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ABSTRACT 

Working life is constantly changing, which requires adaptation from workers. In 
several fields and occupations, from entrepreneurs to factory workers, the nature of 
work is changing, for example due to increased digitalization and automation. 
Workers need self-reflection and self-leadership skills to manage with the new 
requirements and uncertainties related to the changes. In addition, paying attention 
to one’s well-being, along with work results, becomes increasingly important. 

Different approaches can be utilized to support well-being at the changing 
workplace. This compound thesis approaches this with two design research studies. 
In the entrepreneurial context, well-being is approached from the perspective of the 
positive side of stress (eustress). The entrepreneurs’ experiences of positive stress 
are studied with multiple qualitative methods, and based on the results, a web service 
for fostering positive stress is designed and implemented. In the factory floor 
context, well-being is approached from the perspective of providing quantified 
feedback for workers. Based on a background study, a smart phone optimized web 
application is designed and implemented to enable workers to receive personal and 
encouraging feedback related to their personal well-being and productivity. The user 
experience, acceptance and perceived benefits of both digital services are studied 
through a long-term field study. The research results in five design recommendations 
for designing digital solutions that support well-being at the changing workplace. 
The recommendations encourage designers to design digital solutions that provide 
encouragement and recognition, enable self-reflection, support focusing on the essential, integrate to 
daily practices, and inspire and inform through peer experiences. 

This research contributes primarily to the field of human-computer interaction 
by widening the prevalent approaches of design for well-being and providing 
pragmatic design guidance through empirical understanding of two different user 
groups that are at the forefront in facing the demands of the changing working life. 
The research gives new knowledge of means to foster positive stress in daily life and 
the potential of applying the approach of Quantified Self to the modern factory 
floor. Furthermore, the research raises the importance of ethical questions that need 
to be considered when designing new solutions or adopting them at workplaces. 
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1 INTRODUCTION 

This chapter first describes the motivation for this research. Second, it defines the 
research scope and the research contexts. Then, it states the objective of this 
research, lists the research questions, and gives an overview of the research approach 
and process. Finally, it describes the scientific and practical contributions of the 
thesis. 

1.1 Motivation 

Working life is constantly changing, which requires adaptation from workers. In 
several fields and occupations, from entrepreneurs to factory workers, automation 
and digitalization are changing the nature of work. During the recent decades, work 
has been seen to become more demanding, for example requiring more flexibility 
and entrepreneurship from workers (Hautamäki, 2001). The workers need self-
reflection and self-leadership skills to manage with the new requirements and 
uncertainties related to the changes. These skills become particularly important when 
the level of freedom in designing one’s work increases and the worker is expected to 
take more responsibility of one’s ways of working and reaching one’s goals. In the 
middle of new requirements and expectations, taking care of one’s well-being, along 
with work results, is increasingly important. 

Even though the changes in working life concern almost all fields and 
occupations, the challenges that the workers face vary in different work contexts. In 
entrepreneurial work, positive drive is needed to be able to use one’s full potential 
when working. Entrepreneurs often have the freedom to arrange their schedules and 
ways of working. This creates a possibility and a need to balance one’s time to 
achieve the intended work results and to ensure sufficient recovery from work. In 
factory floor work, the work is far more controlled, but increasing digitalization and 
automatisation decrease the amount of routine tasks and gradually change the nature 
of work towards knowledge work. Factory floor work is becoming more 
autonomous, demanding problem-solving skills as well as managing of complexity 
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(Gorecky et al., 2014). The changing workplace creates a need for paying attention 
to one’s well-being and following one’s progress in work related tasks. At the same 
time, it provides opportunities for self-development.  

Different methods and approaches can be utilized to support workers at the 
changing workplace. Workers’ well-being can be supported on individual, group or 
organisational level, for example through improving working conditions, providing 
opportunities to competence development, or implementing health promotion 
campaigns (e.g. Buffet et al., 2013). The methods can be related to improving work 
practices, for example through organisational renewal, encouraging leadership, 
mentoring or job design or they can aim at disease prevention and health promotion 
for example through stress management interventions. Digital solutions, such as web 
services, mobile applications and wearable health trackers, have increased the range 
of possibilities to track and enhance well-being at work, both on organisational level 
and individually. Digital platforms can facilitate adoption of well-being services by 
offering affordable, anonymous and self-paced access to the services (Portnoy et al., 
2008). Still, digital well-being solutions share the challenges of low participation and 
low engagement (Eysenbach, 2005, Mattila et al., 2013).  

Novel digital solutions are needed to support workers at the changing working 
place – not only to receive information on health and well-being, but also to 
challenge workers to see their ways of working from a new perspective. This design 
research aims at studying engaging technological solutions that approach this 
challenge from novel, positive perspectives: through the phenomenon of positive stress 
and through providing encouraging quantified feedback for workers. 

1.2 Research scope and contexts 

This research belongs primarily to the field of Human-Computer Interaction (HCI). 
More specifically, this design research can be seen contributing to the areas of human-
centered design  (ISO, 2010) as well as design for well-being and positive approaches to design 
(Desmet & Hassenzahl, 2012; Desmet & Pohlmeyer, 2013; Calvo & Peters, 2014). 
In this research, user experience, user acceptance and perceived benefits of the 
designed artefacts are studied, but assessing long-term impacts of the solutions is 
beyond the research scope.  

Besides the field of HCI, the contributions benefit the understanding of well-
being at work. Well-being at work is approached as a combination of job satisfaction 
and work engagement (Schaufeli & Bakker, 2010). As engaged workers are 
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characterized as energetic, willing to invest efforts in their work as well as persistent 
when facing challenges (Schaufeli et al., 2002), their well-being has potential to 
contribute to their personal productivity. Well-being and productivity at work are 
intertwined, and research has suggested a reciprocal relationship between them. For 
example, work engagement has been associated with personal initiative and 
performance (Schaufeli and Bakker, 2010), important for productivity. Furthermore, 
achieving results enhances the sense of competence and confidence, which have 
been associated with enhanced well-being (Carver & Scheier, 1999; McGregor & 
Little, 1998).  

The themes of the research are studied in two work contexts: entrepreneurial 
work and factory floor work. In the entrepreneurial context, the research gives new 
information of the phenomenon of positive stress in the daily lives of entrepreneurs 
and means to feed it through new ways of thinking and working. In the factory 
context, the research contributes to the theme of worker-centered research for 
factories of the future by applying the approach of Quantified Self (Wolf, 2010) to the 
factory floor, and thus giving understanding of the concept of quantified worker, which 
is used in this thesis to refer to the practice of self-tracking in work contexts.  

The experiences of positive stress were studied in the entrepreneurial work 
context.  In this research, the term entrepreneur refers to small business owners or 
self-employed workers. Beyond that, we expect the results of the study to be 
applicable to the work contexts that demand entrepreneur-like mindset and skills 
from employees. Entrepreneurs were selected as a user group for this research, as 
entrepreneurial work may subject them to high levels of stress due to the risks in 
business activities (Palmer, 1971), heavy workloads and a higher-than-average need 
for achievement (Langan Fox & Roth, 1995). However, many entrepreneurs have 
traits and skills that help them in stressful situations, such as high stress tolerance 
(Frese, 2009) or high levels of psychological capital, constructed of self-efficacy, 
optimism, hope and resilience (Baron et al., 2016). These reasons make 
entrepreneurs an interesting user group for our research. Due to their strengths in 
stress management, their ways of managing stress can provide a lot to learn to other 
entrepreneurs or employees. In addition, they may be interested in finding new ways 
of managing stress, because effective stress management is critical in entrepreneurial 
work. Besides this, considering one’s well-being is especially important for 
entrepreneurs, since in Finland, they often lack preventative occupational health 
services (WHO, 2012). 

The theme of quantified feedback was studied in the factory floor context. In 
factory floor work, the fourth industrial revolution, Industry 4.0, is increasing 
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digitalization and automation, which are assumed to make the work more 
autonomous and to create opportunities for self-development (Gorecky et al., 2014). 
The change in the factory floor has been characterized as Operator 4.0 (Romero et al., 
2016), referring to the factory workers of the future, who are assisted by automated 
systems and allowed to use their creative skills. Factory floor workers form an 
interesting user group, as the trends of automation and digitalization are changing 
their work towards knowledge work, and skills, such as problem solving and 
managing complexity, become increasingly important for them (Gorecky et al., 
2014). The change comes with many positive aspects, such as opportunities to make 
the work more interesting and meaningful, but it creates also needs for staying aware 
of one’s work performance and paying attention to one’s well-being along with work 
results. Quantified feedback can be one opportunity to enhance awareness of work 
results and personal well-being in an interesting way in the factory floor context. 

1.3 Research objective and questions 

The aim of this design research is to study new human-centric technology-mediated 
ways to enhance well-being at the changing workplace. This is addressed through 
two studies that approach well-being from novel, positive perspectives: by fostering 
the positive side of stress in the context of entrepreneurial work and by providing 
encouraging quantified feedback in the factory floor context. The research questions 
(RQs) of the study are following. 

RQ1: What are the central design elements for fostering positive stress through a 
digital solution in the context of entrepreneurial work? 

From the perspective of user understanding, this RQ focuses on design elements 
that include ways of thinking and working that facilitate entrepreneurs’ experiences 
of positive stress. This understanding is applied in designing a digital solution, a web-
based digital service for fostering positive stress.  
 
RQ2: What are the central design elements for providing quantified feedback 
through a digital solution in the context of factory floor work? 

This RQ addresses the targeted user experience for a digital service for providing 
quantified feedback in factory floor work. The targeted user experience is expressed 
as user experience goals, which guide the design of a personal digital application and 
realize as design elements.  
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RQ3: What design recommendations can be identified for digital solutions that 
support well-being at the changing workplace? 

This RQ focuses on design recommendations for digital solutions that support 
well-being at work, particularly when facing changes that require self-leadership and 
self-reflection skills from workers. Based on the knowledge gained through RQ1 and 
RQ2, as well as design implications of field studies of the created digital solutions, 
this RQ synthesizes the gained insights. The insights are synthesized to the form of 
design recommendations relevant in the design of digital solutions that can foster 
well-being at work, and through increased well-being have potential to enhance also 
personal productivity.  

1.4 Overview of the research approach and process  

This design research consists of two human-centric user studies. Both studies follow 
Research through Design approach (Zimmerman et al., 2007) as well as human-centered 
design process (ISO, 2010) from gaining insights of the experiences and needs of the 
target group, designing a digital service based on the gained insights and evaluating 
the service through a field study. The experiences of the target group were relevant 
in all stages of the process: experiences of the phenomenon studied when gaining 
initial understanding, user experience goals and users’ impressions while designing a 
prototype and user experience of the designed and implemented prototype during 
the field study.  

To gain a rich understanding of the research subjects and meaningful experiences, 
an empirical and mainly qualitative research approach was selected. The approach 
was based on a dialogue with users following the principles of the participatory design 
process (Schuler & Namioka, 1993; Muller & Kuhn, 1993), involving users in the 
design in several phases of the studies. Multiple methods were used especially when 
gaining initial understanding, but also when evaluating the user experience, user 
acceptance and perceived benefits of the designed digital solutions.  

Figure 1 presents the two studies and their phases. Each publication of the thesis 
focuses primarily on one study phase. 
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Figure 1. Research process of the studies, following the Research through Design approach. 

1.5 Contributions 

The primary contribution of the research is to provide knowledge of design 
recommendations for designing for well-being at the changing workplace. The 
contributions of this work are both theoretical and practical. In the theoretical level, 
the research increases understanding of means to foster positive stress, especially in 
entrepreneurial context, and highlights relevant factors in providing quantified 
worker feedback in a factory floor context. We apply this knowledge in practice in 
designing two fully functioning, high-fidelity service prototypes that aim at 
enhancing workers’ well-being in the selected work contexts. The results of the user 
experience, user acceptance and perceived benefits of the service prototypes lead to 
design recommendations that benefit also HCI practitioners designing for well-
being, in the selected work contexts and beyond. More broadly, this work contributes 
to HCI by widening the prevalent approaches of design for well-being and by 
providing empirical understanding of user groups that have received less attention 
in HCI research.  

This research sheds light on the positive side of stress, which has remained as an 
understudied area in HCI as well as in stress research. Even though literature 
describes the positive side of stress as a concept, empirical research is needed to 
understand the everyday experiences of it and ways to foster it in one’s daily work 
and life. Positive stress is studied through the experiences of entrepreneurs, with a 
goal to learn from their experiences and work practices, and share the insights 
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through a digital service. As entrepreneurial mindset and self-leadership are required 
from a growing number of employees, the contributions of this study extend to these 
employees, who may struggle with effective stress management even more than 
entrepreneurs. 

Applying Quantified Self approach to a factory context is a novel research topic 
in HCI. Although trials of tracking health and well-being metrics at work have rapidly 
increased in recent years, only few studies focus on the user experience of the 
workers (Chung et al., 2017). The studies have typically been conducted in office 
context, and thus understanding of other work contexts is scarce. Besides the theme 
of quantification, factory floor is not a very typical user context in other HCI related 
research either. While safety and ergonomics aspects have been considerably 
addressed in the factory context, research focusing on user experience or HCI has 
been less prominent (Meneweger et al., 2018). In particular, the number of field 
studies has remained low, which may be due to the restricted accessibility and 
complexity of the factory context (Ardito et al., 2014). Besides shedding light to 
factory floor context with a new field study, this work contributes to the theme of 
factories of the future, by including participants who can be seen as early 
representatives of Operator 4.0 vision (Romero et al., 2016). 

The results of our research are addressed through the three research questions. 
Responses to the research questions crystallize the main contributions of the 
research. First, RQ1 and RQ2 provide knowledge of the design guidelines and 
central design elements that support fostering positive stress and providing 
encouraging quantified feedback. Based on the gained knowledge, digital solutions 
are designed and implemented. RQ3 provides understanding of the design 
implications gained through long-term field studies of the new solutions, and 
synthetizes these implications to the design guidelines, addressed by RQ1 and RQ2. 
Finally, RQ3 synthetizes the results to a form of design recommendations that 
support also other designers to design for well-being at work, especially when facing 
changes of the working life, which require self-leadership and self-reflection skills 
from the workers. Table 1 shows the relation of the research questions and the 
publications 1-6 (P1-P6) of the thesis.  
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Table 1. The publications’ contributions to the research questions. 

Research questions 
Publications 

P1 P2 P3 P4 P5 P6 
RQ1 What are the central design elements for fostering 

positive stress through a digital solution in the 
context of entrepreneurial work? 

x x     

RQ2 What are the central design elements for providing 
quantified feedback through a digital solution in the 
context of factory floor work? 

   x x  

RQ3 What design recommendations can be identified for 
digital solutions that support well-being at the 
changing workplace? 

 x x  x x 

1.6 Structure of the thesis 

The rest of this thesis is structured as follows. Chapter 2 introduces the key concepts 
and presents the selected approaches, fostering positive stress and providing 
quantified feedback, for enhancing well-being at the changing workplace. In 
addition, relevant design frameworks are introduced. Chapter 3 presents the design 
research process and methods of each research phase. Chapter 4 summarizes the 
results of the publications, before Chapter 5, which presents the results of the 
research by responding to the three research questions of the thesis. Finally, Chapter 
6 discusses the scientific and practical contributions of the thesis, ethical 
considerations, trustworthiness of the research and opportunities for future research.   
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2 BACKGROUND AND RELATED WORK 

This chapter grounds the research of this thesis by providing background and related 
work on design for well-being at work as well as the themes of positive stress and 
quantified worker. In addition, the section introduces design frameworks relevant to 
our research. First, we define the central concepts of the thesis. 

2.1 Central concepts 

Well-being: The Oxford dictionary defines well-being as “the state of being 
comfortable, healthy or happy” (www.lexico.com). More precisely, according to 
Diener et al. (2009), the components of subjective well-being include people’s 
emotional responses (positive and negative affect), domain satisfactions (satisfaction 
related to domains of life, such as work or health) and overall judgment of life 
satisfaction. Subjective well-being is connected to the person’s physiological 
reactions. In this thesis, Study 2 approaches well-being through physiological 
indicators, such as heart rate and quality of sleep that are referred to as well-being 
metrics. 
Well-being at work: Well-being at work can be defined broadly as a concept that 
concerns all aspects of working life, from the quality and safety of the working 
environment to the workers’ feelings about their work (ILO, 2020). According to a 
more precise definition by Schaufeli and Bakker (2010), the concept refers to the 
psychological state of job satisfaction and work engagement. Job satisfaction results 
from appraisal of one’s job and job experiences (Locke, 1976), while work 
engagement refers to a positive, fulfilling work-related state of mind (Schaufeli et al, 
2002). As engaged workers are characterized as energetic, willing to invest efforts in 
their work as well as persistent when facing challenges (Schaufeli et al., 2002), the 
impact on well-being has potential to contribute also to the personal productivity of 
workers. 
Positive stress or eustress: The term positive stress, also known as eustress, refers 
to the beneficial side of stress (Selye, 1974) or more exactly, to the positive response 
to stressors (Simmons & Nelson, 2007). Based on interpretation of stressors, a 
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person may perceive a stressor as a negative threat or a positive challenge (Le Fevre 
et al., 2006), and a response to it can take a form of positive or negative psychological 
states, emotions, attitudes and behaviors (Simmons & Nelson, 2007). 
Quantified Self: The term Quantified Self refers to self-tracking of biological, 
physical, behavioral or environmental data (Swan, 2013). The term was introduced 
by Wolf and Kelly, who created a website for sharing self-tracking practices in 2007 
(www.quantifiedself.com) and thus promoted the movement of gaining “self-
knowledge through numbers” (Wolf, 2010). After that, the term has been used for 
the practice of self-tracking as well as for the movement and international 
community of people practicing self-tracking. The main goal of the Quantified Self 
practice is to gain meaningful insights based on the self-tracking data, which has the 
potential to lead to positive behavioral changes (Choe et al., 2014).  
Quantified worker: Based on the approach of Quantified Self (Wolf, 2010), in this 
thesis, a term quantified worker is used to refer to the practice of self-tracking in 
work contexts, which may be enabled or proposed by the employer. Consequently, 
the term quantified worker solution refers to a digital solution employing self-tracking 
data, such as a data-driven feedback application. 
Quantified feedback: The term quantified feedback or data-driven feedback refers to 
worker feedback that is provided through a digital system based on data collected of 
the worker, work performance or other quantifiable metrics at the workplace. The 
intention is to give meaningful insights for the worker, in line with the goal of the 
Quantified Self practice (Choe et al., 2014).  In the research of this thesis, quantified 
feedback in a factory context is aggregated of well-being metrics collected through a 
wearable self-tracking device used by a worker and production data from the 
manufacturing line operated by the worker. In the context of this thesis, quantified 
feedback is provided only for the worker, not for the employer.  

2.2 Design for well-being at work 

This section presents background and related work of perspectives central to 
understanding the potential and approaches of design for well-being at work. 
Concerning more practical design guidance, the section refers to relevant 
frameworks, which are explained in more detail in Section 2.4. 
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2.2.1 Well-being at work 

The term subjective well-being is a complex construct that can be approached from 
several perspectives. The perspectives can be divided to a medical approach, which 
approaches well-being mainly as the absence of illness or dysfunction, a hedonic 
approach, which emphasizes positive emotions and pleasurable experiences and 
eudaimonic approach, which approaches well-being through fulfilling one’s potential 
and finding meaning in life (see e.g. Calvo & Peters, 2014). According to Diener et 
al. (2009), the components of subjective well-being include people’s emotional 
responses (positive and negative affect), domain satisfactions (satisfaction related to 
domains of life, such as work or health) and overall judgment of life satisfaction. 

In the work context, well-being can be approached as a broad concept that relates 
to all aspects of working life, from the quality and safety of the working environment 
to the workers’ feelings about their work (ILO, 2020). According to a more specific 
definition by Schaufeli and Bakker (2010), well-being at work refers to the 
psychological state of job satisfaction and work engagement. Job satisfaction can be 
described as a positive emotional state resulting from appraisal of one’s job or job 
experiences (Locke, 1976) or more straightforwardly, as the extent to which people 
like or dislike their jobs (Spector, 1997). It incorporates various aspects related to 
work, such as the nature of work, salary, colleagues and working conditions (Spector, 
1997). 

Although job satisfaction is important for workers, work engagement is a deeper 
and more intrinsic construct. It is defined as “a positive, fulfilling work-related state 
of mind, which is characterized by vigor, dedication and absorption” (Schaufeli et 
al., 2002, p.74). Consequently, engaged workers are described as energetic, willing to 
invest efforts in their work as well as persistent when facing challenges (Schaufeli et 
al., 2002). Both job resources and personal resources predict work engagement 
(Bakker & Demerouti, 2007). Furthermore, according to Hobfoll (1989), engaged 
workers are able to generate and reinforce their resources, which enables a positive 
spiral (Llorens et al., 2007). Work engagement is associated with organizational 
commitment, personal initiative, and performance (Schaufeli & Bakker, 2010).  

A recent study in manufacturing context (Molino et al., 2020) connects work 
engagement to technology acceptance. The study proposes a positive relationship 
between work engagement and technology acceptance, supported through results 
among both white-collar workers and blue-collar workers. The finding indicates that 
technology acceptance can be seen as a resource that may make the workers more 
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engaged with their work. In addition, personal well-being can be seen as a goal for 
design, which is addressed in the next sub section. 

2.2.2 Design for well-being  

In the field of HCI, design for well-being and positive approaches to design have 
become growing research and design interests (Desmet & Hassenzahl, 2012; Desmet 
& Pohlmeyer, 2013; Riva  et al., 2012, Calvo & Peters, 2014). This follows the 
increased trend of scientific research on subjective well-being, which has developed 
partly as a counter reaction to the vast number of psychological studies concentrating 
only on negative states (Diener et al., 2009). The discipline of positive psychology 
has shifted the research focus from negative to positive, by viewing health as the 
presence of the positive, not only the absence of the negative (Seligman & 
Csikszentmihalyi, 2014). Instead of negative states and problems, the discipline 
focuses on subjective well-being, positive emotions and human flourishing.  

In line with research for well-being, positive approaches in design, such as 
Experience design (Hassenzahl, 2010), Possibility-driven design (Desmet & Hassenzahl, 
2012), Positive design (Desmet & Pohlmeyer, 2013), Positive technology (Riva et al., 2012) 
and Positive computing (Calvo & Peters, 2014) have been introduced as alternatives to 
more dominant problem-driven design approaches. Experience design (Hassenzahl, 
2010) proposes providing meaningful experiences for the user by fulfilling 
psychological needs with use of technology itself. Possibility-driven design (Desmet 
& Hassenzahl, 2012), calls for shifting from solving problems to exploring 
possibilities in design. According to this approach, design can contribute to well-
being through two ways: by creating or mediating positive experiences and by 
stimulating people’s awareness of their abilities to increase their well-being. To 
support design for well-being, Desmet and Pohlmeyer (2013) combined the 
approaches of positive psychology and design to Positive design framework, which 
is introduced in Section 2.4.1. Riva et al. (2012), in turn, use the term Positive 
Technology of their approach of studying how technology can be used to enhance 
personal experiences. Positive computing, by Calvo and Peters (2014), is a wider 
approach that focuses on design and development of technology to support well-
being and human potential. The approach grounds itself to psychological research 
and multiple theories of well-being, aiming at creating a bridge to integrate well-being 
research and technology design.  
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More recently, Peters, Calvo and Ryan presented a new model, Motivation, 
Engagement and Thriving in User Experience, for guiding HCI researchers and 
practitioners to design for well-being (2018). The model aims at giving guidance to 
satisfying of psychological needs through design based on the three core elements 
of Self-determination theory (Ryan & Deci, 2000): autonomy, competence and 
relatedness. Thus, it has a common ground with Person-based approach to intervention 
development, by Yardley et al. (2015), presented in Section 2.4.2. While Yardley et al. 
propose common and concrete guiding principles for design, Peters and al. (2018) 
approach design through levels, “spheres on experience”, that can be influenced by 
design: adoption, interaction with the interface, technology-enabled task, 
technology-supported behaviour and overall life as well as the broadest level of 
society. To give concrete design guidance, they introduce a variety of evaluation 
measures to support iteration of designs to better support satisfying of psychological 
needs leading to well-being. 

