 

(2014) asked participants which micro break they did in the previous hour while this study 

encouraged participants to take a micro break. The result would be that the micro break previously 

taken would not influence the micro break taking the next time. On top of that there are less barriers 

involved in this study compared to their study. Using your own mobile phone which you have on you 

at all time probably affects how participants engage in the study.  

The aim of this study was to examine if a mobile application can assist employees in regulating their 
micro breaks. After analyzing the data, looking at the quantitative and qualitative results and the 
feedback received from the participants the conclusion is made that it can. This study wants to 
emphasize how important it is to have a good methodology when designing an app. The design of 
the app will have implications on the data received and also on the control you have on the 
constructs you want to measure. Previous literature has shown the beneficial effect of micro breaks 
on work-related fatigue and performance however no suggestions are given on how to go about 
doing this. This study hopes to contribute to literature by showing that the time micro breaks are 
taken matter and that employee’s can be taught to take micro breaks.  

Limitations 
This study has some limitations. First, self-reported performance introduces the possibility of an 
upward bias due to self-inflation and common method variance because all of the measures were 
from the same source (Heidemeier & Moser, 2009). Also, the common variance should be reduced by 
the repeated measures design in this study (Podsakoff, MacKenzie, Lee, &Podsakoff, 2003).  
Second, the measurement for work-related fatigue is not without problems. The three-item scale 
might have been too low, but a design trade-off was made here. 
 
Another limitation of this study was actually the app itself. As iPhone users could not participate, a 
big set of participants was not reached for the analysis which could have resulted in more significant 
results. Also, designing the app was a whole learning process in itself. One needs to really think about 
how to design the app, how to apply literature of best practices and foremost have an extensive 
testing period. As part of the limitations of the app itself, the phone’s id could not be traced so 
through sending emails to a backup server IP addresses from users had to be linked to the micro 
break clicks. This was an intensive and extensive process which in future should be avoided by 
making the app to have access to the phone’s id. Also, the number of participants could be a 
limitation. While initially the number of participants seemed enough, and the recruiting of more 
participants was stopped, after thoroughly analysing the data some participants had to be excluded 
from the analysis. This might have resulted in not finding significant predictor micro breaks on work-
related fatigue. 
 
Another limitation in the design is that participants had free choices in what micro breaks to take 
which meant that not all micro breaks were chosen. Especially the workplace and work categories 
received little attention so finding significance on those categories would have been hard. It might be 
interesting for future research what happens when one limits the choices of micro breaks. Will 
differentiation occur or will employee take less micro breaks as the micro breaks they want to take 
are not part of the program?  
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Future research 
While research on micro breaks has been done in recent years, there is a gap in literature on how to 
manage the micro breaks employees take. This study showed that the time one takes micro breaks 
does matter and that an app can significantly influence how and when to take micro breaks. Future 
research could try to find the best timeframes and best set of micro breaks to perform during the 
timeframes throughout the day. For example, engaging in mindfulness is most effective after the 
lunch break while physical micro breaks are most effective before the lunch break. A follow up study 
could look at a similar approach to this study and look at what time periods micro breaks are most 
effective, and which micro breaks are most effective at which time periods.   
 
This study provided a framework on what requirements are needed to make a successful stress 
management app and future studies could extend that framework by providing more insights. This 
could be done by the inclusion of gamification on apps. The app would have been even better if this 
concept was included. For example, if there was some kind of tracking which would reward 
participants with text messages once micro breaks were done or encourage participants to complete 
daily tasks. “Do 4 out of 6 micro breaks today” when you receive a message would have been a good 
addition to the app. Making the app more interactive would surely also benefit for the user 
experience.  
 
One of the most interesting future research is looking at how to incorporate smart wear to manage 
the micro breaks people take. Having notifications or alerts on a smartwatch or fit band would be 
even more effective compared to a mobile phone.  
 
