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General Introduction
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Stress among employees

Since the 1980s, society has been striving for more efficiency and effectivity in the 
workplace. In 2012, it was found that 59% of European employees reported working in 
fast paced environments [1]. Despite becoming more efficient in recent years, we have 
not always saved time. Instead, we filled our time with more work [2]. This fast paced 
lifestyle has led to a rise in stress-related risks across Europe [3]. Nowadays, 25% of 
European employees expressed that they felt stressed for all, or most, of their working 
hours [4]. In this thesis, stress is defined as: “the psychological and physical state that results 
when the resources of the individual are not sufficient to cope with the demands and pressures 
of the situation” [5]. Stress in employees is not caused by stressors from the workplace 
alone, but stress is also caused by stressors coming from work, society and private life. 
Studies suggest that half of the sick leave in Europe can be linked to stress [6]. This results 
in stress being occupational disease number one [7]. This absenteeism can express itself 
across a duration of a few days, or even months in the form of ‘burn-out’. Stress-related 
absenteeism is not only expensive financially in relation to reduced productivity (by 70-
90%) but also due to health care and medical bills (by 10-30%) [8]. 

The negative impact of stress described above is due to chronic stress. Chronic stress 
has been associated with, among others, cardiovascular diseases, musculoskeletal 
disorders, chronic fatigue, and obesity [9, 10]. In relation to the psychological health and 
well-being of employees, chronic stress can ultimately result in anxiety and depression. 
Furthermore, employees who are in a prolonged state of stress have been shown to 
experience decreased productivity, concentration, creativity and job satisfaction [11]. As 
mentioned above, sickness absence is linked to stress in half of sick leave situations [6]. 
However, on the other hand, acute stress does not always have negative consequences 
and in the short-term can be advantageous. For instance, acute stress can have a positive 
effect on concentration levels [12].

Due to the high burden that chronic stress brings, the EU compass for action on mental 
health and well-being advocates taking more preventative measures to reduce the 
negative impact of chronic stress and lower the incidence of employees suffering from 
burn-out by improving employees’ capacity for resilience (also known as ‘resilience 
training’) [13]. Capacity for resilience is defined as: “the ability to bounce back after adversity” 
[14]. Resilience is described as the outcome once an employee has dealt effectively with 
stress and is such defined as: “the maintenance or quick recovery of mental health during 
and after exposure to significant stressors” [15], and has thus demonstrated capacity for 
resilience. 
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Broadly speaking, an employee who is confronted with a stressor can achieve resilience 
as follows: A stressor initiates a stress response which expresses itself via emotional 
arousal. Arousal entails “a state of heightened physiological activity” which includes 
increased heart-rate and a faster pace of breathing [16]. Emotional arousal functions as 
an alert system that a stressor is interfering with one’s personal goals and values [17]. 
For example, the belief that an important deadline will not be met. Although awareness 
of emotional arousal can be experienced as uncomfortable and a subconscious stress 
response can be advantageous in some situations, awareness of emotional arousal can 
be necessary to activate a person to subsequently address the situation [16, 18]. After 
becoming aware of emotional arousal, due to a stressor, the employee may begin to 
evaluate the available coping strategies and determine which coping strategy will be most 
effective [16]. Once the employee has chosen a coping strategy, the employee evaluates 
whether he/she is capable of executing the strategy [16, 17]. If an employee successfully 
executes the chosen coping strategy, and it turns out to be effective, then resilience is 
the outcome [19] as the employee has shown capacity for resilience [20]. However, when 
the coping strategy is ineffective, then the energy used to fuel the physiological processes 
elicited remain, and in the long-term chronic stress, or even a burn-out, can be the result 
[21]. Therefore, by monitoring acute stress, the employee can gain insights into factors 
that may lead to chronic stress. Although, as previously mentioned, acute stress does not 
always result in a negative outcome. In addition, implementing and evaluating coping 
strategies can tackle negative stress in a timely manner and can help build an employee’s 
coping repertoire [17]. 

Resilience training through self-management 
Training an employee’s capacity for resilience, or ‘resilience training’, requires behaviour 
change. The  behaviour change that is required by employees for resilience training is to 
choose and implement an effective coping strategy to bounce back after adversity. To 
achieve this behaviour change, the employee needs to become aware of: (1) when stress 
takes place, (2) what causes stress, that is, what are stressors, and (3) what contributes to 
the employee’s capacity for resilience [16, 17]. The effectiveness of resilience training on 
employees’ resilience capacities can be measured by, for example, comparing pre- and 
post-test scores on the Brief Resilience Scale. This validated scale measures the capacity 
for resilience through six questions [22].

According to a meta-analysis based on data from thirty-six experimental studies, the 
most effective intervention for resilience training was cognitive behavioural therapy (CBT) 
[23]. However, the traditional interventions based on CBT are often expensive, labour 
intensive, and only a low number of trained personnel are available to perform these 
interventions [24]. The number of employees currently experiencing stress is simply too 
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high to offer every employee help from trained personnel in the preventative phase. 
Consequently, society must aim to support and stimulate employees to self-manage their 
capacity for resilience. In the first place, training one’s self-management can empower an 
individual to be in control over their own (mental) health decisions. The importance of 
self-management in the context of health is cited in the modern definition of health by 
Huber et al.: “the ability to adapt and self-manage” [25]. 

Self-management via self-tracking and persuasive eCoaching 
A promising approach to stimulate and support self-management is through eHealth, and 
especially through the combination of self-tracking and persuasive eCoaching in eHealth 
technology. eHealth has shown to scalable, and that it can provide individuals with access 
to relevant information (about themselves) without the involvement of a health care 
professional/coach [26]. For example, employees can use self-tracking technologies to 
collect appropriate information about their current level of stress, causes of stress and 
what contributes to their capacity for resilience (see also the three points of awareness 
necessary to reach behaviour change described above). Self-tracking is defined as: “the 
practice of systematically recording information about one’s diet, health, or activities, typically 
by means of a smartphone, so as to discover behavioural patterns that may be adjusted to 
help improve one’s physical or mental well-being” [27]. Self-tracking can be performed via 
sensors placed in wearable devices and the employee’s environment, and also through 
ecological momentary assessment (EMA). Sensors can collect objective data on health 
behaviour in an automated fashion. EMA assesses experiences which occur close to 
an event in the user’s natural environment [28]. For example, EMA can be performed 
by sending users short questionnaires multiple times per day by a smartphone. This 
supports the collection of data which is difficult to capture using sensors, including mood 
and contextual information. In addition, through self-tracking, several data sources can be 
combined to increase the validity of measures [29] and to enable the discovery of trends 
and patterns in data [30]. Moreover, self-tracking data collected through sensors and EMA 
questionnaires can be used to identify relevant moments for health behaviour change 
[31]. In comparison to traditional retrospective self-report measures collected at distinct 
points in time, self-tracking data can provide a more realistic and valid representation of 
one’s current health behaviours. Traditional retrospective self-report measures are more 
subjective for recalling problems and often fail to grasp personal, contextual and social 
factors that are necessary to explain under which conditions the health behaviour has 
occurred [32]. Despite the many advantages of self-tracking, a number of obstacles must 
be overcome first in order to utilise its full potential. Some challenges include, but are 
not limited to, missing data, concerns about privacy, reliability, validity and connectivity 
of sensors [33]. 
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Self-tracking data can be implemented when designing persuasive eCoaching. In the 
context of stress, data on personal stressors can be input for the persuasive eCoach to 
subsequently suggest an effective coping strategy. A persuasive eCoach is able to support 
the employee 24/7 on a personalised level, something which differs in comparison 
to a health care professional or coach who have limited availability [26]. Persuasive 
eCoaching is defined in this thesis as: ‘encouraging a change in a person’s attitude, 
behaviour or habits through coaching via technology without human involvement’, which 
combines the concept of persuasive technology and coaching. The term persuasion 
should be interpreted as a way to change an individual’s behaviour without coercion or 
deceit [34]. A persuasive eCoach can interact easily with users at the right moment with 
the appropriate information [34], in other words ‘just-in-time’. Whenever self-tracking 
technology detects a relevant situation, the persuasive eCoach is able to act immediately. 
Moreover, the persuasive eCoach is capable of offering guidance throughout the whole 
process of behaviour change [35]. Persuasive eCoaching should include ‘a collaborative 
relationship’ between the eCoach and the user [36], in which the eCoach should supports 
the user to obtain insights in order to select an effective strategy for improvement [37]. 
The persuasive eCoach has the ability to deliver a wide range of persuasive features, 
including personalisation, suggestion and adopt a social role, to motivate and support 
the user during their behaviour change journey. Motivation is of high importance when 
it comes to self-management via eHealth, as users interact with the technology on their 
own. The persuasive system design model from Oinas-Kukkonen and Harjumaa includes 
persuasive features which offer support during the behaviour change process through 
technology [34]. Compared to using a human coach, it is more difficult, although not 
impossible, for a persuasive eCoach to build a social relationship with the user and to 
mimic a human-to-human dialogue [38, 39]. 

Building capacity for resilience via self-tracking and persuasive 
eCoaching 

Self-tracking and persuasive eCoaching can be an optimal combination to train an 
employee’s capacity for resilience. Self-tracking collects and summarises data on stress 
and resilience, while the persuasive eCoach can guide its users through the necessary 
reflection on self-tracking data to obtain an in-depth understanding of their levels of 
stress, causes of stress, and capacity for resilience and can support employees to select an 
effective coping strategy [35]. However, there are a lack of specific eHealth technologies 
for resilience training which combine self-tracking and persuasive eCoaching at present 
[40, 41].

Self-tracking can significantly contribute to the awareness process [35] of emotional 
arousal and gaining insight into the events preceding the emotional arousal, that is, the 
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stressor. In addition, self-tracking can support the user in identifying the best moments 
to intervene (discussed in further detail below). To contribute to the awareness process, 
wearable devices can measure the physiological changes related to emotional arousal 
and notify the person when a change in, for example, heart rate is detected [42]. In 
addition, EMA questionnaires can capture the events preceding the emotional arousal 
and the behaviour, cognitions and emotions accompanying the stress response [28, 43]. 
Moreover, EMA questionnaires can capture the experiences during as well as the results 
after the execution of the coping strategies. 

To obtain an in-depth understanding of personal stress responses, stressors and (in)
effective coping strategies, persuasive eCoaching can guide the employee throughout the 
process of reflection using the self-tracking data as input for coaching. Reflection during 
stressful events ultimately stimulates capacity for resilience [17]. Reflection can take place 
when the person becomes aware of emotional arousal to further explore the responsible 
stressor and also to understand personal stress responses on a physiological, cognitive, 
emotional and behavioural level [17, 43]. In the short-term, these insights can activate the 
person to deal with the stressor right away [17, 31]. Whereas in the long-term, insights as 
to how stress conveys itself on an individual level helps the employee to recognise stress 
responses better, and also earlier, in future situations [17, 44]. In addition, in-depth 
understanding of personal stressors can assist in avoiding such stressors in the future 
and can contribute to finding and utilising coping strategies to deal with any recurring 
stressors. Moreover, insights into (in)effective coping strategies can help the employee 
build capacity for resilience by creating a wide range of effective coping strategies for 
specific situations [17]. Although guiding an individual through the process of reflection, 
i.e. reflective coaching, by a human coach has received a lot of attention in previous 
research [45, 46], no earlier study focused on automated reflective eCoaching. We 
believe that a persuasive eCoach has the potential to support the employee throughout 
the reflective process, as a persuasive eCoach has the ability to personalise a strategy 
based on collected data and, through using this data, it can then support and motivate 
the employee just-in-time through the persuasive possibilities of technology [31, 34].

Just-in-time (JIT) support includes support “at the moment and in the context that the 
person needs it most and is most likely to be receptive” [47]. The earlier we can intervene 
in the process in regard to long-term stress, the less damage detrimental stress can 
consequently create. Besides early support at moments in which stress occurs, JIT 
support offers assistance when the employee is both receptive to behaviour change and 
receptive to absorb and act upon the messages from a persuasive eCoach. An advantage 
in using the combination of self-tracking and persuasive eCoaching in JIT support is that a 
persuasive eCoach can use collected self-tracking data to identify relevant and receptive 
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moments to offer support. However, it can be a challenge to gain the attention and action 
of the employee in the workplace when they are under high physiological arousal. This is 
because a high physiological arousal can interfere with the employee’s problem-solving 
capacity [48, 49].  To our knowledge, the employee’s receptivity towards JIT messages in 
the context of stress and the workplace has never been studied before.

Creating impact with eHealth 
Many eHealth technologies, including eHealth technologies for resilience training, have 
failed to have a sufficient impact on predetermined outcomes of interest, such as health 
and wellbeing, behaviour change or self-management [50, 51]. Knowledge is lacking on 
how best to design and combine self-tracking and persuasive eCoaching in a way that 
the eHealth technology can improve an employee’s self-management. For the most part, 
studies on eHealth for self-management are stand-alone projects and focus on health 
outcomes, for instance improved physical activity, consequently neglecting outcomes 
related to adherence to the intended use and usability of the technology. This approach 
fails to identify what components contribute to the effectiveness of eHealth, referring to 
‘the black box of eHealth’ [52]. An integration of existing literature is necessary to identify 
the key components of such technologies. Moreover, for the eHealth technology to 
create impact, we need to employ a holistic approach taking technological, human, 
and contextual factors into account. A holistic approach can be applied by including 
the concepts of participatory development and business modelling, as well as existing 
psychological theory on behaviour change [53]. 

Firstly, participatory development by including stakeholders during all phases of the 
development process is essential for two reasons: (1) creating a good fit between the 
values and context of a stakeholder’s day-to-day living, plus the requirements necessary 
for technological development and implementation, increases the likelihood of creating 
impact and improving uptake; (2) involving stakeholders early in the development 
process creates a support base for future use, evaluation, and implementation [53]. 
Values indicate what end users and stakeholders would like to achieve with an eHealth 
technology [51]. An important reason attributing to the failure of eHealth technologies 
is that stakeholders, including end-users, are not involved in the development and 
implementation process [50, 54]. Secondly, using business modelling principles and 
techniques helps to identify the critical success factors that the eHealth technology 
should possess to create value for the stakeholders [55], for example through Value 
Proposition Design [56]. Value Proposition Design can be used to identify values and 
requirements for a successful eHealth technology together with stakeholders and 
includes a strong focus on the user’s working and living circumstances [56]. A mismatch 
between the eHealth technology and the stakeholder’s values and daily context can 
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result in high drop-out rates, low adherence to the intended use and low support during 
implementation [54]. Finally, building on existing knowledge from the psychology of 
behaviour change additionally contributes to the effectiveness of eHealth technology 
[57]. Many eHealth technologies are designed without a basis in existing theory [5]. Both 
theory on behaviour change techniques [58] and persuasion via technology [34] should 
be used to stimulate behaviour change through technology [53]. Persuasive design can 
motivate and support users to use the technology as intended, which helps to increase 
the chances of people reaching their goals by using the technology [53].

A mismatch between the technology and the values and context of the stakeholders’ 
day-to-day living can easily occur when eHealth is designed at a single stage. eHealth 
development is an iterative, flexible and dynamic process. Formative evaluation during 
all phases of development is necessary to reach an optimal fit between the technology, 
stakeholders and context [53]. Moreover, continuous evaluation can avoid an expensive 
and labour-intensive redesign of the eHealth technology when the finished product is 
brought onto the market and also when the product is not functioning as it was intended 
to [59]. The identification of potential pitfalls for implementation during all stages of 
development can prevent failure of the technology in future practice [53]. 

In sum, current eHealth technologies for resilience training including self-tracking and 
persuasive eCoaching are looking promising. To deploy these technologies effectively, 
it is important to follow a user-centred and value driven development approach. There 
are several frameworks that can be followed to guide the development, evaluation and 
implementation of technology. The Centre for eHealth and Wellbeing Research (CeHRes) 
Roadmap is based on several frameworks and theories and has a holistic focus on 
developing, evaluating and implementing eHealth technology [51, 55]. This roadmap 
is underpinned by five pillars of eHealth development, stemming from the concepts of 
participatory development, business modelling, and persuasive technology: (1) eHealth 
as part of a whole, (2) participatory development, (3) persuasive design, (4) continuous 
evaluation and (5) eHealth development is intertwined with implementation [53]. The 
CeHRes Roadmap consists of five iterative phases of development (see Figure 1): 
1. The contextual inquiry phase aims to identify key stakeholders, including end-users, 

and establish an understanding of the context for which the eHealth technology will 
be developed. 

2. The value specification phase involves the identification of what makes the eHealth 
technology a valuable technology according to key stakeholders. 

3. The design phase comprises the actual design of the eHealth technology based on 
the results of the contextual inquiry and value specification phase through several 
iterations of prototype testing.
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Figure 1. The CeHRes roadmap [51].

4. The operationalisation phase involves the planning and execution of the 
implementation of the eHealth technology in the intended context. 

5. The summative evaluation phase includes the testing of the design in real-life on 
several outcomes of interest: usability, adherence to the intended use and health or 
health behaviour related outcomes [51]. 

This thesis will follow the CeHRes Roadmap to identify how self-tracking and persuasive 
eCoaching in an eHealth technology can improve an employee’s capacity for resilience, 
in order to reduce the negative impact of chronic stress. This thesis aims to contribute 
to the body of knowledge of behaviour change through technology and has practical 
value for the development of future eHealth technologies for resilience training including 
self-tracking and persuasive eCoaching. This thesis’ objective is to answer the following 
research question:  

‘How can an eHealth technology combining self-tracking and persuasive eCoaching be 
developed to train employees’ capacity for resilience to reduce the negative impact of chronic 

stress?’

This Thesis
This thesis is split into two parts: Part 1 focuses on the identification of values and 
requirements for resilience training using eHealth technology that combines self-tracking 
and persuasive eCoaching (the contextual inquiry and value specification phase). Part 2 
focuses on testing the values and requirements in real-life settings using prototyping with 
a specific emphasis on two topics that were deemed important for the combination of 
self-tracking and persuasive eCoaching for resilience training: receptivity and reflection 
(the design phase). The results of this thesis include a set of values and requirements 
important for self-tracking and persuasive eCoaching to improve an employee’s capacity 
for resilience through eHealth technology. 



18 | Chapter 1

1
Part 1: Creating value with self-tracking and persuasive eCoaching
Chapter 2 of this thesis includes a contextual inquiry to identify the key components of 
self-tracking and persuasive eCoaching, as well as a combination of these two, in existing 
eHealth technologies. The focus is on identifying what components are successful and 
why. This thesis will use the scoping review methodology to review relevant literature 
on the key components. The scoping review methodology was chosen to obtain a quick 
overview of the literature, as technology continues to evolve rapidly, and to include 
results from qualitative studies necessary to understand why components contribute to 
the outcomes of interest [60, 61]. 

Chapters 3 and 4 describe the value specification including the identification of values 
and requirements for self-tracking and persuasive eCoaching with key stakeholders 
in the context of resilience training in the workplace. Key stakeholders have been 
systematically identified using a step-by-step approach to minimize chances of missing 
important stakeholders. One step in this systematic approach was an online survey 
where stakeholders ranked each other using the Stakeholder Salience Method by 
Mitchell [62]. Values and requirements were identified with key stakeholders through 
interviews and focus groups during which the Value Proposition Design business model 
was used as a framework for data collection due to its focus on the identification of 
values and requirements and the context of working and living of the stakeholders [56]. 
Chapter 3 focuses on the results of interview data for the identification of values. The 
same interview data was used in Chapter 4. The analyses were taken a step further by 
systematically coding the level of importance of the values to pinpoint the most relevant 
values that had to be translated to requirements. Moreover, Chapter 4 also describes the 
results of the focus groups about the validation of the identified values and requirements 
with key stakeholders.

Part 2: Designing self-tracking and persuasive eCoaching to reach 
resilience
Using the conclusions derived from Part 1 of this thesis and existing theory - on stress and 
resilience, coaching, persuasive technology and behaviour change - two prototypes were 
developed to test the values and requirements in real-life settings. These prototypes had 
a particular focus on (1) receptivity for just-in-time (JIT) messages (Chapter 5); and (2) 
reflection (Chapter 6).  

The first prototype used JIT-messages for employees to become aware of emotional 
arousal and causes of the emotion through the use of self-tracking, and it additionally 
provided personalised suggestions for a coping strategy using persuasive eCoaching. 
To test values and requirements related to employees’ receptivity for JIT self-tracking 
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and persuasive eCoaching messages, the Sense-IT app was used in the prototype. This 
application continuously monitored physiological measures related to emotional arousal 
and sent JIT messages whenever changes in these physiological measures took place [63, 
64]. In addition, the Incredible Intervention Machine (TIIM) was implemented to self-track 
psychological measures of emotional arousal and causes of the emotion to subsequently 
send appropriate eCoaching messages. TIIM is a tool which performs interventions and 
sends questionnaires to a group of participants [65]. The content and timing of the 
messages in the TIIM app were designed based on the values and requirements defined 
by stakeholders in the first part of this thesis. The combined use of these applications 
enabled to study what factors affect employees’ receptivity to JIT messages in order to 
better design the content and timing of JIT self-tracking and eCoaching messages.   

The second prototype offered guidance during all phases of reflection [66], including 
reflection on self-tracking data and strategies to improve the capacity for resilience. To 
test and identify values and requirements related to the guidance offered by a persuasive 
automated eCoach during reflection, a heart rate variability sensor (the Inner Balance 
trainer, HeartMath Institute) was used. This provided the user with biofeedback when 
they were performing their chosen coping strategy in order to improve their capacity for 
resilience. Furthermore, TIIM was used to send EMA questionnaires via a smartphone 
for the collection of self-tracking data and persuasive eCoaching messages during all 
phases of reflection. The biofeedback from the sensor was used during reflection on the 
effectiveness of strategies through use of the EMA questionnaires in TIIM to improve 
the employee’s capacity for resilience. The combination of these applications allowed us 
to study whether participants could perform reflection using an automated persuasive 
eCoach, which has, to our knowledge, never been researched before. Moreover, we were 
able to study what components of the application were helpful in the reflection process 
and why the components were helpful or not during this process.

A convergent mixed-method approach was used to explore how the working prototypes 
were functioning in real-life. A mixture of quantitative data (for example, log-data and 
EMA-data) and qualitative data (for example, semi-structured interviews) were captured 
and combined in order to confirm, explain or nuance results from one approach to 
another [67]. 