In work context, the positive experiences of workers have become an important 
design goal, following the overall shift in HCI from assessing usability problems to 
identifying new design opportunities to create a good experience (Vermeeren et al., 
2016). Zeiner et al. (2016) approached design for well-being at work through 
experience categories that help understanding of positive experiences at work and 
can inform designers to foster or generate a positive user experience. Lu and Roto 
(2015), in turn, applied the positive design framework to work context by combining 
it to the mechanisms of meaningful work. Their aim was to help designers in designing 
meaningful experience goals to guide design of work tools. Later, they focused 
particularly on the design strategies to support a specific positive experience goal, 
pride at work (Lu & Roto, 2016). Recently, Laschke et al. (Laschke et al., 2020) have 
called for explicit design for meaningful work-related technology that not only adapts 
to work tasks, but also evokes positive work practices.  

To understand well-being at work in a holistic way, it is important to acknowledge 
also studies related to personal productivity, which is closely connected to well-being at 
work. Achieving of results and the resulting feelings of personal productivity 
enhance the sense of competence and confidence, which have been associated with 
enhanced well-being (Carver & Scheier, 1999; McGregor & Little, 1998). Research 
and design of digital services that aim at enhancing personal productivity include 
studies related to organisation of work, such as facilitating time management and 
scheduling (e.g. Blandford & Green, 2001), managing multitasking and interruptions 
(e.g. Züger et al., 2017), taking breaks from work (e.g. Epstein et al., 2016) and 
providing effective feedback (e.g. Kim et al., 2016). While a considerable amount of 
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research has focused on specific areas related to organisation of work, less 
knowledge exists of more holistic approaches for enhancing personal productivity 
or approaches that explicitly combine the aims of enhancing both well-being and 
productivity.  

2.2.3 Worker-centricity and ethics in design 

In design for well-being at work, a worker-centric approach is important regardless 
of the work context. In factories, a human-centered orientation has been 
acknowledged already a few decades ago (see e.g. Corbett, 1990), yet it has not come 
a prevalent approach until more recently. Early consideration of human factors in 
production processes has been proposed to improve workers’ performance and well-
being (Village et al., 2015), and the factories of the future are expected to be 
increasingly worker-centric to optimize production performance (May et al., 2015). 
The worker-centricity is emphasized in the vision of Operator 4.0 (Romero et al., 
2016) that refers to factory operators of the future that are assisted by automated 
systems allowing operators to use their creative skills.  

Worker-centricity in design can be supported, for example, by defining user 
experience goals that concretize the targeted user experience and can be interpreted into 
design implications (Kaasinen et al., 2015; Roto et al., 2017). Concrete and shared 
user experience goals help focusing on user experience within the design team, in 
design decisions and in communication with stakeholders (Kaasinen et al., 2015). 
Another approach is to employ design frameworks that identify aspects relevant to 
a specific context of work. An example of this for Operator 4.0 context, Design and 
evaluation framework for Operator 4.0 solutions (Kaasinen et al., 2018), is presented in 
Section 2.4.5.  

Worker-centricity is particularly important also in identifying ethical issues related 
to design and adoption of new solutions at workplaces. Considering ethics should 
not be left to ethics review boards only, rather it should be actively and flexibly 
addressed throughout the HCI research (Munteanu et al., 2015). Ethics can be 
considered in design through several ways, such assessing the impacts of technology 
(Wright, 2011) identifying the values of target users and responding to them 
(Friedman et al., 2013) or by following ethical guielines. An example of the approach 
of following ethical guidelines, Framework of ethical guidelines for mobile intelligent 
applications (Ikonen et al., 2009), is introduced in Section 2.4.4. 
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Ethics by design approach (Niemelä et al., 2014) promotes positive, forward-looking 
and proactive ethical thinking to address ethical issues already in the early project 
phases. Recently, the need for considering ethics in design throughout the design 
process and embedding it to the everyday practices of practitioners has gained 
increasing attention in HCI community (e.g. Waycott et al., 2016; Gray et al., 2018). 
This may be partly due to the expanding role of HCI research in sensitive and 
complex settings (Waycott et al., 2016), but also due to a more general interest 
towards design for good and minimizing the adverse consequences of technology.  

2.2.4 Digital interventions to enhance well-being and the role of HCI 

Digital interventions have become a common way to support health and well-being 
at work and several web-based programs have been developed to support well-being 
and especially stress management of employees (Stratton et al., 2017). The benefit of 
digital interventions is their way to enable affordable, anonymous and self-paced 
access to the services (Portnoy et al., 2008). Several studies have reported promising 
stress-related outcomes with web-based and mobile interventions (Hasson et al., 
2005; Ly et al., 2014; van Straten et al., 2008; Zarski et al., 2016). For example, 
Hasson et al. (2005) developed a web-based program for managing stress among 
employees including stress monitoring and cognitive exercises. During the 6-month 
program, employees’ ratings on their ability to manage stress as well as sleep quality, 
mental energy and the ability to concentrate improved. 

Besides more common problem-based approaches, approaches related to 
positive psychology, aiming at building resources and enhancing well-being, have 
been incorporated into digital interventions. Ouweneel et al. (2013) developed a web-
based program to promote positive emotions, self-efficacy and work engagement 
through happiness, goal-setting and resource-building exercises. Luthans et al. (2008) 
developed a web-based training for increasing positive psychological capital, 
consisting of hope, self-efficacy, optimism and resilience. Mitchell et al. (2009), in 
turn, compared  an intervention focusing on positive strengths to a problem-based 
intervention. All these interventions resulted in positive effects on well-being. 
However, despite the number of interventions related to stress management and the 
approach of positive psychology, the digital interventions have not focused on the 
positive side of stress, which will be the focus of Section 2.3.1. 

In the context of HCI, it would be beneficial to combine the understanding of 
health interventions to the perspective of design and user experience. 
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Complementing health interventions with qualitative studies that focus on user 
experience as well as demonstrating the implementations of intervention strategies 
could provide understanding of why and how an intervention or a system is working 
(Klasnja et al., 2011). HCI research could also provide more understanding of the 
adoption and acceptance of technologies -  why they work or fail in a given 
environment or with specific target users (Poole, 2013). 

The acceptance and adoption of well-being solutions can be enhanced by 
appropriate design that supports the desired behavioral changes. For example, 
features and design strategies that integrate technology to the users’ life are important 
in supporting and maintaining the desired behavior changes (see e.g. Consolvo et al., 
2009; Ahtinen et al., 2013; Stawarz et al., 2015). Person-based approach to intervention 
development (Yardley et al., 2015) and Persuasive systems design model (Oinas-Kukkonen 
& Harjumaa, 2009) are presented as frameworks to support design for behaviour 
change, in Sections 2.4.2 and 2.4.3. Another approach is to support positive 
behaviour changes through self-tracking, enabling insights for self-reflection and 
thus encouraging behaviour changes. This approach will be the focus of Section 
2.3.2. 

2.3 The main concepts applied in the thesis: positive stress and 
quantified worker 

This section presents background and related work on the main concepts of the 
thesis: concepts of positive stress and quantified worker. The first sub section of 
positive stress focuses more on conceptual understanding of the construct, as only 
little empirical research exists on the subject. The second sub section sheds light on 
the concept of quantified worker through related work on self-tracking and its 
benefits, potential barriers and ethical questions, particularly in work context. 

2.3.1 Positive stress: eustress as a resource 

The positive side of stress, also known as eustress, is not a new concept, but was 
recognized already a few decades ago (Lazarus, 1966; Selye, 1974). The term was 
introduced by Selye (1974), who distinguished the two sides of stress: the harmful 
side (distress) and the beneficial side (eustress). According to Selye, one can learn to 
react to stressors with positive emotions, which is likely to maximize the experiences 
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of eustress and minimize the experiences of distress. Earlier, positive response to 
stress was already proposed by Lazarus (1966), who suggested that the cognitive 
response to stressors can also be positive and thus lead to positive emotions, such 
as a feeling of fulfillment. Later, Lazarus and Folkman (1984) emphasized that the 
person’s resources and ability to cope define the stress experience. 

Despite the early conception of eustress, the theories and research of stress have 
approached stress primarily as a negative phenomenon with negative impacts. 
However, transactional theories of stress, based on the cognitive stress theory 
(Lazarus & Folkman, 1984), acknowledge the role of eustress, as they emphasize the 
individual interpretation of stressors. According to current understanding, a stressor 
can be interpreted as a negative threat or a positive challenge (Le Fevre et al., 2006), 
and consequently, eustress is defined as a positive response to stressors (Simmons 
& Nelson, 2007). According to Le Fevre et al. (2006), the perceived demand and the 
contextual characteristics, such as the source, timing and desirability of a stressor, as 
well as one’s perception of having control over the stressor are factors that define 
the stress response. 

Simmons and Nelson (2007) define eustress and distress as distinct qualitative 
constructs. This means that the stressor is not only interpreted as positive or 
negative, but it may have both outcomes. The outcomes are complex and indicated 
as physiological, psychological and behavioral responses. According to Simmons and 
Nelson, a eustress experience can be characterized with positive emotions, attitudes 
and behaviors, such as a feeling of joy, excitement and contentment, as well as 
perceiving the situation as meaningful, manageable and engaging. 

In addition to avoiding or minimizing distress, savoring eustress has been 
proposed to have potential for enhancing well-being (Simmons & Nelson, 2007; 
Hargrove et al., 2013).  Hargrove et al. (2013) proposed three practices for leaders 
to encourage experiences of eustress of their employees: offering meaningful work, 
encouraging mindfulness at the workplace and supporting employees in embracing 
their capacity to meet challenges. In addition, the match between the person’s skills 
and the demands of the task is critical. While experiencing eustress may enhance 
well-being, an excess of it can lead to exhaustion (Hargrove et al., 2013) Hence, 
recovery from also eustress is important. Recovery from work stressors can be 
facilitated, for example, by developing mindfulness, acceptance and self-regulation 
skills (Sonnentag & Fritz, 2015). 

Eustress is closely connected to more established positive work-related concepts, 
such as flow experience and work engagement. Experiencing eustress can culminate in flow 
(Hargrove et al., 2013), in which the individual is fully involved in the present 
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moment (Csikszentmihalyi, 1990), and thus at work, completely focused on the work 
task. Experiencing eustress is also connected to the concept of work engagement 
that is defined as a positive, relatively stable, state of fulfilment at work, characterized 
by vigour, dedication and absorption (Schaufeli et al., 2002). While work engagement 
is a relatively stable state, eustress is experienced as a short-term response to stressors 
(Le Fevre et al., 2006). In line with the concept of eustress, job demands have been 
seen as a possible means to boost work engagement, when sufficient resources are 
available (Schaufeli & Bakker, 2004). 

Even though not much scholarly research exists on eustress, the concept has 
recently raised more research interest. Recent research has addressed measuring of 
eustress, monitoring of stress levels and positive outcomes of technostress, referring to 
the stress that is experienced due to the use of information systems. Branson et al. 
(2019) introduced  a distress-eustress scale, which aims at holistically capture the 
positive and negative aspects of stress in an adolescent context. Silva et al. (2020) 
aimed at creating an information system to assess the stress levels of students in 
order to predict burnout. The assessment was conducted by monitoring the heart 
rate variability of the students based on a wearable smartband and machine learning 
techniques. More closely to the subject of our research, Tarafrad et al. (2019) 
introduced the aspect of eustress to the phenomenon of technostress by proposing 
that technostress can lead also to positive outcomes, such as improved effectiveness 
and innovation at work. They present a framework that divides technostress into 
techno-eustress and techno-distress, and discuss features that can facilitate techno-eustress 
or mitigate techno-distress in the design of information systems. For example, 
minimizing techno-complexity, providing flexibility in features, reassuring the user 
of successfully accomplished tasks or providing information of improved 
performance are proposed as possible features to enhance the positive and mitigate 
the negative effects of technostress. Salo et al. (2018), who conducted a qualitative 
study of the technostress responses to mobile phone failures, identified four 
dimensions that shape users’ technostress experiences leading to distress or eustress: 
perceived priority of smart phone and failures, confidence for overcoming the 
failures, demand for situational resources and excitement potential. 

Despite the recent empirical research related to eustress, the phenomenon is not 
much studied, possibly due to limited understanding of it, lack of validated measures 
to operationalize it and other positive work-related concepts, such as flow and work 
engagement, that have gained more research interest. However, design that provides 
understanding of positive stress and offers tools to facilitate it in one’s daily life has 
potential in enhancing well-being at work, as it provides a novel approach to perceive 
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stress from the beneficial perspective and modify one’s ways of thinking and working 
to support both well-being and personal productivity. 

2.3.2 Quantified worker: insights through personal data 

During the last ten years, the practice of self-tracking has become common both in 
leisure contexts and at work. The practice emerged through the trend of Quantified 
Self, which refers to self-tracking of biological, physical, behavioral or environmental 
data (Swan, 2013). Wolf and Kelly introduced the term when creating a website for 
sharing self-tracking practices in 2007 (www.quantifiedself.com). This promoted the 
movement of gaining “self-knowledge through numbers” (Wolf, 2010), and since 
that, the term has been used for the practice of self-tracking as well as for the 
movement and international community of people practicing self-tracking. Also 
other terms, such as personal informatics (Li et al., 2010) and lifelogging (e.g. Sellen, et al. 
2007; Gurrin et al., 2014), have been used of the practice of gaining self-knowledge 
by recording personal data.  

First, most of the research related to self-tracking focused on leisure contexts and 
early adopters, the active members of Quantified Self community, sport enthusiasts 
or users of several trackers (e.g. Choe et al., 2014; Li et al., 2010; Rooksby et al., 
2014). Later, the research has expanded to more ordinary users and work contexts, 
following the expansion of the trend: commercial wearable devices, such as fitness 
wristbands, have become popular among consumers and an integrated part of a 
growing number of workplace health and wellness programs (Moore & Piwek, 2017). 
In this thesis, a term quantified worker refers to the practice of self-tracking in work 
contexts, which may be enabled or proposed by the employer. Consequently, a term 
quantified worker solution refers to a digital solution employing self-tracking data, such 
as a data-driven feedback application. 

Research on health and well-being tracking at work has proposed many benefits 
for workers, such as early detection of health problems (Li et al., 2017) as well as 
increasing awareness of one’s daily activity and personal accountability towards 
health goals (Chung et al., 2017). The main goal of Quantified Self movement, 
gaining meaningful insights based on the self-tracking data, which has the potential 
to lead to positive behavioral changes (Choe et al., 2014), can benefit also self-
trackers in the work context. Meaningful insights can be achieved through reflecting 
on the data, both when maintaining one’s behavior to achieve the identified goals 
and when making new discoveries based on the data (Li et al., 2011). Supporting 
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flexible data selection, filtering and comparison features through visual means can 
support in exploring one’s data further (Choe et al., 2017). In addition to exploring 
the data afterwards, it has been suggested that self-reflection could be supported also 
with glanceable information, by providing snippets of information and fostering surprise 
(Gouveia et al., 2015).  

Wearable trackers have potential to provide a new kind of worker feedback, 
which is personal, immediate and objective (Piwek et al., 2016). Particularly in the 
context of factory floor work, wearable trackers are expected to have potential to 
support the workers’ occupational health, safety and productivity (Romero et al., 
2018). As the future of factory floor work is expected to increasingly require 
problem-solving and decision-making skills (Gorecky et al., 2014), self-tracking may 
provide useful tools for staying aware of one’s performance and considering one’s 
well-being. 

Despite the potential benefits of self-tracking at work, the approach of 
quantifying the worker involves ethical issues, such as concerns related to privacy, 
data security or true voluntariness of self-tracking (Lupton, 2016; Moore & Piwek, 
2017). Lupton (2016) divides self-tracking at work into five categories: private, 
communal, pushed, imposed and exploited. When self-tracking is encouraged or 
advocated at the workplace, it becomes pushed self-tracking, which may be difficult 
to refuse. Furthermore, according to Moore and Piwek (2017) opting out from self-
tracking at work includes the risk of being excluded and stigmatized. 

Potential barriers for self-tracking include mechanistic feedback (Masson et al., 
2016) and more generally, focusing on easily measurable metrics, which necessarily 
do not support personal health goals or holistic well-being (Chung et al., 2017). In 
addition, tracking fatigue due to tracking too many things (Choe et al., 2014), not 
receiving meaningful insight due to lack of contextual data (Li et al., 2010; Choe et 
al., 2014) as well as insufficient motivation, lack of time or forgetting to self-track (Li 
et al., 2010) may become barriers for self-tracking. 

To sum up, to support successful quantification of a worker, considering ethical 
issues in early phases of design as well as when creating practices for adopting the 
solutions at workplaces is vital. In addition, design that supports holistic well-being 
and maintaining of the motivation of a user is important to overcome the possible 
barriers related to self-tracking. 
  



 

33 

2.4 Relevant design frameworks 

This section introduces design frameworks relevant to our research. Although we 
have explicitly followed only Design and evaluation framework for Operator 4.0 
solutions (Kaasinen et al., 2018), also Person-based approach to intervention 
development (Yardley et al., 2015), Persuasive systems design model (Oinas-
Kukkonen & Harjumaa, 2009) as well as Framework of ethical guidelines for mobile 
intelligent applications (Ikonen et al., 2009) were consulted in our research. The 
frameworks are introduced in the order they are employed in this research. In 
addition, Positive design framework is introduced first as an example of framework 
for design for well-being. 

2.4.1 Positive design framework 

Positive design framework, by Desmet and Pohlmeyer (2013), addresses three 
central components of subjective well-being, resulting in three ingredients of positive 
design: design for pleasure, design for personal significance and design for virtue, based on the 
classifications by Parfit (1984) and Ryan and Deci (2001). Each ingredient addresses 
well-being that stems from a different source: from enjoying the moment, from the 
sense of personal meaning or as the (by-)product of virtual behaviour. Design for 
pleasure focuses on evoking positive feelings, either directly through interaction with 
a product or service or by facilitating pleasurable activities. Design for personal 
significance addresses one’s personal goals and aspirations for example by creating 
awareness of achievements or by showing the progress toward a future goal. The 
third ingredient, design for virtue, supports efforts for being virtuous, enabling, for 
example, helping others. According to the framework, each of the design ingredients 
can enhance subjective well-being of a person, but the most powerful combination 
is the one with all three: “all three are needed for a person to flourish” (10). Despite 
this, positive design can have an emphasis on only one of the ingredients. Still, it 
must not cause any negative impacts on the other two.  

Desmet and Pohlmeyer propose five characteristics of design to be considered 
when designing for subjective well-being. First, the design should address supporting 
existing possibilities and creating new ones instead of reducing deficiencies. Second, 
the design should facilitate achieving balance for example by focusing both on present 
as well as on future benefits. As a third characteristic, design should enable personal 
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fit by for example tailored or customisable solutions. Fourth and fifth, to be 
impactful, the design should enable active user involvement and aim at long-term impact. 

Related to the topics of our research, Lu and Roto (2015) have applied the 
positive design framework into the work context by combining it to the mechanisms 
of meaningful work. We did not explicitly apply the framework in our research, but 
the proposed characteristics are relevant also in the context of our work. 

2.4.2 Person-based approach to intervention development 

Person-based approach to intervention development, by Yardley et al. (2015), 
highlights the focus on target users in health-related behavior-change interventions, in 
contrast to more typical theory-based approaches. The person-based approach has 
two key elements. The first element is to involve in-depth qualitative research with target 
users throughout the intervention development to make the intervention more 
persuasive, feasible and relevant to its users. The second one is to identify guiding 
principles to inspire and inform the intervention development of the objectives and 
key features of the intervention.  

As the focus of the person-based approach is on the users of the intervention, 
the approach is highly compatible with human-centered design. The difference is 
that the person-based approach is rooted in the discipline of health psychology and 
focuses primarily on the behavior change techniques that the intervention intends to 
deliver. In addition, the intervention may or may not include a digital product. Still, 
the approach makes intervention design and human-centred design closer to each 
other by adopting human-centred process to intervention development.  

Yardley et al. (2015) list common guiding principles and features that they have 
found to improve acceptability and engagement in many digital interventions. The 
guiding principles are based on three constructs of the self-determination theory 
(Ryan & Deci, 2000), which predict enhancing intrinsic motivation to engage with 
health behavior change.  The principles address three design objectives: promoting 
users’ autonomy (feeling self-directed), increasing users’ sense of competence (control 
and confidence), and fostering a positive intervention experience that can motivate 
engagement with it. These objectives can be supported by several design features, 
such as supporting user choice of content and strategies, enabling graded goal setting 
and providing feedback on the user’s performance and progress. 

In our research, this framework was consulted when formulating design 
guidelines for designing a solution for fostering positive stress (Section 5.1.2). The 
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framework fitted well to our design research, due to its integration of the approaches 
of HCI and health interventions research.  

2.4.3 Persuasive systems design model 

Persuasive systems design model, by Oinas-Kukkonen and Harjumaa (2009), is a 
framework for designing and evaluating technologies that support behaviour-
change. The model is based on the idea of persuasive technology (Fogg, 2003), which is 
designed for changing users’ attitudes or behaviour. Oinas-Kukkonen and Harjumaa 
(2008) define persuasive systems as computerized software or information systems 
that are designed to reinforce, change or shape attitudes or behaviour or both 
without coercion or deception. The framework is based on empirical research and 
conceptual analysis.  

The persuasive systems design model divides persuasive features into four 
categories: primary task support, dialogue support, system credibility support and social support, 
which each list seven design principles, mainly based on conceptualization by Fogg 
(2003). The first category supports carrying out the primary task of the user with 
techniques like tunnelling the user through a process, tailored content and rehearsal. 
The second category includes techniques for helping the user to move towards one’s 
goals, for example, by offering praise, rewards, reminders and suggestions. The third 
category aims at increasing the credibility of the system, for example, through 
promoting trustworthiness, expertise and real-world feel. Finally, the fourth category 
lists principles for leveraging social influence, such as social learning, social 
comparison, competition and recognition.  

The model has become a widely applied framework in design and evaluation of 
persuasive systems. Systematic reviews of web-based health interventions have 
suggested that persuasive features can increase adoption and engagement in the 
interventions (Kelders et al., 2012) and that the number of persuasive features is 
related to effectiveness of the systems (Wildeboer et al., 2016). However, 
implementing more principles does not always lead to better outcomes (Wildeboer 
et al., 2016). Recently, related to the topics of our research, persuasive design has 
been applied, for example, in design of a persuasive mobile application for helping 
entrepreneurs to recover from work (Kekkonen et al., 2018) and in design and 
evaluation of an application for stress self-regulation (Wang et al., 2019). 



 

36 

In our research, the framework was consulted, together with Person-based 
approach to intervention development, when designing a digital solution for 
fostering positive stress (Section 5.1.2).   

2.4.4 Ethical guidelines for mobile intelligent applications 

The framework of ethical guidelines for mobile ambient intelligence applications, by 
Ikonen at al. (2009) is built on six ethical principles and intended to be used as design 
guidance throughout the design process. The six ethical principles of the framework 
are privacy, autonomy, integrity and dignity, reliability, e-inclusion and benefit to the society. The 
guidelines are created to concretize the ethical principles in practice, as the principles 
may be easier to accept than to follow in practical design work. 

In the framework, privacy is described as the ability to control access to one’s 
data and protect one’s own space. Autonomy refers to the user’s right to decide the 
ways and purposes of using technology. Integrity and dignity refer to honesty and 
truthfulness: individuals shall be respected and technological solutions shall not 
violate their dignity. Reliability refers to the sufficient reliability of technology; the 
user should understand to what extent the technical solution can be relied on, and 
technology shall not threat the user’s health. E-inclusion emphasizes that technology 
should be accessible to all user groups, and finally, benefit to society is described as 
technology increasing quality of life and causing no harm to anyone. 