Furthermore, this study gives an extension to the job crafting theories by Wrzesniewski & Dutton 

(2001), which states the importance of the individual’s decisions in how to do their work. Through 

awareness on micro breaks this study gives employees more insight in how to manage their energy 

over time and give tools for assisting in energy management. The tool would be the MicroBreaker 

app and an implication for managers would be that participants can rather quickly pick up how to use 

a stress management app when designed properly. It would mean that through rather low barriers 

behavioral change can be achieved.   

Finally, this app showed the success of a good design and methodology which could be applied to all 

different areas in human psychology, measuring all kind factors and effects on well-being. This study 

suggests looking further than micro breaks and see how an app could be applied to all kinds of 

research. The way of measuring is a big step forward, the audience that can be reached through a 

successful campaign and the real time data that removes a lot of bias and gives research more 

control. On top of that imagine a successful app and connecting it to the internet to perform real 

time analysis which in turn could give feedback back to the participants.  

What are the practical implications? Managers should know that the time when micro breaks are 

taken is important. This study has shown that particularly micro breaks taken before the lunch help 

employees to manage their energy and vitality throughout the day. Providing employees with 

enough opportunities to take micro breaks and promoting micro breaks could be essential for 

assisting employees in managing their vitality. Think about promotional posters to keep reminding 

participants to drink water. Having other systems in place that will (just like the MicroBreaker app) 

remind people to take micro breaks might be enough. Changing the culture within the firm might 

also be essential. Allow employees to take short breaks for mindfulness exercises or psychical 

activities and they will perform better throughout the day. Having designed areas for these kinds of 

purposes, set the example by regularly taking micro breaks and promote others to do so as well. 

Raise awareness for a more vitalized work force. 
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Conclusion 
The aim of this study is to provide insights in how the mobile phone could be used to assist 

employees in managing work-related fatigue and stress throughout the working day by looking at 

micro breaks. As previous research hardly investigates the effect micro breaks have on different 

times throughout the day this study looks to contribute to literature by providing a foundation for 

future research. A three-level hierarchical linear model (HLM) showed that taking micro breaks 

before lunch were significantly beneficial for work-related fatigue and performance whereas taking 

micro breaks towards the end of the working day prove to have no significant effect on vitality or 

work-related fatigue. The three-level HLM showed that the time when micro breaks are taken matter 

on perceived work-related fatigue and performance. Future research could build upon this finding 

and look at which specific micro breaks at specific times could be most beneficial for employees.  

This study further contributes to literature in providing a framework for designing an application to 

help manage work-related fatigue and stress throughout the working day. This framework entails 

what elements are needed in order to create a successful stress management app and what practices 

need to be adopted in designing a successful stress management app. Based on literature on 

applications with similar goals like the stress management apps, insights are provided of what is 

necessary to create a successful stress management app. Based on this framework the MicroBreaker 

mobile application is introduced. Participants who used the MicroBreaker showed that the app 

helped change their behavior towards micro breaks. Participants engaged more frequently in taking 

micro breaks and varied more in which micro breaks they took. On top of that through qualitative 

analysis participants showed that the MicroBreaker app raised awareness on micro breaks and were 

happy with using the app. Even 3 weeks after the study was concluded, participants said that they 

were still engaging in micro breaks more than before the study. In conclusion, the design, testing, 

deployment and effectiveness of the app was very successful and could provide future research with 

a design plan on how to effectively manage the micro breaks employees are taken. As this has been a 

neglected topic and with the constant rise of apps, technology and the internet of things this might 

just be the study kickstarting a new wave of research on how to implement apps to human 

performance studies and the potentials of doing research with the assistance of apps. Connecting 

your mobile app to the internet to perform real time analysis to give instant feedback to participants, 

learn from the participants and use their input to improve the study in real time. That is the future 

and hopefully this study contributed somehow to that future. 
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Appendix A.1: Guide participants received  

     

 

1. Je krijgt een melding op je telefoon of op je computer. Nu is het dus tijd voor een MicroBreak! Maar dat 

betekent niet dat u dit hoeft te doen. Je mag dit ook wegswipen en/of de melding negeren! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Dit scherm verschijnt als je op de melding 

drukt. Vul dit in. Het betreft eigenlijk altijd 

dezelfde 3 vragen. In de ochtend en in de 

avond krijgt u nog extra vragen. 