Although focus has been placed on the first three phases of the CeHRes Roadmap, 
results related to the operationalisation and summative evaluation phases were 
collected throughout the research projects. For example, values for implementation were 
identified during interviews with stakeholders and data on changes in stress levels were 
collected during the studies in the design phase (summative evaluation). Moreover, the 
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relevance of the results has not been limited to one specific phase and the studies have 
an iterative character. For instance, new values were still identified during the studies in 
the design phase. The complexity of behaviour requires to go back and forth between 
phases whenever new insights are obtained or changes are detected on the individual or 
contextual level [55]. The latter is necessary as such changes may influence the strategies 
used to influence outcomes positively. Table 1 includes an overview of the sub-questions 
per Chapter and phases of the CeHRes Roadmap.
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Table 1. An overview of the sub-questions that have been answered throughout the Chapters in this 

thesis and the phases of the CeHRes Roadmap related to these research questions.

Chapter Phase of the  
CeHRes Roadmap 

Research questions

Part 1 Chapter 2 Contextual inquiry 
and Value specifica-
tion 

1. What are key components for  eHealth 
technologies  which combine self-tracking 
and persuasive eCoaching?

2. How should these key components for 
self-tracking and persuasive eCoaching be 
designed?

Chapter 3 Value specification 3. According to key stakeholders, what are 
the values of self-tracking, persuasive 
eCoaching, and preconditions of an 
eHealth technology for resilience training?

Chapter 4 Value specification 4. Who are the key stakeholders for an 
eHealth technology for resilience training?

5. What are the values and requirements for 
an eHealth technology for resilience train-
ing according to key stakeholders?

Part 2 Chapter 5 Design 6. How is the employee’s receptivity to just-
in-time messages for self-tracking and 
eCoaching affected by factors related to 
(1) emotional states, (2) events or condi-
tions, and (3) the content of the message 
for resilience training via eHealth technol-
ogy?

Chapter 6 Design 7. What is the perceived effectiveness, ac-
cording to employees, of the guidance 
offered via  automated eCoaching during 
reflection to improve employees’ capacity 
for resilience? 

8. How useful are the elements of the au-
tomated eCoach during reflection by 
employees to improve their capacity for 
resilience?
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Abstract 
Background: The combination of self-tracking and persuasive eCoaching in automated 
interventions is a new and promising approach for healthy lifestyle management.
Objective: The aim of this study was to identify key components of self-tracking and 
persuasive eCoaching in automated healthy lifestyle interventions that contribute to 
their effectiveness on health outcomes, usability, and adherence. A secondary aim was 
to identify the way in which these key components should be designed to contribute to 
improved health outcomes, usability, and adherence. 
Methods: The scoping review methodology proposed by Arskey and O’Malley was 
applied. Scopus, EMBASE, PsycINFO, and PubMed were searched for publications dated 
from January 1, 2013 to January 31, 2016 that included (1) self-tracking, (2) persuasive 
eCoaching, and (3) healthy lifestyle intervention. 
Results: The search resulted in 32 publications, 17 of which provided results regarding 
the effect on health outcomes, 27 of which provided results regarding usability, and 13 
of which provided results regarding adherence. Among the 32 publications, 27 described 
an intervention. The most commonly applied persuasive eCoaching components in the 
described interventions were personalization (n=24), suggestion (n=19), goal-setting 
(n=17), simulation (n=17), and reminders (n=15). As for self-tracking components, most 
interventions utilized an accelerometer to measure steps (n=11). Furthermore, the 
medium through which the user could access the intervention was usually a mobile phone 
(n=10). The following key components and their specific design seem to influence both 
health outcomes and usability in a positive way: reduction by setting short-term goals to 
eventually reach long-term goals, personalization of goals, praise messages, reminders to 
input self-tracking data into the technology, use of validity-tested devices, integration of 
self-tracking and persuasive eCoaching, and provision of face-to-face instructions during 
implementation. In addition, health outcomes or usability were not negatively affected 
when more effort was requested from participants to input data into the technology. 
The data extracted from the included publications provided limited ability to identify 
key components for adherence. However, one key component was identified for both 
usability and adherence, namely the provision of personalized content. 
Conclusions: This scoping review provides a first overview of the key components in 
automated healthy lifestyle interventions combining self-tracking and persuasive 
eCoaching that can be utilized during the development of such interventions. Future 
studies should focus on the identification of key components for effects on adherence, 
as adherence is a prerequisite for an intervention to be effective.

Keywords: telemedicine, review, health promotion, remote sensing technology
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Introduction
Health Promotion and Technology 
Improving healthy lifestyle behavior is an effective strategy to decrease mortality and 
increase health-related quality of life [1,2]. Current digital health technologies provide 
meaningful contributions to the design of healthy lifestyle interventions and the 
dissemination of such interventions [3]. A combination of self-tracking, goal-setting, 
and feedback in automated interventions has been indicated by many to be an effective 
approach for increasing healthy lifestyle behavior [3-5]. Self-tracking is “the practice of 
systematically recording information about one’s diet, health, or activities, typically by means 
of a mobile phone, so as to discover behavioral patterns that may then be adjusted to help 
improve one’s physical or mental well-being” [6]. Components that might be important for 
self-tracking are the self-tracking device, validity, the effort required of the participant to 
perform self-tracking, and the presentation of summary data to the user [7]. 

Persuasive eCoaching 
Goal-setting and feedback are components that can be provided via so-called persuasive 
eCoaching. This new term is a contraction of the terms ‘persuasive technology’ and 
‘eCoaching’. We refer to persuasive eCoaching as the use of technology during coaching 
to motivate and stimulate (groups of) people to change attitudes, behaviors, and rituals 
[8]. Oinas-Kukkonen and Harjumaa’s persuasive system design (PSD) model [9] describes 
such persuasive technologies that are expected to positively influence health behavior 
change. This PSD model builds upon earlier research by Fogg [10] and divides the 
persuasive components into 4 main categories: primary task support, dialogue support, 
system credibility support, and social support. These categories contain additional 
components such as personalization and reminders. To make the PSD model more 
complete for persuasive eCoaching, some coaching components that can be provided 
via technology can be added, namely educational coaching, goal-setting, and feedback. 

New Opportunities and Challenges 
The integration of self-tracking and persuasive eCoaching in fully automated healthy 
lifestyle interventions creates new opportunities for healthy lifestyle management. First, 
self-tracking devices enable the objective tracking of lifestyle behavior such as physical 
activity, heart rate, or sleep. This objective measurement of one’s lifestyle pattern can 
be more reliable than people’s own estimations based on their memory and biological 
sensing of their lifestyle patterns [11-13]. More reliable measurements could become 
an essential component in lifestyle behavior change, enabling a greater awareness 
of people’s current lifestyles [14]. Second, data from wearable devices can generate 
automated, personally relevant feedback 24/7. Previous research suggests that this just-
in-time tailored feedback contributes to the sustainable use of the intervention [8,15,16]. 
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Third, more and more people own devices that are suitable for eHealth interventions [3]. 
Even among ethnic minorities and the elderly, the use of mobile phones and computers 
is rising [17-19]. This suggests a certain scalability for such interventions and maybe even 
cost-effectiveness due to the fact that no human effort is required to carry them out. 

Besides these opportunities, applying the combination of self-tracking and persuasive 
eCoaching in automatic eHealth interventions also gives rise to a few challenges. These 
challenges concern privacy issues, trust, and ethics due to personally sensitive data being 
obtained and stored [20-22]. Concerning ethics, suggestions based on self-tracking data 
that are invalidated or unsupervised might end up being incorrect or even harmful [21]. 
In addition, individuals need to be able to understand and interpret the self-tracking data 
[23]. 

Identifying Key Components 
Despite the challenges, the combination of self-tracking and persuasive eCoaching to 
promote a healthier lifestyle is promising [3-5], and consequently, interventions employing 
this combination are becoming more common [5]. To our knowledge, no literature 
review has been conducted to identify the key components of such interventions. 
Knowledge about these key components can serve as input for future development 
of healthy lifestyle interventions that combine self-tracking and persuasive eCoaching, 
which in turn might increase the effect on health outcomes, usability, and adherence. 
Usability and adherence are important effect measures of eHealth interventions as they 
are prerequisites for the intervention to positively influence health or health behavior. In 
addition, it is worthwhile to identify the specific way a key component should be designed 
to create positive effects on health outcomes, usability, and adherence. ‘Effect on health 
outcomes’ here means the effects of the lifestyle intervention on both changes in healthy 
lifestyle behavior (eg, an increase in physical activity) as well as changes in health status 
(eg, improved blood levels or weight loss). ‘Usability’ here means the user’s satisfaction 
with the technology and its ease of use [24]. ‘Adherence’ here means the extent to which 
the technology is used as intended [15]. 

Key components of interest are self-tracking components (eg, type of device and 
presentation of summary data to the user), persuasive eCoaching components (eg, 
elements of the PSD model such as personalization and suggestion), and other 
intervention components (eg, the underlying behavior change theory and cocreation 
with end users). This review addresses the following research questions: (1) What are 
key components for the effectiveness on health outcomes, usability, and/or adherence 
of automated healthy lifestyle interventions combining self-tracking and persuasive 
eCoaching? and (2) In which way should key components be designed to contribute to 
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effectiveness on health outcomes, usability, and/or adherence? 

Overarching Project 
This review is part of an overarching project for the development of a workplace stress 
management intervention that combines self-tracking and persuasive eCoaching. 
To ensure systematic and holistic development and implementation of the eHealth 
intervention, the Center for eHealth Research (CeHRes) roadmap is adhered to throughout 
this project [8]. This evidence-based roadmap aims to improve the uptake and impact of 
eHealth technologies and is based on a participatory development approach, persuasive 
design techniques, and business modelling. The first step consists of contextual inquiry. 
This step aims to identify key components from the literature and from users and other 
stakeholders who will affect—or will be affected by—the intervention.

Methods
Scoping Review Methodology 
As technology continues to evolve rapidly, this particular scoping review methodology 
was chosen for this review study because it allowed us to obtain a quick overview of 
the current literature on the topic. The fact that this field is rapidly evolving is illustrated 
by the development of Fitbit self-tracking devices. Ever since the first Fitbit tracker was 
released at the end of 2009, 13 more Fitbit trackers have been released [25]. 

Another reason to conduct a scoping review on this topic is that a scoping review is not 
limited to randomized controlled trials (RCTs) [26,27]. To properly identify the scope of 
this topic, studies evaluating the effect on health outcomes, usability, and adherence are 
required. Studies regarding the latter two will primarily be qualitative studies [24]. 

Arksey and O’Malley’s scoping review methodology [26] was applied. This methodology 
comprises the following steps: (1) identifying the research question; (2) identifying relevant 
studies; (3) study selection; (4) charting the data; (5) collating, summarizing, and reporting 
the results; and (6) consultation. A number of additional recommendations by Levac et 
al [27] were followed, namely: providing a clear purpose for the scoping review, review 
of full-text articles by 2 independent reviewers to decide on their inclusion, collectively 
developing the data-charting form with the research team, continually extracting data 
and updating the data-charting form, inclusion of the consultation step (an optional step 
according to Arksey and O’Malley [26]), and providing a clear consultation purpose. 

Identifying Relevant Studies and Study Selection 
A systematic literature search was performed in PubMed, EMBASE, PsycINFO, and Scopus 
covering the period from January 1, 2013 to January 31, 2016. PubMed and EMBASE were 
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chosen for their wide coverage of scientific journals, whereas PsycINFO was chosen 
for its specific relevance to this review’s subject. Scopus was searched because of its 
multidisciplinary scope, which allows for identification of articles outside the medical 
field, such as in engineering. We decided to include no publication from before 2013 
as technologies described in publications before 2013 seem less comparable with 
technologies described in newer publications. To illustrate, publications containing the 
search terms “Fitbit” and “smartwatch” increased from a negligible number before 2013 
to hundreds from 2013 onward, reflecting the rise of personal monitoring devices [28]. 
These personal monitoring devices represent newer self-tracking technologies that 
simplify the collection and combining of personal data and enable more personalized 
healthy lifestyle interventions [29]. Including older publications, in which technological 
advances are not displayed, might lead to less relevant findings [30]. 

This study’s search strategy was created in collaboration with a University of Twente 
librarian, based on 3 main components: (1) self-tracking, (2) persuasive eCoaching, and 
(3) healthy lifestyle interventions. Related search keywords were identified using MeSH 
and EMTREE terms, PubReMiner, synonyms, keywords from relevant articles, and self-
determined search terms (see Appendix 1). 

Our aim was to include articles that described fully automated interventions. However, 
we found that many articles involved a fully automated intervention in addition to human 
coaching, which we call blended coaching. As the scoping review methodology allows for 
post hoc decisions [27], we then decided to also include blended coaching interventions 
because we expected to find relevant results in these studies. Other inclusion criteria 
were that the articles had to be written in English or Dutch and had to be journal articles. 
Excluded publications included reviews, study protocols, study populations outside 
the age range of 18-66 years, publications lacking empirical data, and paper-based 
or personally reported tracking. This age range is in line with the target group of our 
overarching research project that focuses on the working population. In a lot of European 
countries, the retirement age is gradually increasing toward 67 years [31]. 

The results of the search query were uploaded into the EndNote X7 reference manager 
(Thomson Reuters, Philadelphia, PA, USA) and independently assessed by two reviewers 
to decide on their inclusion based on title, abstract, and full-text (the review team was 
comprised of AL and HO for selection based on title and abstract, and AL, HO, LP, and MG 
for selection based on full-text, with AL reviewing all full-text articles). Differences were 
fully discussed until consensus was reached. 
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Figure 1. Flowchart of the selection process. 

Note: ST=self-tracking, PeC=Persuasive eCoaching.

In addition to the electronic database search, manual searching was performed in 
JMIR mHealth and uHealth for issues dated from January 1, 2013 to January 31, 2016. 
In addition, a check was performed on the bibliographic reference lists of publications 
that remained after full-text selection of the search query or manual searching and did 
not describe interventions involving blended coaching, to identify any additional eligible 
publications. 

The electronic database search and manual searching resulted in 394 publications and 59 
publications, respectively, 98 of which were duplicates. After the final full-text selection, 
27 publications remained [32-58]. The check of the reference lists resulted in 5 additional 
publications [59-63] (see the flowchart in Figure 1).
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Table 1. Components of the data-charting form.

Category Component

Study characteristics Title 

Author (Year)

Study set-up: 

- comparison intervention

- study quality

Objective study

Participants

Country of the study 

Duration 

Outcomes of interest

Secondary outcomes

Measuring instrument(s)

Validity of Measuring instrument(s)

Effect on health outcomes (high effective, low effective, 
ineffective)

Usability 

Adherence

Intervention characteristics Intervention setting (lifestyle, chronic disease, or mental 
health)

Country of the intervention

Persuasive eCoaching components:

- components from the PSD model

- social support in general

- educational coaching

- goal-setting

- feedback

Self-tracking components: 

- in general

- device

- measurement variable

- the participant’s effort

- presentation of summary data

- duration of device usage

- device placement

- validity

Other intervention components:
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- short description of the technology

- the intervention’s aim

- theory applied 

- results from other research applied 

- co-creation

- design testing

- the medium used (for example computer or mo-
bile) 

- implementation

- integration of self-tracking and persuasive 
eCoaching

- blended coaching

Advantages & limitations according to 
author or reviewer

Advantages of intervention 

Limitations of intervention

Advantages of research

Limitations of research

Charting the Data
A data-charting form was created by the research team that included the following: study 
characteristics (eg, title, participants, outcomes of interest, and effectiveness), intervention 
characteristics (eg, short description of the intervention, self-tracking components, and 
persuasive eCoaching components), and advantages and limitations of the intervention 
and research according to the authors or reviewers (see Table 1). Next, the data-charting 
form was improved by several iterations between researchers and 2 consensus meetings 
of the whole research team.

Using the framework by Morrison et al [64], the interventions were divided into 3 categories 
in terms of their effect on health outcomes: high effective, low effective, and ineffective 
(see Table 2). For example, if the intervention group showed statistically significant 
improvements for steps per day and body mass index but not for blood pressure as a 
result of within-group analyses and was more effective than the comparison intervention 
group as a result of between-group analysis, the intervention was categorized as ‘high 
effective’. No distinction has been made between the different outcomes, as long as they 
were related to health (eg, healthy lifestyle behavior or health status). Study quality was 
assessed by evaluating the rigor of the study designs based on the established hierarchy 
of study designs [65]. 
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Table 2. Categorization of interventions by effect on health outcomes by Morrison et al. [64]. 

Effectiveness Criteria

High effective - The intervention led to statistically significant 
improvement on the majority of outcome 
measures.

- The intervention was more effective or as 
effective as comparison groups. 

- The intervention was more effective than con-
trol groups without an intervention or waiting 
lists.

Low effective - The intervention led to statistically significant 
improvement on the minority of outcome 
measures. 

- The intervention was as effective or less effec-
tive than comparison groups. 

- The intervention was more effective than con-
trol groups without an intervention or waiting 
lists.

Ineffective - The intervention led to no statistically signif-
icant improvements on any of the outcome 
measures. 

- The intervention was no more effective than 
control groups without an intervention or wait-
ing lists.

Data on usability was extracted from included publications if participants in the study 
expressed a preference for a component or a specific component’s design that increased 
their level of satisfaction regarding the technology or its ease of use. 

Data on adherence was extracted if the studies described the way in which participants 
should use the intervention and presented results on the participants’ adherence to that 
intended use. Originally, we intended to divide the studies into incremental categories of 
adherence. Unfortunately, the data extracted from the studies did not allow us to do so. 
Additionally, data on adherence was extracted if participants expressed an expectation 
that a specific component could increase their adherence in using the technology. 

Persuasive eCoaching components were extracted from included publications using the 
PSD model [9]. Solely, persuasive components were coded when they were executed 
by the technology and not by human effort, which is in line with the use of the PSD 
model as described in the review by Kelders et al [15]. As data extraction progressed, 
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we decided to include 3 persuasive eCoaching components in the data-charting form: 
educational coaching, goal-setting, and feedback. The reason for this decision was that these 
components were often described in the intervention’s design and comprised coaching 
strategies that could be delivered via technology. In addition, the specific reasons for 
allowing social support in the design were often omitted. Consequently, we could not link 
design elements to specific social support components in the PSD model and therefore 
created the component social support in general (see Appendix 2 for an overview).

The self-tracking components and other intervention components were identified using 
qualitative analysis of the data from publications. Components were added or changed 
continuously as the qualitative data analysis progressed. 

The consistency of the data-charting form was discussed by two reviewers (AL and HO), 
who focused on data extraction performed by one reviewer (AL) on 4 articles with various 
study designs (3 studies evaluating the effect on health outcomes and 1 study on usability) 
[32,35,50,53]. After their discussion, it appeared that persuasive eCoaching components 
and the advantages and limitations of the research and interventions were more prone 
to reviewer subjectivism than other components. Therefore, we decided to extract the 
data from 3 articles [42,46,49] gathered by two reviewers (AL and HO) independently of 
these components to increase consensus with regards to the data interpretation. 

Collating, Summarizing, and Reporting the Results 
All relevant data was coded using the data-charting form in ATLAS.ti version 7.5 (Scientific 
Software Development GmbH, Berlin), a qualitative software package. In addition, short 
summaries were obtained from the data-charting forms to provide quick overviews. 
Qualitative analysis was used due to our interest in how and why components were applied 
and to observe patterns in the application of the components and their contribution 
to the effect on health outcomes and usability [66]. Following Arksey and O’Malley [26] 
and Levac et al [27], descriptive numerical summaries and thematic analyses were used 
for data analysis, resulting in an approach that is akin to a “narrative review” [26]. First, 
a descriptive numerical summary was used to create a numerical overview of specific 
self-tracking components, persuasive eCoaching components, and other components 
in the interventions categorized by their effect on health outcomes. Components were 
identified as key components if at least 50% of the interventions that showed effectiveness 
on health outcomes (high and low effective interventions) included the component. 
This 50% rule was applied to all persuasive eCoaching components, with exception of 
feedback, the self-tracking component validity, and the other intervention components, 
theory applied, results from other research applied, cocreation, design testing, integration of 
self-tracking and persuasive eCoaching, and blended coaching. Other components included 
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in the data extraction were of a descriptive nature and could therefore not be treated as 
dichotomous components for which percentages could be calculated. 

Second, thematic analysis was applied to obtain more insight into the various 
components’ specific designs and if these specific designs relate to the effectiveness of 
the interventions on health outcomes, usability, and/or adherence. When patterns were 
observed linking components and effectiveness, these components were then identified 
as key components. Additionally, thematic analysis directed the process of creating the 
data-charting form. 

Consultation 
The aim of this consultation was to give meaning to and assess the applicability of the 
results by obtaining insight from other perspectives, beyond the research team’s own 
perspectives [26,27]. The consultation was carried out during the 11th International 
Conference on Persuasive Technology. The preliminary results of this scoping review 
[67] were presented and input was requested from experts in several fields during the 
workshop on Behavior Change Support Systems (BCSS 2016): Epic for Change, the Pillars 
for Persuasive Technology for Smart Societies. This consultation adjusted the scope to 
the way in which components are designed, to get a clear idea of how and why specific 
components do or do not contribute to effects on health outcomes, usability, and/or 
adherence.

Results
Characteristics of Included Studies 
General Characteristics 

Most studies were carried out in the United States [32,33,35,37,40,46,49-52,57,60,63], 
followed by the Netherlands [34,45,53,55,56,62]. 

Of the 32 included publications, 27 in total described an intervention [32,33,35,37-45,47-
49,51-58,60-63], 17 of which [32,35,37,39,41,43-45,48,49,51-53,57,60,61,63] evaluated 
the effects of that intervention on health outcomes. Of these 17 studies, 16 were RCTs 
(highest level in the hierarchy of study designs [65]) and 1 was a quasi-RCT study (second 
highest level) [43]. In addition, 10 were categorized as high effective [32,39,41,45,48,49,5
1,60,61,63], 4 as low effective [32,37,44,57], and 3 as ineffective [35,43,52]. Additionally, 
25 publications [32-36,38-43,46-51,54-59,62,63] included results on usability, 18 of which 
[32,33,35,36,38-43,48,49,51,54, 56,57,62,63] were based on people’s experiences after 
having used the technology and 6 of which were based on expectations [34,46,50,55,58,59]. 
Only 1 study addressed usability results based on experiences as well as those based 
on expectations [47]. As for adherence, 8 publications included information about the 
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intended use of the intervention [40,41,45,47, 51,53,60,63], and 5 publications included 
information about expectations regarding components that could increase adherence 
[36,46,47,59,62] (see Appendix 3 for a summary of the included publications).