In our research, this framework was used in ethics assessment of wearable self-
tracking devices (Section 5.2.1). It was complemented with ethical values related to 
employing ubiquitous computing technology at workplace, listed by Nihan (2015): 
privacy, autonomy, health, safety, security, control, responsibility, justice, performance as well as 
social interactions and integrations. The list includes values that have been frequently used 
to explain, justify or challenge the development of ubiquitous computing for work 
contexts, and they have different meaning and emphases depending on the 
stakeholders concerned, for example for employees and for management.  

2.4.5 Design and evaluation framework for Operator 4.0 solutions 

Worker-centric design and evaluation framework for Operator 4.0 solutions, by 
Kaasinen et al. (2018), gives guidances to design and assessment of solutions 
designed to be used by future factory workers, referred to as Operator 4.0 (Romero et 
al., 2016). The aim of the framework is to guide design and evaluation of solutions 
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so that they would have a positive impact on well-being at work. The framework is 
modified from a more general framework of elements related to well-being at work, 
by Danna and Griffin (1999), to include design and evaluation perspectives relevant 
to Operator 4.0 context. 

The framework consists of antecedents, immediate implications and impacts of an 
intervention, referring to a new tool or work practice introduced to factory workers. 
The antecedents include factors related to workers, work tasks, work environment 
and work organisation. The impacts include well-being at work, indicated by job 
satisfaction, work engagement and job motivation, and company benefits, such as 
enhanced productivity or quality. The immediate implications consist of five design 
and evaluation perspectives: usability, user experience, user acceptance, safety and ethics. Even 
though the immediate implications partly overlap, each of them has an important 
viewpoint to be considered in the design and evaluation activities. The aim is to 
integrate the perspectives to cover all the important aspects.  

Usability refers especially to systems usability (Savioja & Norros, 2013), which 
focuses on studying and developing not only tools but also work practices to 
contribute to smooth work processes. User experience focuses on the workers’ 
perceptions and feelings while using the product and extends to a wider implication 
of how the new tools shape the worker’s image as a professional (Roto et al., 2010). 
User acceptance focuses on users’ willingness to adopt new tools and practices, and 
the factors affecting adoption. Safety highlights the workers’ feelings of perceived 
safety, which is an important aspect related to well-being. It cannot replace risk 
assessments conducted by safety experts focusing on potential accidents, but it can 
complement them. The aspect of ethics highlights workers’ perspective and creating 
of ethically sound solutions instead of only identifying potential problems.  

In our research, this framework was employed in the evaluation of a digital 
solution for providing quantified feedback in a factory floor context (Section 5.2.3). 

2.5 Research gap 

Design for well-being and positive approaches to design have received a substantial 
research interest and several frameworks and models have been created to support 
HCI community in the endeavors to design for enhancing well-being. However, the 
frameworks do not always provide sufficient and easily understandable guidance and 
examples to support the work of practitioners. Research that would shed light on 
practical implications and ways to demonstrate design implications would provide 
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new design-related understanding for the HCI community. This research gap has 
been pointed out by Vermeeren et al. (2016), who call for more research on the 
process of user experience design in practice, for example knowledge on how design 
decisions are made and how they lead to the final design. Furthermore, according to 
Peters et al. (2018), there has been a gap between existing frameworks for design for 
well-being and easily applicable design practices. 

The need for research on the process of user experience design in practice is 
connected to the need to combine the approaches of health interventions and HCI 
research (Klasnja et al., 2011; Poole 2013). Currently, health interventions focus 
mainly on the effectivity of them without providing understanding of the design 
strategies, elements or implementations that would explain why an intervention or a 
system is working. More knowledge is needed of the user experience and design 
implications related to health interventions. 

Recent HCI research has acknowledged the importance of ethical issues in design 
(e.g. Waycott et al., 2016; Gray et al., 2018). Still, it is a relatively new perspective in 
the field of HCI, and more knowledge is needed especially to support designers in 
considering ethics throughout the design process. Several approaches and 
frameworks have been created to guide designers (e.g. Wright, 2011; Friedman et al., 
2013; Ikonen et al., 2009; Niemelä et al., 2014), but the lack of concrete examples of 
design research process and design decisions involving ethics may hinder the 
expansion of ethics-aware design. 

In the context of stress reseach, studies and interventions have approached stress 
primarily as a negative phenomenon with negative impacts. More research that 
focuses on or includes the perspective of positive stress is needed to increase holistic 
and preventive understanding of stress. The majority of the limited research on 
positive stress has approached the phenomenon on the conceptual level. The 
research lacks empirical knowledge of the experience of positive stress and the 
means to foster it. Hargrove et al. (2013) have proposed means for leaders to 
encourage eustress experiences of the employees, but eustress has not been 
approached from the perspective of entrepreneurs and self-leadership. Furthermore, 
research provides only few linkages between positive stress and technology design. 
Several web-based programs have been developed to support stress management of 
employees (Stratton et al., 2017), but to our knowledge, no online services focus 
particularly on fostering positive stress.  

In the context of quantified feedback and practice of self-tracking, research has 
identified benefits and barriers of self-tracking as well as ethical issues related to self-
tracking at work. However, the field would benefit from design research that would 
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reveal design practices, strategies or elements to support gaining the benefits and 
overcoming the barriers related to self-tracking. A substantial amount of research 
has addressed early adapters of self-tracking, but more studies are needed to 
understand the experiences of ordinary users. In the context of the workplace 
wellness programs including self-tracking, the field has been lacking studies focusing 
on the user experience of the workers (Chung et al., 2017) and impacts of the 
programs (Moore & Piwek, 2017). In addition, the studies have typically been 
conducted in office context, and thus understanding of other work contexts is scarce. 

This research responds to the identified research gaps by providing knowledge of 
the user experience design in practice, in particular knowledge of design elements 
and implications supporting design for well-being at work. Study 1 on positive stress 
provides empirical, experience-based understanding of the phenomenon of positive 
stress, especially in the context of entrepreneurial work. It employs the approaches 
of health interventions and HCI by studying both initial effectivity of the 
intervention as well as the user experience and design implications, which are the 
main focus of the study. Study 2 adds to the knowledge of self-tracking by adopting 
the approach of Quantified Self into a factory context, and focusing on the 
perspectives of user experience and design implications as well as ethics. Both studies 
address user groups and work contexts that have received less attention in HCI 
research. 
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3 RESEARCH APPROACH AND METHODS  

This chapter describes the research approach, research process and methodological 
choices of our research. Finally, it describes central issues concerning research ethics. 

3.1 Research approach 

This design research follows the Research through Design (RtD) approach (Zimmerman 
et al., 2007), which refers to the process of design in which the designed artefacts 
form a significant outcome and contribution of the research. Based on the 
terminology and categorization by Frayling (1994), Zimmerman, et al. (2007) created 
this approach as a model for interaction design research to integrate the practices of 
design and research. Even though design is salient in the practical work of interaction 
designers, it has not been a central focus in HCI research (Zimmerman et al., 2007). 
As Cockton (2012) criticizes, “user-centered design is strong on problems, but weak 
on solutions” (p.1), pointing out that HCI research has rather focused on 
understanding usage contexts and on evaluating designs, not on creating design and 
innovations. However, the role of design has become more important, as HCI 
research has shifted more from evaluating usability of products to creating a good 
user experience by identifying design opportunities (Vermeeren et al., 2016). 
Building upon the RtD approach, Vermeeren et al. (2016) use the term Design-inclusive 
UX research to refer to user experience research where design activities form an 
integral part of the research. They call for more research on the process of UX design 
in practice, such as design decisions and how they lead to the final design. 
Zimmerman et al. (2010) emphasize also the need for producing theoretical 
knowledge as a research outcome from the RtD process and rigorous documenting 
of it, to be able to evolve to a formalized and an established research approach. By 
successful integration of research and design practice, generating new design 
artefacts and thorough documentation of them, the impact of HCI research could 
be higher. 

According to Zimmerman et al. (2007), the RtD process aims at “transforming 
the world from the current state to the preferred state” (497) through the created 
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artefacts. Therefore, the approach has a benefit of motivating the HCI community 
to discuss the preferred states, which facilitates making a significant impact on the 
society. In addition, this aim guides researchers to focus on research of the future 
and on the ethics of the design (Zimmerman et al., 2010). This connects the 
approach to the areas of design for well-being and positive approaches to design. 
For example, Positive Design (Desmet & Pohlmeyer, 2013), Positive Computing (Calvo 
& Peters, 2014) and Possibility-driven Design (Desmet & Hassenzahl, 2012) have all 
been introduced as alternatives to problem-driven approaches. They all focus on 
possibilities and preferred states, aiming at designing for happiness, personal well-
being and human potential. Furthermore, in the context of well-being, the approach 
is connected to design and technologies for behavior change – as an aim to achieve the 
preferred state. 

In the research of this thesis, research and design are integrated, and created 
artefacts illustrate the research findings. Even though our research in Study 1 started 
from exploring the experience of positive stress without an idea of potential 
technological solutions, it had a purpose of gathering knowledge for design. 
However, it does not mean that the results of that phase could not provide also other 
scientific value and theoretical contributions. In Study 2, the starting point for design 
was more fundamentally connected to technological potential, as the study focused 
on the potential of applying the Quantified Self approach in the factory context. Still, 
the first phase of the study was not restricted to concern only attitudes towards self-
tracking, but explored the factory context, ethical issues and potential wearable 
devices more broadly, to ground our design and provide new knowledge to the 
research community. 

The preferred state, enhancing well-being of workers, was focal throughout the 
research. The research led to creation of two design artefacts that primarily aimed at 
enhancing well-being at entrepreneurial work and factory floor work, but the results 
can be applied wider to support workers facing requirements of the changing 
working life. The design of the artefacts illustrates our design decisions and 
application of the research findings, and concretizes the research results in a format 
that enables testing the approaches through field studies. The gained design 
implications and recommendations aim at informing and inspiring HCI practitioners 
to design for preferred states, well-being at the changing workplace in particular. 
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3.2 Research process  

The Research through Design approach was applied in the studies via human-centric 
design process (ISO, 2010). The studies proceeded from gaining understanding of the 
needs and experiences of the target group to designing a prototype and testing it in 
everyday use during a field study. Consequently, the research process of our studies 
can be divided into three research phases: 1) Gathering initial understanding, 2) Design of 
a digital solution, and 3) Evaluation through a field study. In both studies, a high-fidelity 
prototype of a digital solution was created. In Study 1, the design outcome was a 
web-based service for fostering positive stress and in Study 2, a mobile application 
providing encouraging quantified feedback. In addition to the human-centric design 
process, the research followed the principles of participatory design (Schuler & 
Namioka, 1993; Muller & Kuhn, 1993) by involving potential target users and 
relevant stakeholders in several phases of the design.  

Figure 2 illustrates the research process, outlining the research phases and their 
sub phases. The research process is presented on a timeline, which shows the 
approximate timing of the studies and each research phase.  

 

Figure 2. Research process of the two design studies presented on a timeline, divided into three 
research phases and sub phases.   

In Study 1, initial understanding of eustress experiences was gathered through two 
sub phases. The phenomenon was first explored with thematic interviews focusing 
on the entrepreneurs’ retrospective depictions of eustress experiences. To gain 
deeper knowledge of eustress experiences, the phase was complemented with a 
mixed-method follow-up step including a eustress diary, physiological measurements 
and interviews. In Study 2, the phase of gathering initial understanding comprised of 
three sub phases: interviews and observations of factory workers, expert evaluation 
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of wearable self-tracking devices and ethics assessment for identifying ethical issues 
related to adopting self-tracking in a factory context. In Study 1, the aim was to gain 
deep understanding of the understudied research subject, while in Study 2, a broader 
perspective of the issues to be considered in a factory context was needed first, to 
confirm that conducting a study of self-tracking is feasible and to define the scope 
of the study appropriately. 

The design phase of both studies was based mainly on the collected user data, 
but also utilized literature and relevant frameworks. In the design phase of Study 1, 
broader expertise on the topic was gained by organizing three workshops with 
experts. As Study 1 had concentrated on the experiences of the target group without 
involving experts or other stakeholders before, this broader perspective verified the 
potential of the concept idea. In Study 2, factory workers were involved in the design 
by gathering their feedback, ideas and perceptions for the concept prototype. The 
perspective of factory floor workers was focused on to gain understanding of user 
acceptance. 

In both studies, the final field study phase consisted of independent use of the 
created digital solution, which was studied through questionnaires, interviews and 
analysis of the log data of the service. The duration of the field study in an 
entrepreneurial work context was approximately six weeks to ensure the users 
adequate time to engage with the digital service. We considered this duration 
sufficient due to the typically busy schedules of entrepreneurs and research results 
showing that short-to-medium stress interventions have been more effective than 
over 9 weeks long interventions (Heber et al., 2017). The field study with factory 
workers was designed to be 2-3 months, depending on the preferences of the three 
factories involved, to gain knowledge of the longer-term impacts of the application.  

3.3 Research methods and participants 

The design research process was empirical and mainly qualitative, consisting of 
multiple research methods. Table 2 and Table 3 summarize the research methods 
and participants in each research phase. Outcomes of each research phase are 
categorized to more theoretical research results and more practical design outcomes 
to highlight the integrated role of research and design. The table lists also the 
publications covering each research phase. 
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Table 2. Research methods, participants and outcomes in terms of research and design in 
each research phase of Study 1: Fostering positive stress. 

Study 1: Fostering positive stress 
Research 
phase 
(publication) 

Method Participants Outcome 

1a Interviews 
(P1, P2)  

Thematic 
interviews 

21 entrepreneurs Research: Knowledge of eustress, especially 
current and potential role of technology in 
facilitating it and ways to foster eustress in 
daily life  
Design: Potential areas for design; initial 
service content  

1b Follow-up 
(P2) 

Eustress diary, 
physiological 
measurements 
and follow-up 
interviews 

9 entrepreneurs of 
the sub phase 1a 

Research: Further  knowledge of eustress 
experiences 
Design: Validation of the initial service content, 
refinements 

2a Concept 
design 
(P2) 

3 workshops with 
experts; data-
driven concept 
design within the 
project team 

16 experts on health 
technology, well-
being or coaching; 4 
researchers of the 
project team 

Research: Focus areas for design, core 
content elements (toolsets and tools to foster 
eustress in daily work and life), design 
guidelines 
Design: Initial structure and functionality of the 
service 

2b Detailed 
design 
(P2, P3) 

Content and user 
interface design 
based on the 
study findings 
and literature  

4 researchers of the 
project team: 
specialists in user 
experience design, 
digital health, 
education, and  
technical 
development 

Research: Application of design guidelines 
Design: Eustress Toolbox service prototype 
providing knowledge, exercises and  
illustrating quotes from entrepreneurs; content 
and design elements  

3 Field study 
(P3) 

6-week field 
study, stress 
questionnaire 1 & 
2, 2 user 
experience 
questionnaires, 
log data, 
interviews 

22 in total: 13 
entrepreneurs and 9 
persons having an 
entrepreneur-like 
job description 
Questionnaires: 
16-22 
Interviews: 10  

Research: Knowledge based on user 
experience, user acceptance and perceived 
benefits of the use of the service 
Design: Design implications for design for well-
being, especially for entrepreneurial context 
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Table 3. Research methods, participants and outcomes in terms of research and design in 
each research phase of Study 2: Providing quantified feedback. 

Study 2: Providing quantified feedback 
Research 
phase 
(publication) 

Method Participants Outcome 

1a Interviews 
(P5) 

Thematic 
interviews with 
observations of 
work 

13 factory workers: 
6 machine 
operators, 4 
managers and 3 
development 
engineers 

Research: Understanding of factory work and 
context; initial attitudes towards self-tracking at 
work 
Design: Contextual and user requirements; 
user experience goals  

1b Expert 
evaluation 
(P4) 

Expert 
evaluation  of 
potential self-
tracking devices 
based on daily 
use 

9 experts on user 
experience design, 
user acceptance 
and/or digital health 

Research: Potential of wearable self-tracking 
devices for factory work 
Design: Requirements for a self-tracking 
device at a factory context 

1c Ethics 
assessment 
(P4) 

Expert 
workshop for 
ethics 
assessment 
based on 
scenarios 

4 of the experts 
participating in the 
phase 2 

Research: Ethical  considerations related to 
self-tracking in a factory context 
Design: Ethical issues to be considered 
already in the early phases of design 

2a Concept 
design 
(P5) 

Design based 
on UX goals 
with the project 
team; co-design 
with factory 
workers 

3 specialists in user 
experience design, 
data science or 
implementation; 7 
factory workers from 
2 factories 

Research: Design guidelines for data-driven 
feedback solutions in a factory context 
Design: Initial Worker Feedback Dashboard 
prototype; content and design elements 

2b Detailed 
design 
(P5, P6) 

Content and   
user interface 
design based on 
design 
implications  

4 specialists in user 
experience design, 
data science or 
technical 
implementation 

Research: Application of user experience 
goals and design guidelines  
Design: Iterated Worker Feedback Dashboard 
prototype 

3 Field study 
(P6) 

2−3-month field 
study, 2 user 
experience 
questionnaires, 
log data, 
interviews 

10 machine 
operators from 3 
factories 
Questionnaires: 
8-9 
Interviews: 8 

Research: Knowledge based on user 
experience, user acceptance and perceived 
benefits of the use of the solution 
Design: Verification of user experience goals; 
design implications for quantified worker 
solutions 

The studies involved altogether 70 participants of the targeted user groups and 25 
experts. In Study 1, we interviewed first 21 entrepreneurs and in Phase 3, 22 
entrepreneurs or people having an entrepreneur-like job participated in the field 
study. In Study 2, we interviewed first 13 factory workers from two factories and in 
Phase 3, 10 factory workers from three factories were involved. As entrepreneurs 
work in diverse fields and occupations, and thus have different work practices, a 
larger number of participants were considered necessary for Study 1. In Study 2, the 
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involved factory floor workers all operated the same highly automated 
manufacturing machine, which provided data on the metrics related to the personal 
work performance. Due to the similarity of the job role, a smaller number of 
participants was considered sufficient. Furthermore, as all the machine operators 
using the selected machinery at the three factories were involved in Phase 3, 
involving more participants would not have been feasible.  

In Study 1, the 21 participants of Phase 1 were all entrepreneurs (11 males and 
10 females aged 30-52), representing fields ranging from education and consulting 
to building industry and software design. The majority of the participants were 
relatively new entrepreneurs and had a small company with fewer than 10 employees. 
In Phase 3, 13 entrepreneurs and 9 employees (18 females, 4 males, aged 26-52 years) 
having an entrepreneur-type job description participated in the field study. Although 
imbalanced in gender, the participants were working in various fields from 
consulting to well-being and legal services.  

In Study 2, the interviews of Phase 1 included both factory floor workers as well 
as managers and development engineers to gain understanding of their perspective 
as well as commitment for conducting the study. In Phase 3, 10 machine operators 
(7 males and 3 females aged 22-50 years) of a highly automated manufacturing 
machine from three metal industry factories participated in the study. Three of the 
participants operated the manufacturing machine full time, whilst others used it as a 
part of their work. Most of the participants had worked in their current role for less 
than two years. 

When conducting interviews in the beginning of the studies, a semis-structured 
interview was selected as a method to enable the participants freely describe their 
experiences while maintaining a systematic process for the questions asked. To 
complement the data in Study 1, a diary method was used to collect data on near-
real-time experiences over a course of one week. Like interviews, it enabled free 
describing of eustress experiences, but provided structure and guiding questions to 
help elaborating them in detail. Physiological measurements were used for supporting 
participants to self-reflect on their experiences. In Study 2, the theme interviews 
included observation of work, to gain understanding of the work context. In addition, 
an expert evaluation method was used to lay ground to the user perspective. The 
method was selected as it has proven efficient in finding user experience issues in a 
systematic manner (see e.g. Väänänen-Vainio-Mattila & Wäljas, 2010) and it enabled 
excluding inappropriate self-tracking devices to be introduced to factory workers. In 
addition, ethics assessment was conducted to identify ethical considerations already in 
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the early stage of design and to guide the project team to consider ethics throughout 
the study.   

The design phase was grounded on the data from the field as well as relevant 
literature, which guided defining of design guidelines or user experience goals for a 
service prototype. In Study 1, Person-based approach to intervention development by Yardley 
et al. (2015) was consulted, emphasising human-centred approach and principles 
drawn from self-determination theory as well as Persuasive systems design model (Oinas-
Kukkonen & Harjumaa, 2009), listing persuasive features, which could facilitate 
adoption of the service and engagement with it. The design phase in Study 2 was 
influenced by Quantified Self approach and Design and evaluation framework for Operator 4.0 
solutions (Kaasinen et al., 2018), developed during the research project. The 
prototypes were designed iteratively within the multi-disciplinary design team with 
the support of data from expert workshops or co-design sessions with the target 
group.  

During the final field studies, online questionnaires, interviews and usage logs 
were used to study the usage activity, user experience, user acceptance and perceived 
benefits of the digital solutions. In Study 1, questionnaires that focused on user 
experience as well as user acceptance based on the Technology acceptance model for mobile 
services TAMM (Kaasinen, 2009) were created. In addition, due to the lack of 
validated measures for measuring eustress, two validated questionnaires, Perceived 
stress scale PSS (Cohen & Williamson, 1988) and the 9-item version of the Utrecht work 
engagement scale UWES-9 (Schaufeli & Bakker, 2003) were selected to gain further data 
on possible effects on perceived stress and work engagement during the field study. 
When designing the questionnaires and the themes of interviews in Study 2, the 
design and evaluation framework for Operator 4.0 solutions was employed 
(Kaasinen et al., 2018). Based on the framework, the use of the digital solution was 
studied through the aspects of user acceptance, user experience, usability, safety and 
ethics. 

All interview data of the first study phase were audio recorded, transcribed and 
collaboratively analyzed by the project team, following either the steps of thematic 
analysis (Braun & Clarke, 2006) or principles of creating an affinity diagram, an analysis 
phase of the contextual design method (Holtzblatt & Beyer, 1997). When 
thematically analyzed, the data was first read through as a whole and then 
systematically coded. Then, the codes were grouped into wider themes, and finally, 
the themes were defined and reviewed as well as illustrated with quotations from the 
data. When creating an affinity-diagram, the insightful parts of the data were first 
captured and then organized into a diagram on a wall, based on their similarities in a 



 

48 

bottom-up manner. The data-driven analysis led to the themes that formed the 
content or the user experience goals for designing the digital solutions.  

Analysis related to the expert evaluation of wearable devices and ethics 
assessment were conducted based on pre-defined categories. In expert evaluation, 
the data was coded and analyzed using the categories of user experience, perceived 
accuracy of the device and the applicability to factory context. In the data analysis of 
the ethics assessment, two analysis frameworks were employed to identify ethical 
considerations. Framework of ethical guidelines for intelligent applications (Ikonen, et al., 
2009) was used as such, and complemented with additional ethical values related to 
ubiquitous computing in the workplace (Nihan, 2015).  

The questionnaire data of the final field studies were analyzed both quantitatively 
and qualitatively, and the log data were analyzed quantitatively to extract metrics for 
describing usage activity. Final interviews were thematically analyzed. 

3.4 Research ethics 

Research ethics was considered in both studies in all phases of the research. The 
research was conducted following the principles of the Finnish Advisory Board of 
Research Integrity TENK (Kohonen et al., 2019). All research participants 
participated in the studies voluntarily. As this principle was considered particularly 
important in the study phases including employees, both employees and their 
superiors were highlighted that the participation is voluntary and the potential 
participants have the right to refuse to participate without any consequences. The 
employer cannot assign any worker to participate and no one from the work 
community cannot make the decision for others. However, in Study 2, it was 
important to inform the management about the objectives and content of the 
research, to gain their commitment to allow the participants to use the solution at 
work during the field study. It was also important that the management knew the 
central principles of using the digital solution, in particular the idea that the data is 
intended for the employee only, not for the management or the employer. 