3. Klik op ingevuld.  

4. Zoals in de app ook staat uitgelegd, de 

procedure is als volgt. Eerst vult u een 

meting in en vervolgens kiest u een 

MicroBreak. Je kunt via het menu terug 

gaan en naar Microbreaks gaan. 

Echter, om het u gemakkelijk te maken gaat 

u rechtstreeks naar de MicroBreaks als u 

hierop klikt! Zie volgende pagina. 
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Appendix A.2: Guide participants received 
 

 

 

 

 

 

 

 

 

 

 

 

1. Dit scherm verschijnt als je op MicroBreaks 

drukt (rechtsboven bij elke meting maar ook 

in het menu). 

Het is de bedoeling dat je nu een 

MicroBreak Categorie uitkiest waar je 

behoefde aan hebt of waarvan je weet dat 

je die nu gaat doen.  

Laat jezelf kennis maken met de 

verschillende opties en mogelijkheden! 

 

 

 

2. Selecteer nu een van de opties. 

3. Druk nu op MicroBreak!  

U mag de App nu afsluiten (deze melding 

krijgt u ook. OF als u deze MicroBreak niet 

gaan doen, kies iets anders door terug te 

gaan (stap 4). 

4. Als u een andere keuze wilt gaat u zo terug 

in het menu, maar u kunt natuurlijk gewoon 

op vorige op uw telefoonknoppen 

selecteren. 
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Appendix B.1 
Estimates of Covariance Parametersa 

 

Parameter Estimate 

Std. 

Error Wald Z Sig. 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Repeated Measures Var: 

[TimeframeCODE=1] 

1,170316E-

12b 

,000000 . . . . 

Var: 

[TimeframeCODE=2] 

,251903 ,074802 3,368 ,001 ,140758 ,450811 

Var: 

[TimeframeCODE=3] 

,239328 ,049684 4,817 ,000 ,159325 ,359503 

Var: 

[TimeframeCODE=4] 

,156856 ,029472 5,322 ,000 ,108534 ,226693 

Var: 

[TimeframeCODE=5] 

,125978 ,007496 16,806 ,000 ,112110 ,141561 

Var: 

[TimeframeCODE=6] 

,076078 ,015489 4,912 ,000 ,051045 ,113387 

Var: 

[TimeframeCODE=7] 

,071727b ,000000 . . . . 

Var: 

[TimeframeCODE=8] 

,240748 ,047443 5,074 ,000 ,163614 ,354246 

Intercept + 

TimeframeCODEAdjus

ted + Personal + 

Physical + 

Consumption + 

Mindfulness + 

Workplace + Work + 

TimeframeCODEAdjus

ted * Personal + 

TimeframeCODEAdjus

ted * Physical + 

TimeframeCODEAdjus

ted * Consumption + 

TimeframeCODEAdjus

ted * Mindfulness + 

TimeframeCODEAdjus

ted * Workplace + 

TimeframeCODEAdjus

ted * Work [subject = 

PersonID * DayID] 

Variance ,036357 ,002595 14,011 ,000 ,031611 ,041816 
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Intercept + 

TimeframeCODEAdjus

ted + Personal + 

Physical + 

Consumption + 

Mindfulness + 

Workplace + Work + 

TimeframeCODEAdjus

ted * Personal + 

TimeframeCODEAdjus

ted * Physical + 

TimeframeCODEAdjus

ted * Consumption + 

TimeframeCODEAdjus

ted * Mindfulness + 

TimeframeCODEAdjus

ted * Workplace + 

TimeframeCODEAdjus

ted * Work [subject = 

PersonID] 

Variance ,149582b ,000000 . . . . 

a. Dependent Variable: AdjustedVitality. 

b. This covariance parameter is redundant. The test statistic and confidence interval cannot be computed. 
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Appendix B.2 

Independent Samples Test 

 