Intervention Characteristics 
General Characteristics 

Out of those publications that described the design of an intervention, 17 were developed 
in a healthy lifestyle setting [32,33,35,37,39,42-45,49,51,52,57,58,61-63] and 10 in a chronic 
disease setting [38,40,41,47,48,53-56,60]. Furthermore, about half of the interventions 
described included the application of a certain theory in the design. The most frequently 
applied theories were social cognitive theory [33,35,38,49,52], transtheoretical theory 
[32,35,39,52,55], and self-regulation theory [38,47,63]. Additionally, 6 studies included 
descriptions of cocreation with end users [42,47,52,55,56,58]. The medium most often 
used to execute the intervention was a mobile phone app [37,38,40,48,49,52,55,60-62]. 
Other mediums were a computer [35,39,43,45,54,63], a combination of computer and 
mobile phone for text messages (short message service, SMS) [32,41,42,44,51,57,58], 
a combination of computer and a mobile phone app [33,53,56], or just a mobile 
phone for text messages [56]. Finally, 10 interventions involved blended coaching 
[38,40,44,45,47,48,54-56,60]. 

Persuasive eCoaching Characteristics 
The persuasive technology category from the PSD model applied most often was primary 
task support, followed by dialogue support. System credibility support was applied 
sparingly. For the most part, the identified persuasive eCoaching components were 
personalization (85%, or 23/27), goal-setting (74%, or 20/27), suggestion (70%, or 19/27), 
simulation (56%, or 15/27), and reminders (52%, or 14/27). 

Self-Tracking Characteristics 
Most interventions used an accelerometer for self-tracking [33,37,38,40,41,45,49,53,55-
57]. Other devices used in multiple interventions were pedometers 
[32,35,39,44,47,48,51,54,58,60] and smart scales [48,52,63]. Five of these self-tracking 
devices [32,39,42,45,56] were described as tested for validity. In addition, the effort required 
of the participant to input data into the technology was either none, that is, automatic 
transfer of data [33,38,43,48,52,55,56,62,63], manually entering data [32,37,39,47-
49,51,54,58,60], or uploading data [35,41,42, 45,57]. Four studies made no mention of the 
transmission of data to the technology [40,44,53,61]. The type of electronic data collected 
was usually the number of steps taken [32,33,35, 38-41,44,47,48,51,53,54,56-58,60,61]. 
Furthermore, data regarding weight [48,52,63], heart rate [42], and other types of physical 
activity outcomes was collected, such as distance [33,38,43], intensity [38,41,45,55-57], 
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time [38,42,43,45,55, 57,60], and/or energy expenditure [43,45,49,61]. The electronic 
data was either presented to the participant as summary data via visual presentation in 
a graph, chart, or bar [33,35,37,38, 40,42,48,49,51,53,55,56,58,61,63], as summary data 
via a message [47], or in a life log with a list of activities [49]. Eleven interventions drew a 
comparison between the current behavior and the goal [33,37,38,48,51,53,55,56,58,61]. 

Key Components 
An overview of the key components, categorized by effect measures (health outcomes, 
usability, and adherence), can be found in Appendix 4. This table also provides an overview 
of which studies the key components are based on. Results regarding components have 
not been presented if too little data was present (results regarding that component 
from only one study) or no clear pattern could be observed between the component 
and the effectiveness (on health outcomes, usability, and/or adherence). Moreover, key 
components were not separately described for interventions utilizing blended coaching 
or automatic coaching, as too little data was present or no differences were observed for 
the key components between the 2 types of coaching in terms of their effects. The same 
holds for key components from studies describing results regarding usability based 
on expectations, and studies based on experiences. The key components presented 
below are divided according to the 3 effect measures: health outcomes, usability, and 
adherence. 

Key Components for a Positive Effect on Health Outcomes 

Persuasive eCoaching Key Components 
In the category of primary task support, reduction [32,39,41,49,51,60,63], personalization 
[32,37,39,41,45,48,49,51,53,57,60,61], and simulation [37,39,48,51,53,57,61,63] were 
identified as key components, as they were included in at least 50% of the interventions 
that were effective in terms of health outcomes. As for dialogue support, reminders 
[32,37,44,51,53,57,60] and suggestion [32,37,39,45,48,49,51,53,57,60,63] were identified 
as key components. No key components were identified in the categories of system 
credibility support and social support. Goal-setting was determined to be another key 
component for persuasive eCoaching [32,37,39,41,49,51,53,60,61,63] (see Table 3 for an 
overview). 

Design of the Persuasive eCoaching Key Components 
In studies evaluating the effect on health outcomes, the reduction component was 
designed in 1 of 3 ways: (1) setting short term goals to eventually reach long term goals 
[32,39,41,49,51,60,63], (2) providing low effort behavior suggestions [35,49,63], or (3) 
helping the user solve a problem [35]. Personalization was most often implemented to 
adjust goals or feedback [32,35,37,39,41,43,45,48,51-53,60,61,63] but not so much for 
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Table 3. Interventions’ persuasive eCoaching elements, ordered by their effect on health outcomes. 

Persuasive eCoaching component Effective interventions 
(n=14) 

Total number of studies 
evaluating effect on 
health outcomes (n=17)

Primary task support  

Reduction 7 (50%) 8 (47%)

Tunneling 4 (29%) 5 (29%)

Tailoring 3 (21%) 4 (24%)

Personalization 12 (86%) 15 (88%)

Simulation 8 (57%) 10 (59%)

Rehearsal 2 (14%) 2 (12%)

Dialogue support

Praise 4 (29%) 4 (24%)

Rewards 2 (14%) 3 (18%)

Reminders 7 (50%) 9 (53%)

Suggestion 11 (79%) 13 (76%)

Similarity 2 (14%) 2 (12%)

Liking 2 (14%) 2 (12%)

Social role 0 (0%) 1 (6%)

System credibility support

Trustworthiness 1 (7%) 1 (6%)

Expertise 1 (7%) 1 (6%)

Surface credibility 0 (0%) 1 (6%)

Real-world feel 1 (7%) 1 (6%)

Authority 0 (0%) 0 (0%)

Third-party endorsement 0 (0%) 0 (0%)

Verifiability 0 (0%) 0 (0%)

Social support 

Social support in general 2 (14%) 3 (18%) 

Social learning 0 (0%) 0 (0%)

Social comparison 0 (0%) 0 (0%)

Normative influence 1 (7%) 1 (6%)

Social facilitation 0 (0%) 1 (6%)

Cooperation 0 (0%) 0 (0%)

Competition 0 (0%) 0 (0%)

Recognition 0 (0%) 0 (0%)

Other 

Educational coaching 6 (43%) 7 (41 %)

Goal-setting 10 (71%) 13 (76%)
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the user’s ability to set technical features, such as their ability to control prompts and 
layout [32,57]. The personalization of feedback was mostly based on self-tracking data 
or reaching goals [32,39,41,43,45,48,52,53,60,61]. The simulation component consisted 
of an overview of the collected data over time in a graph [35,37,48,51,53,57,61,63] or 
in a message [39]. Reminders were usually sent daily [32,35,37,51,60] and were either 
task reminders regarding self-tracking [32,51,52,60] or reminders to perform health 
behavior [35,37,44,53,57]. As for suggestion, these messages were often personalized 
[35,37,45,49,51,63] and contained suggestions on how to perform the intended behavior 
[32,37,39,45,49,51-53,57,60,63] or suggestions for behavior change [45,48,63]. Some 
suggestion messages were of a motivational nature [32,53], such as “you have taken more 
rest, please go for a walk” [53]. Apart from one study [53], the goal-setting component was 
usually personalized [32,39,49,51,52,60]. Finally, goals were either assigned to the user 
[32,37,41,51,53,60] or the user could choose personal goals [35,39,49]. 

Design of the Persuasive eCoaching Components and Effectiveness on Health Outcomes 
When comparing the use of reduction among the 3 categories of effectiveness, 6 out of 
7 [32,39,41,51,52,60] high effective interventions used reduction by setting short-term 
goals to eventually reach the ultimate long-term goal. This was not done in the other, low 
effective or ineffective, interventions. 

When comparing the effectiveness and the application of personalization, it became 
apparent that 4 out of 9 high effective interventions [32,39,51,60] used personalization 
to set goals, whereas none of the low effective and only one ineffective intervention [52] 
applied this strategy. Moreover, high effective studies were the only ones to personalize 
goals by means of self-tracking data [32,51,60]. In addition, differences were observed 
in the number of personalized components in the interventions, with 5 out of 9 high 
effective studies [32,39,41,51,60] personalizing 2 or more components in comparison 
with 1 out of 3 low effective [57] and 1 out of 3 ineffective interventions [52]. 

It was observed that 2 out of 3 high effective interventions that applied reminders used 
those reminders to ask the participant to input behavioral data into the technology 
[51,60], whereas ineffective and low effective interventions only used reminders on 
changing health behavior [35,37,44,52,53,57]. 

No clear pattern was observed between the 3 categories of effectiveness on health 
outcomes and the specific design of the simulation and suggestion components. 

Other persuasive eCoaching key components for which patterns were observed 
regarding their effectiveness on health outcomes were the inclusion of praise messages 
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[32,39,51,60] and tunneling by providing advice based on how well the participant 
changed the desired behavior [41,45,63]. These components were only ever applied in 
high effective interventions. 

Self-tracking Key Components 
The validity component was applied in 21% (3/14) of the interventions [32,39,45] that 
showed effectiveness on health outcomes. Based on the 50% rule, the validity of the self-
tracking device is thus not considered to be a key component.

Design of the Self-Tracking Components and Effectiveness on Health Outcomes 
When comparing the self-tracking device applied by effect on health outcomes, it was 
observed that accelerometers were only applied in the high effective interventions 
[41,45,49] and the low effective interventions [37,53,57], whereas not at all in the ineffective 
interventions. In addition, the most intensive effort was asked from participants in high 
effective interventions to input data into the technology. To illustrate, the low effective 
and ineffective interventions mostly applied uploading data [35,57] or automatic transfer 
of the data to the technology [43,52,53]. In the high effective interventions, participants 
were asked for a more intensive approach than uploading data or doing nothing, such as 
sending a daily message with steps to the technology [32,48,51,60]. The latter was also 
applied in one low effective intervention [48]. Although the validity component was not 
identified as a key component based on the 50% rule, only in high effective studies good 
validity and reliability of the device were described [32,39,45]. 

Other Intervention Key Components 
With respectively 71% (10/14) and 50% of the effective interventions applying integration 
of self-tracking and persuasive eCoaching [32,37,39,41,45,48,49,51,53,61] and results from 
other research applied [32,39,49,51,60,61,63], these components were identified as key 
components. The percentages of the other components were 29% (4/14) for theory 
applied [32,39,49,63], 14% (2/14) for design testing [39,51], and 0% for cocreation. 

Design of the Other Intervention Key Components 
The design of self-tracking and persuasive eCoaching integration usually involved the use 
of self-tracking data to provide feedback [32,37,41,45,48,49,51,53,60,63]. Some studies 
also used self-tracking data to set goals [32,51,60]. The following results from other 
research were used in intervention design: the application of a known protocol [51,60,63], 
methods that were evaluated as effective [32,49,61], and components from healthy 
lifestyle interventions that were evaluated as effective [39,43]. 
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Design of the Other Intervention Components and Effectiveness on Health Outcomes 
Ineffective interventions applied less intensive implementation strategies such as 
brief tutorial [35], instructions on paper [43], or nothing [52] in comparison with the 
high and low effective interventions, which used mostly face-to-face instructions 
[32,37,39,49,51,57,61,63]. 

Key Components for Usability 

Persuasive eCoaching Key Components 

An overview of all key components for usability can be found in Appendix 4. The 
most apparent key components for usability are described below. In line with the key 
components for a positive effect on health outcomes, a pattern was observed between 
the following key components and a positive effect on usability: 

• Reduction to simplify the performance of behavior [36,50,62]. In addition, 
participants found it useful to be able to set short-term goals [46,58]. They believed 
that it could contribute to their motivation [46,58]. In addition to the similarities 
with key components for health outcomes, users also appreciated the provision of 
means to simplify their performance of the behavior [58,62]. 

• Personalization of goals [50,56,58,59]. For the most part, users appreciated 
the ability to set personal goals because it fosters the observation of progress 
[50,58,59]. 

• Praise messages [42,47,55,59,62]. However, praise might require a different design 
for men and women, since gender differences were observed, with women 
appreciating praise more than men [59].

• Reminders were perceived useful by most [35,42,47,50]. However, the timing and 
frequency of the reminders are of importance to avoid annoyance, feelings of 
being checked up on, or guilt for not reaching the goal [42,47,50,57,59,62]. One 
study’s participants expressed a preference for reminders to upload or enter data 
into the technology [47]. 

• Simulation to observe progress [33-35,47,50,55,59,62]. Users particularly 
appreciated visualization of self-tracking data to observe progress toward their 
goals [33-35,47,50,55,59,62]. A clear overview with only a few important features 
displayed was preferred overall [55,62]. However, people following physical activity 
guidelines preferred more detailed information [62]. 

In contrast to studies evaluating the effect on health outcomes, where results on 
personalization were mostly observed for the personalization of content, the participants’ 
concerns regarding usability were mostly about the ability to set technical features such 
as the timing of the message, password protection, and layout. For example, not all 
participants were concerned about the safety of their self-tracking data [46,50,56,59], 
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and some found that password protection interferes with the technology’s usability 
[50,59]. In addition, participants would like to be able to decide whom to share data 
with [46,50]. These aspects also relate to the trustworthiness component. As for 
personalization of content, users acknowledged personalization as a practical solution 
[50] to account for the differences that existed among the various groups of users 
and even within groups of users [34,36,50,62]. Participants themselves also expressed 
a desire for the personalization of content  [34,47,57,58]. Some participants felt that it 
would be meaningful to take personalization to the next level by using data mining to 
enable context-sensing and observe trends and patterns in personal data [46,47,50,59], 
which is also a form of reduction. However, others felt such extensive personalization 
would be unreliable, artificial, or unnecessary [47,50,59]. 

The social support component was rated negatively by most participants [34,50,59,62]. 
However, it appears that acceptability of social support was higher when receiving 
support via the technology from close friends, family, or peers [50,59,62]. However, a few 
participants did not like the idea of receiving support from family members, as they had 
previous negative experiences with support from family during behavior change [58]. 
In contrast, acceptability of social support was lower when the intervention used social 
media platforms open to everyone, such as Facebook [59,62]. 

In terms of users’ perspective on educational coaching, the fact that most users had already 
been trying to change their behavior for quite some time and were already familiar with 
much of the information on the subject should be taken into account [47,58]. 

Self-Tracking Key Components 
Overall, it was apparent from the studies on usability that users had a positive attitude 
regarding the self-tracking of behavioral outcomes [34,46,47,51,59,63]. One positive 
aspect mentioned by participants was that performing self-tracking increased their 
awareness [36,46,47,49,62].

In line with key components for effect on health outcomes, the validity of the device was 
perceived as important among users [46,56,59]. In addition, one publication reported 
on users’ willingness to put in more effort if they felt doing so was justified by its added 
value [50]. Overall, most participants had a favorable attitude toward the automatic 
tracking of behavioral outcomes [46,59,62], although basic data entry was also perceived 
as acceptable [46,50,62]. 
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As for the measurement component, self-tracking was found to have a potential 
demotivating effect when users were unable to capture all personally relevant data using 
self-tracking devices (eg, the use of an accelerometer when walking or running was not in 
fact their most common physical activity) [33,55,62]. 

Other Intervention Key Components 
In line with key components for effect on health outcomes, participants acknowledged 
the advantages of the integration of self-tracking and persuasive eCoaching [32,34,35,46, 
51,56,59,62] and believed that an intervention incorporating this combination could 
successfully motivate or change behavior [36,40,42,47,54]. In addition, participants 
considered it useful to receive instructions on how to use the intervention [42,56]. 

Furthermore, participants preferred the use of mobile phones for intervention delivery 
to delivery via the computer [46,50,55,58,59,62]. One advantage of mobile phone apps 
the participants named was the ability to use the intervention whenever they wanted 
[36,47]. 

Most participants reported that it was preferable to have access to a health care 
professional on top of using the automated intervention [46,47,54,55,58,59]. Even though 
health care professionals were negative about the provision of feedback [55], they did 
see the advantage of such interventions to supplement in-person sessions, as it might 
increase their ability to anticipate and better understand the process of behavior change 
among clients [40,55]. 

Key Components for Adherence 
No key components for adherence could be identified based on information about 
intended usage, as these results were only sparingly presented [40,41,45,47,51,53,60,63]. 
Out of the 8 studies that did present results on intended usage, only 6 presented data on 
the intended usage of the self-tracking component and not the intervention as a whole 
[41,45,47, 51,60,63]. 

Based on participants’ opinions, the following key components were identified: the 
personalization component, as users believed that personally relevant advice could 
increase adherence [46,59,62]; and the design testing component, as users said that 
adherence declined when a problem occurred while using the intervention [36,62].
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Discussion
Findings 
This scoping review aimed to identify key components of self-tracking and persuasive 
eCoaching in automated healthy lifestyle interventions that contribute to the effectiveness 
on health outcomes, usability, and adherence. 

Key Components for Effect on Health Outcomes 
A pattern was observed between the following key components and a positive effect 
on health outcomes: reduction, personalization, simulation, suggestion, goal-setting, praise, 
use of valid wearables and specifically accelerometers, integration of self-tracking and 
persuasive eCoaching, use of results from other research to inform design, and provision 
of face-to-face instructions during implementation of the intervention. A pattern was also 
observed between more effort by the participant to input the self-tracking data in the 
intervention and more effect on health outcomes. For the following key components, it 
appears that a specific design is required for the component to have a positive influence 
on health outcomes: reduction by setting short term goals to eventually reach long-
term goals, personalization of goals using self-tracking data, personalization of multiple 
components, tunneling by provision of feedback based on how well the user changed 
their behavior, and reminders to input data into the technology. 

Similar to this scoping review’s results, other recent reviews on eHealth also observed the 
contribution to effectiveness of reminders [68,69], personalization [70], and integration 
of self-tracking and persuasive eCoaching [68,71]. In addition, one review found that less 
persuasive technologies were extracted from the system credibility support and social 
support categories [14]. This could either indicate that designers do not pay enough 
attention to these categories of persuasive technologies or that these components are 
often omitted in the description of the technology in publications. If the first is true, 
this might have consequences for the effectiveness of the intervention. For the system 
credibility support category, Harris et al [72] found that users engaged less with the 
technology when credibility was lacking. Neglect of the social support category will be 
addressed in further detail below. 

Support for the importance of reminders can be found in the reviews by Neff and Fry 
[69] and Bardus et al [68]. However, more knowledge is needed about the reminder 
component’s specific design and effectiveness [69,73,74]. This scoping review diminishes 
this research gap to some extent by indicating that sending reminders to signal self-
tracking could increase effectiveness, which is consistent with the findings of one RCT 
study [75]. Reminders regarding behavior change appeared to be less effective. One 
possible explanation for this is that reminders regarding behavior change remind users 
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of their failure to change behavior [76]. Knowledge about other aspects of the reminder 
component is also of importance, such as the proper frequency, timing, and the way 
in which users should be notified by reminders (eg, visual or audible cues). One review 
mentioned that a frequency of one reminder per day should be considered [71]. Another 
study found that sending event-based reminders (such as after breakfast) were more  
effective for health behavior change than time-based reminders (such as at a specified 
time) [74]. 

Requiring more effort from the participant to input data into the intervention appears to 
have a positive influence on interventions’ effect on health outcomes. One explanation 
for this, from the review by Kelders et al [15], is that if more action is required from 
the participant, it might make the participant more engaged with the intervention. In 
addition, one study on usability [50] mentioned that participants are willing to devote a 
higher level of effort (eg, manually entering data), as long as the effort is balanced by its 
added value (eg, more personally relevant feedback). 

Key Components for Usability 
Several key components were identified for a positive effect on usability. The most 
apparent key components for a positive effect on usability are described below. Similar 
to key components for effect on health outcomes, key components for usability were 
inclusion of reduction, personalization, reminders, praise, simulation to observe progress, 
use of valid wearables, integration of self-tracking and persuasive eCoaching, provision 
of face-to-face instructions during implementation of the intervention, and requesting 
more effort from the participant for input of self-tracking data into the technology. As 
for key components for effect on health outcomes, participants deemed the following 
specific key component designs to be preferable: reduction by setting short term goals 
to eventually reach long-term goals, personalization of goals, and reminders to input data 
into the technology. Participants also considered the frequency and timing of reminders 
to be important to avoid annoyance and acknowledged the advantages of personalizing 
several aspects of the design. Furthermore, a negative attitude towards social support 
was observed. To increase the acceptability of social support, designs should include the 
provision of social support via peers, close friends or family, and eliminate the use of 
social media platforms open to everyone. It was apparent that participants appreciated 
the delivery of the intervention via a mobile phone. On top of that, participants and health 
care professionals liked the idea of using the automated intervention as a supplement to 
in-person sessions. 

A recent qualitative review on engagement with digital health interventions obtained 
mostly similar results [76]. Similarities include the importance of reminders, 
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personalization, the ability to use the intervention 24/7, a suitable supplement to in-
person sessions, and provision of reduction to observe trends and patterns. A preference 
for automated self-tracking was also observed in line with our results. However, our 
scoping review also uncovered that users may also be willing to accept having to put in 
some level of effort for self-tracking. It is also worth noting that other studies on usability 
of eHealth have indicated that a positive attitude exists concerning self-tracking [77-79], 
inclusion of praise [80], personalization of goals [80,81], the ability to observe progress 
[80], use of validity-tested devices [78], and that not everyone is concerned with privacy 
issues [82]. 

The studies presenting results on usability are a way for us to learn what is most 
valued or noticed by users about healthy lifestyle interventions combining self-tracking 
and persuasive eCoaching. A few observations can be made about this topic. First, we 
observed that the studies evaluating an intervention for effect on health outcomes 
were mostly focused on the personalization of intervention content, whereas studies 
on usability were mostly focused on the personalization of technical features. This 
could indicate that the importance of technical feature personalization for users is not 
given sufficient attention during intervention development. On the other hand, it is also 
possible that results on technical feature personalization were simply described less in 
studies evaluating the effect on health outcomes in comparison with studies on usability. 
One element of usability is the ease of use of a technology and studies on usability might, 
therefore, focus more on technical features. 

Second, social influence and support are often components of traditional health behavior 
change models recognized in earlier research as effective for changing behavior [83-85]. 
But even though social support might be effective in changing behavior, we also observed 
an unfavorable attitude in many participants toward social support. In addition, to our 
knowledge, no study found strong evidence for the contribution that social support might 
make in automated interventions towards improving health behavior [86]. This could be 
explained by the low usage of the social support component observed in publications 
included in this review [38,58], as well as in other research [20,87]. As advocated by Riley 
et al [88], applying traditional health behavior change models might not be the best fit 
for healthy lifestyle interventions via technology due to their interactive and adaptive 
character. The social support component probably requires different strategies via 
technology than via face-to-face provision of social support. 