An ethical review was applied from the Ethics Committee of the Tampere region 
for the follow-up phase of Study 1, which included physiological heart rate variability 
measurements. Similarly, an ethical review was applied from the Ethics Review 
Board of VTT Technical Research Centre of Finland for the field research of Study 
2, in which factory floor workers used the designed digital solution and a wearable 
fitness tracker. The committees identified no barriers for conducting the studies. 
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The potential research participants received information on the objective and 
content of the research, practical steps, processing of personal data and their rights 
to discontinue participation or withdraw their consent to participate at any time with 
no negative consequences. They were informed that the digital solutions to be used 
during the field study were prototypes and thus the impacts of use were not known 
yet. However, no potential risks for participation were foreseen. After receiving the 
information and having a possibility to ask further questions, those who wanted to 
participate filled in the informed consent forms.  

Personal data gathered during the studies were processed following the 
requirements of General Data Protection Regulation GDPR (Voigt & Von dem 
Bussche, 2017). The research data were analyzed without personal information by 
giving a coded identification number to the data of each participant. For example, 
the audio-recorded interviews were analyzed as coded transcriptions. The access to 
the research data was limited to the researchers of the research case and the personal 
data was removed from the research data as soon as it was not needed for research 
purposes. Privacy of the research participants was protected when publishing the 
results of the studies. The pictures of the participants were used to illustrate the use 
of the solutions or the work context only if a participant had given a written 
permission for that. 
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4 SUMMARY OF THE PUBLICATIONS  

This chapter summarizes the aims and results of the publications of the thesis. The 
publications are presented under Studies 1 and 2, referring to them as P1-P6. 

4.1 Study 1: Fostering positive stress 

Study 1 consists of research for fostering positive stress in an entrepreneurial 
context, which we present by Publications 1-3 (P1-3). Each publication covers 
primarily one design research phase. 

4.1.1 P1: Potential of technology in facilitating positive stress experiences 

P1 focuses on the current and potential role of technology in facilitating positive 
stress experiences. The aim was to understand the understudied phenomenon of 
positive stress and the potential of technology in facilitating it, to contribute to the 
area of design for well-being from a new perspective. The role of technology was 
studied through twenty-one theme interviews in which entrepreneurs elaborated 
their work-related experiences of positive stress. The entrepreneurs were encouraged 
to describe their everyday experiences including eustress without guiding them to 
talk about technology before the very end of the interviews, which contained explicit 
questions of the role of technology. The aim of this was to focus on the role of 
technology that emerged from the descriptions of eustress. 

The results revealed that technology did not currently possess a major role in 
experiencing positive stress, but it was identified to be one of the barriers or enablers 
for it, similar to the working environment, social interaction and the content of one’s 
work. The entrepreneurs perceived the role of technology significant in enhancing 
their feeling of control, for example through reachability, and in enabling flexible 
and fluent ways for co-operation and sharing one’s efforts and success. However, 
often technology was perceived as opposite: poor functionality of technological tools 
or exhausting pervasiveness hindered experiencing of eustress.  
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The potential of technology was assessed through the entrepreneurs’ current 
ways of working that facilitate eustress and could be aided by technology. Based on 
a theme analysis, we identified the potential of technology in facilitating eustress to 
extend to the areas of co-creation and collaboration, planning and scheduling, togetherness and 
shared success, the means for mental preparing and ways to recover. Even though technology 
has significant potential in supporting flexible working methods, it should also 
support detaching from work by blocking of work issues and enabling unavailability 
when wanted. 

The findings of P1 suggest that experiencing eustress can be supported by an 
appropriate design of technological tools in general, or by providing new tools to 
facilitate experiences, mind-sets or ways of working that may lead to eustress. The 
potential areas for technology-mediated facilitating of eustress experiences give 
guidance for design that supports experiencing eustress. On the theoretical level, the 
results of P1 provide new knowledge of the nascent area of positive stress. On 
practical level, the insights guide HCI practitioners in design to facilitate eustress in 
particular or in design of any digital solutions to support experiencing eustress rather 
than hindering it.  

4.1.2 P2: Designing a eustress toolbox: from entrepreneur experiences to 
an online service 

P2 presents the design process and outcome of a web-based service prototype for 
fostering positive stress of entrepreneurs. Twenty-one thematic entrepreneur 
interviews, used as data also in P1, and a follow-up study consisting of a eustress 
diary, physiological measurements and follow-up interviews were used as material to 
systematically analyze the entrepreneurs’ ways of thinking and working that helped 
them to feel and stimulate eustress in their daily lives. The entrepreneurs’ eustress 
experiences were facilitated by self-reflection of one’s thoughts, feelings and actions, 
practices to manage one’s work, means to create pressure for accomplishing tasks, 
harnessing the positive aspects of one’s work, means to prepare for and concentrate 
on challenging situations and practices to recover from work. These six themes 
formed the six toolsets for developing skills and practices to foster eustress in the 
Eustress Toolbox service: 1) Self-reflection and changing the mind-set, 2) Organizing work, 
3) Stimulating positive pressure, 4) Harnessing a feeling of joy, 5) Mental preparation and 6) 
Recovery. The themes are in line with the potential areas for technology-mediated 
facilitating of eustress experiences that are presented in P1. However, the analysis in 
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P1 focused on ways of working, while in P2 we conducted a new analysis, including 
also ways of thinking, which led to the theme of self-reflection and shifted the 
categorisation to include more holistic themes entailing both ways of working as well 
as ways of thinking. 

In addition to the two-phased collection of user data and the insights gained and 
the content formulated based on it, the design process of the Eustress Toolbox 
service included identifying central design elements based on three co-design 
workshops with experts and selected design frameworks. The consulted frameworks 
emphasized human-centred approach and principles drawn from self-determination 
theory (person-based approach by Yardley et al., 2015) as well as persuasive features 
(Persuasive systems design model by Oinas-Kukkonen & Harjumaa, 2009) that 
could facilitate adoption and engagement with the service. We defined five design 
guidelines to focus on central elements when designing the service. The guidelines 
used in design were 1) Minimizing user effort, 2) Providing freedom to discover, 3) Enabling 
follow-up of progress, 4) Enabling learning from peers and 5) Supporting of integration of skills 
into daily life. The Eustress service was designed to increase understanding of eustress 
and to help users to develop skills to stimulate eustress in their daily lives. More 
specifically, the goals of the service were to enable users to familiarize themselves 
with the phenomenon of eustress and multiple ways to stimulate it, allow them to 
reflect on their current ways of thinking and working, and subtly suggest areas for 
development, guide them to learn new skills and provide practical tools to rehearse 
the new skills in their daily lives. 

In addition to the design process, P2 presents the structure and content of the 
Eustress Toolbox service prototype, which concretizes how the design elements are 
implemented to the service. On the theoretical level, P2 provides knowledge of the 
entrepreneurs’ ways to achieve eustress as well as sheds light to the potential 
connections of eustress and a more established positive work-related concept, work 
engagement. As a design outcome, it presents the experience-based design of a novel 
digital solution, providing design insights of design for well-being as well as 
productivity through a new perspective of positive stress. 

4.1.3 P3: Field study of the eustress toolbox web service: entrepreneurs’ 
experiences and design implications 

P3 presents the results of a field study of Eustress Toolbox, a web service designed 
for stimulating positive stress and introduced in P2. Twenty-two entrepreneurs or 
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people having an entrepreneur-type of job used the web service for six weeks. User 
experience, user acceptance and perceived benefits of the service were studied 
through UX questionnaires and interviews. In addition, usage logs were analyzed to 
assess how actively the participants used the service, and a pre and post questionnaire 
on stress and work engagement were conducted to indicate preliminary effects of 
the service.  

The results revealed that the user experience of the service was positive: the 
participants found the content interesting and the reflection and off-line exercises 
useful as they helped linking the content into the users’ life. Entrepreneur quotes 
provided insights from the peer group and helped reflect on one’s thoughts. 
Furthermore, after the field study period, almost all the users wanted to continue 
using the service. However, the usage frequency was lower than expected and most 
users were not able to incorporate the service use into their daily routines. This could 
have been affected by several reasons: the lack of reminders due to a technical 
problem during the field study, lack of optimisation for mobile usage, design of the 
service toolsets for selective use and off-line rehearsal that was not shown in the log 
data. However, despite relatively low usage frequency, the results indicate 
preliminary effects on stress. During the usage period, the participants’ negative 
stress measured by the perceived stress scale decreased and they reported more 
positive stress experiences and adoption of new practices.   

Based on user experience and users’ development ideas, four design implications 
were proposed: 1) Make me put it into practice! – Integrate into the daily hassle of entrepreneurs, 
2) Guide me! – Provide personal guidance while maintaining a possibility to explore, 3) Recognize 
me! – Recognize the user’s progress and accomplishments in a meaningful way and 4) Show me 
what the others do! – Support implicit learning from peer entrepreneurs. The design implications 
support the user in adoption and engagement with a digital solution and highlight 
design aspects particularly relevant in the entrepreneurial context. P3 combines the 
approaches of HCI and health interventions by focusing on design implications 
along with preliminary effects on stress. Therefore, the results provide insights to 
HCI community as well as to the discipline of health interventions, and potentially 
even facilitate a dialogue between these fields. 
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4.2 Study 2: Providing quantified feedback 

Study 2 consists of research for providing quantified feedback in a factory context, 
which we present by Publications 4-6 (P4-6). Each publication covers primarily one 
design research phase. 

4.2.1 P4: Expert evaluation and ethical considerations of wearable self-
tracking devices 

P4 presents an expert evaluation and ethics assessment to study the potential of the 
use of self-tracking devices in a factory context. The research stems from the 
Quantified Self approach, which has made self-tracking practices common in 
everyday use. Self-tracking of employees’ activities, mental state and emotions 
enables data-driven feedback, which has potential to improve the employees’ 
awareness of issues influencing their well-being and work performance. This is 
especially important in the modern and future factory work, which is assumed to 
come closer to knowledge work, requiring more decision-making and problem-
solving skills from the workers than before. 

An expert evaluation method was selected for assessment to enable the research 
team to gain expertise of commercially available wearable self-tracking devices and 
evaluate their potential, to be able to select appropriate devices for a forthcoming 
field study with factory floor workers. Through an expert evaluation of user 
experience, perceived accuracy and fit to a factory context of five wearable self-
tracking devices, two wrist devices measuring activity, heart rate and sleep were 
identified as suitable for the use of factory floor workers. None of the devices 
detecting emotions was deemed suitable, due to impracticality in the factory floor 
context or perceived shortcomings in the accuracy of the measurements.  

The ethics assessment emphasized the importance of a variety of ethical issues, 
in particular related to privacy and autonomy of users as well as their health and 
safety. The purpose of self-tracking needs to be clearly defined and collection and 
use of the data kept as transparent as possible. As self-tracking data is sensitive and 
personal in nature, privacy of it should be guaranteed by ensuring data security and 
providing possible immediate feedback in a discrete way. Special attention should be 
paid in the true voluntariness of self-tracking, as in a work context the user may feel 
social pressure to participate or be afraid of negative consequences if opting out. 
Dignity of users can be respected, for example, by giving gentle but truthful worker 
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feedback and recognising positive moments and trends. As factories are safety-
critical contexts, it is also important to ensure that self-tracking does not distract the 
worker’s attention from work tasks.  

P4 lays ground to the user perspective employed in the later phases of the 
research, and provides insights into the potential of self-tracking devices and 
quantified feedback as well as ethical considerations to be taken into account when 
adopting self-tracking solutions in factories. Based on the expert evaluation and 
ethics assessment, a self-tracking device suitable to a factory context needs to be 
unobtrusive during wear and provide reliable data through discrete feedback and encouraging 
suggestions. In addition to possible immediate feedback, longer-term trend data is expected 
to be useful to enable personal reflection and positive behavioural changes.  

4.2.2 P5: Designing a worker feedback dashboard 

P5 presents the research process and outcome of a Worker Feedback Dashboard 
solution that presents automatically tracked well-being and work performance 
metrics to factory floor workers. Design of the solution was influenced by user 
interviews and observations as well as central principles of Quantified Self approach, 
which were ingredients for four UX goals and consequently, four design implications 
derived from them. In this thesis, we refer to these design implications as design 
guidelines, to enhance readability through consistency with Study 1, and to devote 
the term ‘design implications’ to the design guidance gained from the field study 
results of the usage of the solutions. 

Fourteen interviews of factory workers revealed that the initial reactions towards 
tracking personal metrics at work were mixed, but mainly negative, as the 
interviewees associated self-tracking with receiving negative feedback. Typical 
feedback that they currently received was reported in negative measures and showed 
the general statistics of the machine flow. Therefore, we expected more personal and 
encouraging information to have more potential to be beneficial and interesting to 
factory floor workers. 

Based on the results of the user interviews, nature of factory floor work and the 
central principles of Quantified Self approach, user experience (UX) goals were set 
for design. The four UX goals for designing a Worker Feedback Dashboard 
prototype were 1) Being empowered and encouraged, 2) Getting personal feedback, 3) Getting 
meaningful insight and 4) Being undisturbed. These UX goals were interpreted to four 
design guidelines: 1) Keep positive (but truthful), 2) Give personal feedback, 3) Enable personal 
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reflection and 4) Do not disturb the worker. The design guidelines guided the design to 
highlight positive aspects and achievements of the workday, to show development 
of personal competences, to provide trend data and a possibility for self-reporting 
to support self-reflection and to show only summaries of data instead of real-time 
notifications not to distract the user from work tasks. The UX goals and design 
guidelines are in line with the results of P4, pointing out for example recognising of 
positive moments and achievements as well as aiming at unobtrusive use and discrete 
feedback. 

In addition to the process leading to the design guidelines, P5 presents an 
overview of the first prototype of Worker Feedback Dashboard and results of co-
design sessions in which it was introduced to factory workers. The concept evoked 
mainly positive feedback, but also the need of consideration of ethical aspects 
throughout the design and in adoption of the solution was strengthened. P5 provides 
initial understanding of the acceptability of self-tracking concepts in a factory 
context. The contributions to the HCI community include the preliminary insights 
of user acceptance, design guidelines and the suggested design elements for 
quantified feedback applications. It encourages future research related to user 
perspective, design alternatives and ethical issues related to quantification of 
workers, in a factory context and beyond. 

4.2.3 P6: Field study of the worker feedback dashboard solution: factory 
workers’ experiences and design implications 

P6 presents the results of a field study of Worker Feedback Dashboard, the solution 
for providing quantified feedback to factory floor workers, introduced in P5. Ten 
machine operators of a highly automated manufacturing machine used the solution 
for 2-3 months. We studied the user experience, user acceptance, perceived benefits 
and concerns about the solution use through UX questionnaires, interviews and 
application log data. Before the results of the field study, P6 presents the purpose 
and content of the solution, aiming at providing factory floor workers data-driven 
near real-time feedback of metrics related to their well-being and work performance.  

The results of the field study revealed that the factory floor workers used the 
application actively, evaluated the user experience positively and perceived various 
benefits from using the solution. The results verify also the relevance and success of 
four UX goals presented in P5: 1) Being empowered and encouraged, 2) Getting 
personal feedback, 3) Getting meaningful insight and 4) Being undisturbed.  The 
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feedback of the application was perceived as personal and encouraging; it helped the 
participants see their work accomplishments and motivated them for better 
performance, as it concretized their efforts. As the application was mainly used 
during breaks or after the workday, the participants did not find the use disturbing 
their work. The participants considered the feedback mainly meaningful, but the 
aspect of getting meaningful insight could be enhanced.  

The participants evaluated the solution unquestionable in the questionnaire and 
did not raise major ethical concerns related to it. However, they assumed that not all 
workers would accept the solution, as they could see it as a way to control them. 
Instead of privacy or data security, the participants’ main concerns were related to 
the relevance and purpose of the application: whether relevant metrics are quantified 
and whether qualitative aspects of work are still acknowledged.  

Based on the results, we highlight three design implications for the design of data-
driven worker feedback applications. These are summarized from the worker point 
of view as: 1) Give me meaningful overviews, 2) Guide me to act based on the feedback and 3) 
Do not underestimate the unquantified. The design implications suggest means for 
facilitating discovering of personally meaningful information as well as making 
positive behavioural changes. The third design implication encourages defining the 
scope and purpose of quantification carefully, not to give an impression of 
underestimating the unquantified aspects of one’s work and narrowing down the 
versatility of it. In addition, the results encourage customising the production metrics 
for the workplaces and involving workers in that, as we learned that the work goals 
and the relevance of metrics vary, even though the workers would operate the exactly 
same machine. The contributions of P6 include understanding of potential benefits 
and concerns related to quantified feedback as well as design implications to be taken 
into account when designing quantified worker solutions. The results encourage the 
members of HCI community to design research on solutions employing 
quantification, and to ensuring consideration of ethics and unquantified aspects of 
work in design and adoption of new solutions. 
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5 RESULTS 

This chapter presents the results of the thesis in three parts to answer each of the 
three research questions. Section 5.1 responds to RQ1, related to Study 1: What are 
the central design elements for fostering positive stress through a digital solution in the context of 
entrepreneurial work? The section first describes the aim of the design research process 
and main insights of the background study: the entrepreneurs’ means to achieve 
positive stress, which formed the core content elements of the digital solution. Then, 
the section presents the defined guidelines for design and finally, design elements 
illustrated with figures of the user interface of the resulted digital solution.  

Section 5.2 responds to RQ2, related to Study 2: What are the central design elements 
for providing quantified feedback through a digital solution in the context of factory floor work?  
The section first describes the aim of the design research process and main insights 
of the background study: design and ethics-related considerations related to potential 
and acceptability of quantified feedback in a factory context. As Study 2 focuses on 
employing sensitive health and performance related data in a work setting, ethics 
considerations ground the design of the solution. After this, the section presents the 
defined user experience goals based on the background study and the design 
guidelines and design elements derived from them, illustrated with figures of the user 
interface of the resulting digital solution.  

Section 5.3 responds to RQ3: What design recommendations can be identified for digital 
solutions that support well-being at the changing workplace? The section first presents design 
implications of the field studies in which the solutions presented in Sections 5.1 and 
5.2 are used by target group users as a part of their work and life for 1,5-3 months. 
These implications are synthetized to the design guidelines of the design phase of 
the studies, presented as a part of Sections 5.1 and 5.2. This consolidates the results 
of the thesis to five design recommendations, which give guidance to practitioners 
of HCI community and other audiences for designing digital solutions that support 
well-being at the changing workplace. 
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5.1 Design elements for a digital solution for fostering positive 
stress 

This section responds to RQ1: What are the central design elements for fostering 
positive stress through a digital solution in the context of entrepreneurial work? The 
design elements synthetize the gained new knowledge of entrepreneurs’ means to 
achieve positive stress and the defined design guidelines to make the design 
appropriate and engaging for its users. 

Section 5.1.1 describes entrepreneurs’ means to foster positive stress. These 
means form the core content elements of the resulting digital solution, presented as 
six toolsets consisting of digital tools incorporating the means. After that, Section 5.1.2 
describes the design guidelines to guide the design as well as design elements derived 
from the guidelines. Section 5.1.3 illustrates how the design guidelines and elements 
were realized in the resulting digital service. Finally, Section 5.1.4 gives a brief 
summary of the design elements. 

5.1.1 Main insights of the background study: Means to foster positive 
stress  

The aim of the design research process of Study 1 was to design a digital solution 
for fostering positive stress in the context of entrepreneurial work (P1-P3). As 
entrepreneurial work may subject entrepreneurs to heavy workloads and high levels 
of stress (Palmer, 1971; Langan Fox & Roth, 1995), effective stress management is 
important for them. However, many entrepreneurs have skills and psychological 
capital that help them to face stress (Frese, 2009; Baron et al., 2016), and thus, they 
can provide a lot to learn to other entrepreneurs or employees. Our aim was both to 
learn from entrepreneurs their means to manage stress, particularly to facilitate 
positive stress experiences, and based on the gained knowledge design a digital 
solution that would support its users in finding new resources for work and well-
being through the approach of positive stress.  

Twenty-one interviews and a follow-up study consisting of a eustress diary, 
physiological measurements and follow-up interviews revealed that all participating 
entrepreneurs recognized the phenomenon of positive stress, i.e. eustress, and 
considered it beneficial for their work and well-being (P2, P1). It helped them to get 
best out of themselves, to achieve intended results on schedule and feel energetic 
but focused when working. Eustress was experienced, for example, when giving a 
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presentation, attending to an important meeting or when completing deliveries in a 
tight schedule. Feelings of eustress included starting to feel confident during a 
challenge, being in control of the situation and seeing gradual results of one’s work. 
The entrepreneurs perceived feeling eustress as “a preferred state” (Zimmerman et 
al., 2007), a state worth striving for, which strengthened our goal to design a digital 
service to develop skills and practices for fostering positive stress.  

Based on an analysis of the entrepreneurs’ ways of working leading to eustress 
experiences, areas of co-creation and collaboration, planning and scheduling, 
togetherness and shared success, means for mental preparing and ways to recover 
were identified as areas that could be facilitated by technology (P1). The themes were 
refined after a new analysis that included also the entrepreneurs’ ways of thinking 
that helped them to feel and stimulate eustress in their daily lives. The following 
results describe the identified six thematic areas consisted of the means to foster 
eustress and the resulting Toolsets comprising of these means (P2, P1).  

First, the entrepreneurs’ eustress experiences were facilitated by self-reflection of 
one’s thoughts, feelings and actions. When the entrepreneurs described their eustress 
experiences, the descriptions included reflective practices, such as putting things into 
perspective, changing one’s point of view and harnessing a feeling of trust in the 
future as well as trust in one’s abilities. The reflective practices forms the first toolset 
of the resulting digital solution: Self-reflection and changing the mind-set (see a detailed 
description about this toolset in Tikkamäki et al., 2016).  

Another aspect that the entrepreneurs associated with their eustress experiences 
were the daily practices that helped them to manage their work. For example, ways 
to prioritize and schedule work, share it with others, concretize it and divide it into 
smaller pieces facilitated eustress experiences. The practices to manage work form 
the second toolset: Organizing work. 

Third, the entrepreneurs had various means to create pressure for boosting 
oneself to accomplish tasks or to learn new skills. The most typical way to create 
pressure for accomplishing a task was to set a deadline for it. A deadline helped also 
in accomplishing a task at a sufficient level to avoid making an overly perfect 
outcome. Creating pressure in cases of little or no external pressure forms the third 
toolset: Stimulating positive pressure. 

Fourth, not only positive pressure but also harnessing of positive aspects of one’s 
work increased the feelings of eustress. The entrepreneurs harnessed the feeling of 
joy at work by seeking out meaningful tasks, by building a positive work environment 
and by enjoying and sharing positive moments, successes and efforts toward a goal. 
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The ways to recognize and strengthen the positive aspects in one’s work form the 
fourth toolset: Harnessing a feeling of joy. 

Fifth, preparing for challenging situations and focusing on essential when facing 
a challenge, alleviated negative stress and enabled eustress experiences. The 
entrepreneurs had various means to prepare for challenges, such as mentally walking 
through them beforehand, making lists for clarifying their goals or creating an 
energetic or focused mind-set for facing the challenge.  These practices form the 
fifth toolset: Mental preparation. 

Sixth, most entrepreneurs recognized the importance of recovery between work 
challenges – even though they would have been perceived as positive. They had 
generated their own practices to detach from work, slow the pace and release mental 
pressure, such as physical exercise or going outdoors. They also ensured having a 
sufficient number of breaks while working and paid attention to the amount of sleep. 
Still, it was typical to continue the work after office hours, which makes it more 
difficult to reserve enough time for recovery. Ways to recover form the sixth and 
final toolset: Recovery. 

The toolsets of the resulting digital solution consist of the described different 
practices or strategies, Tools, summarized in Table 4. The toolsets and tools form the 
core content elements for a digital solution to help users to achieve, increase or 
maintain the preferred state of positive stress, and recover from it when needed.  