Levene's Test for 

Equality of Variances t-test for Equality of Means 

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Differenc

e 

Std. Error 

Differenc

e 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Category Equal 

variances 

assumed 

,665 ,415 ,567 543 ,571 ,070 ,124 -,173 ,313 

Equal 

variances not 

assumed 

  

,561 455,756 ,575 ,070 ,125 -,175 ,316 

MBcode Equal 

variances 

assumed 

,313 ,576 ,651 527 ,515 ,274 ,421 -,552 1,100 

Equal 

variances not 

assumed 

  

,644 437,416 ,520 ,274 ,425 -,562 1,110 

Personal Equal 

variances 

assumed 

,481 ,488 -,346 543 ,730 -,01177 ,03406 -,07868 ,05514 

Equal 

variances not 

assumed 

  

-,347 482,371 ,729 -,01177 ,03391 -,07841 ,05487 

Physical Equal 

variances 

assumed 

1,144 ,285 ,540 543 ,589 ,02148 ,03976 -,05663 ,09959 

Equal 

variances not 

assumed 

  

,538 468,341 ,591 ,02148 ,03993 -,05698 ,09993 

Consumption Equal 

variances 

assumed 

,812 ,368 -,447 543 ,655 -,01738 ,03884 -,09367 ,05892 

Equal 

variances not 

assumed 

  

-,449 481,129 ,654 -,01738 ,03870 -,09341 ,05866 

Mindfulness Equal 

variances 

assumed 

4,527 ,034 -1,054 543 ,292 -,02531 ,02401 -,07248 ,02186 
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Equal 

variances not 

assumed 

  

-1,083 515,059 ,280 -,02531 ,02338 -,07125 ,02062 

Workplace Equal 

variances 

assumed 

,166 ,684 ,204 543 ,838 ,00566 ,02773 -,04881 ,06014 

Equal 

variances not 

assumed 

  

,203 468,191 ,839 ,00566 ,02785 -,04906 ,06038 

Work Equal 

variances 

assumed 

8,081 ,005 1,420 543 ,156 ,02732 ,01925 -,01049 ,06513 

Equal 

variances not 

assumed 

  

1,357 397,785 ,175 ,02732 ,02013 -,01225 ,06689 

 

Appendix C: Questionnaire 3 weeks after the study 
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Appendix D: The number of micro breaks taking at what times over 12 days 
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Appendix E: ‘The app was annoying during my work’ 

 
 

 

Appendix F: ‘I feel that I’m doing more Micro Breaks during my 

work’ 
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Appendix G:’I feel that the app helped me with work-related fatigue, 

stress and energy’ 

 
 

 

Appendix H: ‘I’m more aware of what Micro Breaks are’ 
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Appendix I: ‘I’m more aware of how much Micro Breaks I’m doing 

on a day’ 
 

 
 

 

 

Appendix J: Article on most effecitive micro breaks. 

 



58 
 

Reading list 
Anke Versluis, Bart Verkuil, Philip Spinhoven & Jos F Brosschot (2018): Effectiveness of a smartphone-

based worry-reduction training for stress reduction: A randomized-controlled trial, Psychology & 

Health, DOI: 10.1080/08870446.2018.1456660 

Atienza AA, Patrick K. Mobile health: the killer app for cyberinfrastructure and consumer health. Am J 

Prev Med. 2011 May;40(5 Suppl 2):S151–3. doi: 10.1016/j.amepre.2011.01.008.  

Ashford, S., Lee, C., & Bobko, P. (1989). Content, causes and the consequences of job insecurity: A 

theory-based measure and substantive test. Academy of Management Journal , 32(4), 803-829. 

Bakker, A. B., Demerouti, E., & Euwema, M. C. (2005). Job resources buffer the. ournal of 

Occupational Health Psychology , 10, 170–180. 

Bakker, A. B., Schaufeli, W. B., Leiter, M., & Taris, T. (2008). Work engagement: An emerging concept 

in occupational health psychology. Work & Stress , 22. 187-200. 