Third, it was observed that not everyone appreciated a high level of personalization of 
feedback messages via data mining in order to discover patterns. The observation of 
patterns helps users become aware of their way of living and the consequences thereof. 
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Although awareness is a first important step in behavior change [14], some people might 
prefer not to discover patterns they were not aware of. 

Finally, this review’s results show that participants would appreciate the ability to consult 
a health care professional during the intervention. However, health care professionals 
seemed less open to this. Including consultation by a health care professional would 
also be a costly way of increasing usability. In terms of their effect on health outcomes, 
earlier research found automated interventions to be as effective as interventions that 
include human coaching [15]. Furthermore, this scoping review observed positive effects 
on health behavior change not only in blended coaching interventions but also in fully 
automated interventions. Therefore, including human coaching is probably not an 
essential component. This viewpoint is also supported by previous research [89]. 

Key Components for Adherence 
Few studies included in this review described adherence that concerned the intended 
usage of the intervention. When intended usage was described, most of the information 
dealt with the self-tracking part and not the intervention as a whole. In addition, most 
studies that presented data on the usage of specific components did not state the intended 
usage in advance. This was also observed in another review [15]. Key components for a 
positive effect on adherence could therefore only be identified based on participants’ 
expectations. According to users, adherence could be increased by the personalization 
of content and the performance of design testing to eliminate problems during usage of 
the intervention. Personalization of content has been recognized in another review as a 
facilitator for adherence [70]. 

Recommendations for Future Design and Research 
First, the key components identified in this scoping review are identified as separate 
components. However, components might interact with each other and could lead to 
different outcomes than those anticipated based on knowledge of single components. 
One review on e-mental health interventions indicated that some combinations of 
persuasive technology components do indeed differ in terms of their synergy [90]. 
Further research is recommended to identify the most effective combination and 
dosage of the key components in healthy lifestyle interventions combining self-tracking 
and persuasive eCoaching. To date, most studies evaluating eHealth designs apply the 
traditional RCT method [91]. However, RCTs are often too time-consuming to keep up 
with the speed of technological developments and can explain little about separate 
elements and their contribution to effectiveness [91-93]. Riley and Rivera [94], Hekler et 
al [93], and Pham et al [91] advocated for new strategies to identify and design effective 
intervention components—“opening the black box.” Technology can provide a meaningful 
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contribution to such discoveries, for example, by means of the “Model Predictive Control” 
[94]. This strategy changes the intensity and combination of intervention components on 
a daily basis by using the monitoring data provided by participants’ responses and other 
contextual factors. 

Another strategy is suggested by Sieverink et al [94]. This strategy does not only attempt 
to open the black box, it also contributes to more insight into adherence. Sieverink et 
al provided preliminary results for the development of a log data protocol for eHealth 
technologies to identify their adherence level and effect on health outcomes [94]. They 
suggest collecting log data on the usage and intensity of usage for specific intervention 
components to be able to draw conclusions regarding adherence and linking such log 
data with effects on health outcomes to be able to draw conclusions regarding adherence 
to specific components and their effects on health outcomes. 

Future research and design should focus specifically on the reminder design, social 
support, and the observation of patterns through data mining, as different designs 
seemed to influence effect on health outcomes and/or usability. It would be interesting 
for future research to test variations on components’ designs and their effects on health 
outcomes and usability. 

Another recommendation is the application of personalization to account for the variation 
in preferences between groups of participants and even within groups of participants. 
Besides the fact that it is a practical way to account for the existing differences between 
users, participants also considered personalization to be useful. In addition to the 
application of personalization in the design, the observed differences both among and 
within groups also suggest that a needs assessment is required before and during the 
design phase of an intervention using self-tracking and persuasive eCoaching. Although 
cocreation is often mentioned as an important aspect in design models [95,96], only a 
few publications cited in this review described anything regarding cocreation between 
intervention developers and the target group. The importance of cocreation has been 
indicated as important to increase satisfaction with the design by other reviews [67,69]. 
Similar to the component of cocreation, few publications described anything about the 
theory underpinning the design of the intervention. The main message of other reviews 
in the field of eHealth is that the design of current eHealth interventions is often not 
based on existing theory [67,69]. The use of theory has been recognized as resulting in 
higher effectiveness [97]. 
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Strengths and Limitations 
One of the strengths of this research is that by applying qualitative research methods, 
an attempt has been made to not only describe which components might contribute to 
effectiveness but also which specific component design is most effective in terms of health 
outcomes, usability, and adherence. This is important because applying components 
from one theory in different interventions can result in various designs, whereas applying 
components from different theories can result in interventions with quite similar designs 
[93]. Another strength is the fact that we used both data from RCT studies and studies in 
real-life settings, providing a more realistic overview of the opportunities and challenges 
for interventions that combine self-tracking and persuasive eCoaching in practice than 
we would have been able to by relying only on results from RCTs.

One limitation of this scoping review is that potential biases might have influenced the 
results. First, publication bias could be present, indicated by the absence of negative 
effects reported and the higher number of high effective interventions included in this 
scoping review versus low effective or ineffective interventions. With results from only 
3 ineffective studies, we could not come to conclusions about any one key component 
being more often applied in effective interventions compared to ineffective interventions. 
Due to this limitation, we introduced the 50% rule to identify key components. It should 
be mentioned that the most commonly applied components in interventions were, 
therefore, more likely to be identified as key components. 

Second, we observed that interventions described in publications from 2013 already differ 
to some extent from interventions described in publications from 2016. The importance 
of certain identified key components for effectiveness might increase or decrease due 
to new technological developments. The main differences were the more frequent use 
of accelerometers and mobile sensors for self-tracking in newer publications and the 
delivery of the intervention via mobile phone in newer publications in comparison with 
computer in older publications. This trend is likely to continue [73,98]. An example of 
a key component that may become more important is the ability to enable or disable 
observation of trends and patterns. The use of mobile phone sensors enables collection of 
a wide spectrum of personal data. As indicated by this scoping review’s results, not every 
user is open to intensive data mining. As another example, the importance of applying 
the proper frequency and timing of reminders may increase. Mobile phone interventions 
can use a broader set of tools to send reminders than computer-based interventions. In 
addition, reminders cannot be ignored as easily due to visual or audible alerts [73]. 

Third, we did not make a distinction between health outcomes. It could be the case 
that interventions targeting a more intermediate health outcome (eg, an effect on 
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physical activity instead of an effect on blood pressure) were more easily identified as 
high effective studies. Fourth, the extraction of data concerning persuasive eCoaching 
components is somewhat subjective, which was observed by the two researchers during 
data extraction comparison. Finally, we did not code intervention components from the 
actual interventions because technology is a rapidly evolving field of research and this 
would have taken a significant amount of time. Choices such as this one are characteristic 
of the scoping review methodology [26]. These limitations limited us in making a definite 
list of key components. However, we attempted to provide a first impression of key 
components in this relatively new field of research. 

Conclusions
To our knowledge, this scoping review provides a first overview of key components and 
effects on health outcomes, usability, and adherence. The following key components 
and their specific design both seem to influence health outcomes and usability in a 
positive way: reduction by setting short term goals to eventually reach long-term goals, 
personalization of goals, praise, reminders to input self-tracking data into the technology, 
use of validity-tested devices, integration of self-tracking and persuasive eCoaching, and 
provision of face-to-face instruction during implementation. In addition, health outcomes 
or usability were not affected when more effort was requested from participants to input 
data into the technology. Unfortunately, we were limited in our ability to identify key 
components for adherence. Still, one key component identified for both usability and 
adherence is the provision of personalized content. Identification of key components for 
adherence is highly important because adherence is a prerequisite for interventions to 
be effective. This scoping review provides a first overview, and future research is needed 
to confirm the key components identified for effect on health outcomes and usability, 
identify key components for adherence, and study whether the key components 
represent an effective combination of components.
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Abstract 
Self-tracking and automated persuasive eCoaching combined in a smartphone 
application may enhance stress management among employees at an early stage. For 
the application to be persuasive and create impact, we need to achieve a fit between the 
design and end-users’ and important stakeholders’ values. Semi-structured interviews 
were conducted among 8 employees and 8 human resource advisors to identify values of 
self-tracking, persuasive eCoaching, and preconditions (e.g., privacy and implementation) 
for a stress management application, using the value proposition design by Osterwalder 
et al. Results suggest essential features and functionalities that the application should 
possess. In general, respondents see potential in combining self-tracking and persuasive 
eCoaching for stress management via a smartphone application. Future design of the 
application should mainly focus on gaining awareness about the level of stress and 
causes of stress. In addition, the application should possess a positive approach besides 
solely the focus on negative aspects of stress.

Keywords: user-centred design, eHealth, mobile phone, remote sensing technology, 
stress physiological, stress psychological, workplace health promotion
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Introduction
Stress and employees
It is widely recognized that prolonged stress is a major burden for employees as well as 
for organizations and society. Stress is related to several health and wellbeing related 
issues, such as depression, anxiety, and cardiovascular diseases [1]. The last two decades, 
a trend is observed in the rise of stress risks in Europe. One of the explanations in this 
is the increasing use of information and communication technology [2], which resulted 
into a working culture characterized by increased work intensification and possibilities 
to work everywhere, making employees working with digital screen equipment (DSE) at 
risk for stress. 

Many different psychological theories exist on stress among employees. Most of these 
theories include an overarching component: balance [3]. Being able to mobilize enough 
personal and social resources to overrule the demands, a positive response to stress 
occurs (i.e., eustress). Being unable to mobilize enough personal and social resources 
to overrule the demands, a negative response occurs (i.e., distress) [3, 4]. Distress might 
result in poor health and low performance, whereas eustress might result in good health 
and high performance [5].

Smartphone stress management application for prevention 
The EU compass for action on mental health and well-being advocates for taking 
preventive measure to reduce negative responses to stress and enhance positive 
responses to stress [6]. However, many interventions are labour-intensive which limits 
the ability for all DSE employees to opt-in an intervention targeting stress at an early 
stage [7]. To target stress at an early stage, a smartphone stress management application 
that focusses on self-management might be an effective approach. Two important 
components for self-management via a smartphone application are self-tracking and 
persuasive eCoaching [8]. Self-tracking can create awareness among individuals about 
their current level of stress and their personal demands and resources in relation to 
stress. Where traditional interventions mostly gain insights into such information by 
means of recall [9], smartphones can capture real-time information as the smartphone 
is usually kept in close proximity to the user. This can result into the identification of 
vulnerable moments for adverse behaviour and can be used by an eCoach to send 
personally relevant feedback to (re)gain balance in the personal demands and resources 
at times when it is most needed (i.e., just-in-time suggestions [10]).

The identification of values for eHealth design
We see a potential in the combination of self-tracking and persuasive eCoaching in 
a smartphone stress management application to target DSE employees at an early 
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stage. However, this approach is rather new [8]. As impact and uptake of new eHealth 
technologies are highly dependent on the fit between design and end-users’ and 
stakeholders’ values, it is important to involve the end-users and other important 
stakeholders in the development process [11, 12]. Besides the identification of values 
for design The Values of Self-tracking and Persuasive eCoaching 161elements, such 
as self-tracking and persuasive eCoaching, it is also needed to have insights into the 
preconditions for the design, such as privacy and implementation [12]. 

This study is part of an overarching project into the development of a workplace stress 
management application for DSE employees and builds upon results from a previously 
performed scoping review [8]. This scoping review identified key components for self-
tracking and persuasive eCoaching in healthy lifestyle interventions. To increase the 
chance of creating a fit between the design and end-users’ and stakeholders’ values, 
this study aims to answer the following research question: ‘What are the values according 
to DSE employees and human resource advisors (HR advisors) for self-tracking, persuasive 
eCoaching, and preconditions of a workplace stress management application?’.

Methods
Study design 
General procedure
Qualitative, semi-structured interviews [13] were conducted with 8 DSE employees and 8 
HR advisors in 2017 in different organizations in the Netherlands. DSE employees and HR 
advisors were recruited because of their important role in the development and uptake 
process with DSE employees being the end-users of the design and HR advisors for having 
a key role in the decision-making process concerning the organizational implementation 
of interventions that benefit employees’ vitality. In addition, HR advisors can both place 
emphasis on the employees’ perspective and the employers’ perspective. 

During interviews, the value proposition design [11] was used as a basis to identify values 
from DSE employees and HR advisors. In addition, a persona and low-fi prototype were 
presented to the participants.

Value proposition design
The value proposition design is two-sided: (1) the customer profile, which aims at creating 
customer understanding, (2) the value map, which aims at the way the product creates 
value for the customer [11]. A fit between the two is believed to improve successful 
development and implementation of a product. The interviews were solely focused on the 
customer profile; creating customers understanding and identify values by mapping out 
customer jobs, pains, and gains. Customer jobs relate to the tasks users want to complete, 
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the problems users experience, and the users’ needs. Pains focus on the undesired 
aspects and outcomes and on expected risks and obstacles. Gains focus on the desired 
and expected aspects and outcomes and on expected benefits and stimulators [11].

Persona
A persona is a lively representative of possible end-users [14]. The persona was used 
to enable the respondent to better understand the situation of a person suffering from 
stress or to speak form the situation of the persona instead of their own situation, as 
stress is subject to stigmatization [7]. Via literature, general characteristics of DSE 
employees experiencing high levels of stress and general causes and symptoms of stress 
were identified. Then, a female and male persona were created that represented a typical 
DSE employee suffering from stress, respectively for male and female respondents

Low-fi prototype 
A low-fi prototype was used as experience shows that respondents often find it difficult 
to formulate values without them having a concrete idea of what the technology might 
look like [15]. A preliminary idea for the low-fi prototype was based on the results of a 
scoping review performed by the researchers of this study. This scoping review identified 
key components of self-tracking and persuasive eCoaching in eHealth design and the way 
the components can be best designed [8] (e.g., from the persuasive system design (PSD) 
model [16] (in italic)). In short, the self-tracking element was based on the Sense-IT app, 
a product from the University of Twente, Scelta/GGNet, VUmc, Arkin, and Pluryn [17]. 
Their goal is to develop a scientifically informed, ambulatory biofeedback eCoaching app 
that supports its users in learning to better recognize changes in emotional arousal. The 
Sense-IT app collects heart rate measurements as a proxy for changes in physiological 
arousal due to emotional events. When a significant increase in heart rate is detected 
and, to a certain extent, adjusted for increases in physical activity of the subject, it is 
presumed that the increase in heart rate is the result of emotional arousal. Myrtek and 
colleagues developed and tested this concept as a proxy for emotional arousal [18]. As 
to find out which type of emotion caused physiological arousal, two questions followed 
based on the circumplex model of affect [19]: (1) ‘Do you experience a positive or negative 
emotion?’, (2) ‘How strong is the emotion you are experiencing on a scale from 1– 10?’. The 
different types of measurements can be seen in a graph (simulation). The eCoaching 
components consist of helping to find out causes of stress by combining data (reduction) 
and provision of suggestions to reduce stress. The suggestions were based on the coping 
strategies by Lazarus and Folkman: emotion-focused coping strategies and problem-
focused coping strategies [4]. Additional, persuasive eCoaching components were goal-
setting and rewards. Also, the user is able to personalize settings (e.g., to set timing and 
frequency of messages) and to share self-tracking data with others (social support). The 
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low-fi prototype was created via balsamiq.com and resulted in a clickable prototype in a 
PDF-document.

Participant selection 
A systematic, non-probabilistic sampling method was applied to ensure inclusion 
of different types of DSE employees and HR advisors. We aimed to include an equal 
number of male (n = 7) and female (n = 9) participants and participants from commercial 
(n = 5), semi-commercial (n = 6), and non-commercial settings (n = 5). Ages ranged from 
27–61. Inclusion criteria were: (1) employees needed to be open for future use of a 
stress management application and HR advisors needed to be open to advise a stress 
management application to their organization, in order to involve only potential (end-)
users; (2) employees needed to perform continuous periods of DSE work for an hour or 
more at a time on a more or less daily basis, to be labelled a DSE employee [20]. 

Respondents were recruited via representatives of suitable organizations from the 
personal network of the research team. Potential respondents were first contacted by 
email providing them with initial information about the interviews. When they agreed to 
participate, they were contacted by telephone to provide additional information and to 
set a date. During one interview with an HR advisor, a company nurse was present and 
her comments were included in the data.

Data collection
Semi-structured, in-depth interviews took place one-on-one by one researcher (AL) in 
the original work setting of the participants. After obtaining informed consent from 
participants, interviews were audiotaped and resulted in recordings of 42–82 min. 

A topic list was used to guide the interviews. Participants were first presented with 
the persona. Then, they were questioned about their perception of stress to better 
understand their perspective on stress due to its complexity. The body of the interview 
consisted of topics from the value proposition design [11]: customer jobs, pains, and gains. 
Customer jobs (e.g., problems and needs) were questioned in relation to stress and 
stress management in general. After gaining insights into the customer jobs, the low-fi 
prototype was shown. Thereafter, pains and gains were questioned in relation to self-
tracking (e.g., device and validity [8]), persuasive eCoaching (e.g., elements from the PSD 
model such as personalisation and reminders [16] and existing literature on (e)coaching 
methods for stress [4, 21]), and preconditions of a stress management application (e.g., 
privacy and implementation [8]). A topic of interest was also to gain insights into the level 
of importance of the mentioned values. A final question asked them about willingness 
to using such an intervention in the future for DSE employees and willingness to advising 
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such an intervention to implement in the organization in the future for HR advisors. The 
topic list for HR advisors differed from the topic list for DSE employees in that HR advisors 
were asked to provide answers from both the employees’ and employers’ perspective.

Data analysis
The transcribed interviews were rendered anonymously and uploaded in the qualitative 
analysis software package Atlas.ti version 8.0 (Scientific Software Development GmbH, 
Berlin). We analysed the data separately for DSE employees and HR advisors as the 
authors of the value proposition design advice to create a customer profile per stakeholder 
group. Initial analysis included selecting relevant fragments and coding these fragments 
using a coding scheme based on the topic list, which included constructs from the value 
proposition design [11], the earlier mentioned scoping review [8], the PSD model [16], 
and existing literature on €Coaching for stress management [4, 21]. Most fragments 
could be coded using the initial coding scheme. For fragments that remained, we used 
new codes that emerged from the data. To assess and intensively discuss the consistency 
of coding and reliability of the codebook, two researchers (AL and LP) independently 
coded 2 interviews (one from a DSE employee and one from an HR advisor). This resulted 
in minor adjustments in the interpretation of certain codes.

After several rounds of coding, values were extracted per code. Values emerged 
that could be organized under the main themes self-tracking, persuasive eCoaching, 
preconditions, awareness, and future use. Subthemes were created by means of the most 
significant values under the main themes considering the level of importance mentioned 
by respondents. Further analysis focused on searching for defiant cases and searching 
for relations between what has been said.

Results
Self-tracking
Self-tracking of stress
Self-tracking of both physical reactions to stress (e.g., heart rate) and psychological 
reactions to stress (e.g., perceived emotions) is seen as helpful for creating awareness 
about stress. Respondents especially perceived it useful to become aware of variables 
that they could hardly make an estimation about when recalling results on the variable, 
such as sleep or emotions. Although some respondents doubted if users need a wearable 
device to create awareness about stress. Another DSE employee elaborated on the added 
value of measuring physical stress factors: “Well, I would find it interesting, because I believe 
that you could signal the physical discomfort earlier than the mental discomfort. [..] So actually a 
sort of signal function would seem quite interesting to me” (DSE employee #8). 
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Both groups, especially female respondents, liked the idea of tracking positive emotions 
due to increases in heart rate besides negative emotions to effectuate a positive approach. 
In addition, the focus on solely negative emotions was expected to be a burden for use. 
Also, a few DSE employees mentioned that they liked the idea of receiving biofeedback 
after an exercise to see if their physiological reactions to stress are diminished. In addition, 
DSE employees and an HR advisor believed that having objective measurements about 
stress may encourage to start a conversation with the employer about stress. “Maybe it 
can help for an employer to see that it are not just complaints of the employee but that there is 
an actual problem. I hope that it will start a dialogue between employer and employee [..]” (DSE 
employee #5).

Self-tracking the causes of stress 
Respondents saw the potential in combining different types of data (e.g., sleep, physical 
activity, connection with the planning) in order for the system to provide suggestions on 
possible causes of stress. Although most DSE employees believed that they are able to 
observe patterns themselves, they also believe that self-tracking of causes could help 
them in this process. Especially respondents who were more focused on the possibilities 
of the technology, instead of the challenges, saw the potential in discovering causes 
by collecting more personal data. Respondents’ opinions differed about the expected 
openness of DSE employees to collect more personal data due to privacy concerns. This 
is described in more detail below. In addition, some respondents had mixed feelings 
about the effectiveness of the system to suggest causes based on self-tracking data as 
stress is complex or the system’s analysis may lead to false conclusions.

The validity of the measurements
DSE Employees and HR advisors believed that the poor validity of physical stress 
measurements negatively affect usage. Though, some margin of error is accepted by 
most employees. Of special importance according to employees and HR advisors was 
to provide proper information about what the user can expect from the validity when 
measuring stress. 

Although respondents saw the validity as a barrier to use, some believed that inaccurate 
measurements might still have added value for the user as it still creates a moment of 
reflection, even when the increase in heart rate is not the result of stress.

Persuasive eCoaching 
Guidance
After obtaining insights into the level and stress and causes of stress via self-tracking, 
some HR advisors believed employees are able to take the first steps by themselves. They 
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believed that awareness stimulates action, i.e. to actually do something about stress. 
Other HR advisors believed that some form of guidance is necessary to effectively do 
something about stress. The form of guidance may be automated eCoaching via the 
application whereas others expect that a human coach is needed due to the complexity 
of stress. An advantage that was appointed for automated eCoaching was that the 
application could be consulted anonymously. It was expected that some employees 
might experience a burden to take actions on stress due to feelings of failure. 

The tasks for the eCoach were mostly seen in the provision of guidance throughout the 
awareness process and the provision of short and practical suggestions. An important 
step in the awareness process was to, together with the eCoach, reflect on the moments 
of stress experienced to better understand their own situation. “It goes on and on, so it 
would be appropriate to build in time for reflection. Just to stand still with what I was up to the past 
few hours and what effect did that have on me? Also to find out what you could do differently in the 
future. […] I think that this could have a substantial effect on the reduction of work-related stress” 
(DSE employee #5). Some employees said that the eCoach could help them throughout this 
process by asking open and reflective questions.