Table 4. Toolsets and tools for fostering positive stress. 
Toolset Tools for fostering positive stress 
1. Self-reflection and 

changing the mind-set 
Self-reflection of thoughts, feelings and actions; Shifting toward a positive 
point of view; Gaining perspective; Fostering trust in oneself and the future; 
Regulating personal resources; Sharing and sparring 

2. Organizing work Planning and scheduling; Concretizing tasks and goals; Working together; 
Breaking routines 

3. Stimulating positive 
pressure 

Creating challenges; Generating time pressure; Seeking out challenging 
situations 

4. Harnessing joy Seeking out meaningful tasks; Building a positive environment; Enjoying and 
sharing success 

5. Mental preparation Focusing on the essential; Preparing for challenges 
6. Recovery Taking breaks; Detaching from work; Slowing the pace; Releasing pressure; 

Fostering physical and mental well-being; Ensuring sufficient sleep 

5.1.2 From design guidelines to central design elements 

The field data and insights of three expert workshops leaded us to designing a 
holistic, modular digital solution to inform users of the phenomenon of positive 
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stress and to provide various tools to foster it for their individual needs (P2). To 
guide the design process, five design guidelines were defined, based on the field data, 
literature and the expert workshops (P2). The person based intervention approach 
(Yardley et al., 2015) and Persuasive systems design model  (Oinas-Kukkonen & 
Harjumaa, 2009) were consulted as design frameworks to inform the guidelines. The 
defined design guidelines are 1) Minimizing user effort to facilitate effortless adoption 
and use of the tool in typically tight schedules of entrepreneurs, 2) Providing freedom to 
discover to meet the personal needs for new means to support eustress, 3) Enabling 
follow-up of progress to support awareness of one’s development, 4) Enabling learning 
from peers to provide insights from peers that the entrepreneurs may lack and 5) 
Supporting of integration of skills into daily life to support new practices becoming habits. 
This section describes how the central design elements were created based on the 
design guidelines, to support adoption of the means of fostering positive stress, 
compiled in the core design elements of toolsets and tools, presented in the previous 
section. 

The first design guideline, Minimizing user effort, guided creating of design 
elements that support tunnelling the user through the program, providing 
personalized suggestions, dividing content into standard-format and bite-size pieces 
and reminding of use. Tunnelling was supported by creating an introduction module 
for providing guidance to use the service. Personalized suggestions were designed to 
be given through a screening questionnaire that would help the user to start from the 
toolsets identified as most useful. To simplify use, the content was designed to be 
divided into modules with identical structure. In addition, reminders of the usage of 
the solution as well as yet-to-be completed tasks were designed. 

The second design guideline, Providing freedom to discover, guided the design 
to support non-restriction of choice, enabling users to select the time and pace for 
using the solution, the order of walking through the toolsets, the toolsets and tools 
to practice and tasks to complete. Particularly the toolset Self-reflection and changing 
the mind-set as well as reflection exercises related to each tool encourage discovering 
personally meaningful insights.  

The third design guideline, Enabling follow-up of progress, was followed on two 
levels in design: by designing ways to maintain user’s awareness of the progress in 
completing the toolsets and tools of the solution as well as providing understanding 
of the overall progress of the development of skills facilitating eustress experiences. 
The latter was designed to be supported with an end questionnaire, which provides 
feedback of the progress in eustress skills gained during the use of the service.  
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The fourth design guideline, Enabling learning from peers, crystallizes the 
essence of our digital solution: to share practices that other entrepreneurs associate 
to eustress experiences to give inspiration, encouragement and practical tools for 
others. Examples of peer experiences were considered especially important for 
entrepreneurs who often work independently or may lack a work community. The 
voice of entrepreneurs was designed to be conveyed through examples collected 
from their descriptions of eustress, which would be used as a central content to 
demonstrate different means to foster eustress. Expressing the insights through 
quotations illustrating peer experiences was assumed to make the solution more authentic, 
engaging and realistic, by connecting the tools to the daily practices of real people. 

The fifth and final design guideline, Supporting of integration of skills into daily 
life, guided the design to include elements that support practicing the skills also off-
line as well as linking them to the user’s work and life. Besides reflection exercises, 
practicing of skills was designed to be supported through off-line exercises, which 
encourage the users to rehearse the skills in their daily life. Furthermore, the users 
would be provided with links to selected 3rd-party applications related to each toolset.  

The design guidelines guided the design of the design elements, modules and 
content of the digital solution for fostering positive stress. The design guidelines, the 
underlying user needs and the resulting design elements are summarized in Table 5.  

Table 5. Design for fostering positive stress: guidelines, design rationale based on underlying 
user needs and design elements realizing the guidelines for a digital solution. 

Design guideline  Rationale  Design elements 
Minimizing user effort Focusing on work goals, 

optimizing the use of time 
Introduction, screening 
questionnaire, reminders 

Providing freedom to discover Finding tools suitable for own 
work and life 

Multiple toolsets and tools, 
reflection exercises 

Enabling follow-up of progress Staying aware of one’s 
development   

Progress indicators, end 
questionnaire 

Enabling learning from peers Gaining peer support Quotations illustrating peer 
experiences 

Supporting the integration of skills 
into daily life 

Integrating new skills into 
routines, enabling positive 
behaviour changes 

Reflection exercises, off-line 
exercises, 3rd-party applications 

5.1.3 Resulting digital solution: Eustress Toolbox 

The design process from gaining understanding of the entrepreneurs’ means to 
achieve positive stress to defining and following the design guidelines and generating 
design elements to support them, eventually led to an iterative design of Eustress 
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Toolbox, an online service for fostering positive stress (P2, P3). In the following, the 
design elements are described in more detail by design guidelines and illustrated as 
part of the final solution in Figures 3-5.  
 

 

Figure 3. Main view of the Eustress Toolbox online service with numbers 1-5 indicating five design 
elements: 1) Introduction and screening questionnaire for identifying the most useful 
toolsets, 2) Six toolsets, 3) Dedicated place for responses to the reflection exercises, 4) Star 
indicator for recommendation of a toolset, based on a screening questionnaire and 5) End 
questionnaire. 

The first design guideline, Minimizing user effort, is realized in particular in the 
introduction sections of the service. The introduction of the toolbox (Start here 
section, no. 1 in Figure 3) guides the user in the use of the service in general, and 
offers a screening questionnaire for identifying the most useful toolsets. The 
screening questionnaire consists of 21 statements related to eustress skills, drawn 
from the findings presented in Section 5.1.1. The toolsets that are identified as the 
most useful for the user are marked with stars to guide the user to focus primarily 
on them (no. 4 in Figure 3). The effortless use is also supported by the identical 
structure of the toolsets and easy access between the parts of the service (e.g. no. 2 
in Figure 5).  
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Besides the possibility to freely select toolsets and tools, the second design 
guideline, Providing freedom to discover, is realized, in providing reflection exercises 
related to each tool (Think section, no. 3 in Figure 5) and collecting the user’s 
responses to these exercises to a dedicated section for further reflection (My 
thoughts section, no. 3 in Figure 3). In addition, the guideline is supported through 
providing alternative ways to proceed in the service, either sequentially completing 
all sub modules or selectively, walking through a part of the content (no. 4 in Figure 
5).  

 

Figure 4. Main view of a toolset with numbers 1-4 indicating four design elements: 1) Progress 
indicators for completing a toolset and tools, 2) Introduction to give short description of the 
toolset, 3) Tools and 4) Section for trying out the tools in practice, including off-line exercises 
and 3rd party applications. 

The third design guideline, Enabling follow-up of progress is realized by presenting 
progress indicators of completion of each toolset and the modules within a toolset 
(no. 1 in Figure 4). In addition, after three weeks of use of the service, an ending 
module is activated (Finally section, no. 5 in Figure 3). The module contains a follow-
up questionnaire, which repeats the screening questionnaire and visually summarizes 
the user’s progress related to eustress skills by providing a comparison to the status 
of the screening questionnaire. 
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Figure 5. Example of a view with quotations illustrating peer experiences with numbers 1-4 indicating 
four design elements: 1) Entrepreneur quotes related to a tool, 2) Easy access to quotations 
of related tools, 3) Reflection exercises, and 4) Alternative ways to proceed: a sequential or 
selective approach. Photo by Jeremy Bishop on Unplash. 

The fourth design guideline, Enabling learning from peers, is realized in the 
quotations of entrepreneurs, which form the central content of each eustress tool 
(no. 1 in Figure 5). The gender and age of the entrepreneurs are shown with the 
quotations, to add authenticity, still protecting the identity of the entrepreneurs. The 
photos used are from online photo services. 

The fifth and final design guideline, Supporting the integration of the skills into 
daily life, is supported by the design elements for trying the tools in practice (Try out 
in your daily life section, no. 4 in Figure 4). Each toolset includes 2-3 offline-exercise 
options, to be selected to complete during the following week. Typically, the off-line 
exercises encourage the user to rehearse a certain practice during a course of one 
week, for example by proposing one moment of recovery for each day of the week. 
Furthermore, links to selected 3rd party applications are provided to give the users 
additional means to foster the selected areas of eustress. 
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5.1.4 Summary: Central design elements for fostering positive stress 

The six themes derived from the qualitative study with entrepreneurs (P2, P1) form 
the core content elements, i.e. toolsets, comprising of skills and practices, i.e. tools, to 
foster eustress. The toolsets are 1) Self-reflection and changing the mind-set, 2) Organizing 
work, 3) Stimulating positive pressure, 4) Harnessing a feeling of joy, 5) Mental preparation, and 
6) Recovery.  

To guide designing a digital solution to foster positive stress, five design 
guidelines were created: 1) Minimizing user effort, 2) Providing freedom to discover, 3) 
Enabling follow-up of progress, 4) Enabling learning from peers, and 5) Supporting of integration 
of skills into daily life. In our design outcome, these guidelines were supported with 
multiple design elements, of which the most central are a screening questionnaire, reflection 
exercises, off-line exercises, 3rd-party applications, and quotations from peers. 

5.2 Design elements for a digital solution providing quantified 
feedback  

This section responds to RQ2, related to Study 2: What are the central design elements for 
providing quantified feedback through a digital solution in the context of factory floor work? The 
design elements are consolidated through a synthesis of the field data, ethical 
considerations and the principles of the approach of Quantified Self.  

Section 5.2.1 describes the main insights of the background study of Study 2: the 
aim of the design process, encouraging factory workers through data-driven 
feedback, as well as design and ethics related considerations related to the potential 
and acceptability of quantified feedback in a factory context. As Study 2 focuses on 
employing sensitive health and performance related data in a work setting, ethics 
considerations ground the design of the solution. Section 5.2.2 presents the UX goals 
and design guidelines derived from the goals, as well as the central design elements 
created based on the guidelines. Section 5.2.3 illustrates how the design guidelines 
and elements were realized in the resulting digital service. Finally, the design elements 
are summarized in Section 5.2.4. 
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5.2.1 Main insights of the background study: Potential and acceptability of 
providing quantified feedback to factory floor workers 

The aim of the design research process of Study 2 was to support factory floor 
workers in increasing their awareness of factors influencing their well-being and 
work performance as well as their development in work tasks. This is especially 
important in the future factory work, due to the expectation of the work changing 
towards more autonomous, including opportunities for self-development, and 
requiring more decision-making and problem solving skills (Gorecky at al., 2014). 
The concept of providing quantified feedback to factory workers originates from the 
Quantified Self approach, which promotes self-knowledge and self-improvements 
through data acquired with technology, such as wearables and mobile applications.  

Thirteen interviews of factory workers as well as the expert evaluation and ethics 
assessment of wearable self-tracking devices provided insights into the potential and 
acceptability of providing quantified feedback in a factory context (P4, P5). When 
the idea of quantified feedback through self-tracking at work was first introduced to 
factory workers, they had mixed but mostly negative reactions towards it, as they 
associated it with receiving negative feedback. However, when perceptions to the 
first prototype of the digital solution with initial design elements were collected from 
the potential users, the concept was perceived more positively, as mainly interesting 
and valuable. Even though we explored the idea of self-tracking with a relatively 
small number of factory workers, the initial feedback was promising. Especially 
encouraging and personal feedback could be interesting and beneficial to factory floor 
workers, as the factory workers felt that they do not get much positive feedback on 
their efforts and that the provided statistical feedback of production is mainly 
targeted to the management, not for the machine operators.  If quantified feedback 
would be designed in an appropriate and ethically sound way fitting to the factory 
context and aiming at encouraging and empowering feedback, it could be seen as “a 
preferred state” (Zimmerman et al., 2007), giving users insights of their productivity 
and well-being, without sacrificing one another.  

To be able to design the quantified feedback in an appropriate and ethically sound 
way, an expert evaluation and ethics assessment of wearable self-tracking devices for 
a factory context were conducted (P4). Based on the expert evaluation, wrist devices 
measuring activity, heart rate and sleep were evaluated as suitable in a factory context 
due to their data accuracy and unobtrusiveness of use. In addition to possible immediate 
feedback, longer-term trend data would enable personal reflection and positive 
behavioural changes.  
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Table 6 summarizes the main findings of the ethics assessment, related to ten 
ethical values drawn from two frameworks of ethical guidelines and values (Ikonen 
et al., 2009; Nihan, 2015). The table includes impacts on design and adoption at 
workplace, as ethical values are relevant for both. The impacts may also intertwine. 
For example, a goal of conveying a clear purpose of self-tracking and quantified 
feedback may be supported with appropriate design and with clear communication 
at the workplace.  

Table 6. Ethical values (Ikonen et al., 2009; Nihan, 2015), their rationale related to providing 
quantified worker feedback and the impact on design or adoption at a workplace. The 
values identified as most important are bolded. 

Ethical value Rationale Impact on design or adoption at 
workplace 

Privacy Crucial as the data is personal and 
sensitive in nature 

Feedback shown only for the user 

Autonomy Particularly important in the context of 
work; one should not be afraid of negative 
consequences if opting out 

Voluntariness of use, ability to 
define/restrict the collected data, gentle 
guidance 

Integrity and dignity Important for any technology, the purpose 
of quantification needs to be clearly 
defined 

Discreet feedback, Recognition of 
positive moments and trends, gentle 
guidance 

Reliability Ensuring trust in the usage purpose of the 
data as well as the reliability of 
measurements 

Transparent process of collecting and 
using the data, accuracy of the data 

E-inclusion Including all volunteer workers Design for all, e.g. not too complicated 
functionality 

Benefit to society 
(and the workers) 

Targeting to true benefit and 
empowerment instead of new concerns 
and mental load 

Clear purpose and communication of 
self-tracking  

Health and safety Typically the main objective for self-
tracking at work 

Gentle guidance to healthier choices, no 
disturbance to work tasks 

Responsibility Ensuring workers’ well-being and safety, 
preventing misuse 

Data security, no disturbance to work 
tasks 

Justice Quantification should convey a feeling of 
justice 

See the impacts related to Reliability 
and E-inclusion  

Social interactions Important to consider: e.g. potential social 
pressure for sharing data  

Communication of the purpose of 
feedback and e.g. respecting of privacy 

Even though the ethics assessment revealed a variety of ethical issues, it emphasized 
particularly the importance of privacy and autonomy of users as well as their health and 
safety. The findings related to these aspects suggest that the feedback of the digital solution 
would be shown only for the user to ensure privacy of the sensitive data, the application 
would provide gentle guidance to encourage positive behaviour change and it would cause 
no disturbance for work tasks. In addition, the user should be able to define the collected 
data and voluntariness of usage should be guaranteed. Privacy and autonomy need 
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particular attention in design, as they require balancing with the benefit for the 
workers. For example, to support self-reflection and finding new discoveries of 
oneself and one’s work, collecting a rich variety of personal data may be useful. 
However, to ensure privacy of users, unnecessary data should not be collected. 
Balancing is needed also in defining whether only the worker can see the provided 
data or could some information, for example anonymous summaries, be used in a 
wider scope to develop work practices at the workplace.  

Based on the results, a self-tracking device suitable to a factory context needs to 
be unobtrusive during wear and provide reliable and encouraging feedback in a discreet way. 
Besides the identified ethical issues, the ethics assessment guided the design team to 
consider ethics throughout the design process. Ethics, together with field results, 
requirements of factory context and the principles of Quantified Self approach 
influenced definition of the user experience goals, which are presented in the 
following section. 

5.2.2 From UX goals to central design elements 

The field data as well as the insights of the expert evaluation and the ethics 
assessment of wearable self-tracking devices leaded us to designing a digital solution 
that provides feedback to factory floor workers related to their well-being and work 
performance, and connections between these. To guide the design process, four user 
experience (UX) goals were defined, based on the gained insights and the principles 
of Quantified Self approach (P5). The defined UX goals are 1) Being empowered and 
encouraged to emphasize the aimed impact of worker feedback, 2) Getting personal 
feedback to enable awareness of one’s development in work tasks, 3) Getting meaningful 
insight to support self-discoveries, and 4) Being undisturbed to ensure full concentration 
on work tasks.  

The first UX goal, Being empowered and encouraged, was interpreted to Design 
guideline 1: Keep positive (but truthful). This guideline guided creating of design elements 
that encourage users by highlighting positive aspects, progress and achievements of 
the workday, still giving truthful feedback. This was supported by selecting the 
solution to include positive production metrics instead of typically used negative 
measures, such as the machine idle time or the number of failures. In addition, 
encouragement was designed to be provided by indications of positive progress of the 
metrics.  
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The second UX goal, Getting personal feedback, was turned to Design guideline 
2: Give personal feedback. It guided the design to include personal production metrics that 
the user could have an impact on, which would allow seeing one’s development in 
work tasks. All the collected data and provided feedback was defined as personal, 
leading to a design decision of all data being accessible only for the user, not to be 
shared with the employer or the management.  

The third UX goal, Getting meaningful insight, is based on the vision of 
Quantified Self approach that meaningful insights require personal reflection on the 
data. Thus, this UX goal was interpreted to Design guideline 3: Enable personal 
reflection. Personal reflection was designed to be encouraged by triggering personal 
assessment of the workday or by providing different types of data to offer the user 
an opportunity to find meaningful connections or trends. This was designed to be 
supported by three design elements: enabling self-reporting, seeing longer-term trends 
via Trend view as well as combining of well-being data and production data.  

The fourth UX goal, Being undisturbed, was turned to Design guideline 4: Do not 
disturb the worker. It guided the design to include only elements that would not disturb 
the worker during the work tasks. No real-time information or notifications were 
designed and only summary-type of feedback was provided. The main view was designed 
in a way that it can be accessed quickly, for example during a break at work.  

The four design guidelines guided the design of the content and design elements 
of the digital solution for providing quantified worker feedback. Table 7 summarizes 
the UX goals, design guidelines, their rationale and the resulting design elements. 

Table 7. Design for quantified feedback: UX goals, design guidelines, their design rationale, 
and design elements realizing the guidelines for a digital solution. 

UX goal Design guideline Rationale Design elements  
Being 
empowered and 
encouraged 

Keep positive (but 
truthful) 

Empowerment and encouragement 
through positive feedback; supports 
the feeling of achievement  

Positive production metrics, 
positive progress indicator of 
a metric 

Getting 
personal 
feedback 

Give personal 
feedback 

Enabling positive behaviour 
changes, showing development in 
work tasks 

Well-being metrics, personal 
production metrics 

Getting 
meaningful 
insight 

Enable personal 
reflection 

Providing new insights, such as 
connections between own well-being 
and work performance   

Self-reporting section, 
combining well-being and 
production metrics, trend 
view 

Being 
undisturbed 

Do not disturb the 
worker 

Factory work requires attentive 
monitoring of machinery and quick 
reaction to problems  

Summary-type of feedback 
(no real-time information or 
notifications) 
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5.2.3 Resulting digital solution: Worker Feedback Dashboard 

The design process from gaining understanding of the potential and acceptability of 
the quantified feedback in the factory context to defining UX goals and design 
guidelines and generating design elements to support them, eventually led to an 
iterative design of Worker Feedback Dashboard, a smart phone optimized web 
application for providing data-driven feedback for machine operators in a factory 
(P4, P5, P6). The application shows the user well-being metrics, tracked with an 
activity tracker, and production metrics of the work shift, tracked from the 
production line. Figures 6 and 7 illustrate the structure and functionality of the 
application and particularly provide examples of the design elements supporting the 
UX goals. Each design element realizes one or more design guidelines derived from 
the UX goals.  

The first design guideline, Keep positive (but truthful), is realized on two levels 
in design: in the selection of production metrics and in indicating positive progress 
of the metrics. The selected production metrics include the utilization rate of the 
machine and the longest continuous machine-running period during the work shift 
as well as the average recovery time after failures. The focus of the feedback was 
shifted from the machine idle time and number of errors to more positive metrics 
(Machine running and Resolved failures, no. 3 in Figure 6), to be encouraging for 
the workers. Still, the metrics mirror the main work objectives of the machine 
operators: running production without interruptions and quick solving of problems. 
Positive progress of a production metric, compared to five previous work shifts, is 
indicated with a star indication (no. 4 in Figure 6).  

The second design guideline, Give personal feedback, is realized in all feedback 
provided by the application: well-being metrics being personal in nature and work 
performance metrics summarizing the production metrics during the worker’s own 
work shifts (no. 1 in Figure 6). All the production metrics are such that the user has 
a possibility to have an impact on them. The first prototype included also a number 
of produced orders and items as production metrics, to increase a sense of 
achievement, but they were removed from the final design, as the workers felt them 
irrelevant, as they cannot influence them.  
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Figure 6. The metrics of the main view of Worker Feedback Dashboard with numbers 1-5 indicating 
five design elements: 1) Personal well-being and production metrics, 2) Self-reporting 
section, 3) Positive production metrics of machine running time and resolved failures, 4) 
Positive progress indicator, and 5) Graph combining well-being and production metrics. 
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Figure 7. Trend view of the Worker Feedback Dashboard with numbers 1-3 indicating three design 
elements: 1) Selection for the metrics and the timescale, 2) Three metrics shown 
simultaneously, and 3) Type of the work shift.  

The third design guideline, Enable personal reflection, is realized through three 
design elements: a self-reporting section, a time-series graph and a trend view. In the 
self-reporting section (no. 2 in Figure 6), the user is asked to report the perceived 
concentration level each day, to encourage engagement with the application and 
assessment of one’s mental state. In line with the user feedback, the self-reported 
aspect was changed from mood to the level of concentration, to make the assessment 
more clearly connected to the work performance. A time series graph supports self-
reflection of the workday by providing detailed information combining the most 
central production metric to two well-being metrics: heart rate and steps (no. 5 in 
Figure 6). The trend view enables seeing evolvement of metrics and discovering 
connections between metrics (no. 2 in Figure 7) according to the user selection of 
the metrics and the timeline (no. 1 in Figure 7). In the trend view, personal reflection 
is further supported by presenting the different types of work shifts with different 
colours in the background of the graphs (no. 3 in Figure 7).  
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The fourth design guideline, do not disturb the worker, is realized in the overall 
design, enabling quick checking of a certain metric or quick browsing of the main 
view. The well-being metrics from the activity wristband and the production metrics 
from the production line are retrieved in every twenty minutes. The lack of real-time 
information has the benefit of not attracting the user to check the data while 
working.  

5.2.4 Summary: Central design elements for providing quantified feedback 

The insights derived during the design process (P4, P5) were crystallized as UX goals 
that can be used as guidance for the design of digital solutions for providing 
quantified feedback for factory workers. The UX goals are summarized as 1) Being 
empowered and encouraged, 2) Getting personal feedback 3) Getting meaningful insight, and 4) 
Being undisturbed and interpreted to four design guidelines, accordingly: 1) Keep positive 
(but truthful), 2) Give personal feedback, 3) Enable personal reflection, and 4) Do not disturb the 
worker. In our design outcome, these design guidelines are supported with multiple 
design elements, of which the most central are well-being metrics, personal and positive 
production metrics, combined view of the well-being and production metrics, a self-reporting section, 
a trend view and indications highlighting positive progress.  