Bekker, M. H., de Jong, P. F., Zijlstra, F. R., & van Landeghem, B. A. (2000). Combining care and work: 

Health, mood states, cognitive functioning and stress in male and female academics. International 

Journal of Behavioral Medicine , 7, 28-43. 

Bolino, M. C., Turnley, W. H., Gilstrap, J. B., & Sauzo, M. M. (2010). Journal of Organizational Behavior 

. 

Boswell, W. R., & Olson-Buchanon, J. B. (2007). Journal of Management . 

Brown, D. R. (1990). Exercise, fitness, and mental health. In R. J. C. Bouchard, T. S. Shephard, J. S. 

Sutton, & B. D. McPherson, Exercise, fitness, and health: A consensus of current knowledge (pp. 607–

626). 

Carmelia, Ben-Hador, Waldman, & Rupp. (2009). How leaders cultivate social capital and nurture 

employee vigor: Implications for job performance. Journal of Applied Psychology , 94, 1553-1561. 

Carmody J, Baer RA. How long does a mindfulness-based stress reduction program need to be? A 

review of class contact hours and effect sizes for psychological distress. Journal of Clinical Psychology 

2009; 65:627–638. 

Carisooli, C., Villani, D., Riva, G. (2015). Does a Meditation Protocol Supportd by a Mobile Application 

Help People Reduce Stress? Suggestions from a Controlled Pragmatic Trial. Cyberpsychology, 

Behavior and Social Networking. DOI: 10.1089/cyber.2014.0062 

Chittaro, L., Vianello, A. (2016). Evalutation of a mobile mindfulness app distributed through on-line 

stores: A 4 week-study. Human-Computer Studies 86, 63–80 

Clow, A., Jones, F., & Bright, J. (2001). Stress: Myth, theory, and research. 

Di Nuovo S, Rispoli L, Genta E. (2000) Misurare lo stress. Il test MSP e altri strumenti per una  

valutazione integrata. Milan: Franco Angeli 



59 
 

Demerouti, E., Bakker, A. B., Geurts, S. A., & Taris, T. W. (2009). Daily recovery from work-related 

effort during non-work time. In S. Sonnentag, P. Perrewé, & D. Ganster, Currents perspectives on job-

stress recovery (pp. 85-123). Bingley, UK: Emerald. 

Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone 

applications in supporting health behavior change: qualitative study. J Med Internet Res. 2013 

Apr;15(4):e86. doi: 10.2196/jmir.2583. http://www.jmir.org/2013/4/e86/ 

Ekman, P., & Friesen, W. V. (1969). The repertoire of nonverbal behavior: Categories, origins, usage, 

and coding. Semiotica Vol 1 , pp. 49-98. 

Etzion, D. E., & Lapidot, Y. (1998). Journal of Applied Psychology . 

Fredrickson, B. L. (2001). The role of positive emotions in positive psychology: The broadenand-build 

theory of positive emotions. American Psychologist, 56, 218–226. 

Fritz, C., & Sonnentag, S. (2006). Recovery, well-being, and performance-related outcomes: The role 

of workload and vacation experiences. Journal of Applied Psychology, 91, 936 –945 

Fritz, C., & Sonnentag, S. (2005). Recovery, health, and job performance: Effects of weekend 

experiences. Journal of Occupational Psychology , 10, 187-199. 

Fritz, C., Lam, C. F., & Spreitzer, G. M. (2011). It's The Little Things That Matter: An Examination of 

Knowlegde Worker's Energy Management. Academy of Management Perspectives , 28-37. 

Fritz, C., Sonnentag, S., Spector, P., & McInroe, J. (2010). The weekend matters: Relationships 

between stress recovery and affective experiences. Journal of Organizational Behavior , 31, 1137-

1162. 

Grandey, A. A., & Cropanzano, R. (1999). The conservation of resources model applied to work-family 

conflict and strain. Journal of Vocational Behavior , 54, 350-370. 

Grossman P, Niemann L, Schmidt S, et al. Mindfulnessbased stress reduction and health benefits. A 

meta-analysis. Journal of Psychosomatic Research 2004; 57:35–43. 