Timing and frequency of messages
Opinions of respondents on the appropriate timing and frequency of messages was 
depended upon the type of message: (1) messages for self-tracking or (2) messages to 
perform exercises or reflection. According to some employees, it is acceptable to respond 
to simple questions for self-tracking during the stress moment (e.g., when the heart rate 
is increased) that will cost as much time as checking new messages on the smartphone. 
DSE employees and HR advisors expected both negative and positive effects of providing 
messages in the stress moment based on self-tracking data. Negative effects were that 
providing a message in the stress moment might lead to annoyance and it might distract 
users from work. A positive effect was that sending a message during the stress moment 
was perceived as essential for creating awareness. In addition, respondents expected 
positive effects for the validity of measurements as there are no recall problems. Older 
respondents (46–65 years) were more positive about sending a message during the 
stress moment than younger respondents (25–45 years).

Asking to perform reflection or an exercise may cost more effort and might, therefore, 
be less appropriate during the stress moment. One HR advisor expected users to be 
incapable of performing reflection during the stress moment as stress narrows your 
mind. “Reflection asks time and space, but there is no time and space because stress narrows. So 
there is no point in sending a message in my opinion” (HR advisor #8). 
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Natural breaks during the day are often mentioned as convenient times for sending 
messages, such as at the end of the morning, end of the afternoon, or evening. Especially 
a moment of reflection seemed appropriate during these moments. 

Opinions differed between respondents about users having the ability to adjust when to 
receive messages or to mute the system. Being able to choose settings increases feelings 
of control over the system, which was found important for usability. In contrast, some 
employees mentioned that it may not be ideal to set messages on personally chosen 
moments as it interferes with the awareness function of the system. In the past, a light 
obtrusive form (e.g., not with sound but lights) of sending messages was experienced as 
somewhat annoying but effective for behaviour change

Goals and rewards 
DSE employees and HR advisors had different opinions about the usefulness of setting 
goals and receiving rewards in relation to stress. Some believed that goals and rewards 
can increase motivation to change behaviour, which was more often mentioned by male 
respondents. One HR advisors and one employee saw the goal setting feature as an 
essential element: “If you do not know where to go, you will not get there of course” (HR advisor 
#7). Other respondents mentioned that it seems strange to motivate people to reduce 
stress by setting goals and providing rewards as is it is not fully in their ability to control 
the stress reactions. In addition, a few HR advisors mentioned that it is preferable to set 
a goal in the form of a personal value (e.g., I want to take a break every day).

Awareness  
Awareness emerged to be a desired value for stress management. Before the low-fi 
prototype was shown, respondents mentioned that a first necessity for effective stress 
management is to obtain awareness about the employee’s stress level and causes of 
stress. “Everything starts or coincides with some degree of awareness. As long as you do not 
have that, you keep on going” (HR advisor #6). Both groups believed that creating awareness 
should be the main focus of the intervention and believed that this is an achievable goal 
for a stress management application using self-tracking and persuasive eCoaching. “I 
think that it would be mostly a tool for the employee himself. As to find out ‘hey’ what are my 
moments of stress, how is that so, and during which moments do I suffer from stress, in order to 
obtain insights into the patterns” (HR advisor #7).

Preconditions
Privacy
Respondents had differing expectations about privacy concerns for the collection 
of additional personal data. Some employees expected no issues as the collection of 
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personal data already happens on a large scale via the internet or smartphones. Others 
believed that not all employees would feel comfortable to collect more personal data. 
Also, some types of data are expected to raise more privacy concerns (e.g., location) than 
other types of data. 

Respondents’ opinions differed about the willingness of sharing data with others. Half 
of the respondents felt that the application would be something for the user self, which 
was more often perceived in this way by female respondents. Sharing of data with others 
is something that they only want to do on a voluntary basis. Furthermore, it is seen as 
helpful by some and dubious by others when the organization has access to the data on 
an aggregated level. 

Some respondents believed that it might withhold potential users to use the system 
due to privacy concerns. According to HR advisors, conditions concerning privacy that 
should be met were to inform intensively about data security, the user should agree with 
conditions, and data may not be deduced by others at the individual level. According to 
employees, conditions concerning privacy were that they want to have control over who 
has insights into their data and what kind of data the system is allowed to collect.

Implementation and embedding
A negative atmosphere in the organization to do something about stress was perceived 
as a burden for successful implementation. Respondents believed that starting the 
implementation with a pilot to collect and represent first positive reactions might lead to 
quick adoption throughout the organization. 

According to HR advisors, it is important to have a clear vision about how the application 
would fit into the health and safety policy of the organization. “I think that you should 
carefully look into why would you implement it? What is the goal of this in the overall plan? How 
do we want to deal with employability and how can we support employees in this? I think you need 
a good story about this, a proper vision [..]” (HR advisor #3). 

Respondents believed that the application should not be stand-alone but should be part 
of a complete programme. With some employees, especially older employees, seeing 
potential in a broader application that also focuses on other health aspects relevant for 
the employee. Other employees and HR advisors said this in relation to embedding the 
application in a total programme of measures for improving employees’ vitality in the 
organization, with the app being one step in the total programme.
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Future use
All DSE employees were willing to use such an application in the future, or at least try the 
intervention. Most HR advisors hesitate whether to advise the design to their organization 
although nobody refused the idea. The most mentioned argumentation for hesitation 
was that the intervention should be part of a whole and the design should be further 
developed before making a final call.

Discussion and conclusion

In this study, we identified values related to self-tracking, persuasive eCoaching, and 
preconditions to inform future development of a workplace stress management 
application for DSE employees. In general, DSE employees and HR advisors see potential 
in a stress management app combining self-tracking and persuasive eCoaching. 
Respondents mention that an initial need for stress management is to obtain awareness 
about the stress level and causes of stress and believe that the application could play 
a part in the process of gaining awareness. Earlier research also emphasizes that self-
tracking using wearables can create awareness [8]. However, Patel et al. argue that more 
is needed [22]. Self-tracking is only one of the persuasive strategies that can be deployed 
for health behaviour change [16]. Other strategies can be offered via persuasive (e)
Coaching, such as personalized suggestions for behaviour change [16], and may be 
necessary to bridge the gap between awareness and real behaviour change. 

Specifically for the eCoach, respondents see potential in receiving guidance throughout 
the awareness process via reflection on moments of stress. In relation to technologies 
for behaviour change, reflection is one of the stages in the model of personal informatics 
systems and precedes the action stage for behaviour change [23]. This model indicates 
that reflection is necessary to activate the participants. 

Furthermore, it is important during design and implementation to emphasize expected 
gains whereas avoiding pains [11]. First, the future design should include tracking of 
positive emotions to avoid the risk of setting the focus too much on negative emotions. In 
addition, focusing both on positive and negative emotions can help (re)gaining balance in 
personal demands and resources. Positive emotions can be seen as a resource. From the 
positive psychology theory, setting the focus on positive emotions increases resilience 
in moments when negative emotions are experienced [24]. In addition, collecting and 
reminding the user real-time about negative emotions enables the provision of just-in-
time suggestions [10]. Just-in-time suggestions increase the resources of a DSE employee 
to deal with negative emotions at an early stage when it is most needed. Second, another 
important aspect mentioned was appropriate timing and frequency of sending messages 
to the users. Discrepancies exist among respondents for sending messages during 
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the stress moment. Positive expectations are creating a moment of awareness of the 
experienced emotions and negative expectations are annoyance and distraction from 
work. Future research could focus on finding the appropriate balance for timing and 
frequency of sending messages. Third, respondents in this study consider it important, 
but not a prerequisite, that the design entails a proper validity and data safety of collected 
data about stress. Respondents want to be informed extensively about what to expect 
from the design on these aspects. According to the expectations-confirmation model, 
users will form their level of satisfaction with a product based on their prior expectations 
and the extent to which these expectations are met [25]. By communicating to the user 
what they can expect from the design with respect to validity and privacy, it may be less 
likely that they will be disappointed [25]. Also, the persuasive power of the system could 
be enhanced by providing trustworthy and unbiased information about these aspects 
[16]. Furthermore, it might be worthwhile to further study the necessity of validity in 
light of relevance of the data for the user. This study found that self-tracking of physical 
measures of stress might still have added value although the physical measures do not 
always reflect a moment of stress. Fourth, as the culture within the organization towards 
stress management is of importance for the adoption of use, a positive approach for 
implementation should be deployed and should focus not just on individuals but on the 
organization as a whole. 

Identification of values before actual design is advocated by many to be important 
for successful eHealth design [11, 12, 15]. However, it should be kept in mind that our 
findings are in reference to expectations based on a low-fi prototype shown during the 
interviews. These expectations might not reflect values based on user experience. 

We conclude that DSE employees and HR advisors see potential in combining self-tracking 
and persuasive eCoaching for stress management via a smartphone application. Future 
design of the application should mainly focus on gaining awareness about positive and 
negative emotions and personal demands and resources in order to (re)gain balance.
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Abstract
Background: For a stress-management app to be persuasive and impactful, designers 
and developers should obtain a clear perspective of the value proposition according to 
key stakeholders before development. However, this is often not the case. In order to 
increase the chance of creating an impact by means of the Resilience Navigator app, 
this study aims to identify key stakeholders and work with them to gain an in-depth 
understanding of the value proposition of this stress-management app. 

Methods: The approach used in this study builds on the approaches taken by Van 
Limburg et al. and Van Woezik et al. An initial list of stakeholders was identified by means 
of a literature scan. Stakeholders on this initial list took an online survey to identify key 
stakeholders with a ranking system. Semi-structured interviews were conducted with a 
subset of key stakeholders to identify the value proposition using the value proposition 
canvas as a framework for data collection. Finally, the value proposition was validated by 
key stakeholders during focus groups. 

Results: The key stakeholders identified included employees, employers, participation 
councils within organisations, HR advisors, product owners, company doctors, and 
business analysts. The interviews produced a list of approximately one hundred values 
from which fifteen core values were distilled. One example is to take into account 
time constraints experienced by users during stress periods. In general, the Resilience 
Navigator app’s main goal is to increase awareness of personal stress levels and causes 
of stress. In addition, the sub-goal is to increase skills for effective stress management. 
The focus groups validated the idea that the most important values were reflected in the 
value proposition and had been appropriately translated into design elements, according 
to key stakeholders. 

Conclusions: A thorough, bottom-up identification and validation of the value proposition 
for the Resilience Navigator app was obtained, reflecting key stakeholders’ varying ideas 
on this piece of eHealth technology. The results will facilitate the continued development 
of the Resilience Navigator app from the value specification phase to the design phase. 
In the design phase, the remaining assumptions regarding the app’s value proposition 
should be tested using rapid prototyping. 

Keywords: eHealth development; Stress management; Value specification; Stakeholder 
involvement; Value proposition design
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Background
Long-term stress has multiple negative consequences for health and well-being [1]. 
Unfortunately, interventions targeting stress are scarce, as they are often labour intensive 
to carry out [2, 3]. Self-management via a mobile application may be a solution, and the 
combination of self-tracking and persuasive eCoaching is seen as a promising platform 
for preventative measures [4]. Persuasive eCoaching comprises the use of technology to 
motivate and guide the user through the process of behaviour or attitude change [4]. A 
scan of the literature and existing stress management apps showed that very few apps 
harnessed both self-tracking and eCoaching to improve employees’ self-management. 
Moreover, the few apps that do combine these two components have not integrated 
them, e.g. by personalising suggestions offered by the automated eCoach based on the 
self-tracking data [5-7]. 

Recent decades have seen the launch of many mobile applications that support self-
management, including stress management apps [3], many of which have failed [8]. 
Some of the reasons for these failures are a lack of support for technological problems, a 
reserved attitude towards eHealth and a lack of awareness of eHealth innovations among 
end-users and other important stakeholders [9]. In addition, a scan of the literature 
indicated that successful apps had a well-thought-out business model that included a 
clear value proposition and revenue model [8]. The use of business modelling for eHealth 
design has also been introduced as an important issue on the European eHealth policy 
agenda [10]. In the end, eHealth technology products, just as any other product, have 
to manage collaboration between different organisations, take additional services, rules 
and regulations into account, and manage to bring in sufficient revenue streams [11].

The lean start-up movement, a paradigm shift in product and business development, 
highlights the importance of obtaining evidence that the future product will have added 
value for its stakeholders as early as possible. In other words, instead of working out 
the full business plan from the start, developers should liaise with stakeholders to paint 
a clear picture of the value proposition [12, 13]. Osterwalder et al. define the value 
proposition as ‘the benefits customers can expect from your products and services’ [14]. 
Defining the value proposition during the development of eHealth technologies can be 
valuable in that it sheds light on important factors for improving the market viability of 
eHealth technology [11], such as the purpose of the technology, i.e. the reason why the 
technology should be developed, and how it fits into practice at all levels [15]. The value 
proposition goes beyond the technology’s relevant added value for end-users, on which 
the well-known approach of human-centred design (HCD) [16] focuses, but also includes 
how the technology meshes with the technological, organisational and economic needs 
of all important stakeholders [13, 14]. 
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To clearly define the value proposition, developers must have an understanding of what 
end-users and other important stakeholders value. Values are the things that stakeholders 
would like to see reflected and improved or maintained by the eHealth technology [17]. 
Identifying these values can benefit the development of eHealth technology as well as 
its implementation in a real-life setting. For the product to actually help stakeholders, 
developers should have an idea of how stakeholders believe that their values should be 
translated into actual products and services, i.e. their design requirements. 

Although key stakeholder engagement is important during the development of eHealth 
technology [18, 19], it is often neglected [4]. Key stakeholders are stakeholders with an 
important say during the design and implementation of eHealth technology, and a lack 
of stakeholder support can jeopardise its successful uptake. One of the main reasons 
for a lack of stakeholder engagement is the presumption that maintaining relationships 
with all stakeholders and comprehensive qualitative data collection and analysis make 
it a rather time-consuming process[19]. This is exacerbated by the fact that the eHealth 
domain has a particularly complex stakeholder network [19]. To illustrate this in the 
context of workplace health promotion, a company doctor (more health-oriented) will 
have different values than an employer (more economic-oriented), but it is important 
to acknowledge both sets of values in the development process. Involving stakeholders 
at an early stage of development can help build a support base for future testing, 
implementing and disseminating of eHealth technology and could even save time in the 
end [20].

It is clear that putting effort into identifying the value proposition together with key 
stakeholders is of major importance for increasing the uptake and impact of an eHealth 
technology. To our knowledge, no other stress management apps have previously 
included the identification of key stakeholders and the identification of the value 
proposition together with key stakeholders in their development process. 

This study is part of the development of the Resilience Navigator app, which aims 
to combine self-tracking and eCoaching to increase stress management skills and 
resilience among digital screen equipment (DSE) employees. DSE employees are a group 
considered at risk from stress due to their ability to work from everywhere, obscuring 
the line between work and private life, and their capacity to process a lot of information 
in a limited time, making work more intense [21]. Before developing the app, it is 
important to have a thorough understanding of the value proposition according to key 
stakeholders, including key stakeholders’ values and the translation and validation of 
these values into requirements for the eHealth technology. This can improve the app’s 
uptake and increase its odds of making a difference as the product will be tailored to 
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the stakeholders’ context, needs, and wishes and take into account factors that might 
influence its market viability [13]. 

In order to identify the key stakeholders for and the value proposition of the Resilience 
Navigator app, a synthesize is necessary of methods in the eHealth development domain 
and business modelling domain. This study’s approach was composed by means of 
existing and widely accepted methods from these domains [14, 18, 19, 22, 23]. The 
primary aim of this study is to describe the value-based design process of the Resilience 
Navigator app by addressing the following research questions:

- Who are the key stakeholders for the Resilience Navigator app?
- What is the value proposition of the Resilience Navigator app according to key 

stakeholders? 

Methods
The approach taken in this study, as part of the development of the Resilience Navigator 
app, builds on the approaches taken by Van Limburg et al. [18] and Van Woezik et al. 
[19]. Their approaches are a practical translation of the first two phases of the CeHRes 
(the Centre for eHealth and Wellbeing Research) roadmap. The CeHRes roadmap 
guides the development and implementation of eHealth technologies through several 
iterative phases [13]. The first phase of the CeHRes roadmap focuses on the contextual 
inquiry, which aims to familiarise developers with the context and help identify key 
stakeholders. In the approach taken by Van Limburg et al. [18] and Van Woezik et al. 
[19], stakeholders are identified by means of a literature scan and an online survey. The 
specific steps are described below. The identified key stakeholders are then involved in 
phase two of the CeHRes roadmap, the value specification phase [19]. The approaches 
taken by Van Limburg et al. [18] and Van Woezik et al. [19] to identify the values are both 
sophisticated and structured. For a full understanding of the value proposition, we must 
also determine how key stakeholders believe that these values should be translated into 
requirements of the eHealth technology, for which specific steps have been added to the 
approach described below. In addition, the total value proposition was validated by key 
stakeholders. An outline of the approach taken can be found in Figure 1. 

To identify and validate the value proposition of the Resilience Navigator app, the 
well-established value proposition canvas created by Osterwalder et al. was used as a 
framework for data collection [14]. The value proposition canvas has two sides [14]: (1) 
the customer profile, which fosters an understanding of the customer, or stakeholder, and 
(2) the value map, which shows how the product creates value for stakeholders, i.e. how 
the values are translated into the design. The customer profiles were identified through 
conducting semi-structured interviews with a subset of the key stakeholders. 
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Figure 1. The process map of the research approach. 

Note: Permission was granted by Strategyzer.com to use the value proposition canvas [10] in the figure. The 

figure was generated using PowerPoint Version 1908 (Microsoft, Redmond, Washington, United States). 

The value map was created by translating the values from the customer profile into design 
requirements. Together, the customer profile and the value map make up the value 
proposition [14]. Products that manage to fit together the customer profile and the value 
map have a higher chance of successful development and implementation, resulting in 
greater impact and improved uptake [14]. Based on the value map, a prototype of the 
Resilience Navigator app was created. This prototype was pitched during focus groups to 
key stakeholders to validate the value proposition. 

Key stakeholder identification
Literature scan 
An initial list of stakeholders was created based on a literature scan that included literature 
on different types of stakeholder roles [14, 24-26] and earlier research on stakeholder 
involvement in the development and implementation of workplace health promotion 
interventions (part of step 1.1 in Figure 1) [27-34]. The different types of stakeholder roles 
found in the literature were used as guiding categorisation for identifying stakeholders 
and ensuring that all stakeholder roles were fulfilled. Stakeholders identified in literature 
on workplace health promotion were also added to the list. The research team checked 
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the initial list using the following questions: 1) Have the stakeholders been assigned 
appropriate stakeholder roles?, 2) Are there any stakeholders missing?, 3) Are there any 
superfluous stakeholders on the list? The research team consisted of researchers in the 
domain of eHealth development (AL, HO, HV, LVGP), human resources and organisation 
(LP, HO, HV), and business modelling (HV, ADS). The initial list of stakeholders was 
discussed in order to increase the chances of creating a complete list of stakeholders. 

Online survey
An online survey was used to reduce the initial list of stakeholders to a list of key 
stakeholders (part of step 1.1 in Figure 1). Potential respondents who could be considered 
to represent a stakeholder on the initial list were identified via the research team’s 
personal network. These potential respondents were sent an email with a request to fill 
in the online survey. This sampling strategy resulted in the involvement of stakeholders 
from educational institutes, health insurance companies, a labour union, a legal services 
organisation and companies involved in the development or delivery of eHealth 
technologies.

The online survey consisted of two main questions and was created with Qualtrics 
survey software (Qualtrics, Provo, UT) [See Appendix 1 for the online survey]. Question 
one asked the respondents to name any stakeholders they believed to be missing from 
the list, while question two asked them to decide on a final list of key stakeholders by 
means of a ranking system. This ranking system was the stakeholder salience approach, 
developed by Mitchell, Agle, and Wood [22], which is an often used method for identifying 
key stakeholders. According to Mitchell and colleagues, stakeholder salience consists of 
three attributes: 

• Power: a stakeholder has power when he/she has a direct influence on the 
development of the eHealth application. 

• Legitimacy: a stakeholder has legitimacy when he/she HAS to be involved during 
the development of the eHealth application for legal, moral or contractual reasons. 

• Urgency: a stakeholder has urgency when he/she imposes requirements that can 
wait no longer because of time concerns or importance. 

When at least one-third of the respondents assigned an attribute to a stakeholder, the 
attribute was linked to that stakeholder. The rank of each stakeholder was determined 
by the number of attributes assigned to them.

The research team checked whether all possible stakeholder roles were fulfilled by the 
key stakeholders identified via the stakeholder salience approach and added any missing 
stakeholders to the final list. This sub-step was added to the approaches taken by Van 
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Limburg et al. [18] and Van Woezik et al. [19], as including all stakeholder roles in the final 
key stakeholders list would allow developers to consider the problem at hand from all 
important perspectives, such as those of the end-user, the buyer, and the recommenders 
who make a formal recommendation to purchase the product. 

Identification and validation of the value proposition
Semi-structured interviews
Semi-structured interviews were conducted to gain an understanding of the stakeholders’ 
values – i.e. to create customer profiles (step 1.2 in Figure 1) – and to design a value 
proposition that reflected what stakeholders want. In other words, the stakeholders 
determine which values form the foundation for the design of the product.

Participants
Semi-structured interviews were conducted with two types of key stakeholders, e.g. DSE 
employees, to gain a greater understanding of their values. The first type was to represent 
the most important group of end-users, while the second type was to represent different 
stakeholder roles. The latter type of stakeholder was chosen by means of maximum 
variability sampling [35] to increase the chances that it would accurately represent 
the varied nature of the body of possible respondents, a quality aspect of qualitative 
research. The two types of key stakeholders, chosen from the full list of identified key 
stakeholders, are described in the Results section under the heading Semi-structured 
interviews – identification of the customer profiles. Eight respondents per key stakeholder 
type were invited to participate via the research teams’ personal network, each of whom 
signed an informed consent form. Key stakeholders from commercial, semi-commercial 
and non-commercial organisations were involved in anticipation of differences in values 
regarding the development and implementation of workplace health promotion between 
those types of organisations. These differences were checked in the analysis stage. 

Data collection
To gain an understanding of stakeholders, values were identified using the three elements 
of the customer profile: customer jobs, pains, and gains. The customer jobs reflect the 
context for which eHealth technology is developed and includes the jobs customers want 
to achieve, problems that customers are facing and the needs that should be met to 
successfully perform those jobs. An example is that employees find it hard to say no to 
requests from colleagues, which increases their workload. In addition, gains reflect the 
outcomes customers want to achieve, while pains reflect the outcomes customers want 
to avoid [14]. The three elements were topics on the topic list [see Appendix 2 for the topic 
list]. The topics of gains and pains dealt specifically with the two overarching components 
of the Resilience Navigator app, namely self-tracking and persuasive eCoaching. Pains 
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and gains were also questioned in relation to preconditions for the eHealth design to be 
successful, such as privacy and implementation. In addition, the relative importance of 
the values was discussed, as it is usually not possible for a single value proposition to take 
into account all customer jobs, gains, and pains [14]. A persona representing possible 
end-users [36] was presented at the start of the interview, as stress can be a stigmatising 
issue. Using a persona enabled respondents to speak from the situation of the persona 
instead of their own experiences with stress. Interviews took place one-on-one, were 
conducted by one researcher (AL) and were taped, resulting in a set of audio recordings 
between 42 and 82 minutes. 