5.3 Design recommendations 

This section responds to RQ3:  What design recommendations can be identified for digital 
solutions that support well-being at the changing workplace? Section 5.3.1 first presents seven 
design implications identified through field studies of the Eustress Toolbox and 
Worker Feedback Dashboard solutions, presented in Sections 5.1.3 and 5.2.3. 
Section 5.3.2 consolidates these design implications as well as the design guidelines, 
presented in Sections 5.1.2 and 5.2.2, to form more generic design recommendations 
for the design of digital solutions that support well-being at the changing workplace. 
Even though the studies address entrepreneurship and factory floor work in 
particular, the recommendations are applicable to other fields and occupations, 
particularly ones that are changing, for example, due to increasing digitalization and 
automation, and thus require self-leadership and self-reflection skills from workers. 
Design recommendations are summarized in Section 5.3.3. 
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5.3.1 Design implications based on the field studies of Eustress Toolbox 
and Worker Feedback Dashboard 

The user experience, user acceptance and perceived benefits of Eustress Toolbox 
and Worker Feedback Dashboard were studied through field studies. In the field 
study of Eustress Toolbox (P3), twenty-two entrepreneurs or people having an 
entrepreneur-type job used the Eustress Toolbox web application for approximately 
six weeks. In the field study of the Worker Feedback Dashboard solution (P6), ten 
factory floor workers from three factories used the smart-phone optimized web 
application accompanied with a self-tracking device for two to three months. The 
users experienced the content of both solutions interesting, and they perceived 
benefits of use, such as finding new possibilities to have an impact on one’s work, 
recognising one’s accomplishments, adopting new reflective practices or paying 
more attention to recovery on free time (P3, P6). 

When rating the design elements of the Eustress Toolbox, the participants of the 
field study considered especially the off-line and reflection exercises, quotations of 
peers and the screening questionnaire useful. Off-line exercises were rated as the 
most useful feature of the service, as they provided concrete tools to practice new 
skills in the daily life. Reflection exercises helped users to identify their own practices 
and the quotes were considered as eye opening, because of the new perspectives they 
offered. The usage activity of the service was lower than expected, which may be 
partly due to lack of reminder features that were designed and implemented, but due 
to a technical reason, the service did not send them at all during the field study. 
However, almost all the participants wanted to continue using the service after the 
field study. During the field study, the participants’ negative stress decreased 
significantly, as measured by the perceived stress scale, and the participants reported 
that their positive stress experiences had increased. The impacts on stress should still 
be considered as preliminary, as they may have been caused also by other factors 
than using the Eustress Toolbox. For example, participating in the study as such may 
have led to paying more attention in one’s stress experiences. 

During the field study of Worker Feedback Dashboard, the participants used the 
application actively and typically checked the application once or twice a workday, 
during breaks or after the work shift. All the five aspects of the evaluation framework 
for Operator 4.0 solutions (Kaasinen et al., 2018), including usability, user 
experience, user acceptance, safety and ethics were evaluated positively. The users 
were especially interested in the metric of the amount of restful sleep that was rated 
very interesting by most of the users and interesting by all. The users showed interest 
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also towards the number of steps taken during the work shift, resting heart rate, 
utilization rate of the machine and the graph of combined well-being and 
productivity measures. The metrics of the longest run of the machine and the 
recovery time from failures were not regarded as relevant by all, even though some 
considered them as interesting and encouraging. Similarly, most users found the 
trend data interesting but not all, possibly because it was not located in the main view 
and thus the use could be easily forgot. The self-reporting section was rated as least 
interesting, possibly because it does not provide data-driven, new information and 
because the trend information was not actively followed, which could have made 
this metric more insightful.  

Based on the user experience and users’ development ideas related to the use of 
Eustress Toolbox, four design implications are proposed to support adoption and 
engagement with a digital solution, especially in an entrepreneurial work context 
(P3). Although the design implications are linked particularly to the context of 
entrepreneurship, they can also be applied to employees, especially ones, whose work 
would benefit from the entrepreneurial mind-set and work practices. 

The first design implication, Make me put it into practice! – Integrate into the daily hassle 
of entrepreneurs emphasizes the need to integrate the use of the solution and rehearsal 
of the new skills to the daily life of the users. When using Eustress Toolbox, self-
reflection exercises and off-line exercises supported this, but the integration could 
have been further supported by mobile optimisation of the application, use of 
reminders and designing content for versatile usage situations, for example audio 
exercises for situations when reading is not an option.  

The second design implication, Guide me! – Provide personal guidance while maintaining 
a possibility to explore, emphasizes the need for balance between offering personalized 
guidance and allowing free exploration of the content. The needs may vary between 
users, but also between the usage sessions of one user. The users considered the 
screening questions as useful for guidance, yet further guidance could be given based 
on the completed modules or the achieved skills. 

The third design implication, Recognize me! – Recognize the user’s progress and 
accomplishments in a meaningful way emphasizes the need for encouraging feedback, 
which concerns progress in using the tool as well as progress in learning the new 
skills. A meaningful way of giving recognition can include, for example, a summary 
of skills learned, a recommendation for additional content or a mindfulness exercise 
to enhance recovery. 

The fourth design implication, Show me what the others do! – Support implicit learning 
from peer entrepreneurs emphasizes the importance of peer support that may be 
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especially important for entrepreneurs who often lack a work community. The 
central content of the Eustress Toolbox, the quotes illustrating the beneficial ways 
of thinking and working of other entrepreneurs were perceived as inspiring and 
insightful. The aspect of peer support could be further strengthened by providing an 
opportunity for actual interaction with peers. 

The field study of the use of Worker Feedback Dashboard resulted in proposal 
of three design implications for the design of data-driven feedback applications (P6). 
The design implications are applicable to any digital solutions for quantifying the 
worker, also beyond the factory context. As these design implications complement 
the four design implications of Study 1, already presented, these are listed as the 
design implications 5-7. 

The fifth design implication, Give me meaningful overviews, emphasizes the 
importance of giving data-driven information or feedback as a personally meaningful 
overview that supports finding the relevant information at a glance. Meaningfulness 
can be increased, for example, by highlighting new trends or by enabling 
customisation of shown data, based on user preferences or work priorities. 

The sixth design implication, Guide me to act based on the feedback, highlights the 
need to put the knowledge into practice to enable positive behaviour changes. This 
may be supported by behaviour tips, exercises or the possibility to set personal goals. 
In addition, all the previously presented design implications may foster positive 
behaviour changes; integration of a new tool or skill into daily practices, personal 
guidance as well as encouragement to act through recognition, peer support or 
discovery of new connections through insightful overviews of data all support 
positive behaviour change. 

The seventh design implication, Do not underestimate the unquantified, reminds the 
designer that also unquantified aspects of work may include very meaningful work 
tasks or objectives, which should not be overlooked, even though a digital solution 
would concentrate on the aspects that can be quantified. Quantified feedback should 
provide tools for self-reflection and support the worker’s intrinsic motivation for 
considering well-being or improving work performance, but it should not aim at the 
complete coverage of all aspects of work or conveying that the quantified objectives 
would be more important than the unquantified. 

The results of the field studies support the design guidelines that were defined in 
the design phase of the digital solutions. These seven design implications either 
refine the design guidelines or highlight new design aspects. For example, a design 
guideline ‘Enable follow-up of progress’ was refined to a richer format: ‘Recognize 
the user’s progress and accomplishments in a meaningful way’, while the seventh 
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design implication ‘Do not underestimate the unqualified’ raised a new issue that was 
not explicitly considered when designing the Worker Feedback Dashboard solution. 

5.3.2 Synthesis: Design recommendations for supporting well-being at the 
changing workplace 

The design guidelines, presented in Sections 5.1.2 and 5.2.2, as well as design 
implications drawn from the field studies, presented in the previous section, form a 
synthesis of design recommendations for supporting well-being at the changing 
workplace. Figure 8 illustrates the process of creating the research recommendations 
based on the design guidelines of the design phase and design implications of the 
evaluation phase of the studies.  
 

 

Figure 8. Rationale for the synthesis: Design recommendations derived from the design guidelines 
of Design phase and design implications of Evaluation phase of Studies 1 and 2. 

In Study 1, the term design guidelines was used to refer to the guiding principles for 
design while in Study 2, respectively, user experience goals were defined first to guide 
design and then interpreted to design guidelines. These results were combined to the 
design implications derived from the field studies of the evaluation phase. The design 
guidelines and design implications were then grouped according to their affinity, 
resulting to five design recommendations. Table 8 lists the design recommendations 
and the related design guidelines and implications of the design and evaluation phase 
of the studies. The names of the original guidelines and implications are slightly 
modified to shorten and generalize them, and the design implication ‘Provide 
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personal guidance while maintaining a possibility to explore’ is divided into two 
parts.  

Table 8. Design recommendations for digital solutions that support well-being at the changing 
workplace, synthetizing the design guidelines of Design phase and design implications 
of Evaluation phase of the studies (P2-P3; P5-P6). 

# Design recommendation Related design guideline of  
Design phase 

Related design implication of 
Evaluation phase 

1 Provide encouragement 
and recognition 

Enable follow-up of progress; 
Keep positive (but truthful), Give 
personal feedback 

Recognize me – recognize the 
user’s progress and 
accomplishments in a meaningful 
way 

2 Enable self-reflection Provide freedom to discover, 
Enable personal reflection  

Give me meaningful overviews; 
Maintain a possibility to explore 

3 Support focusing on the 
essential 

Minimize user effort; Do not 
disturb working 

Provide personal guidance; Do not 
underestimate the unquantified 

4 Integrate to daily practices Support the integration of skills 
into daily life 

Make me put it into practice; Guide 
me to act based on the knowledge 

5 Inspire and inform through 
peer experiences 

Enable learning from peers Show me what the others do – 
support implicit learning from peers 

The first design recommendation, Provide encouragement and recognition, emphasizes the 
opportunity to support well-being through empowering the users of a solution to 
acknowledge their strengths, efforts and accomplishments. The recommendation 
can be followed, for example, by supporting the users of a digital tool by concretizing 
their efforts by the means of quantification or giving feedback of their progress in 
using the tool, learning new skills or developing in work tasks.  

The second recommendation, Enable self-reflection, suggests employing design 
elements that support discovering meaningful insights through personal reflection. 
Self-reflection can be encouraged by a more open or personalized design approach: 
by offering various kinds of data or knowledge for making new connections and self-
discoveries or more straightforwardly, by offering meaningful overviews of data or 
knowledge to support new insights. Supporting both approaches would serve users 
with different needs and preferences or the use of a tool in different situations. 

The third design recommendation, Support focusing on the essential, reminds the 
designer that using a digital tool is not the main task of the user. The digital tool 
should support completing work tasks, but it should not disturb working. Thus, the 
use should be effortless and guided, and the tool should fit to the work context and 
needs of its users. The design should aim at respecting the aspects of work that are 
meaningful to the user. Even though the tool would focus on one approach to 
support well-being, it should not overlook the other sides. For example, when 
designing a tool for fostering positive stress the designer should not overlook the 
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impacts of negative stress or when designing a tool for providing quantified 
feedback, the designer should not underestimate the unquantified aspects of work. 

The fourth design recommendation, Integrate to daily practices, emphasizes the 
importance of integrating the usage of a tool or new skills learned through the tool 
to daily life of the user. Several design elements, such as exercises or elements 
supporting different usage situations, support integration to daily practices and thus 
forming of habits and enabling of positive behavioral changes.  

The fifth and final design recommendation, Inspire and inform through peer experiences, 
highlights the opportunity of learning from peers or conveying a sense of fellowship 
through design. This may be especially important in autonomous work where 
support from work community is not always available. The experiences of peers are 
not effective for conveying only practical tools and tips but also ways of thinking 
that are easier to identify with than general recommendations or research results. 

5.3.3 Summary: Design recommendations for digital solutions that support 
well-being at the changing workplace 

Table 9 concludes Results chapter by summarizing the design recommendations that 
support well-being at the changing workplace. To concretize the recommendations, 
the table gives examples of design elements that support their implementation. 

Table 9. Design recommendations for digital solutions that support well-being at the changing 
workplace, their design rationale and examples of design elements realizing the 
recommendations. 

Design recommendation Rationale Examples of design elements 
Provide encouragement 
and recognition 

Empowering users through 
acknowledging their efforts and 
progress 

Positive indications of progress and 
achievements 

Enable self-reflection Enabling personal reflection 
through different approaches   

User-selectable content and data 
supporting own discoveries; 
overviews capturing potentially 
meaningful insights 

Support focusing on the 
essential 

Supporting completing work 
tasks without disturbing the user; 
guiding to focus on the essential 
when using a digital tool 

Summaries of information without 
real-time indications; personal 
guidance for identifying useful 
content 

Integrate to daily practices Facilitating integration of usage 
of the solution and practicing of 
new skills into daily life 

Offline exercises, reminders, 
versatile content for different usage 
situations (e.g. audio content) 

Inspire and inform through 
peer experiences 

Conveying a sense of fellowship 
and real-life examples 

Practical tips from other users, 
commenting and other interacting 
possibilities 
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All five design recommendations support designing of digital solutions that help 
facing challenges of the changing working life. Changes may induce stress and 
uncertainty of one’s competences, which could be alleviated with design that 
encourages the user, enables self-reflection, focuses on the essential and is integrated 
to daily practices. In addition, peer experiences can offer inspiration and practical 
insights, particularly in autonomous work. 
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6 DISCUSSION AND CONCLUSIONS 

This chapter discusses the scientific and practical contributions of the thesis, ethical 
considerations, trustworthiness and limitations of the research and opportunities for 
future research. Finally, the chapter concludes the thesis. 

6.1 Contributions of the research 

The contributions of this research benefit both the HCI research and practice 
communities. Due to the integrated and intertwined nature of the scientific and 
practical contributions, the scientific contributions have also practical implications.  

6.1.1 Scientific contributions 

This doctoral thesis contributes primarily to the field of HCI, by providing 
understanding of design elements and recommendations for well-being at work, 
through two design research studies, focusing on fostering of positive stress, 
particularly in an entrepreneurial context, and encouraging quantification of a 
worker, in a factory context. This work contributes to HCI by widening the prevalent 
approaches of design for well-being by proposing new approaches to focus on the 
positive aspects of work and by providing empirical understanding of user groups 
that are at the forefront in facing the changes in working life. The contributions of 
both studies extend beyond the original work contexts, to the fields and occupations 
that are changing, for example, due to increasing digitalization and automation, and 
thus require self-leadership and self-reflection from workers. 

Through Study 1, this research provides new knowledge of the less studied 
positive side of stress. It adds to the current, mainly conceptual, knowledge empirical 
understanding of the phenomenon of positive stress and ways to foster it in everyday 
life and work. While the earlier research suggests means for leaders to encourage 
eustress experiences of the employees (Hargrove et al., 2013), the contribution of 
this research is in the focus on entrepreneurial work and thus the shift to self-
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leadership and self-reflection, identifying tools for empowering the workers 
themselves to find ways for enhancing their well-being. The contribution for design 
research are the guidelines and design elements for fostering positive stress, which 
are illustrated through the created design artefact. 

Study 2 increases the understanding of self-tracking by adopting the approach of 
Quantified Self into a factory context, and focusing on the perspectives of user 
experience and design as well as ethics. It widens the current understanding of self-
tracking at work that has typically been studied in office context and responds to a 
research gap of focusing on the user experience of workers (Chung et al., 2017). The 
results provide also new knowledge to the theme of future factory work and more 
specifically, to the scientific literature of Operator 4.0. (Romero et al., 2016). With 
means of design research, the results, illustrated through the created design artefact, 
provide understanding of design guidelines and elements that have potential in 
providing the benefits and overcoming barriers related to self-tracking at work 
identified in prior research.  

The main contribution to design research is crystallized as the synthesis of the 
results of the thesis into five design recommendations for digital solutions that 
support well-being at the changing workplace. In line with the results of Study 1 and 
Study 2, the recommendations emphasize the role of the worker in the discovery of 
insights and work practices suitable to oneself, thus enabling generating and 
reinforcing job resources and personal resources for work, which predict work 
engagement (Bakker & Demerouti, 2007). While theories and frameworks related to 
positive design and design for well-being focus on providing meaningful experiences 
for the user (Hassenzahl, 2010), enhancing personal experiences (Riva et al., 2012) 
or supporting satisfying of psychological needs (Peters et al., 2018), the approach 
and recommendations of this work aim at empowering the worker through 
supporting self-leadership and self-reflection. By supporting the worker in 
identifying personal and job-related aspects influencing one’s well-being, the design 
has potential to strengthen the user’s resources to face the challenges of the changing 
workplace and even proactively have an impact on them. 

The design research and the resulting design recommendations of this thesis are 
in line with Positive design framework (Desmet & Pohlmeyer, 2013). Both share a 
human-centred perspective, a holistic approach to design and the focus on 
opportunities. Desmet and Pohlmeyer (2013) define five characteristics of positive 
design: design for possibilities, balance between present and future benefits, personal 
fit, active user involvement and long-term effects. The results of this thesis 
contribute most to the part of active user involvement by giving design guidance that 
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facilitates the user to discover insights and work practices suitable for oneself and 
thus requiring engagement of the user. The work of this thesis adds to their proposal 
of user involvement a perspective of design as empowering the user of technology 
through encouraging self-leadership and self-reflection as well as design examples 
that convey an interpretation of active user involvement for one’s own well-being in 
a concrete format. Emphasis on active user involvement proposes also one response 
to a design research challenge raised by Desmet and Pohlmeyer (2013) to find ways 
to “empower people to flourish without being prescriptive” (p. 15). When the 
purpose of design is to engage the user to identify beneficial ways of thinking and 
working rather than persuasion as such, the risk of manipulation through design is 
smaller. 

As Persuasive systems design model (Oinas-Kukkonen & Harjumaa, 2009) was 
consulted in the early stage of our design research, also the resulted design 
recommendations have common elements with the principles of the model. For 
example, the persuasive principles of self-monitoring, rehearsal, praise, rewards and 
real-world feel are incorporated in our recommendations of enabling self-reflection, 
providing encouragement and recognition, supporting integration to daily practices 
and emphasis on peer experiences. The value of our design recommendations is to 
focus particularly on design for the changing working life where self-leadership and 
self-reflection skills are increasingly required and to empower the user to discover 
and experiment practices suitable for oneself. 

Prior research has presented a range of design principles and considerations that 
are supported by our design recommendations. For example, integration to daily 
practices has been identified as a common challenge in persuasive systems (e.g. 
Consolvo et al., 2009; Ahtinen et al., 2013; Stawarz et al., 2015) and thus should be 
paid particular attention in design. As another example, our design recommendation 
of enabling self-reflection encourages supporting reflective practice, which has come 
to focus in HCI relatively recently (Baumer, et al., 2014). Our design 
recommendation encourages supporting self-reflection both with an open and a 
personalized approach: by providing possibilities to explore and by providing 
insightful overviews of data. More prominently, an open approach has been 
proposed to support reflective practice, by means of providing time and space to 
explore (e.g. Hallnäs & Redström, 2001), but recent research has proposed also 
design principles for self-reflection through glanceable information (Gouveia et al., 
2015), for which insightful overviews are particularly important. 
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6.1.2 Practical contributions 

The practical contributions of this thesis lie in presenting the design process of the 
two studies in a practical way by describing the design research phases, design 
guidelines, design elements and design implications in a manner that provides 
pragmatic understanding to the practitioners of the HCI community. This responds 
to the call by Zimmerman et al. (2010) to provide more examples and rigorous 
documentation of the Research through Design approach in practice. It responds 
also to the call by Vermeeren et al. (2016) for more research on the process of UX 
design in practice, such as knowledge of how design decisions are made and how 
they lead to the final design. In addition, Desmet and Pohlmeyer (2013) have called 
for focus on hand-on methods for designers, in particular for the early stages of the 
design process. Another practical contribution of this work is to base the proposed 
design recommendations on insights gathered throughout the design process of the 
digital solutions. They are synthetized from design guidelines of the design phase as 
well as design implications of the evaluation phase, which provided understanding 
of the user experience and acceptance of the solutions by studying their long-term 
usage as a part of the real daily work and life of the users. 

The design research studies of this thesis present concrete demonstrations of the 
design process that starts from a more open or defined objective, proceeds to 
gathering initial understanding by integrating various methods and perspectives, 
employs the gained insights to create UX goals and design guidelines, advances to 
generating design elements and finally, studies the long-term user experience of the 
design in the field. Even though the overall design research approach and the main 
phases of the human-centric design process are the same in the two design research 
cases, different data collection methods have been employed and different aspects 
emphasized in the two cases. This gives realistic understanding of the design 
processes in practice that are shaped by the target and area of design, background 
and skills of the practitioners involved and the joined creative process. As the design 
research process in Study 1 employs the approaches of health interventions and HCI 
by studying both initial effectivity as well as user experience and design implications, 
it provides an example of how these approaches can complement each other – a 
need that has been pointed out in the literature (Klasnja et al., 2011; Poole 2013). 

The design research of this thesis proposes an empirical, experience based 
alternative for a more closely theory-based design research approaches. Even though 
theory-based frameworks were consulted during our design process, the experiences 
and perspective of potential users were the main influencer to the design outcomes. 
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The eustress experiences of entrepreneurs form the central content of our Eustress 
Toolbox solution, and the perspective and perceptions of factory floor workers were 
vital when designing the Worker Feedback Dashboard solution. Our aim was to 
maintain the human-centricity throughout the design process, by interpreting 
insights of field data to design guidelines, converting them to design elements of the 
design outcome, and finally studying the user acceptance, user experience and the 
perceived benefits through field studies. Description of this process, illustrations 
through design and the concluding design recommendations provide a pragmatic 
contribution to support designers in designing for well-being at the changing 
workplace.  

6.2 Ethical considerations 

Considering ethics is vital when designing new solutions for fostering well-being at 
work, to ensure that the consequences are favorable from the perspectives of all 
stakeholders concerned. As Desmet and Pohlmeyer (2013) have pointed out, 
awareness of potential ethical considerations of design is important, even though the 
goal of the design would be honorable. To support this, ethics should be embedded 
in the everyday activities of practitioners (Gray et al., 2018) and attention should be 
paid to ethical issues throughout the design process (Niemelä et al., 2014), from the 
early stages of design to adopting the new solutions at workplaces. Workers and 
other relevant stakeholders should be involved in the process. Ethical considerations 
are particularly relevant in the context of this thesis, as introducing new solutions to 
support well-being at the changing workplace raises a range of ethical issues, for 
example, related to the purpose of new technologies, voluntariness of use and 
privacy of workers.  

When applying the results related to fostering positive stress, it is important to 
acknowledge that adopting new practices for stress management requires one’s 
intrinsic interest. Solutions that foster positive stress cannot be used as a means to 
increase stressful work among employees, even though stress would be perceived as 
positive. By promoting the positive side of stress, it is important not to underestimate 
the harmful consequences of negative stress or claim that all stressors could be 
perceived as positive. Instead, the aim of the research is to promote a holistic stress 
approach that recognizes the positive aspects of stress and may work as a resource 
to turn the interpretation of some stressors towards more positive, hence enhancing 
one’s well-being. 
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When applying the results related to providing quantified worker feedback, it is 
important to pay attention to the relevance and purpose of the feedback. The 
purpose of self-tracking needs to be clearly defined and communicated to the work 
community. As self-tracking data is sensitive and personal in nature, privacy of it 
should be guaranteed. The results of the thesis support the earlier notions by Lupton 
(2016) as well as Moore and Piwek (2016), who have emphasized that special 
attention should be paid to the true voluntariness of self-tracking, as in a work 
context the user may feel social pressure to participate or be afraid of negative 
consequences if opting out. It is also important to ensure that self-tracking does not 
distract the worker’s attention from work tasks, particularly in safety-critical work 
contexts, such as factories. In addition, quantification of work should not give an 
impression of underestimating the non-quantified aspects of work. If the purpose of 
quantification of a worker is extended beyond personal self-tracking, for example, to 
convey anonymous summaries of bigger samples to the employer, the workers 
should be aware of it and a neutral agent, such as an occupational health 
representative, should convey the information. The same service provider could then 
help workers in interpretation of their biometric data if needed. 