Gu, J., Cavanagh, K., Strauss, C. (2017). Investigating the Specific Effects of an Online Mindfulness-
Based Self-Help Intervention on Stress and Underlying Mechanisms. Mindfulness (2018) 9:1245–1257 
 

Heidemeier, H., & Moser, K. (. (2009). Journal of Applied Psychology . 

Hobfoll. (1989). Conservation of resources: A new attempt at conceptualizing stress. American 

Psychologist , 44, 513-524. 

Hobfoll. (sd). Stress, culture, and communicy: The psychology and physiology of stress. New York: 

Plenum Press . 

Hofmann SG, Sawyer AT, Witt AA, et al. The effect of mindfulness-based therapy on anxiety and 

depression: a meta-analytic review. Journal of Consulting & Clinical Psychology 2010; 78:169–183. 

Iso-Ahola, S. (1997). A psychological analysis of leisure and health. In J. Haworth, Work, leisure and 

well-being (pp. 131–144). London, UK: Routledge. 

http://www.jmir.org/2013/4/e86/


60 
 

Lee J, Bedra M, Finkelstein J. A critical review of consumer health devices for stress self-

management. Stud Health Technol Inform. 2014;202:221–4. 

Lunenburg, F. (2011). Motivating by Enriching Jobs to Make Them More Interesting and Challenging. 

INTERNATIONAL JOURNAL OF MANAGEMENT, BUSINESS, AND ADMINISTRATION . 

 Lyons EJ, Lewis ZH, Mayrsohn BG, Rowland JL. Behavior change techniques implemented in 

electronic lifestyle activity monitors: a systematic content analysis. J Med Internet Res. 2014 

Aug;16(8):e192. doi: 10.2196/jmir.3469. 

McAuley, E., Kramer, A. F., & Colcombe, S. J. (2004). Brain, Behavior, & Immunity. Cardiovascular 

fitness and neurocognitive function in older adults: A brief review. , 18, 214–220. 

Meijman, T. F., Mulder, G., Drenth, P. J., & Thierry, H. (1998). Handbook of work and organizational, 

Vol. 2: Work psychology. England: Psychology Press . 

Measuring visual clutter, Rosenholtz, Li, Nakano 2007 Journal of Vision 7(2): 17, 1-22 

Miller JJ, Fletcher K, Kabat-Zinn J. Three-year follow-up and clinical implications of a mindfulness 

meditation-based stress reduction intervention in the treatment of anxiety disorders. General  

Hospital Psychiatry 1995; 17:192–200. 

Mohr, D. C., Spring, B., Freedland, K. E., Beckner, V., Arean, P., Hollon, S. D., ... & Kaplan, R. (2009). 

The selection and design of control conditions for randomized controlled trials of psychological 

interventions. Psychotherapy and Psychosomatics, 78(5), 275–284. 

Pennonen, M. (2011). Recovery from Work Stress: Antecedents, Processes and Outcomes. University 

of Tampere. 

Plaza I, Demarzo MM, Herrera-Mercadal P, et al.Mindfulnessbased mobile applications: literature 

review and analysis of current features. Journal of Medical Internet Research Mhealth & Uhealth  

013; 1:e24. 

Podsakoff, P. M., MacKenzie, S. B., Lee, J.-Y., & Podsakoff, N. P. (2003). Common method biases in 

behavioral research: A critical review of the literature and recommended remedies. Journal of 

Applied Psychology , 88, 879-903. 

Pronk, N., Crouse, S., & Rohack, J. (1995). Maximal exercise and acute mood response in woman. 

Psysiology & Behavior , 44, 1018-1027. 

Ricci, Judith & Chee, Elsbeth & L Lorandeau, Amy & Berger, Jan. (2007). Fatigue in the U.S. 

Workforce: Prevalence and Implications for Lost Productive Work Time. Journal of occupational and 

environmental medicine / American College of Occupational and Environmental Medicine. 49. 1-10. 