Value map
The customer profiles identified during the semi-structured interviews were translated 
into a value map by drawing a list of goals for the eHealth technology (step 1.3 in Figure 
1). These goals reflected the most important values from the customer profiles. By doing 
so, a clear focus was defined for the solution. After the goals had been set, the values 
in the customer profile were translated into requirements. The value map consisted of 
products and services, gain creators and pain relievers that reflected the most important 
customer jobs, gains, and pains according to key stakeholders [14]. 

Prototyping
Prototypes were used during the semi-structured interviews (step 1.1 in Figure 1) and the 
focus groups (step 2.1 in Figure 1). During interviews, a lo-fi prototype of the Resilience 
Navigator app was used to facilitate the value identification process, as stakeholders often 
struggle to identify values if they have no idea what the technology may come to look like 
[18]. The lo-fi prototype was shown after customer jobs were identified to gain an initial 
understanding of the context described by stakeholders for which we are developing an 
eHealth technology, without immediately focusing on a possible solution [13]. The lo-fi 
prototype of the Resilience Navigator app was created via Balsamiq.com version 2017 
(Balsamiq, Sacramento, California, United States) and was based on a previous scoping 
review conducted by the authors of this article in order to identify key components of 
self-tracking and persuasive eCoaching [4].

The lo-fi prototype shown during focus groups, to validate the value proposition, reflected 
the value proposition of the technology in that the requirements from the value map had 
been included in the lo-fi prototype. 

Focus groups
Two focus groups (step 2.2 in Figure 1) were held with key stakeholders to obtain a 
consensus on the value proposition of the Resilience Navigator app [37]. The aim of 



4

94 | Chapter 4

the focus groups was to determine whether key stakeholders believed that the value 
proposition could lead to a valuable product, i.e. if the value proposition targeted the 
most important values and if these values had been appropriately translated into 
requirements. 

Participants
One respondent of each type of key stakeholder was involved per focus group, resulting 
in the inclusion of two individuals per type of key stakeholder during the validation of the 
value proposition. The full list of identified key stakeholders can be found in the Results 
section under the heading Online Survey – Key Stakeholder Identification. The participants 
in the focus groups were recruited from the research team’s personal network. One 
focus group was conducted in a non-commercial organisation and one in a semi-
commercial organisation. No focus group was organised for a commercial organisation, 
as the interviews had shown that there were no important value differences between 
commercial and non-commercial organisations. In addition, the two organisations 
chosen were already involved in the Resilience Navigator app project, which made the 
focus groups easier to organise. 

Data collection
At the start of the focus groups, the goals were presented and the lo-fi prototype was 
pitched to the respondents. This lent greater clarity to the values addressed in the value 
proposition and their translation into design elements. Topics for discussion were the 
goals and topics in the value proposition for which additional information was required 
or about which no consensus has been reached after the analysis of data from the semi-
structured interviews. The choices for the topics were discussed with the research team, 
based primarily on the interview results. As a final topic, respondents could name other 
relevant aspects of the design that had not been discussed earlier [see Appendix 3 for 
the pitch, goals and the topic list]. This enabled respondents to introduce new values 
or discuss the values or requirements in more detail. In addition to key stakeholders, a 
moderator (AL) to guide the discussion between stakeholders, and a research assistant 
to ensure the procedure was followed and to report on non-verbal signals given by 
stakeholders [37], were present. Immediately after the focus groups, the moderator and 
the research assistant discussed and reported the main outcomes of the discussion. 

Data analyses
Online survey
The results of the survey were uploaded to SPSS version 25. Descriptive statistics, in the 
form of counts and percentages, were used to identify which attributes the respondents 
had assigned to the stakeholders on the initial list. 
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Semi-structured interviews
The recordings of the interviews were transcribed and anonymised. All transcriptions 
were uploaded in Atlas.ti version 8, the statistical software package for qualitative 
research (Scientific Software Development GmbH, Berlin). The data belonging to each of 
the two types of key stakeholders were analysed separately with a coding scheme that 
included the customer jobs, pains, and gains, sensitising concepts from the literature 
on behaviour change via persuasive technology [38], the previously conducted scoping 
review [4], and existing methods for stress management [39, 40]. Open coding was used 
for quotes that did not match any of the sensitising concepts. In addition, the coding 
scheme was tested and discussed for the consistency of coding by two researchers 
(AL and LP) by independently coding a subset of the data and discussing any points of 
disagreement. This resulted in minor adjustments to the interpretation of codes. After 
several rounds of coding, values were extracted for each code. The relative importance 
of values according to stakeholders was estimated by coding the pains as ‘acceptable’, 
‘unacceptable’ or ‘ unknown’ and the gains as ‘essential’, ‘preferred’ or ‘unknown’, based 
on what was said by the respondents. The level of importance was also discussed for 
consistency by the two researchers (AL and LP) using a subset of the data. The most 
important values were eventually added to the customer profiles and translated into 
requirements in the value map. 

Focus groups
Focus groups were audiotaped and transcribed within 48 hours after they took place. 
This enabled the transcriber (AL) to attribute quotations to the correct stakeholders and 
add information about non-verbal signals. The transcripts, notes made by the research 
assistant during focus groups and the summaries of the discussions between the 
moderator and research assistant after the focus groups served as input for analyses. 
Analysis was performed using Atlas.ti version 8 (Scientific Software Development GmbH, 
Berlin). During the coding process, sensitising concepts were used based on the customer 
profile, the discussions between the moderator and research assistant, the literature 
on behavioural change via persuasive technology [38], and the previously conducted 
scoping review [4]. In addition, open coding was performed for quotations that did not 
match any of the sensitising concepts. 

Results
Online survey – Stakeholder identification
The literature scan and discussion among the research team resulted in an initial list of 29 
stakeholders [See Appendix 4]. 47 potential participants - at an average of more than one 
participant per stakeholder - were invited to take the survey. Of the 47 participants who 
were invited, 27 started the survey, while 17 completed it. One respondent reported a 



4

96 | Chapter 4

missing stakeholder, namely the Ministry of Public Health, Wellbeing and Sports, to which 
they assigned one attribute. The results of the online survey can be found in Appendix 4.

Due to the absence of any stakeholders that possessed all three attributes, all 
stakeholders with two attributes were identified as key stakeholders. These were DSE 
employees, employers, company doctors, participation councils within organisations, 
and the research team (authors of this article). To guarantee that user needs outweighed 
the needs of the research team, the latter was given a more distant role during the value 
specification phase and was therefore not included as a key stakeholder. 

In addition, some stakeholders with one attribute were added to the list of key 
stakeholders, as some of these stakeholders fulfilled roles that stakeholders with two 
attributes did not (according to the stakeholder’s roles presented by Osterwalder et al. 
[14]). These stakeholders were HR advisors, business analysts, and product owners. An 
overview of key stakeholders and their roles can be found in Table 1.

Table 1. Stakeholders and their stakeholder roles [14].

Stakeholder Stakeholder role

DSE employees, employer, participation coun-
cils within organizations, company doctors, HR 
advisors, and product owners 

Influencers (Individuals or groups whose opin-
ion might count and whom the decision makers 
might listen to, even in an informal way)

Business analysts and HR advisors Recommenders (the people carrying out the 
search or evaluation process and who make a 
formal recommendation for or against a pur-
chase)

Employer, company doctor Economic buyers (The individual or group who 
controls the budget and makes the actual pur-
chase)

Employer (buyer) and product owner (during 
development of the product)

Decision makers (The person or group ultimate-
ly responsible for the choices in (1) design and 
(2) purchase decisions. Usually, they have ulti-
mate control over the budget.)

DSE employees End-users

HR advisors and company doctors (these stake-
holders have knowledge about laws and regu-
lations (to prevent from obstruct the process of 
purchasing a product) and advise which inter-
ventions to buy/implement. 

Saboteurs (the people and groups who can ob-
struct or derail the process of searching, evalu-
ating, or purchasing a product.)
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Semi-structured interviews – Identification of the customer profiles
DSE employees and HR advisors were selected from the list of key stakeholders in order 
to help identify the customer profiles. DSE employees were involved because they 
represented end-users of the eHealth technology, whereas HR advisors represented 
many different stakeholder roles, such as influencer (someone decision makers may listen 
to) and recommender (someone who carries out the search or evaluation process for 
workplace interventions). The participants worked at commercial (n=5), semi-commercial 
(n=6), and non-commercial (n=5) organisations. Seven of the respondents were male and 
nine were female. Ages ranged from 27-61 years.

Although the data were analysed separately per stakeholder type, a single customer 
profile was created, as the results did not differ much between the two types of key 
stakeholders. Minor differences are described below. 

Each stakeholder group mentioned approximately 100 different values. The customer 
profile described below contains only the most important values   distilled, during the 
analysis process, from the statements made by the key stakeholders. In the running text, 
these values are written in italics. The customer profile is depicted in Figure 2a, in which 
the values only mentioned by HR advisors are outlined. A more in-depth presentation of 
the results regarding the customer profile has been described elsewhere [41]. 

Customer jobs
One of the first necessities mentioned by key stakeholders was awareness of one’s 
personal stress situation. “I think many people feel a need for it, that bit of awareness. What 
happened? When and why did it happen? Does it affect….? [..] Being aware of your stress levels 
gives you a sense of control, a way to deal with it by yourself” (HR advisor #1). In addition to 
awareness, stakeholders highlighted that they would like to receive relevant suggestions 
as to what they can do about stress. On top of that, it was deemed important to foster 
an inviting atmosphere in the organisation that encourages people to take action against 
stress. Specifically, HR advisors believed it was necessary for organisations to develop a 
clear vision on stress management in their health and safety policy. “I think that you should 
carefully look into your reasons for implementing a particular measure. What role does it play in 
the big picture? How do we want to deal with employability and how can we support employees in 
this? I think you need a good story, a proper vision [..]” (HR advisor #3).

Gains
One of the most prominent positive aspects mentioned was obtaining awareness about 
the personal level of stress and causes of stress. In addition, respondents believed that 

self-tracking of both physiological (e.g., elevated heart rate) and psychological (e.g., 
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Figure 2. The value proposition of the Resilience Navigator app [14].

Note: (A) The customer profile including the identified values from the interviews with employees and HR 

advisors. The outlined values were only mentioned by HR advisors. (B) The value map including the translation 

of the identified values from the customer profile into requirements for design. Permission was granted by 

Strategyzer to use the value proposition canvas in the figure. The figure was generated using PowerPoint 

Version 1908 (Microsoft, Redmond, Washington, United States).
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perceived stress) measures of stress would be interesting. Respondents expected that 
it would be helpful for the awareness process to have a moment of reflection on the 
stress experienced throughout a particular period of time. Similarly, they highlighted the 
importance of visualisation of the self-tracking data: “You are shown an overview of your 
heart rate throughout the week and you see all these peaks. Hey, was it that day? That’s right, I 
was very busy at that time.” (employee #1). In addition, an important gain mentioned was 
personalisation. “I think the more you personalise it, the more users feel attracted and addressed 
by it and the more value such a recommendation would have” (HR advisor #4). 

Pains
HR advisors specifically expected feelings of failure to represent a significant barrier 
when it comes to motivating employees to do something about stress. “It puts people in a 
vulnerable position. Why do you experience problems at work while others with exactly the same 
tasks do not? It’s something people notice, and I think it would be a big pain point for everyone” 
(HR advisor #8). Also, the end-user should be willing to face negative emotions when self-
tracking stress. “Depending on what you carry with you, looking within may be very confronting. 
[…] You may see something you do not want to see, so you choose not to look within and stay 
unhappy” (employee #4). Specific pains expected for stress management via wearable 
technology and smartphone applications are privacy and validity. Stakeholders deemed 
it important to thoroughly communicate to users what they can expect from the design 
for the sake of expectation management. Also, they raised the question as to whether 
coaching via a smartphone application would be able to deal with the complexity of stress. 
Two other, much-debated pain points were the timing and frequency of reminders given by 
a smartphone application. On the one hand, respondents believed that notifications sent 
during stress periods would increase awareness, while on the other hand, inconvenient 
or excessive messages could spark annoyance. This can also be linked to expected time 
constraints among employees with high levels of stress, as it is important that the eHealth 
technology should fit into their busy days. 

The value map
Based on the customer profile, a value map was created that describes the products and 
services, gain creators, and pain relievers that represent specific translations of the values 
from the customer profile to design elements, i.e. the requirements. The related values 
from the customer profile are shown in italic in the text below. Together, the customer 
profile and the value map make up the value proposition of the Resilience Navigator app. 
The value proposition is depicted in Figure 2, with Figure 2b representing the value map. 
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Products and services
To provide a clear vision on how the intervention should be embedded within the health 
and safety policy of an organisation, the intervention’s goals were formulated on the basis 
of the most important values. Its main goal is to ‘increase the awareness of the personal 
stress levels and causes of stress via a smartphone application for DSE employees who 
do not yet belong to the group at risk of burn-out’. This is also why the eCoach’s main 
task will be to guide the user through the process of gaining awareness via reflection 
(customer job awareness of stress and gain reflection on stressful events). For the reasoning 
behind the target group selection, please refer to the section on pain relievers. 

The sub-goal of the intervention is to ‘improve skills for effective stress management 
among DSE employees who do not yet belong to the group at risk of burn-out’. Improving 
skills was chosen as the sub-goal because the respondents indicated that they would 
like to receive guidance via personally relevant suggestions as to what to do about their 
perceived stress. 

The implementation of the app should start with a small pilot developed for a small number 
of early adopters of eHealth technologies within the organisation to collect initial positive 
experiences with the design. This could contribute to creating an inviting atmosphere 
within the organisation for stress management using a smartphone application.

Gain creators
Seeing as physiological and psychological measures are considered interesting, both 
wearable technology for physiological measures (e.g. elevated heart rate) and ecological 
momentary assessments, i.e. short questionnaires filled in during the day for psychological 
measures (e.g. experienced stress) will be used to collect data on stress. The collected self-
tracking data will be visualised in a graph (gain visualisation). The eCoaching component 
will focus on reflecting on physical, mental and emotional responses towards a stressor 
as well as the causes of stress (gains reflection on the moment of stress and awareness 
of stress). Together with the user input on reflective questions, this continuous stream 
of self-tracking data can be used to provide personalised suggestions (gain relevant 
suggestions). 

Pain relievers
To acknowledge the complexity of stress, DSE employees who are not yet at risk of burn-
out are chosen as the target group. In addition, automated systems allow DSE employees 
to remain anonymous (pain feelings of failure). The application will also focus on positive 
emotions to avoid emphasising negative emotions. Due to time constraints, short and 
simple suggestions will be provided. With regard to the pain points privacy and validity, the 
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user will receive transparent information regarding these two aspects. As for appropriate 
timing and frequency, and awareness being the main focus of the design, respondents will 
receive a notification during stressful moments. When more effort is required from the 
respondent, such as reflecting on or responding to a suggestion, messages will be sent 
during natural breaks (start of the day, lunch break etc.). 

Figure 3. Mock-ups of the Resilience Navigator app using Balsamiq.com version 2017 (Balsamiq, 

Sacramento, California, United States).

The lo-fi prototype 
Almost all requirements in the value map were included in the lo-fi prototype for validating 
the value proposition during focus groups. The requirements self-tracking to increase 
awareness and eCoaching: reflection for awareness were given the highest priority during 
the creation of the lo-fi prototype. These requirements reflected the most important 
values identified in the customer profile and the app’s main goal. The translation of these 
requirements into the lo-fi prototype can be observed in Figure 3. The first screenshot 
reflects the products and services self-tracking to increase awareness and the second 
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screenshot reflects the gain creator reflection on self-tracking data with the eCoach. The 
lo-fi prototype was explained orally during the focus groups. 

The following requirements  were not included in the lo-fi prototype: (1) transparent 
information on privacy and validity, (2) the target group: not yet at risk of burn-out, (3) clear 
goals that the app pursues, and (4) start with a small pilot among early adopters. These 
requirements focus on the implementation of the eHealth technology and are somewhat 
difficult to visualise in the lo-fi prototype. The implementation requirements that were a 
topic of discussion during focus groups were verbalised in the pitch. These were (1) the 
target group and (2) clear goals that the app pursues. 

Focus groups - Validation of the value proposition
Two focus groups were held. One respondent of each type of key stakeholder was present 
per focus group. Participants were aged between 32-63 years, with half being male and 
half female. The topics, based on the interview data, were: (1) the goals and target group 
of the Resilience Navigator app, (2) reflection as the main focus of automated eCoaching, 
(3) timing and frequency of messages, and (4) embedding in organisations’ health and 
safety policy. These topics also emerged as themes during data analysis, as did the app’s 
marketing strategy and self-tracking component. 

Goals and target group of the Resilience Navigator app
Focus group participants mainly shared the idea that the intervention’s primary goal 
should be to increase awareness of personal stress levels and causes of stress. However, 
they also believed that the effectiveness of automated eCoaching decreased as people 
experienced more stress. Although participants believed that a combination of automated 
eCoaching and human coaching would positively affect adherence to the system, they 
also acknowledged the advantage of improving stress management anonymously. “Look, 
there is of course also a group that really, well, drops out and only starts taking action afterwards. 
Such an app could maybe help this group take action at an earlier stage” (product owner, focus 
group #2).

Reflection as the main focus for automated eCoaching
Reflection on the self-tracking data was perceived as an important aspect of stress 
management. “I like asking them: ‘when things are not going well, do you ever take a moment 
to consider how you actually feel?” (company doctor, focus group #2). Helping users interpret 
their self-tracking data is also an important component of the eCoaching component in 
the Resilience Navigator app. 
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Timing and frequency of messages
Expectations regarding the proper timing and frequency of notifications differed among 
the focus group participants, but the group did agree that users should have some 
level of control over self-tracking and eCoaching messages. In addition, the participants 
believed that users may be willing to perform intensive self-tracking for a certain period 
of time, but would feel the need to scale back after a while. Some participants also saw 
the advantage of eCoaching in the moment: “What can you do to influence stress? If the stress 
is linked to a particular activity, location or time period, that’s where or when you should intervene. 
In my opinion, that’s absolutely crucial” (HR advisor, focus group #1). In addition, participants 
believed that a push notification about a bodily response to stress might already prompt 
small, on-the-spot behavioural changes. Participants believed that the tolerance to push 
notifications will be improved when little effort is required to use the app and when 
advantages have been experienced from using the app. 

Health and safety policy embedment
Participants agree that the app should not stand alone and should mesh with organisations’ 
health and safety policies. It should be an integral, fixed part of an organisation’s policy, 
rather than a short-term hype. Participants expressed the concern that organisations 
might lose sight of the bigger picture when employees start working on stress by 
themselves. “As a supervisor, I would start feeling a bit alienated from my employees when they 
do not open up about this topic. I would like to say to them: ‘talk with me because I think we have 
something to discuss here’.” (focus group #1, HR advisor).

Self-tracking
Focus group participants shared several comments regarding the self-tracking element. 
First, it is important to realise that experiencing minor, yet frequent moments of stress 
does not necessarily translate to a bad day overall. Participants believed that it is 
important to guide users by monitoring their situation from a helicopter view. Still, they 
also saw advantages in tracking brief moments of stress. Participants believed that when 
brief moments of stress occur frequently, they could significantly affect an employee’s 
overall state of mind. 

Marketing strategy
Participants believed that it is hard to motivate DSE employees not yet at risk of burn-
out to do something about stress in the preventative phase. One way to motivate these 
employees could be to create a marketing strategy that focuses on the gains (increased 
productivity or higher energy levels during working hours) instead of the pains of stress 
(better stress management). “I think a lot of people would also want to use it because it brings 
something positive to their lives. All these modern-day gizmos and gadgets rarely actually solve a 
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problem, a big problem. Most often, they are only a small piece of the puzzle. If you want to market 
the product at some point, what does it give people? It gives them a shot of positivity!” (business 
analyst, focus group #2). 

Discussion
This paper aimed to identify key stakeholders for and the value proposition of the 
Resilience Navigator app, according to its key stakeholders. With the approach used in 
this study, we were able to identify the value proposition of the Resilience Navigator 
app in a thorough, bottom-up fashion. The key stakeholders identified were DSE 
employees, employers, participation councils within organisations, HR advisors, product 
owners, company doctors and business analysts. Together with the employees and HR 
advisors, we identified a rich list of approximately one hundred different values, which 
were condensed into a set of the fifteen most important values that reflected personal 
values (e.g., increase awareness of stress levels and causes of stress), contextual values 
(e.g., take time constraints experienced by users in stressful situation into account), 
management values (e.g., formulate a clear vision of stress management within 
organisations), technological values (e.g., personalisation of the application), and legal 
values (e.g., privacy). These values were translated into actual design elements, i.e. the 
requirements. The identified value proposition, including the values and requirements, 
can be found in Figure 2. This value proposition was translated into a prototype, before 
being validated by key stakeholders in focus groups. As a result, we obtained evidence 
that key stakeholders generally supported the value proposition, with its fifteen most 
important values, and that these values had adequately been translated into design 
elements according to key stakeholders. 

This study was the first to identify the value proposition of a stress-management app 
according to its key stakeholders. Understanding what key stakeholders consider the 
most important values and translating these values into requirements increases the 
chance of developing successful eHealth technology [13]. The value proposition of the 
Resilience Navigator app identified in this study serves as a strong foundation for the 
further development and implementation of the app. This is further emphasised by the 
fact that earlier research aligns with the main goals identified for the Resilience Navigator 
app. During focus groups, key stakeholders agreed that the app’s main goal is to increase 
awareness of personal stress levels and causes of stress. According to literature, awareness 
of one’s current situation is an important first step in the process of behavioural change 
[42]. Knowing what situations cause stress can help locate meaningful starting points 
for change. The results of a systematic review indicate that using a mental health app to 
monitor your mood can increase self-awareness and could reduce depressive symptoms 
[43]. According to the key stakeholders, the app’s sub-goal is to improve skills for effective 
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stress management. Earlier research supports the idea that using an app to give users 
short, simple suggestions can decrease stress [44]. Key stakeholders believe that a 
stress-management application is suitable for DSE employees who do not yet belong to 
the group at risk of burn-out. Respondents believe that employees experiencing higher 
levels of stress require more than automated coaching alone. This is in line with advice 
given in the EU compass for action on mental health and well-being to take preventative 
measures to prevent employees from becoming at risk of burn-out [45].    