6.3 Trustworthiness and limitations of the research 

The research approach of the thesis was mainly qualitative, aiming at generating 
understanding instead of explaining (Stenbacka, 2001). Several concepts have been 
suggested for assessing the quality of qualitative research, instead of or to redefine 
the concepts established in quantitative research. First, the quality of the research of 
the thesis is discussed through concepts proposed to evaluate trustworthiness of 
qualitative research: credibility, transferability, dependability and confirmability, parallel to 
internal validity, external validity, reliability and objectivity, widely used in 
quantitative research (Lincoln & Guba, 1985). Then, the research is assessed through 
evaluation criteria suggested for studies applying Research through Design approach. 

The research of the thesis aimed at credibility mainly through data triangulation, 
referring to engaging multiple research methods to increase validity, reliability and 
richness of the data (Golafshani, 2003). For example, when gathering initial 
understanding of positive stress, data was gained through thematic interviews that 
were complemented and validated through eustress diaries, physiological methods 
and follow-up interviews. In addition, the data was collected mainly in real-life 
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settings and with semi-structured methods, allowing the participants to focus on 
issues relevant to them.  

Transferability refers to the possibility to transfer the results to other contexts. In 
our research, the studies were conducted among entrepreneurs and factory workers, 
and thus, the results are applicable especially to entrepreneurial work and modern 
factory floor work. However, the design recommendations are generalized in a way 
that they are relevant also to other work contexts, in particular fields and occupations 
that require self-leadership and self-reflection from workers. Although altogether 70 
participants were involved in the studies, which is a considerable number in 
qualitative research, the number of participants is still the main limitation of the 
research, and quantitative studies are needed to validate these explorative results.  

Dependability and confirmability can be pursued through appropriate sampling 
and rigorous documentation of the research. In our research, random sampling could 
not be utilized. In Study 1, recruitment was done mainly through entrepreneur email 
lists, and in Study 2, workers with a specific work role were recruited from three pre-
defined factories. In study 1, most participants were interested in the concept of 
positive stress, which was considered important for their commitment towards the 
study. In study 2, the participants represent only a portion of factory floor workers, 
yet an important one, as their role was regarded as representing the vision of future 
factory floor workers, due to high automation of their work task. The study samples 
cannot be considered fully representative, but they included diversity and the 
sampling method enabled richness of data as well as commitment of participants. In 
all research phases, at least two researchers were involved in the analysis of the data 
and the research process was rigorously documented. 

According to Zimmerman et al. (2007), the traditional evaluation criteria of 
research, such as reliability, repeatability and validity, are not applicable to studies 
following the Research through Design approach. Thus, they set four criteria for 
evaluating the quality of design research contribution. First, the process criterion 
entails detailed documentation of the research process as well as providing a rationale 
for selection of the research methods. Second, the invention criterion refers to 
demonstration of how the contribution advances the state of the art in the research 
community. Instead of validity, Zimmerman et al. state relevance as the third criterion, 
referring to articulating the motivation of the research, “the preferred state” that the 
design aims at achieving. Fourth, extensibility refers to the ability to build on resulting 
outcomes of the research within the research community.  

According to these critical lenses, our research makes both scientific and practical 
contributions to the HCI community. First, it gives detailed information of the 
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research process and the rationale for selection of research methods. In terms of 
invention, it makes a novel integration of research and design outcomes to address 
the specific research questions and contexts, and situates the work through a 
comprehensive literature review. In terms of relevance, it provides clear motivation 
for the research based on the societal changes in working life. It intends to support 
well-being of workers – contributing to a preferred state where the workers would 
have appropriate and engaging tools to support them to work effectively while 
ensuring personal well-being. Finally, to enhance extensibility, it describes the 
research and design outcomes in the form of design recommendations, which 
facilitate leveraging the gained knowledge. 

6.4 Opportunities for future research 

The research of this thesis increases understanding of the area of designing for well-
being at work, yet it also suggests opportunities for further research. As the research 
approach was mainly qualitative, quantitative studies would validate the research 
findings.  

The gained knowledge of Study 1 provides a foundation for a nascent 
understanding of eustress at work, which may be beneficial for future theorising and 
refinement of the concept, as well as for empirical studies in different work contexts. 
In particular, future design research could apply the means to foster positive stress 
to other digital solutions or non-digital interventions. In general, further research 
that focuses on or includes the perspective of positive stress would be beneficial to 
foster holistic and preventive understanding of stress. In addition, combining the 
approaches of HCI and health interventions in future research would provide further 
understanding of design elements and implications that support the goals of different 
types of interventions. 

The knowledge provided in Study 2 increases understanding of the factory floor 
workers of the future, referred to as Operator 4.0, highlighting the expected change 
in the nature of their work. As our research focuses on the perspective of self-
tracking and quantified feedback, research focusing on other aspects related to the 
factory floor context of the future would be beneficial for understanding the impacts 
of the change from the worker perspective. In addition, it would be interesting to 
see future design research on solutions for providing meaningful and encouraging 
worker feedback also in other work contexts. The field would benefit from further 
design research that would reveal design practices, strategies or elements to support 
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gaining the benefits and overcoming the barriers related to self-tracking, in work and 
leisure contexts. 

The main contribution of the thesis, five research recommendations for design 
for well-being at the changing workplace, open an opportunity to apply them in 
practical design work and to refine them to highlight relevant design considerations 
to different target users, work contexts or application areas. Ethical considerations 
presented provide potential aspects to be considered in the future design research, 
even if they may not provide a comprehensive list of potential ethical issues. As 
relevant ethical questions are dependent on the factors specific to each design 
research case, it is important that designers engage with finding a suitable, proactive 
approach for ethics-awareness and relevant ethical issues in each design case, 
considering the purpose of design, target users and stakeholders, context of use and 
other design-relevant aspects. 

6.5 Conclusions 

This doctoral thesis presents two design research studies aiming at enhancing well-
being at the changing workplace. They approach well-being from different novel and 
positive perspectives: by fostering the positive side of stress in the context of 
entrepreneurial work and by providing encouraging quantified feedback in the 
factory floor context. The results provide empirical knowledge of the less studied 
positive side of stress and particularly of the means to foster it in daily work and life. 
The results provide also understanding of the potential of applying Quantified Self 
approach to a modern factory context to provide encouraging feedback for factory 
floor workers on their well-being and work performance. The research contributes 
to HCI by widening the prevalent approaches of design for well-being and focusing 
on support for facing the demands of the changing working life. It provides empirical 
understanding of user groups that are at the forefront in facing the changes in 
working life and still have received less attention in HCI research.  

The thesis highlights the importance of describing the design process, design 
guidelines and design implications in a manner that provides pragmatic 
understanding to the practitioners of the HCI community. In addition, the research 
encourages considering ethics throughout the design process. The studies provide 
understanding of design guidelines, design elements and design implications relevant 
for both design cases, and a synthesis of the insights, leading to five design 
recommendations: 1) Provide encouragement and recognition, 2) Enable self-reflection, 3) 
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Support focusing on the essential, 4) Integrate to daily practices, and 5) Inspire and inform through 
peer experiences. The design recommendations guide HCI practitioners in endeavors 
for designing for well-being at work. The results are applicable particularly for fields 
and occupations that face changes, for example, due to increasing digitalization and 
automation, and thus require self-leadership and self-reflection skills from workers. 
Beyond the field of HCI, the results of the thesis provide design-related 
understanding to other specialists focusing on well-being at work. 
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Field study of a web service for stimulating
the positive side of stress: entrepreneurs’
experiences and design implications
Päivi Heikkilä1* , Elina Mattila1 and Mari Ainasoja2

Abstract

Background: Digital services have been found promising in managing different aspects of health, also stress. We
developed a web service for cultivating the positive side of stress based on the stress experiences of entrepreneurs.
In this paper, we present a field study conducted to evaluate the user acceptance and the user experience of the
developed service.

Methods: Twenty-two participants, working as entrepreneurs or having an entrepreneurial-type job description,
used the web service for 6 weeks. User experiences were collected from all participants with electronic questionnaires,
and 10 participants were interviewed to gain deeper understanding and to formulate design implications. In addition,
usage logs of the web service were analysed to assess how actively the participants used the service and a pre and
post questionnaires on stress and work engagement were conducted to evaluate the preliminary effectiveness of the
service.

Results: The usage activity of the service was relatively low, on average, the service was used on 3 days and a total of
101min. During the usage period, the participants’ negative stress measured by the perceived stress scale decreased
and their self-reported positive stress experiences had increased. The participants considered the positive perspective
to stress useful. In the Eustress Toolbox service, the users appreciated especially the off-line and reflection exercises, as
well as the quotations from peers, but the design should have supported more active triggering to use the service.

Conclusions: Based on user experience, we propose four design implications: Integrate the service into the daily hassle
of entrepreneurs, Provide personal guidance while maintaining a possibility to explore, Recognise the user’s progress and
accomplishments in a meaningful way and Support implicit learning from peer entrepreneurs.

Trial registration: ISRCTN14739582, Sept 3 2019, retrospectively registered.

Keywords: Human-centred design, Positive stress, Eustress, Well-being, Entrepreneurs, User experience

Background
Stress is a significant challenge in the working life. It
causes serious health problems for individuals ([13,
27]) and has been associated with societal costs due to,
for example, absenteeism and loss of productivity [11].
Entrepreneurial work may subject individuals to higher
levels of stress due to the risks in business activities
[40], a higher-than-average need for achievement [28],
heavy workloads and a self-established role in the

organization [19]. In Finland, employers are required
by law to organize preventive occupational health ser-
vices for their employees. However, for entrepreneurs
and the self-employed, the arrangement of occupa-
tional health services is voluntary, often leading to a
lack of preventive care [50].
On the other hand, many entrepreneurs have traits

and skills that help them in the face of stress, such as
high stress tolerance [12], a high internal locus of
control [41], or high levels of psychological capital (a
construct of self-efficacy, optimism, hope and resilience)
[3]. According to a study by Cardon and Patel [5],
self-employed people do experience greater stress
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than employees but as it has a positive effect on their
income, they may have a less negative attitude to
stress. Several studies confirm [3, 5, 48] that coping
with and managing stress effectively are critical skills
to entrepreneurs and for survival and success of their
companies. These findings on successful entrepre-
neurs’ strengths in managing stress indicate that other
entrepreneurs and employees could learn from their
ways of managing stress. The growing research
interest in entrepreneurial mindset [21, 24, 35] and
self-leadership [33, 37] imply that work in general has
become increasingly entrepreneurial in nature.
The positive side of stress has been acknowledged

already for several decades [29, 42], but this perspective
is typically excluded from stress research and design
experiments related to managing stress. The term eus-
tress refers to the beneficial side of stress [42], or more
exactly, to the positive response to stressors [46]. The
term was introduced by Selye [42], who divided the
stress concept into the positive and harmful sides of it:
eustress and distress. This has paved the way to the
current holistic understanding of stress, which empha-
sizes that the stressor type itself does not lead to eustress
or distress, but a person may interpret a stressor as a
positive challenge or a negative threat [30, 46] and that
eustress and distress are not mutually exclusive [46].
The savouring of eustress has been suggested to have
the potential to increase the well-being of an individual
[18, 46]. The concept of work engagement is closely re-
lated to eustress, but where work engagement is seen as
a relatively stable state, eustress is a short-term response
to stressors [30, 46]. Work engagement may be concep-
tualized as one of the positive outcomes of experiencing
eustress [17].
Digital interventions have increasingly been used for

disseminating interventions for preventing stress-related
problems and educating individuals on skills related to
stress management. Several studies have reported prom-
ising stress-related outcomes with web-based programs
and mobile applications (e.g. [2, 20, 32, 49, 51]). There
are also examples of programs focusing on building
positive resources such as personal strengths, positive
emotions, self-efficacy, and happiness [31, 36, 39]. How-
ever, to the authors’ knowledge, interventions focusing
specifically on building skills to foster positive stress
have not been reported. Furthermore, most studies have
been conducted with organizationally employed people
from workers to managers, and they may exclude some
aspects relevant in the entrepreneurial context.
We have previously reported the development and

implementation of a web-based program for practicing
eustress-related skills, the Eustress Toolbox [23]. The
program was developed by interviewing a group of
entrepreneurs and analysing their personal experiences

and techniques to foster eustress. In this paper, we
present a field study conducted to evaluate the user
experience of the Eustress Toolbox among a group
of people working as entrepreneurs or having an
entrepreneur-type work description. Our research
objectives are to study the acceptance and usage of
the Eustress Toolbox web service, and based on the
findings, provide design implications to support the
design of digital well-being services especially in the
entrepreneurial context.
The specific research questions were:

(1) How is the Eustress Toolbox accepted and
experienced by entrepreneurs and people doing
entrepreneur-like work?

(2) Does the use of the service affect the users’
experiences of stress and work engagement and are
there perceived benefits from using the service?

(3) How should the service be developed and what
design implications can be derived?

Methods
Eustress toolbox
The Eustress Toolbox is a prototype web service, which
enables users to familiarize themselves with the
phenomenon of positive stress and introduces different
methods to stimulate eustress in one’s daily life. The
service is primarily targeted at entrepreneurs and people
having an entrepreneur-like job. The aim of the Eustress
Toolbox is to give inspiration and exercises to change
one’s ways of thinking and working in a way that would
contribute to experiencing positive stress. The toolbox is
designed for preventive, temporary and selective use:
users can choose the parts that are useful for them and
do the exercises from the selected parts. By providing
the users knowledge of the phenomenon of eustress,
quotes illustrating other entrepreneurs’ experiences,
reflection exercises and off-line exercises, they are
guided and encouraged to increase positive stress in
their daily work and life. The toolbox can be used with
mobile devices, but it is not optimized for mobile use.
The content is mainly in textual format.
The toolbox consists of 6 toolsets (thematic areas)

and altogether 24 tools (ways of thinking and working)
for stimulating eustress (Table 1). When starting to
use the toolbox, the user is instructed to go through an
introductory module that contains information and in-
structions for using the service as well as a screening
questionnaire for identifying the most useful toolsets
for the user. The screening questionnaire consists of
21 statements, drawn from the previously collected
qualitative data. The toolsets that are identified as the
most useful for the user are marked with stars, to
guide the user to focus on them in particular. Each
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toolset contains an introduction, 2–6 tools and 2–3
off-line exercises for practicing the skills in everyday
life as well as recommendations of third-party applications
that would support learning the skills (Figs. 1 and 2, see
Additional file 1 for more screenshots of the service).

After using the service for 3 weeks, an ending module is
activated. The module contains a follow-up questionnaire,
which repeats the screening questionnaire and visually
summarizes the users’ progress related to the skills learnt
in the toolbox.

Table 1 Toolsets and tools of the Eustress Toolbox

Toolset Tools

Self-reflection and changing
the mind-set

1) Self-reflection of thoughts, feelings and actions; 2) Shifting toward a positive point of view; 3) Gaining
perspective; 4) Fostering trust in oneself and the future; 5) Regulating personal resources; 6) Sharing and sparring

Organizing work 1) Planning and scheduling; 2) Concretizing tasks and goals; 3) Working together; 4) Breaking routines

Stimulating positive pressure 1) Creating challenges; 2) Generating time pressure; 3) Seeking out challenging situations

Harnessing joy 1) Seeking out meaningful tasks; 2) Building a positive environment; 3) Enjoying and sharing success

Mental preparation 1) Focusing on the essential things; 2) Preparing for challenges

Recovery 1) Taking breaks; 2) Detaching from work; 3) Slowing the pace; 4) Releasing pressure; 5) Fostering physical and
mental well-being; 6) Ensuring sufficient sleep

Fig. 1 Screenshots illustrating the user interface of the Eustress Toolbox (in the original language): a main view with introductory module, 6
toolsets and an ending module; b structure of one tool, including tabs for introduction, entrepreneur quotes, reflection exercises and feedback; c
off-line exercise; and d links to third-party applications
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Field study
Twenty-two participants volunteered in the field study,
13 of them were entrepreneurs and 9 were employees
having an entrepreneur-type job description. Most
participants (18/22) were female and their average age
was 40.3 years (SD 7.2, range: 26–52 years). The average
time in the current occupation was 4.8 years (SD 4.7,
range: 0.1–20 years). The participants were all Finnish
and they were working in different fields, for example,
providing training and consulting, well-being services,
legal services or software design.
The participants were recruited to the study through

email lists of local entrepreneur associations and word
of mouth. The participants were required either to work
as entrepreneurs in small companies (being self-
employed or having their own business) or to have an
entrepreneur-like job description, characterized by high
levels of independence and responsibility. After the
participants expressed their interest, they were emailed a
link to an online recruitment questionnaire, which was
used to confirm their eligibility and to collect back-
ground information.
Figure 3 illustrates the study procedures. After filling

in the recruitment questionnaire, the participants
responded to an online questionnaire on stress and

work engagement (Stress 1). Stress was measured with
the Perceived Stress Scale (PSS) [6], which includes 10
items and measures psychological stress, i.e. how
stressful people perceive the situations in their lives
and how uncontrollable and overloaded people have
perceived their life during the past month. Work
engagement was measured instead of eustress because
there are no validated scales for measuring eustress
and because work engagement is closely linked to the
experience of eustress. Work engagement was mea-
sured with the 9-item version of the Utrecht Work
Engagement scale (UWES-9, [43]), which measures
vigour, dedication and absorption. The UWES scale
may be considered a three-dimensional or a one-
dimensional scale, and thus an overall score or sub-
scores of the tree dimensions may be analysed.
All participants were invited to one of two group

kick-off sessions. The 1.5-h session introduced the
phenomenon of positive stress, the study procedures
and the Eustress Toolbox. If a participant was unable
to attend the face-to-face session, an individual phone
introduction session was scheduled, and an informed
consent form and the other introductory material sent
by email. All participants signed a written informed
consent form, and those who attended the phone

Fig. 2 An example image of the Eustress Toolbox web service (translated to English). The structure of a toolset for harnessing a feeling of joy: an
introduction, three tools and a section for trying out the tools in practice (including off-line exercises and 3rd party apps)
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introduction session mailed the signed form back to
the researchers. An ethical review was not deemed
necessary based on the guidelines of the Ethics com-
mittee of the Tampere region (https://www.tuni.fi/en/
research/responsible-research/ethical-reviews-in-hu-
man-sciences), where the study was conducted. The
participants were reimbursed with movie tickets; the
participants attending to a final interview received four
movie tickets each and other participants two movie
tickets.
The participants used the Eustress Toolbox independ-

ently, as a part of their daily life, during an approxi-
mately six-week period. The choice of six-week duration
and the use of introductory kick-off sessions are in line
with the systematic review of Heber et al. [22], which
shows that short-to-medium web-based stress interven-
tions have been more effective than over 9 weeks long
and that guided interventions have been more effica-
cious. The researchers monitored when participants
logged in to the service and if a user did not log in
within 2 days of the kick-off session, a reminder was
sent. The maximum number of reminders prompting
the user to login for the first time was three.
After 1 to 2 weeks of use (mean 7.3 days), the partici-

pants were sent an online user experience questionnaire
on their first impressions on the service. The question-
naire (UX 1; see Additional file 2) consisted of 17 ques-
tions or groups of questions. One group of questions
contained 13 statements related to the user acceptance

of the service based on the Technology Acceptance
Model for Mobile Services (TAMM) [26]. TAMM model
was selected as a basis, as it is broader than the initial
Technology Acceptance Model [9], including the dimen-
sion of trust and measuring perceived value instead of
perceived usefulness. In addition, questions about the
content of the service and usage activity were included.
Eleven of the questions were voluntary open questions
on the first impressions, expectations and use of the
service in the daily life.
After about 6 weeks of use (mean 41.5 days), the users

were sent two end questionnaires: the same stress and
work engagement questionnaire as at baseline (Stress 2)
and a final user experience questionnaire (UX 2; see
Additional file 3). UX 2 consisted of 37 questions or
groups of questions. The 13 TAMM-based statements
were repeated, with slight modifications for longer use.
Also questions about ways of using the tools, usefulness
of different features and toolsets, experienced benefits
related to stress and learning new skills, and desired
additional features were included. In addition, 17 volun-
tary open questions allowed participants to elaborate on
the topics of the questionnaire.
Furthermore, 10 volunteer participants were inter-

viewed to deepen the data obtained with the question-
naires. The interviews concentrated on the users’ prior
knowledge on and experiences of positive stress, user
experience with the Eustress Toolbox and the benefits
and learning experiences gained from using the service

Fig. 3 Study procedures
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(see Additional file 4). The interviews were semi-
structured, lasted 60–90 min and were audio recorded.
The Eustress Toolbox also automatically collected log

files on usage, which included all user actions in the
service as well as feedback collected in the service. For
the reflection exercises and other private notes made in
the service, only the number of characters was stored in
the log, not the content.

Analysis
The PSS and UWES-9 questionnaires were scored
according to their scoring manuals. An overall score
for PSS was calculated, with possible scores ranging
from 0 to 40. For UWES-9, both an overall score and
sub-scale scores for vigour, dedication and absorption
were calculated, with possible scores ranging from 0 to
6. The scores are reported as mean, standard deviation
and minimum and maximum values. Changes in the
scores from before to after using the service were ana-
lysed with paired comparisons using a Wilcoxon
Signed Rank tests.
Log data were analysed to extract metrics for describ-

ing usage activity and ways of using the toolbox. We re-
port usage metrics mainly for the six-week period after
the first login. Usage metrics were calculated based on
identified usage sessions. As the log file did not contain
an explicit event marking the start or the end of a usage
session, the rules for identifying a new session had to be
created. To take into account possible breaks in usage
sessions due to interruptions or completing off-line
exercises, breaks of a maximum of 60 min were allowed,
i.e. after a 60-min break, a new usage session was identi-
fied. Also other break lengths were tested, but based on
visual inspection of the raw log file, 60 min seemed opti-
mal. Completion of a tool was determined as having at
least 5 events in a tool. Correlations between usage
metrics and changes in stress ratings were studied using
Spearman correlation.
Questionnaire data were analysed both quantitatively

and qualitatively. The quantitative questions were
analysed by calculating average scores of responses or
numbers of participants responding in a certain way. For
the TAMM-based questions, the average scores over the
four TAMM dimensions (ease of adoption, ease of use,
value and trust) were calculated. Scores of TAMM
dimensions obtained from the UX1 and UX2 question-
naires were compared using the Wilcoxon Signed Rank
test. Associations between perceived benefits related to
positive and negative stress and usage metrics were
studied using independent samples Mann-Whitney tests.
Only complete cases were analysed and reported in

each type of quantitative data to avoid making assump-
tions on missing data. The statistical analyses were per-
formed using the IBM SPSS Statistics Version 22 (IBM

Corp, Armonk, NY, USA). Statistical significance thresh-
old (α) was set at 0.05.
The qualitative questionnaire data and the interviews

were analysed qualitatively by using the thematic coding
method [15]. The coding was data-driven and done
without reference to a preconceived framework. The
codes were themed under the barriers of using the ser-
vice, positive and negative user experience, perceived
benefits, and development ideas proposed by the users.
These themes were further analysed to find the key
meanings and illustrative quotations.

Results
In this section, we present the results of the study by
answering the three research questions. The first part
focuses on acceptance and user experience of the
service. The second part presents results related to expe-
rienced benefits of using the service: changes in stress
experiences and perceived benefits. Third, users’ devel-
opment ideas and design implications are introduced.
The results will be presented based on the available

data. The baseline questionnaire (Stress 1) and usage
log files were available from all 22 participants. Nine-
teen participants responded to UX 1 questionnaire, 17
participants to UX 2, and 16 participants to the end
questionnaire (Stress 2). Furthermore, 10 participants
were interviewed.