10.1097/01.jom.0000249782.60321.2a. 

Schor, J. (1992). The overworked American: The unexpected decline in leisure. New York: Basic 

Books.  

Sluiter, J. K., Frings-Dresen, M. H., van der Beek, A. J., & Meijman, T. F. (2001). Journal of 

Psychosomatic Research . 



61 
 

Sonnentag, S. &. (2005). Journal of Occupational Health Psychology . 

Sonnentag, S. (2001). Journal of Occupational Health Psychology . 

Sonnentag, S. (2003). Journal of Applied Psychology . 

Sonnentag, S., & & Natter, E. (2004). International Journal of Stress Management . 

Sonnentag, S., & Fritz, C. (2007). The Recovery Experience Questionnaire:Development and validation 

of a measure for assessing recuperation and unwinding from work. Journal of Occupational Health 

Psychology , 12,204-221. 

Sonnentag, S., & Geurts, S. A. (2009). Methodological issues in recovery. In S. Sonnentag, P. Perrewé, 

& D. Ganster, Currents perspectives on job-stress recovery (pp. 1–36). Bingley,UK: Emerald. 

Sonnentag, S., & Jelden, S. (2009). Journal of Occupational Health Psychology . 

Sonnentag, S., & Zijlstra, F. R. (2006). Job characteristics and off-job activities as predictors of need 

for recovery, well-being and fatigue. Journal of Applied , 91, 330-350. 

Sonnentag, S., Binnewies, C., & Mojza, E. (2008). Did you have a nice evening? A day-level study of 

recovery experiences, sleep, and affect. Journal of Applied Psychology , 93, 674-684. 

Sonnentag, S., Binnewies, C., & Mojza, E. J. (2008). Journal of Applied Psychology.  

Storseth. (2007). Affective job insecurity and risk taking at work. International Journal of Risk 

Assesment and Management , 7, 189-204. 

Tessier R, Lemure L, Fillion L. (1990) Mesure du Stress Psychologique MSP. Brossard, Canada: The 

Aviora. 

Trougakos, J. P., Beal, D. J., Green, S. G., & Weiss, H. M. (2008). Academy of Management Journal . 

Trougakos, J., & Hideg, I. (2009). Momentary work recovery: The role of within-day work breaks. 

Research in occupational stress and well-being , 37-84. 

Trninic, K (2014). The effect of a recovery activity on performance and fatigue. Bachelor. Technische 

Universiteit van Eindhoven, Eindhoven. 

Vandenberg, R. J., Lance, C. E., Taylor, S. C., & Turnipseed, D. L. (2004). A handbook of organizational 

behavior citizenship behavior: A review of “good soldier” activity in organizations. New York, NY: 

Nova Science. 

Viswesvaran, C., Sanchez, J. I., & Fisher, J. (1999). The role of social support in the process of work 

stress: A meta-analysis. Journal of Vocational Behavior , 54, 314-334. 

Von Thiele, U., Lindfors, P., & Lundberg, U. (2006). Journal of Psychosomatic Research . 

Winwood, P. C., Bakker, A. B., & Winefield, A. H. (2007). An investigation of the role of non-work-

time behavior in buffering the effects of work-strain. Journal of Occupational and Environmental 

Medicine , 49, 862–871. 



62 
 

Yeung, R. R. (1996). The acute effects of exercise on mood state. Journal of Psychosomatic Research , 

40, 123–141. 

 

Zeidan F, Johnson SK, Gordon NS, et al. Effects of brief and sham mindfulness meditation on mood 

and cardiovascular variables. Journal of Alternative & Complementary Medicine 2010; 16:867–873. 

Zijlstra, F. R., & Sonnentag, S. (2006). After work is done: Psychological perspectives on recovery from 

work. European Journal of Work & Organizational Psychology , 15, 129-138. 

Zacher, H., Brailsford, H.A., Parker, S.L. (2014). Micro-breaks matter: A diary study on the effects of 

energy management strategies on occupational well-begin. Journal of Vocational Behavior, 85, 287–

297 

 

  

 