Although the results may also inform the development of other stress management 
apps, it should be kept in mind that value propositions are highly context-dependent. 
It is therefore recommended to identify key stakeholders for and the value proposition 
of future stress management apps separately. When comparable results are found, this 
may indicate that the value proposition includes values and requirements that apply to 
all stress management apps in general. 

Some specific advantages that we experienced as a result of the approach described 
in this article are worth mentioning. Firstly, our in-depth mapping of stakeholder 
understanding, using topics from the value proposition canvas [14], gave us a lot of 
valuable insights into the personal and professional contexts of the key stakeholders. 
Focusing on the problem first, rather than leaping straight to a solution, can help 
developers avoid sinking time and money into developing a product that end-users will 
not use [46]. Secondly, a feedback loop was included by having the value proposition 
validated by key stakeholders. Results from the focus groups show that key stakeholders 
generally supported the value proposition of the Resilience Navigator app. This provided 
us with some proof that we had successfully identified the value proposition of the app 
according to key stakeholders. Thirdly, we took a phased approach to involving the key 
stakeholders. Including all key stakeholders from the start would have required the 
inclusion of many respondents and separate data analysis per stakeholder [14], resulting 
in a time-consuming process. In this study, the researchers selected two types of key 
stakeholders based on maximum variety sampling [35]. This method aimed to ensure 
that the two selected types of key stakeholders would largely represent the variety in 
stakeholder roles. If, during the focus groups, the key stakeholders had not been on the 
same page, we would have had to take a step back and create separate customer profiles 
for key stakeholders that disagreed (see the loop in Figure 1).

Some limitations of the study should also be mentioned. Firstly, we were not always able 
to discuss values in great detail during the interviews, which meant that we had to make 
assumptions about the level of importance of various values during the data analysis 
process. We tried to remedy this issue by having two researchers (AL and LP) analyse and 
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discuss any assumptions that had to be made for a subset of the data in order to reach a 
consensus. In addition, the feedback loop validated that the most important values were 
reflected in the value proposition according to all key stakeholders. 

Secondly, the use of personas and prototyping could have directed the cognitive process 
of the participants towards the identification of values based on their expectations 
instead of their experiences, while the latter are probably more closely related to real-life 
situations. However, we did not get the impression that these instruments influenced 
the participants too much, as their statements also included personal experiences 
with stress and using eHealth solutions. To be sure, we might decide to test the value 
proposition in real life through hi-fi prototyping, so as to provide the necessary evidence 
that experiences match the participants’ expectations. 

Finally, the identified set of values in the value proposition requires continuous updating. 
In our study, new values were identified, and new questions arose during the validation 
of the value proposition. Values are not stable data and are highly dependent on the 
context in which they are specified, indicating an iterative and dynamic process that 
is never really complete. For this reason, it is advised to continue the development of 
eHealth to the design phase when some level of evidence that key stakeholders generally 
support the value proposition is obtained, e.g. by using the build-measure-learn theory 
from the lean start-up movement [12]. This theory suggests testing the assumptions of 
the value proposition with key stakeholders using rapid prototyping. For the Resilience 
Navigator app, such an assumption would be the testing of the timing and frequency of 
messages. 

Based on our experiences, we believe that the approach used in this study can help 
identify key stakeholders for and the value proposition of other eHealth technologies, 
and can even have added value beyond the context of eHealth. To validate whether this 
is true, future research should test whether the approach yields a value proposition that 
is generally supported by key stakeholders in other cases as well.

Although the approach described here has only been tested with one case study, we 
believe it can have specific added value for design cases characterised by a complex set 
of stakeholders with different agendas [19]. In our case, for instance, employers and 
employees could have conflicting interests. In addition, this approach can be particularly 
helpful for cases in which the added value of using technology is not immediately 
apparent, e.g. self-management for the prevention of stress among employees who may 
not yet experience stress as a problem. Using the value proposition can clearly pinpoint 
the added value from multiple perspectives, as reflected by the different perspectives 
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represented among the values identified in this study. Moreover, identifying a value 
proposition guides the process of translating these values into the design by prompting 
developers to explore the context in which the technology will be used [14]. 

Conclusions
This study aimed at identifying the key stakeholders for and the value proposition of 
the Resilience Navigator app according to key stakeholders. A value proposition was 
defined for the Resilience Navigator app, based heavily on the needs and wishes of key 
stakeholders. Important values and the translation of these values into actual design 
elements were identified and validated among key stakeholders. Key stakeholders 
agreed that the Resilience Navigator app’s main goal was to increase awareness of 
personal stress levels and causes of stress, while its sub-goal was to improve skills for 
effective stress management. The app is expected to contribute to stress management 
among DSE employees who do not yet belong to the group at risk of burn-out. The 
value proposition identified by key stakeholders allows us to take the development of 
the Resilience Navigator app from the value specification phase to the design phase. In 
this design phase, assumptions of the value proposition should be tested by means of 
rapid prototyping. In addition, the approach used in this study could also be of added 
value during the development of other eHealth technologies. If comparable values and 
requirements are identified using this approach during the development of other stress 
management apps, this may result in the determination of values and requirements that 
apply to all stress management apps in general. 
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Abstract
Smartphones are powerful tools for reaching the user when it is most needed, i.e. Just-In-
Time (JIT). In the context of stress management in professionals, self-tracking can create 
awareness about stress and eCoaching can provide personalised JIT coping suggestions. 
Employees should also be receptive to take in or act upon the JIT-messages. Therefore, 
this study aims to explore what factors (emotional state, events or conditions, and 
content of the message) affect the employees’ receptivity to JIT-messages. 17 participants 
were invited to use a prototype of the Resilience Navigator app for two weeks. The 
mixed-methods approach consisted of mixed effects models analysis on data collected 
via the app (receptivity and the factors of interest) and qualitative analysis on semi-
structured interview data collected after the study period. The overall finding was that 
the participants’ receptivity in the context of stress management often mismatches with 
the most relevant moments for JIT-messages. For example, emotions with a negative 
valence seemed to influence the receptivity towards JIT-messages negatively, although 
the perceived relevance was high. As technology can pinpoint the most receptive and 
relevant moment for sending JIT-messages, we advocate to further study this topic with 
more robust quantitative data. 

Key words: Just-In-Time adaptive interventions, receptivity, self-tracking, eCoaching, 
stress management, convergent mixed-methods design.
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Introduction
Nowadays, 25% of the employees in Europe report to experience stress for all or most 
of their working time [1]. This has large negative consequences for the well-being of the 
employee but also for organisations and society. Stress is defined here as “the psychological 
and physical state that results when the resources of the individual are not sufficient to cope 
with the demands and pressures of the situation” [2]. The European Compass for Action on 
Mental Health and Wellbeing advocates taking preventative measures to reduce stress 
[3]. An automated eHealth technology that focuses on improving the self-management 
of employees has the potential to reduce stress in the preventative phase [4, 5]. 

Two active ingredients to improve self-management via eHealth technology are self-tracking 
and automated eCoaching [4, 6]. Self-tracking data of stress can provide the first step towards 
behaviour change, namely, awareness about the personal level and causes of stress.  
Subsequently, this continuous stream of self-tracking data can be used by the automated 
eCoach to send personalised suggestions with effective coping strategies. The sending 
of personalised suggestions based on the collected data via self-tracking comprises the 
automated eCoaching in this study. An important advantage of the combination of self-
tracking and automated eCoaching is that it enables us to reach the user at any moment 
with any type of message, i.e. just-in-time (JIT). JIT is often described as providing the user 
with the right (number of) support at the right moment [7]. 

Intervening at moments when it is most needed can have a positive effect on behaviour 
change as it can prevent the user from performing adverse health behaviour at an early 
stage [7]. An example of a JIT-message for stress-management is that an automated 
eCoach can suggest to say ‘no’ to a certain request from a colleague when a self-tracking 
device classifies a stress reaction as determined by, for example, a dramatic increase in 
heart rate without accompanying physical exertion [7]. The suggestion to perform an 
adaptive coping strategy (saying ‘no’), can eliminate a dysfunctional stress reaction at an 
early stage and, therefore, disrupt the process towards a prolonged stress reaction and 
prevent stress from harming the employees’ health and wellbeing [7, 8]. 

The sending of JIT-messages can be highly impactful [9] but it is only effective when 
someone is also receptive to the JIT-message [7]. Receptivity is a related concept that 
anticipates a user’s subjective overall reaction towards an interruption [10]. In this study, 
we are looking for the receptivity of the user to (1) take in the message or (2) act upon a 
request in the message. To our knowledge, little is known about the factors that determine 
the employee’s receptivity to JIT-messages during their daily lives in the context of stress 
management. Previous work mainly focusses on the receptivity towards JIT messages 
among the general population [6, 7, 10, 11]. However, the disrupting of employees takes 
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place in a specific context that may require a different approach. Bad timing among 
employees can reduce productivity and even increase stress and frustration [11]. The 
study of Sano and colleagues did focus on the receptivity of employees for eCoaching 
messages throughout the day and led to valuable suggestions for improvement. These 
suggestions are included in the section on possible influential factors on receptivity. 
However, the study of Sano et al. did not focus on the receptivity of self-tracking messages. 
Opportune timing for self-tracking messages could differ from opportune timing for 
automated eCoaching messages as different actions are requested from the user as 
follow-up [12]. Also, Sano et al. focused on predicting the most opportune moments 
to send messages but it remains unknown how the predictors found in their study 
influenced the receptivity according to employees. To improve the uptake and impact of 
eHealth technology on stress management among employees, the present study aims 
to explore what factors, and how these factors, influence the receptivity of employees to 
just-in-time self-tracking and automated eCoaching for stress management.   

Below, we describe the pathway towards prolonged stress to determine the most ideal 
situations to intervene just-in-time via self-tracking and automated eCoaching. The 
pathway includes the distal outcome, which is the ultimate goal of the application – the 
prevention of prolonged stress –, and proximal outcomes, which are the short-term 
goals of the application [8]. Thereafter, we describe possible influential factors on the 
receptivity of employees to JIT-messages in the context of stress management based on 
our expectations and earlier research in other contexts. 

Just-in-time self-tracking and eCoaching messages for stress 
management
A proximal outcome in the pathway towards prolonged stress, that can be used as a 
trigger for the sending of JIT-messages for self-tracking, is emotional arousal. Emotional 
arousal is one of the ways stress expresses itself. Arousal entails ‘a state of heightened 
physiological activity’ which, for example, includes an increased heart rate and a fast 
breathing pace’ [13]. Awareness of emotional arousal is a prerequisite for a person to 
activate themselves to do something about the situation [13, 14]. Moreover, awareness 
of the emotional arousal due to a positive emotional valence is also of value as the 
experience of positive emotions enhances the ability of a person to be resilient in 
moments when a stressor is experienced [15]. The employee’s capacity for resilience 
entails “the ability to bounce back after adversity” [16]. Besides, previously experienced 
positive emotions diminish the stress reaction, including the emotional arousal as a 
result of a stressor [15]. Self-tracking via wearable devices can measure the physiological 
changes related to emotional arousal and notify the user when a change in, e.g. heart rate 
is detected [17]. Once awareness about the emotional arousal is created, questions via 
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ecological momentary assessment (EMA), i.e. assessing experiences in close occurrence 
to the event in the user’s natural environment [18], can stimulate the person to perform 
reflection on the experienced emotional state and the cause of the emotion in order to 
understand what situations, conditions, or persons affect their emotional state. 

After becoming aware of the emotional state and the cause of the emotion, the individual 
evaluates which coping strategies are available, the expected effectiveness of the coping 
strategy, and the perceived self-efficacy to perform the coping strategy [13]. The decision 
process of choosing a coping strategy can result in the proximal outcome of adaptive 
coping. The moment when the user decides upon a coping strategy can be used as a trigger 
for sending JIT-messages for eCoaching. An automated eCoach can stimulate the choice 
for an adaptive coping strategy by sending personalised suggestions based on the input 
from self-tracking via the smartwatch and EMA questionnaire, which is the specific 
emotional state (positive or negative) and the cause of the emotion.

The sending of JIT-messages during high emotional arousal, for the awareness process, 
and during the decision for a coping strategy, to decrease the stress reaction, was 
supported by stakeholders participating in a needs assessment on self-tracking and 
eCoaching for stress management [12]. This needs assessment led to the development 
of the Resilience Navigator application and is used in this study’s set-up. The app is 
described in more detail in the Methods section. 

Possible influential factors on receptivity among employees
To be able to effectively intervene, we need to know if the moments for JIT-messages 
based on the proximal outcomes also represent moments in which users are receptive to 
do something with the eHealth technology. A complicating factor in the process of stress 
management is that there may be a mismatch between the moment when intervening is 
most needed versus most wanted among individuals experiencing stress [12, 19]. Based 
on the earlier conducted needs assessment on self-tracking and automated eCoaching 
for stress prevention among employees [12], earlier research on the general population, 
not necessarily in the context of stress prevention, and the research done by Sano 
and colleagues [11] on receptivity among employees, we identified three categories of 
possible influential factors, namely: (1) emotional state, (2) events or conditions, and (3) 
the content of the message. Earlier research on the general population is used here as 
the best alternative due to limited available research on the topic among employees.

On the one hand, the experience of an intense negative emotion indicates an ‘unsafe’ 
situation that interferes with personal goals and values and requests action for change, 
thus the relevance of receiving an eCoaching message is high [19]. At the same time, the 
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negative emotion may lead to a limited cognitive capacity to pay attention to anything 
else than the negative emotional state [20, 21]. 

Besides, certain events or conditions may affect the receptivity of employees. For 
example, JIT-messages could annoy stressed individuals as it distracts them from work 
[11, 12, 22]. A scan of current literature found the following factors related to events and 
conditions as possible influential for the receptivity to JIT-messages: (1) the activity the 
user is involved in [7, 10, 11, 22-24], (2) the time of the day, for example during natural 
breaks [10, 11, 23-25], and (3) the number of earlier received messages during the day 
[7, 11, 23]. 

In addition, factors that concern the content of the message have been found to influence 
the receptivity in other contexts, such as (4) the appeal of the message [10], (5) the 
perceived relevance of the message [10, 23, 24, 26], and (6) the amount of effort that 
is requested from the individual [12]. Also, the different factors might interact. For 
example, when more effort is requested but the perceived relevance of the message is 
appropriate, the user might be receptive to act immediately upon the requested action 
in the message. 

The receptiveness towards JIT-messages in the context of stress and among the population 
of employees is likely to be different because of intense emotional states during stressful 
events and the competition between demands from work and dealing with the stressful 
event. The objective of this study is to explore how employees react to JIT-messages 
in the context of stress to  intervene as early as possible in the process of stress using 
the proximal outcome of emotional arousal and the moment of deciding upon coping 
strategies as triggers for the sending of JIT-messages. Answering the following research 
question can lead to implications for the future design of stress management apps for 
the working population: ‘How is the employee’s receptivity to just-in-time messages for self-
tracking and eCoaching affected by factors related to (1) emotional states, (2) events or 
conditions, and (3) the content of the message for stress management via a smartphone 
application?’ 

Methods

General procedure 
17 participants were invited to use a simplified but working prototype of the Resilience 
Navigator app for two weeks (described in more detail below). This prototype consists of 
two apps: (1) the Sense-IT app [27, 28] for sending a signal via a smartwatch when changes 
in physiological parameters for emotional arousal are detected, and (2) the Incredible 
Intervention Machine (TIIM) app for collecting subjective measures of the emotions and 
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causes of the emotions using EMA and sending personalised eCoaching messages. When 
participants received a signal from the Sense-IT app, they were triggered to fill in a short 
EMA-questionnaire in the TIIM app asking about their emotional state (positive, neutral 
or negative) and the cause of the emotion. Based on this input, an eCoaching message 
was sent with a suggestion for a coping strategy. Besides, the TIIM app was used to collect 
additional measurements for research purposes (e.g. the factors of interest). After the 
two-week study period, participants were interviewed about their experiences regarding 
the ease of use of the Resilience Navigator app and their receptivity to JIT-messages, that 
is, to take in and act upon the JIT-messages for self-tracking and eCoaching. 

A mixed-methods approach was applied to answer the research question. Quantitative 
data, collected via the TIIM app, enabled us to collect data on the constant changing state 
of the factors of interest in the natural environment of the employees. Qualitative data, 
collected via semi-structured interviews, enabled us to obtain an in-depth understanding 
of the user’s experience concerning the receptivity towards the JIT-messages and factors 
affecting the receptivity. The qualitative data were seen as the main source of data to 
answer the research question as it provided us with a rich view on the topic and enabled 
us to study the experience on a more detailed level. Subsequently, the quantitative data 
was used to confirm and/or explain the findings from the qualitative data, making it a 
convergent mixed-methods design [29]. The intent for this mixed-method design was 
‘to obtain different but complementary data on the same topic’ [30] in order to obtain a 
more complete understanding of the problem [29]. 

More information on how the Sense-IT and Resilience Navigator app are developed, by 
whom, and the rationale behind the apps according to the CONSORT e-Health reporting 
guidelines [31] can be found in Appendix 1. The TIIM app is not described in full detail as 
the app is used as a tool to build in the content of the Resilience Navigator app. In short, 
the TIIM app can be used to perform interventions and send questionnaires to a group 
of participants. The content of messages and questionnaires can be determined by the 
researchers and are sent to the smartphone of the participant on predefined moments. 
Notifications can be sent when messages are available. The TIIM app is developed by 
the Behavioural, Management and Social sciences Lab (BMS lab) from the University of 
Twente [32]. The applications and the content in the TIIM and Sense-IT app were frozen 
during the study period.

Resilience navigator app
The prototype version of the Resilience Navigator app was developed based on the 
results of previously conducted research [4, 12, 33] by some of the authors of this study 
(AL, HKE, HV, and LVG) during which we have followed the CeHRes roadmap (Centre for 
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eHealth and Wellbeing research roadmap), a roadmap for the development of eHealth 
applications with a high focus on involving all important stakeholders and principles 
from business modelling [34]. A prototype version was used as this study is part of the 
development process of the Resilience Navigator app. The central research question in 
this study came from the earlier conducted research and results on this question can 
lead to improvements for design and can increase chances for successful uptake and 
impact of the Resilience Navigator app. More information on the prototype version of the 
Resilience Navigator app can be found in Appendix 1. 

In short, the Resilience Navigator app uses JIT-messages to activate the user to become 
aware of emotional arousal and causes of the emotion, via self-tracking, and provides 
personalised suggestions for a coping strategy, via eCoaching. See Figure 1 for a visual 
representation of the self-tracking (Sense-IT display on the smartwatch and EMA 
questionnaires via TIIM) and the eCoaching part (via TIIM) of the Resilience Navigator 
app. The Sense-IT collects heart rate measurements via a smartwatch, operable with all 
Android Wear 2.0 smartwatches. When a significant increase in heart rate is detected 
with respect to a personalised baseline, in the absence of vigorous physical activity of the 
subject, it is presumed that the increase in heart rate is associated more with emotional 
than physical arousal [27]. This substantial heart rate change is the trigger to send a 
JIT-notification via vibrations by the smartwatch. The physiological measurement of 
emotional arousal should be combined with psychological measurements as emotions 
are expressed via physiological and psychological responses [35]. Therefore, the user 
receives a pop-up from the Sense-IT to fill in an EMA questionnaire in the TIIM app to 
reflect upon the emotional valence and subjective emotional arousal, based on the 
circumplex model of affect [36], and cause of the emotion, including the following 
questions: (1) ‘Do you experience a positive, neutral, or negative emotion?’, (2) ‘How strong is 
the emotion you are experiencing on a scale from 1-10?’, and (3) ‘What was the cause of the 
experienced emotion?’ (drop-down menu). The latter two were only asked when a positive 
or negative emotional valence was reported. eCoaching messages consisted of sending 
out a personalised suggestion for a coping strategy based on the reported emotion and 
cause of the emotion, in the context of work or private life. A detailed description on the 
set-up of the notifications and the EMA questionnaires, based on the report checklist 
from Berkel and colleagues [37], can found in Appendix 1 as well. The suggested coping 
strategies came from existing literature and therapies on stress management and 
resilience training (the positive psychology approach, time management, ACT, and CBT) 
[38-41].
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Figure 1. Self-tracking and eCoaching via the Resilience Navigator app. 

Note: self-tracking: (a) Sense-IT display on the smartwatch, and (b) EMA questionnaire via TIIM. eCoaching: (c) 

personalised eCoaching message via TIIM. 

Participants could personalise the sending of JIT-notifications via the smartwatch to some 
extent. They could change settings in (1) sensitivity (low, normal, high), and (2) the interval
in seconds for the comparison between the current heart rate and the personal baseline. 
This personalisation was added by the developers of the Sense-IT app to adjust the 
triggering of notifications that fits better with the user’s perceived emotional arousal 
than the set values [27]. The personal choices in settings also provided us with relevant 
information concerning the receptivity and was a topic during interviews. 

Participants
Participants were recruited via the personal network of the research teams via flyers at 
the University of Twente and the Hanze University of Applied Sciences. We chose this 
sampling method based on our aim of the study, which is to explore the phenomenon of 
receptivity for triggers in order to integrate the findings into the design of the Resilience 
Navigator app [42]. Our aim is not to generalise findings to the full working population. 
Both the University of Twente and the Hanze University of Applied Sciences have about 
3000 employees. The employees are working as a researcher and/or lecturer, or support 
staff. Their work activities consist mainly of intensive cognitive tasks or administrative 
tasks behind the computer, participating in meetings, and lecturing in front of small or 
large groups of students.
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Eligible employees were (1) employees working most of their time behind a digital screen 
(e.g. more than 4 h during a working day of 8 h) to be able to have long stretches of 
time with limited physical exertion, and (2) employees who have affinity with using 
eHealth technology to involve only potential end-users. The University of Twente Ethics 
Committee BMS approved the research set-up (application number: 17778). Participation 
in the study was voluntary.  

Data collection
Before the start of the study
Before the start of the study, participants were invited for a one-on-one meeting with 
the researcher. They received information about the aim of the study, the storage of 
their collected personal data, how to use the apps and were asked to sign informed 
consent. The apps were downloaded on the personal device of the participant, or, when 
not in possession of an Android smartphone, on a borrowed device. The participants 
were instructed to wear the smartwatch with the Sense-IT application between waking 
up and going to sleep. 

Via the TIIM app, participants were asked to fill in questions regarding demographic 
characteristics (gender, age, level of education) and three validated questionnaires, 
namely, (1) the perceived stress scale (PSS) [43-45], (2) the brief resilience scale (BRS) 
[16, 46, 47], and (3) the Toronto Alexithymia Scale (TAS) [48]. Scores on the TAS provide 
information on how well users are able to recognise emotions and deal with emotions. 
Scores on these questionnaires were used to gain insights into the characteristics of the 
study population. 