Acceptance and user experience of the service
All participants took the Eustress Toolbox into use.
Eleven participants (50%) were reminded at least once to
take the service into use. The mean duration between
the kick-off session and the first login to the service was
4.2 (SD 4.6, min 0.5, max 19) days. The service was used,
on average, on 3 days (mean 3.5, SD 1.8, min 1, max 7)
and the usage spanned over a period of 25 days (SD 13,
min 1, max 42). The mean duration of a usage session
was 33min (SD 26, min 5.4, max 123) and the total dur-
ation of use was 101 min (SD 59, min 29, max 246). On
average, the participants used 3 toolsets (SD 1.9, min 1,
max 6) and completed 38% of the tools in the service
(SD 22, min 4.2, max 92). The most popular toolsets
were the first three: Self-reflection and changing the
mindset, Organizing work, and Stimulating positive
pressure, with more than half of the participants using
them. Based on the log data and the interviews, a typical
way to use the service was to select a toolset recom-
mended in the screening questionnaire and go through
all the content and exercises before starting a new
toolset.
According to the interviews and open data in the

questionnaires, the most significant barrier to service
use was participants forgetting to use it. Although a
reminder features had been specified and implemented,
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due to a technical problem, the service did not send
reminders during the field study period. The service was
used rather occasionally, and thus it did not become a
part of the users’ regular routines. Most of the users used
the service only during their free time; only one third of
them used it also during work days. Based on the inter-
views, the participants using the service during work days
found it easier to find the time for using it than the partic-
ipants who had used it only on their free time.
The acceptance of the service was studied with ratings

of the service as a whole and its different aspects. Data
from the interviews and the open data of the question-
naires gave additional information on the user acceptance.
The overall score given to the service on a scale from 0

to 10 was 7.5 (SD 1.1) in the UX 1 questionnaire and 7.2
(SD 1.3) in the UX 2 questionnaire. The likelihood to rec-
ommend the service was in line with the overall score: 7.7
(SD 1.7) in the UX 1 questionnaire and 7.5 (SD 1.5) in UX
2 questionnaire. The user acceptance ratings according to
the TAMM dimensions are presented in Fig. 4. Even
though the user ratings were generally rather positive, the
acceptance of the service had slightly decreased during the
usage period. However, a Wilcoxon Signed Rank test
showed that the only statistically significant decrease was
seen in the Trust dimension (Z = -2.81, P = 0.005). Further
analysis into the individual statements revealed that de-
cline was mainly due to a third statement added in the di-
mension in UX2, namely “The service has fulfilled my
expectations,” which had an average score of 3.4.
On a scale of 1 to 5, the participants rated off-line

exercises (average rating: 4.2, SD 0.83), screening

questionnaire (4.0, SD 1.2), and reflection exercises (3.9,
SD 0.75) as the most useful features of the service (see
Fig. 5). Quotes from other entrepreneurs were also per-
ceived as useful. Sixteen out of 17 participants intended
to continue using the service after the study period, and
because of that, most of the users had not responded to
the follow-up questionnaire (which shows the change in
one’s eustress skills) of the service yet.
Off-line exercises were found to be especially useful, as

they provided tools to integrate new skills into the daily
life. They were commented to be small enough tasks, not
requiring too big behavioural changes at a time, and to en-
courage the user to act – not just think about it.

I got a feeling of hope that with small actions I can
get things going forward. It was good that they (the
exercises) weren’t massive. Female, 50

Reflection exercises helped users identify their own
practices and provided insights and inspiration on what
the tools signified for them.

I first thought that I wouldn’t write down my
thoughts as no-one else is going to read them. But
when I did it, I realized that it makes you structure
and understand and notice things better. It is not just
some fuzzy stuff in your mind any more. Female, 34

The quotes from the entrepreneurs worked as a
method to receive peer support and a way to obtain a
new perspective or new ways of thinking.

Fig. 4 User acceptance ratings of the service from the first impressions questionnaire (UX 1) and the end questionnaire (UX 2)
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I liked to read the comments from real people,
how they experience things. They wake you up,
that you know, someone thinks like this and it
makes her behave like this. It actually is the best
information that everyone doesn’t think the same
way as you do. Male, 34

Organizing work (average rating: 3.3, SD 1.4) and Self-
reflection and changing the mindset (3.3, SD 1.6) were
rated as the most useful toolsets, which was also
reflected in the usage data. In the interviews, self-
reflection was experienced as an interesting and useful
area that gave new viewpoints and compelled one to
think about one’s values and choices. The Organizing
work toolset was perceived as giving practical tools to
manage one’s work, which are easy to adopt and have an
impact on daily work.
According to the interviews, the content of the service

was found to be interesting, but some considered the
amount of information and exercises as overwhelming.

It guides you to go through pretty large entities. If you
want to get through everything, it takes quite a lot of
time. And you may forget what you did the last time.
It makes you feel a bit overwhelmed. Male, 35

The recommendations based on the screening ques-
tionnaire helped in finding relevant themes, but tunnel-
ling to more personalized content inside the themes was
desired. Although more guidance for proceeding in the
service was desired, some valued the possibility to freely
search for the content relevant to oneself.

This left room for the right thing, the process that
you need to go through yourself. It didn’t force you to
do this and this to get forward. Female, 42

Preliminary effects: changes in stress and perceived
benefits
The participants’ perceived changes in stress were stud-
ied by two methods: by a validated perceived stress score
(PSS) in the stress questionnaire before and after the
study period, as well as by self-reported estimation in
the UX2 questionnaire, with a further possibility to
openly describe the experienced changes. Among the 16
participants who responded to the Stress 2 question-
naire, PSS scores decreased during the six-week study
period (mean change − 4.4, SD 5.9). A Wilcoxon Signed
Rank test showed that the participants’ stress score at
the end was significantly lower than at the beginning
(Z = -2.47, P = 0.013). Table 2 presents the PSS scores at
the beginning and at the end of the study, and the
changes calculated based on complete cases. The mean
total UWES-9 score in the beginning was 4.9 (SD 0.82,
2.8–6.0), dedication sub-score was 4.9 (SD 1.1, 2.7–6.0),
vigour sub-score was 4.7 (0.83, 2.7–6.0), and absorption
sub-score was 5.0 (SD 0.78, 3.0–6.0). There were no sig-
nificant changes during the study in any of the UWES-9
scores.

Fig. 5 Usefulness of features, average ratings on a scale of 1 to 5

Table 2 Stress questionnaire scores as mean (SD, min-max)

Stress measure Beginning End Change

PSS 15.1 (5.5, 6.0–22) 10.6 (4.2, 4.0–21) −4.4 (5.9, −16–4) *

*P < 0.05, Wilcoxon Signed Rank test
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The average percentage change in stress score was −
21.5% from the baseline score. Half of the participants
who responded to the end stress questionnaire (8/16)
had a clinically important change in their stress score,
characterized by at least a 28% change in the PSS score,
as defined by Eskildsen et al. [10]. There were no signifi-
cant correlations between usage metrics (amount of use
and completed tools) and the change in the stress score
or the UWES-9 scores.
In the UX2 questionnaire, almost all (14/17) partici-

pants reported experiencing changes in stress during the
study. Eleven participants reported changes in positive
stress and 11 in negative stress. Sixteen participants re-
ported having learnt new skills related to positive stress
by using the service. The most commonly reported skill
was recalling and celebrating successful work (14/17
participants).
Self-evaluated changes in positive stress were signifi-

cantly associated with usage metrics. The participants
who reported that their positive stress experiences in-
creased had used significantly more toolsets (median
number of toolsets used 5, IQR 3–6 vs. 1.5, IQR 1–2.3;
Z = 2.86, P = 0.004) and completed more tools (median
completion percentage 38%, IQR 33–67% vs. 13%, IQR
13–32%; Z = 2.83, P = 0.005) than those who did not
report benefits. No associations were found between
self-reported decreases in negative stress and usage
metrics.
In the UX2 questionnaire, the participants gave differ-

ent examples of the beneficial effects of the service:

By doing off-line exercises, I got to kick off a positive
circle that things start going on and it gets you more
enthusiastic. Female, 42

I have figured out new ways to get feelings of success
at work. Female, 50

It has emphasized the importance of living in the
moment. It has a great impact on stress and
controlling it. Male, 34

The main benefits associated with the service usage
were obtaining new insights and encouragement to try
the skills in practice. For different participants the
main insights were different: for example, finding new
possibilities to have an impact on one’s work, noticing
how one could foster living in the moment or realizing
that in some cases procrastinating may be a feasible
way of working. Some of the participants had adopted
new practices: for instance, listing the most important
tasks for the week on Monday morning or “having a
meeting with oneself” (one of the off-line exercises)
once a week while practicing aqua jogging.

Development ideas and design implications
The participants proposed several design ideas; to over-
come the current barriers, to integrate the service better
into their life, and to make the service more engaging.
The most frequently stated improvement idea was the

addition of reminders, which was requested by almost
all participants (14/17) in the UX2 questionnaire and
mentioned by all interviewees in the end interviews. Re-
minders were seen most useful if they had a direct link
to the service and a concrete proposal for a new topic or
exercise that might be useful for the user. Complement-
ing usage with a physical handbook or a diary was also
suggested. This might help in recalling the use of the
service and support more versatile use contexts.
The service, in its current format, was not optimized

for mobile use – using it when there is a convenient idle
moment or a need for a more energetic or reassuring
mind-set. The participants desired more instant access
to the service and also a possibility to continue use from
the previous state of the service. One participant com-
pared the service to reading an e-book: the user should
be guided back to the exact same spot that she last used.
Some participants felt that opening the laptop and log-
ging in required too much effort for a short use session.
Instead, they wished the service was implemented as a
stand-alone application, which would be easy to open.
More guidance was desired in proceeding inside the

service. Desires were concretized as a personalized path,
content appearing in the service in parts and a possibility
to proceed in levels from beginner level to advanced use.
In addition, the participants were missing clearer recog-
nition of their achievements, as completing one toolset,
for example, requires a considerable amount of time and
effort. It was proposed that completing a toolset would
be acknowledged by giving a summary of the content,
proposing recommendations about what to do next or
adding the toolset to a personal summary page of one’s
progress.
Some of the proposed development ideas were related

to the features that were currently liked in the service.
The participants wanted more auditory exercises, which
were considered to be more relaxing and effortless than
reading text. As some of the exercises would be useful to
try or repeat later, users hoped for a means to mark
them as their favourites or as to-do tasks.
When the participants were asked to ideate what

would make the service more attractive or even worth
paying for, the addition of social or communal elements
and expert feedback or coaching were proposed. The
presence of other users or experts could make the use
more humane and fun.

Even you researchers could have been more present
in the service. You could see in the service that Pat (a
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researcher) has a bad day today and she wants to use
this tool to cheer herself up. Or today we have a bit
better buns with the coffee at the office. You would
see some personalities, and it wouldn’t be just strict
facts but something a bit more amusing. Female, 34

Also more advanced ways to analyse one’s own stress
state – physiologically or with questionnaires – were
desired.
Based on the user experience and users’ development

ideas, the following key design implications were
identified:

(1) Make me put it into practice! - integrate into the
daily hassle of entrepreneurs
To make users utilize any service, it is crucial to
support its everyday integration on practical level.
This is especially important in the context of
entrepreneurial work, as the daily work is often
busy and fragmented. Regarding well-being
information, it is typical to read it through, but often
it does not lead into any changes in one’s behaviour.
In our service, off-line and reflection exercises were
perceived as useful as they link the content to the
users’ life and supported applying it in the practice.
Reminders and optimisation for mobile use would
enhance the integration and enable more
spontaneous usage. Another way to support integration
is to offer versatile content for different usage
situations. For instance, audio exercises are useful
when reading is not an option. In addition, for
some users, a physical or digital notebook or
diary could further support practicing the new
skills.

(2) Guide me! - provide personal guidance while
maintaining a possibility to explore
Entrepreneurs may have very different needs
regarding the service based on their prior
knowledge, current work tasks and the work load,
which may change frequently. For this reason,
different users need different levels of guidance in
using the service and the need may also vary
between usage sessions. The Eustress Toolbox was
designed to provide freedom to discover and
empower the users to find the personally
meaningful content. Even though the users valued
the non-restriction of choice, they wanted more
guidance in proceeding through the service. The
design should offer guidance in a personally relevant
way, for example, based on the screening questions
or the achieved skills. In addition, the user’s state of
mind could be taken into account by providing
clearer guidance for achieving more energy or
calmness, depending on the situation at hand.

(3) Recognize me! - recognize the user’s progress and
accomplishments in a meaningful way
As the user puts time and effort into using the
service, it is important to recognise the progress
made walking through the material and rehearsing
eustress skills. As entrepreneurs may lack feedback
from a superior and colleagues, they may be
especially motivated and delighted by the feedback
given by the service. For example, completing a
toolset should result in a meaningful recognition of
the achievement, such as summarizing the content
of the toolset and giving recommendations for
additional content.

(4) Show me what the others do! - support implicit
learning from peer entrepreneurs
Supporting learning from peers was one of the key
design principles when designing the service. In the
service, learning from peers was enabled by
providing quotes from entrepreneurs who told
about the ways of thinking and working that had
helped them achieve eustress. The quotes were
perceived as insightful and inspiring, while some
participants also wished for actual interaction with
peers to be included in the service. As
entrepreneurs may lack support from colleagues
and a feeling of belonging to a work community, a
possibility to connect with peers or relate to their
experiences is valuable.

Discussion
Earlier studies have reported entrepreneurs’ special re-
lationship with stress and underlined the importance
of their stress management skills [3, 5, 41, 48]. This
study investigated the feasibility of a new web service,
the Eustress Toolbox, for stimulating the positive side
of stress among entrepreneurs and people doing
entrepreneur-like work. We aimed to study the user
experience, user acceptance and preliminary effective-
ness of the service, and identify the design implications
that would make the service more attractive and inte-
grate it better into entrepreneurial life.

User experience, user acceptance and design implications
The overall user experience of the Eustress Toolbox was
rather positive – the content was found to be interesting
and almost all the users wanted to continue using the
service after the field study period. The reflection and
off-line exercises as well as the screening questionnaire
(giving personal recommendations about toolsets) were
perceived as useful, as they helped linking the content to
the users’ life. Also the entrepreneur quotes were appre-
ciated as they provided insights from the peer group and
helped reflect on one’s thoughts.
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The Eustress Toolbox scored the highest in the per-
ceived ease of use and trust dimensions, where the
average of responses exceeded 4 out of 5 in both ques-
tionnaires. Research on the original TAM model has
shown perceived ease of use to be an important deter-
minant of perceived usefulness and attitude towards
use [45]. Trust is a new dimension, which has been
included in the TAMM model to capture issues en-
countered when using mobile services, such as trusting
the service provider and ensuring the privacy of the
user [25]. Same concerns apply to health and wellness
related services, making trust an important determin-
ant of intention to use the service.
Despite the positive overall experiences, most users

did not feel able to incorporate the service into their
daily routines and the acceptance of the service had
slightly decreased during the usage period. Creating rou-
tines and habits is key to engaging users over the long-
term, as it has been shown that habit explains up to 40%
of continued use of online shops [14]. The results
showed that the Eustress Toolbox did not meet the ex-
pectations of the users. The Eustress Toolbox was used,
on average, on 3.5 days, 33 min at a time, and 101 min in
total during the six-week study period. The users used
about three of the six toolsets and completed 38% of the
tools in the service. Although the minimum amount of
usage required to achieve effects is not yet known, at
least weekly usage was expected, and therefore the usage
frequency was lower than expected. This may have been
affected by the lack of reminders (due to a technical
problem) and a lack of optimization for mobile use in
our prototype version. In addition, the limited total
usage can partly stem from the goals and design of the
toolbox: the Eustress Toolbox was designed for selective
use letting the users choose the toolsets they feel they
need to practice. The screening questionnaire supported
this by recommending potentially useful toolsets for the
users. Furthermore, some exercises were designed to be
done off-line, and the time spent with these exercises is
not recorded in the log data. Compared to other studies,
the usage rates observed were relatively low. For ex-
ample, Hasson et al. [20] reported a median of 48 logins
during a 6-month intervention. Asplund et al. [2] re-
ported participants completing an average of 5.83 out of
8 weekly modules. Van Straten et al. [49] reported 55%
of participants completing the whole 4-module inter-
vention. A pooled analysis of three randomized con-
trolled trials of an internet-based stress management
program showed that users completed 4.4 to 5.7 of the
7 available modules during an intervention that was
planned to take 4–7 weeks [51].
To support service use becoming a habit, reminders

would be helpful to users when starting to use the ser-
vice, but later on, habit formation could be better

encouraged by supporting trigger events [47], such as
using the service when starting the work day. To main-
tain the user’s interest, it would also be useful to
recognize the user’s efforts and accomplishments in the
service and support usage in versatile contexts. More-
over, supporting social interaction could make the
service more engaging.
Based on the user experience and users’ development

ideas, four key design implications were identified. The
implications are in line with the persuasive design prin-
ciples of PSD Model [38], which was consulted already
when designing the service. For example, providing
quotes from peer entrepreneurs is one way to support
social learning that is included also in PSD model,
although the model describes it as learning from the
other users. As the PSD model is wide and applicable in
various contexts, prioritisation of the relevant features
for a specific design may be difficult. The value of our
design implications is to highlight the key issues that are
relevant in the entrepreneurial context, to provide exam-
ples of implementing them and to present these issues
in an intuitive way for HCI (human–computer inter-
action) practitioners. Each of the design implications
supports the user in engaging with the system, which is
especially important for facilitating experiences of posi-
tive stress, as the desire to achieve positive stress does
not necessarily respond to a particular problem in one’s
life but requires self-leadership.
Our results are consistent with earlier studies and

design recommendations that identify integration into
everyday life to be a common challenge in persuasive
systems [1, 8]. Our results also reinforce the significance
of learning from peers. Supporting learning from peers
is a design principle that could be utilized more in
designing persuasive systems and motivating users re-
garding the potential significance and effects of using a
system. The implication has similarities to the design
principle of open-ended social awareness as suggested
by Baumer et al. [4], which refers to encouraging healthy
decisions implicitly by increasing awareness of the
health-related activities and decisions of others.
Although the design implications are based on using

this particular service, they may benefit also design of
other services targeted to enhance well-being at work
and especially well-being of entrepreneurs and people
having an entrepreneur-like job.

Preliminary effects: changes in stress and perceived
benefits
The participants’ negative stress decreased significantly
during the study, as measured with the Perceived Stress
Scale. The average change was − 21.5% from the baseline
score. In their recent study, Eskildsen et al. [10] defined
that a decrease of 28% is required in order to consider
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the change in PSS as clinically important. In our study,
half of the participants responding to stress question-
naire 2 fulfilled this criterion. However, the participants
in our study were not particularly stressed as their mean
baseline PSS score of 15. corresponds to population
averages of about 15 to 16 reported by Cohen and
Janicki-Deverts [7], although it was slightly higher than
entrepreneur average of 13.73 reported by Baron, Franklin
and Hmieleski [3]. Thus, a large change in stress scores
could not be expected. Also the UWES-9 score reflecting
work engagement was at a high level, on average 4.9. In
Finnish reference samples of altogether over 19,000
employees, the highest average work engagement scores
of 4.83 were observed in senior managers [16]. We did
not observe any changes in work engagement during the
study, which is in line with the expectation that work
engagement is a relatively stable state [44] and also with
the study by Mauno et al. [34], where no changes in work
engagement were seen during a 2-year follow-up of
healthcare personnel.
More than half of the participants who responded to

the second user experience questionnaire reported that
they had experienced increases in positive stress and
decreases in negative stress. The qualitative data may
explain these evaluations; the users told that they had
adopted new tools and practices especially for recogniz-
ing one’s thoughts and actions, for organizing work, and
for recalling and celebrating success. A longer-term
follow-up study would be needed to discover whether
the new practices will stay in use and whether the users
will actively continue stimulating their positive stress
experiences. It was found that experienced increases in
positive stress were significantly associated with more
active use of the Toolbox, i.e. using more toolsets and
completing a higher percentage of the tools. However,
changes in negative stress (either self-reported or mea-
sured with PSS) were not associated with the usage
activity of the Toolbox. This may indicate that the Tool-
box actually was more successful at increasing experi-
enced positive stress than decreasing negative stress.
However, the study setting does not enable confirming
this finding.
It is possible that some of the reported changes have

occurred due to increased awareness of eustress and not
only due to using the service. However, there was a sig-
nificant association between self-evaluated changes in
positive stress and Toolbox usage and, in the second
user experience questionnaire, several users attributed
the positive changes to the Toobox and specific exer-
cises, which provides some confidence in the assumption
that the changes were indeed brought about by the use
of the Toolbox.
The results are in line with earlier intervention studies

in the field of stress. Earlier research has shown positive

outcomes in managing negative stress with web-based
programs [2, 20, 49]. Our results support this, add to the
understanding of entrepreneurs as a user group and pro-
vide preliminary evidence that approaching stress from a
positive perspective can be feasible in targeting entrepre-
neurial stress. The results regarding the effectiveness of
using the service are preliminary due to the limitations
in the study setting, such as the sample size and the lack
of a control group. However, we believe that reporting
this preliminary feasibility is valuable due to the follow-
ing differences in comparison to earlier papers: 1) our
prototype service was preventive and targeted to entre-
preneurs with fairly low baseline stress scores, 2) the ser-
vice is based on entrepreneurs’ experiences and takes
the entrepreneurial context into account, and 3) our
results consider design implications alongside stress
effects.

Ethical aspects, limitations and future work
Approaching stress from a positive perspective does not
come without ethical concerns. First, the line between
positive and negative stress is thin: compulsive striving
for positive stress or neglecting the need for recovery are
likely to have negative consequences. Second, promoting
positive stress in one’s life needs to be based on one’s in-
trinsic motivation. The use of the Eustress Toolbox
could be enabled by the employer, but it cannot be used
as a method to increase the external stressors or stress-
ful work of employees. Third, fostering positive stress is
intended to be used as a preventive approach – for
people who are not suffering from intense negative
stress. When experiencing intense negative stress, other
stress management tools may be more useful than focus-
ing on the positive aspects of stress.
The target group of this study was entrepreneurs and

people having an entrepreneur-like job, which limits the
generalizability of the results. However, new methods for
finding suitable ways of working without forgetting well-
being are relevant for a wider audience as well.
The study participants were selected on a voluntary

basis, and thus the study sample included more females
than males. Volunteer participants may not fully repre-
sent the whole target group. However, the process of
fostering positive stress requires the user’s intrinsic
motivation, which can be best achieved with a group of
volunteers who are interested in mental well-being.
The study setting did not exclude the possibility that

the participants’ stress had been decreased also because
of other factors than the use of the Eustress Toolbox.
Their stress experiences may have changed during the 6
weeks study period also because of the participation in
the study as such, which may have made them think
about their lifestyle and choices more - even if they had
not used the Eustress Toolbox. Thus, the results
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regarding the effects on stress experiences should be
considered as preliminary. Future studies could address
this issue and repeat the study with a larger sample and
with a control group. Furthermore, it would be interest-
ing to test the acceptability and value of the improved
service with other populations as well, such as em-
ployees, students or job seekers.
One limitation connected to the research setting is

that there is no standardized measure for positive stress.
Thus, the PSS scale for measuring negative stress and
the qualitative reporting of stress experiences were used
in this study. Developing a measure for positive stress
would be an interesting research aim in the future.
In the future, an interesting holistic service could be

one that would combine the means to enhance the stress
balance in one’s daily life with physiological data on
one’s bodily states. Our prototype of Eustress Toolbox
could also be extended into a more comprehensive
service concept with personal coaching, or it could be
included as one module of a more general training in oc-
cupational well-being.

Conclusions
This article presents the results of a six-week field study
on the use of a web service for stimulating positive stress
among entrepreneurs and people doing entrepreneur-
like work. We studied the usage, user acceptance, user
experience, and preliminary effects, combining the
approaches of HCI and health interventions. The com-
bination of the approaches proved to be fruitful: it
revealed both the preliminary effects on stress and the
user experience giving deeper understanding of the fit
into the users’ life. In the Eustress Toolbox service, the
users appreciated especially the off-line and reflection
exercises, as well as the quotations from peers, but the
design should have supported more active triggering to
use the service. The following design implications were
identified: Integrate the service into the daily hassle of
entrepreneurs, Provide personal guidance while main-
taining a possibility to explore, Recognise the user’s pro-
gress and accomplishments in a meaningful way and
Support implicit learning from peer entrepreneurs. We
hope that the findings give insights and inspiration for
practitioners designing for well-being of entrepreneurs
and encourage researchers to approach stress also from
a positive perspective.
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