During the study period 
Following recommendations for studies involving EMA, a study period of two weeks was 
chosen [37]. During the study period, participants received questions via the TIIM app 
whenever they responded upon a JIT-message for self-tracking or eCoaching regarding 
(1) the receptivity and factors related to (2) emotional state, (3) events and conditions, and 
(4) the content of the message. Questions were set-up by the authors of this study and 
the full study set-up was tested, including clarity and ease of filling in the questionnaires, 
by two potential participants, leading towards small adjustments in the wording of the 
questions. Receptivity was measured by users scoring the receptivity on a scale 1-10 
to fill in an EMA-questionnaire after receiving a notification from the smartwatch and 
during the moment of processing the eCoaching message. Two factors were collected 
concerning emotional state: emotional valence (negative, neutral, positive) and emotional 
arousal (scale 1-10). Factors collected concerning events and conditions were: the activity 
the user was involved in just before filling in the EMA questionnaire or processing the 
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Table 1. Overview of the collected variables 

Variable Measurement level

Receptivity

Self-reported receptivity for 
self-tracking or eCoaching

Scale 1-10

Emotional status

Emotional valence Positive, Neutral, Negative

Emotional arousal (Total, Positive, 
Negative)

Scale 1-10

Events or conditions 

Activity Report in keywords

Number of earlier questionnaires or 
eCoaching messages

Number per day

Time of day Morning (0.00-11.59), Afternoon (12.00-
17.59), Evening (18.00-23.59)

Content of the message (only for eCoaching)

Effort Yes or No

Appeal Scale 1-10

Relevance Scale 1-10

Effectiveness Yes or No

eCoaching message (in key words), number of earlier filled in questionnaires or 
eCoaching messages per day (via log data), and time of day when the notification from 
the smartwatch or the eCoaching was processed (morning, afternoon, evening via log 
data). Additionally, for the receptivity to eCoaching, the following factors were collected 
related to the content of the message: requested effort (an action was requested or not), 
appeal of the message (scale 1-10), perceived relevance of the message (scale 1-10), and 
perceived effectiveness of the eCoaching message (improved wellbeing yes or no). See 
table 1 for an overview of the collected variables. Moreover, to obtain an understanding 
about the experiences with the app, log data was used to calculate how many times 
participants completed the EMA questionnaire, completed eCoaching messages, and 
how many days users continued using the app (using unique dates from the received 
EMA questionnaires and completed eCoaching messages).

After the study period – semi-structured interviews 
Semi-structured interviews were conducted one on one by one interviewer (AL) to 
obtain more in-depth insights if and how factors were experienced as influential on the 
receptivity. In addition, citations of the respondents could reflect possible interactions 
between factors and their influence on the receptivity. The interview data in combination 
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with the quantitative data revealed confirmation and explanations of the associations 
found. 

Topics during the interviews included all factors for which quantitative data was collected 
(see Table 1). Moreover, topics included the perceived relevance and the requested 
effort to complete the EMA-questionnaires and its effect on receptivity to JIT-messages. 
The factors relevance and effort in relation to the receptivity for self-tracking were 
only analysed via qualitative data. In addition, topics included the general experience 
regarding the use of the Resilience Navigator app (usability) and the experiences with the 
notifications for self-tracking and eCoaching during the day. These topics were included 
to relate the observed associations, from both qualitative and quantitative analysis, to the 
experiences with the app. Appendix 2 includes the full interview scheme. The interviews 
were audiotaped and recordings had a duration between 26-57 min.

Data analysis 
Qualitative data analyses
All transcriptions were uploaded in the statistical software package for qualitative 
research Atlas.ti version 8 (Scientific Software Development GmbH, Berlin). A first version 
of the coding scheme was created using sensitizing concepts from the literature on 
possible factors that could influence the receptivity of self-tracking and eCoaching, and 
open coding. The intercoder agreement was performed by two researchers (AL and MLN) 
via independently coding of two transcripts and discussing the disagreements in codings. 
This resulted in (1) joint refinement of the descriptions of codes to increase unambiguous 
interpretation of codes and (2) a simplification of the coding scheme as the level of 
detail in the coding scheme led to the missing of codings to quotations. During selective 
coding, important themes and subthemes were identified, special attention was placed 
on finding contradicting quotations, and we strived for the identification of relationships 
between themes (e.g. activity and relevance). 

In addition, the reported activities they were involved in before responding upon JIT-
messages in the TIIM app were analysed via open coding, leading to categories of 
activities. These activities represent moments after which users are receptive to act upon 
notifications for self-tracking or eCoaching.  

Quantitative data analyses
All data from the TIIM app including the EMA-questionnaires and log data were transported 
into SPSS (IMB SPSS Statistics version 25). The TIIM app generated a personal identifier 
number per participant to anonymize the data. The personal identifier numbers are 
stored at the BMS lab server of the University of Twente and is certified with ISO 27001 and 



5

Chapter 5 | 127

NEN 7510. Descriptive statistics were used to describe the demographic characteristics 
and to calculate mean scores on the PSS, BRS, and TAS. Repeated measures linear mixed 
effect models were used to study the associations between the factors and the perceived 
receptivity. This analysis method accounts for within-subject correlations and can deal 
with a different number of observations per participant [49]. Compound symmetry was 
used for all models as this gave the best fit. Due to the small sample size, the restricted 
maximum likelihood procedure was chosen, and the statistical significance was set at a 
liberal p<0.10. 

Mixed-methods analyses
First, the two types of collected data were analysed separately. Then, the identified content 
areas from quantitative data were compared with the results from the qualitative data to 
identify discrepancies and similarities between the results of the two types of methods 
[29]. This approach led to stronger evidence when, for example, a positive association 
was found between a positive emotional valence and receptivity in the quantitative 
analyses and this association was also described by participants during the interviews. 
Besides, it led to relevant implications for further research when the results of the two 
methods did not match.

Results
The 17 participants consisted of 14 females (82.4%), were on average 43.1 (SD 7.9) years 
old, and almost all had a high educational level (94.1%). PSS scores were on average 11.1 
(SD 4.9). On the BRS, 76.5% of the participants had a medium score and 17.6% had a 
high score. One participant was categorised as ‘possible alexithymia’ based on the TAS-
scores. See Table 2 for a representation of the demographic characteristics of the study 
population. 

General experience 
Participants started using the app with a certain curiosity and interest in the app. Most 
participants reported that the self-tracking part of the app made them aware of their 
emotional state and half of the participants said the notifications triggered to self-
regulate their emotions. The receiving of JIT-eCoaching messages was perceived as 
logical during a stressful situation and the messages reactivated their knowledge about 
stress management among half. 34% of the processed eCoaching messages (n=85) were 
experienced as effective to improve their emotional wellbeing.

At a certain point, a sum-up of difficulties experienced with the early prototype version 
of the app affected their willingness to continue. An important difficulty was uncertainty 
if the smartwatch was still connected with the mobile phone and if the measurements 
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Table 2. Demographic characteristics 

Characteristic Mean (SD)

Age 43.1 (7.9)

Perceived Stress Scale 11.1 (4.9)

Characteristic n (%)

Gender

Male 3 (17.6) 

Female 14 (82.4)

Gender neutral 0

Level of education 

Low 0

Medium 1 (5.9)

High 16 (94.1)

Brief Resilience Scale 

Low 1 (5.9)

Medium 13 (76.5)

High 3 (17.6)

Toronto Alexithymia Scale

Non-alexithymia 16 (94.1)

Possible alexithymia 1 (5.9)

Alexithymia 0

were performed. This sometimes led to the missing of measurements over a certain 
period. In the end, participants used the app for a duration of 5.2 days (SD: 2.1) on 
average. Half of the participants adjusted the sensitivity and interval of the sending of 
notifications resulting in a decrease in notifications. Reasons to adjust the settings were 
that (1) the interval between two notifications was experienced as too short, or (2) the 
sensitivity for the detection of a change in emotional state did not match their perception.  

 “No matter how positive you are in it, if things don’t go quite that easy, you quickly 
get the urge to think ‘well, that’s that” (employee #6).

Receptivity to just-in-time messages 
The result section is structured as follows: Firstly, we describe the count of processed 
messages and the average perceived receptivity. Secondly, the results of the qualitative 
data are described separately for the receptivity to JIT self-tracking messages and 
receptivity to JIT eCoaching messages. These sub-paragraphs are structured according 
to the categories of factors: (1) emotional state, (2) events or conditions, and (3) content 
of the message. Then, the results are presented from the quantitative data analyses with 
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a focus on the confirmation or explanation of the qualitative data.  Appendix 3 includes 
an overview of factors that seemed to affect the receptivity to take in and act upon a 
message for self-tracking and eCoaching based on an integration of the qualitative and 
quantitative results, and how these factors seem to affect the receptivity based on the 
qualitative results. To provide a quick overview of the results, Figure 2 includes a visual 
presentation of the factors affecting receptivity. 

The 17 participants filled in a total of 196 questionnaires (3-42 questionnaires per 
participant) after receiving a notification from the smartwatch that a substantial heart 
rate change was detected. The daily average was 3.7 (SD: 2.9). The mean receptivity to 
self-tracking messages was 5.39 (SD: 2.42) on a scale from 1-10. In 54% of the received 
questionnaires, the filling in of the questionnaire was within 5 min after receiving a 
notification. 

The participants processed a total of 85 eCoaching messages (0-18 per participant), of 
which 17 could not be linked to a questionnaire caused by a bug in the system sending 
an extra eCoaching message after completing the original eCoaching message. The daily 
average was 2.4 (SD: 1.2). The receptivity to eCoaching messages scored on average 
5.69 (SD: 2.27) on a scale from 1 to 10. In 34% of the received eCoaching messages, 
participants dealt with the eCoaching message within 15 min after receiving a notification 
from the smartwatch (15 min was the longest duration of a suggested coping strategy). 

Receptivity to JIT self-tracking messages (Qualitative results)
Factors related to emotional states 

Emotional valence
During the interviews, respondents mentioned they were more receptive towards 
a notification for self-tracking during a positive emotional valence in comparison 
to a negative emotional valence, although the necessity to fill in a questionnaire was 
perceived higher during a negative emotional valence. Their explanation for a better 
receptivity during a positive emotional valence was that positive emotions are more 
pleasant to reflect upon, while during a negative emotional valence there is no room to 
pay attention to anything else. Therefore, a certain time period between the emotion 
with a negative valance and the filling in of the questionnaire was believed beneficial by 
some participants for an effective reflection.

Emotional arousal
The few quotations on this topic indicated that the higher the emotional arousal, the 
more willing the users were to fill in an EMA questionnaire due to an increased perception 
of relevance. 
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Emotional state

Events and conditions

Content of the message

Receptivity self-tracking 
notifications

Negative emotional valance x 

Higher emotional arousal +

Disrupt activities

Higher number of messages +

Evening x 

False positive notification
A. 

Figure 2. Visual presentation of the factors affecting the receptivity to self-tracking notifications (Figure 

2a) and eCoaching notifications (Figure 2b). 

Note: The factors presented in the figure are based on the qualitative results. Orange: negative association. 

Green: positive association. The symbols indicate if the results are confirmed by the quantitative analysis. +: a 

significant association was found, x: no significant association was found. No symbol indicates that this factor 

was not analysed using quantitative data.  

Emotional state

Events and conditions

Content of the message

Receptivity eCoaching 
notifications

Negative emotional valance x

Lower emotional arousal x

Higher number of messages x

Autonomous perception

Low effort messages x

Appeal of message +

Evening +

No relevance of message + B.
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Factors related to events and conditions 

Activity
The activity was an important topic of discussion. Two subtopics emerged from the data: 
internal locus of control (the user experiences control to decide that it is (not) convenient 
to interrupt the activity) and external locus of control (the user experiences no control as 
the user believes it is (not) accepted or (not) possible to interrupt the activity). During a state 
of internal locus of control, half of the users mentioned that they found it burdensome 
to interrupt the activity they were involved in to fill in the questionnaire, especially during 
tasks involving some level of concentration. However, as can be established from the 
self-reported activities by the user in the EMA-questionnaires, respondents were able 
to fill in a questionnaire after such a task. During a state of external locus of control, the 
notifications by the smartwatch were experienced by more than one third as a mandatory 
request to fill in the questionnaire and caused a negative initial response. 

“Someone is interfering with my life” (employee #1). 

A difficulty observed by participants was that days involving a lot of social interaction and 
a busy schedule increased the relevance to act upon the notification, as more emotions 
are expected during such days, but decreased the receptivity. For social interaction, one 
participant explicitly mentioned that paying attention to emotions would influence the 
work-related conversation in a negative way.

“Some aspects of the work affect me. And you do not want anyone else to see that it affects you 
because you actually want to stay neutral” (employee #7). 

Number of messages per day
Half of the respondents said that their receptivity towards self-tracking messages 
decreased when the number of earlier filled-in questionnaires was higher. According 
to some respondents, the association between receptivity and number of received 
questionnaires can be negatively influenced by a shorter time period between the filling 
in of questionnaires due to higher chances that the notification relates to the same 
situation. 

Time of the day
The evening and fixed times during the day were mentioned as the most convenient 
moments during the day to respond to notifications from the smartwatch. A certain time 
between the notification and the filling in of the questionnaire is mentioned by a few as 
beneficial for the reflective process due to having more time to overthink the situation. 
In addition, some respondents specifically mentioned that they did not mind being 
interrupted by the notifications from the smartwatch during the day.
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Factors related to the content of the message
Effort
Opinions were somewhat divided about the effort that it took to fill in the questionnaire. 
Participants who found it effortful mentioned that the questionnaire could be made 
more user-friendly to fill in. Also, they mentioned that it required some time to overthink 
the situation. Of the respondents who found it quick and easy, half gave priority to the 
activity they were involved in. The actual number of questions to complete per notification 
did not seem important to the user as long as it was user-friendly and fitted into their 
schedule. 

Relevance
When coherence was experienced between the notification and the emotion, they 
were more willing to respond upon a request to fill in the questionnaire. Fourteen out 
of seventeen respondents experienced a coherence between the notified heart rate 
changes and their emotional state at least once, of which twelve more than one time, and 
was experienced as very insightful. The coherence was most often experienced during 
a negative emotional valance. However, in the vast majority of situations participants 
did not experience a coherence between the notification and their emotions. Then, the 
notification was the result of physical activity or they had difficulties explaining the cause 
of the notification, which led to a feeling of worry among a few respondents. At first, the 
many false-positive notifications regularly created a feeling of annoyance. As the users’ 
experiences with the app evolved, the false-positive notifications had a negative impact 
on the perceived level of relevance of the notifications and users tended to ignore the 
notifications resulting in the loss of its trigger function. 

“That the same message has a different meaning is confusing and, I believe, that is why you 
subconsciously start to ignore it a bit, also because it just happens too often” (employee #17).

Receptivity to JIT eCoaching messages (Qualitative results)
Factors related to emotional states 

Emotional valence
Same as for the receptivity to self-tracking messages, many participants saw the dilemma 
that the receptivity towards an eCoaching message was better during a positive emotional 
valence, although the necessity was higher during a negative emotional valence. During 
the experience of negative emotions, the eCoaching message elicited sometimes a 
negative reaction, of which a few explained this by experiencing the eCoaching message 
as paternalistic. 

 “Are you really going to tell me what to do?!’” (employee #7).  
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Opinions were divided about the relevance of receiving an eCoaching message during a 
positive emotional valance. Again, a certain time period between emotions with negative 
valence and the eCoaching message was experienced as positive for the reflection 
process. 

Emotional arousal
During a less intense emotion, respondents believed that they could better overthink 
how the eCoaching could be relevant for their specific situation as the eCoaching was 
experienced as rather general by one third.

Factors related to events and conditions 

Activity
Participants found it important to choose autonomously when it is convenient to process 
the eCoaching message appropriately. Moreover, opinions were divided about what is 
more important in relation to the receptivity of the eCoaching message: the relevance or 
the activity. Three respondents believed that the relevance was more important: 

“When the suggestion is relevant, you will follow-up” (employee #11). 

Five others believed that the activity was more important. 

“If it concerns a situation in which you try to catch the train, you are stressed because of a 
deadline, or you get annoyed by an e-mail.. Whatever situation you can think of, those moments 

are often not the moments in which you think ‘Let’s do some eCoaching’!” (employee #2). 

Number of messages per day
A few respondents mentioned that the more eCoaching messages received, the less 
effort was spent in processing the eCoaching message. 

Time of the day
The evening was mentioned as the most welcome moment to process an eCoaching 
message. Half of the respondents mentioned that eCoaching requires time and space 
to process which was not experienced in the daytime. The second-best option according 
to participants was on fixed moments during the day that are reserved beforehand. 
Factors related to the content of the message 

Effort
Participants reported that low effort eCoaching messages positively influences the 
receptivity to process eCoaching messages right away. When respondents chose to 
process the eCoaching right away, which often involved lack of time and space, they 
caught themselves processing the message less intensively. 
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Appeal
A few participants reported that when the eCoaching messages were appraised as 
appealing, the eCoaching message was processed in a better way and was remembered 
for a longer period. 

Relevance
 Negative responses towards the eCoaching messages occurred among three respondents 
during a mismatch between the suggested coping strategy and the cause of the emotion. 
Also, many respondents were already familiar with the content of most eCoaching 
messages. This provoked two types of reactions: (1) the participant experienced a lack 
of challenge which did not motivate them to act upon the eCoaching message; or (2) the 
participant experienced the eCoaching message as a refresher of their known coping 
strategies. 

Effect
Some participants experienced the eCoaching messages as too general to be effective 
which affected their receptivity in a negative way. By contrast, a few other participants 
did believe that the eCoaching messages could be effective although this did not always 
lead to following-up the suggestion. 

Receptivity to JIT self-tracking messages (quantitative results)
The results from the mixed effect models analyses for results on the receptivity to self-
tracking messages can be found in Table 3. 

A positive, significant association was found between the estimated marginal means 
for positive emotional arousal and the receptivity to self-tracking messages (both on a 
scale from 1-10) (β=0.49, 90%CI: 0.15;.0.82, p=0.019). This positive association was also 
observed for emotional arousal in general (β=0.40, 90%CI: 0.16;0.65, p=0.008) but not for 
negative emotional arousal (β=0.41, 90%CI: -0.08;0.90, p=0.163). This is in line with the 
few comments made on the topic of emotional arousal during interviews, although no 
statements reflected that this accounted only for positive emotional arousal. 

Moreover, a significant positive association was found between the number of received 
questionnaires and the scores on receptivity to self-tracking messages (β=0.16, 90%CI: 
-0.03;0.29, p=0.047). This is not in line with the results from the qualitative data as a few 
participants mentioned that the higher the number of received questionnaires, the lower 
the receptivity. No other significant associations were found. 
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Table 3. The influence of factors on the perceived receptivity to self-tracking messages.

Receptivity to filling in a questionnaire  
(scale 1-10)

Determinant N β (90%CI) P-value
Total 196
Emotional valence 190

Positive 67 .60 (-.16;1.36) 0.195
Neutral 85 .06 (-.66;.79) 0.883
Negative (ref.) 38

Emotional arousal 104 .40 (.16;.65) 0.008
Emotional arousal positive valence 66 .49 (.15;.82) 0.019
Emotional arousal negative valance 38 .41 (-.08;.90) 0.163
Number of received questionnaires 196 .16 (-.03;.29) 0.047
Time of day 195

Morning 76 -.15 (-1.07;.77) 0.789
Afternoon 97 -.22 (-1.11;.67) 0.680
Evening (ref.) 22

Note: N=number of responses to the notification send via the smartwatch from the participants in total. The 

results presented in this table represent single mixed effect model analysis per factor in relation to receptivity.  

In line with answers given during the interviews, although non-significant, the evening
obtained the highest estimated marginal mean for receptivity in comparison to the 
morning and afternoon. However, the evening was not the most frequent moment of 
the day to act upon the self-tracking questionnaires (afternoon (n=97), morning (n=76), 
evening (n=20)).

Receptivity to JIT eCoaching messages (quantitative results)
The results from the mixed effect models analyses for results on receptivity to eCoaching 
messages can be found in Table 4.  

A significant positive association was found between the receptivity to JIT eCoaching 
messages and the factors positive emotional arousal (β=0.61, 90%CI: 0.05;1.17, p=0.075), 
experienced effect (β=1.48, 90%CI: 0.51;2.46, p=0.014), appeal of the message (β=0.36, 
90%CI: 0.13;0.59, p=0.013), and relevance of the message (β=0.26, 90%CI: 0.05;0.48, 
p=0.047) (all measured on a scale from 1-10 with exception of effect, which was 
measured dichotomously ‘yes’ or ‘no’). From the above-described factors, quotations 
from participants reflected a positive association between receptivity and the factors 
‘relevance’ and ‘appeal’. Statements on emotional arousal are not fully in line as 
respondents mentioned the higher the arousal the lower the receptivity to process
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Table 4. The influence of factors on the perceived receptivity to eCoaching messages.

Receptivity to eCoaching messages (scale 1-10)

Determinant N β (90%CI) P-value

Total 85

Emotional valence 84

Positive 36 .15 (-.86;1.16) .807

Neutral 20 .57 (-.68;1.82) .446

Negative (ref.) 28

Emotional arousal 71 .10(-.21;.40) .604

Emotional arousal positive valence 35 .61 (.05;1.17) .075

Emotional arousal negative valence 28 -.33 (-.90;.24) .333

Number of eCoaching messages 85 .40 (-.01;.81) .111

Effort (yes vs. no) 85 -.31 (-1.21;0.59) .569

Experienced effect (yes vs. no) 83 1.48 (.51;2.46) .014

Appeal of the eCoaching messages 84 .36 (.13;.59) .013

Relevance of eCoaching messages 84 .26 (.05;.48) .047

Time of Day* 85

Morning 33 -1.50 (-2.75; -.25) .050

Afternoon 34 -.26 (-1.54;1.02) .735

Evening (ref.) 18

Note: N=number of responses to the processed eCoaching messages from the participants in total. *= 

a significant difference was observed between morning (ref.) and afternoon (β=1.24, 90%CI: 0.27;2.21, 

p=0.036). The results presented here represent single mixed effect model analysis per factor in relation to 

receptivity.

  

the message. In addition, no clear statements were made on the effectiveness of the 
eCoaching message and the receptivity.  

In addition, a significant negative association was found for the receptivity to eCoaching 
messages during the evening in comparison to the morning (β=-1.50, 90%CI: -2.75; -.25, 
p=0.050) and a positive association between the afternoon in comparison to the morning 
(β=1.24, 90%CI: 0.27;2.21, p=0.036). From interviews, the evening was also mentioned as 
the most opportune moment to process an eCoaching message during the day. However, 
the least coaching messages were processed during the evening (n=18) in comparison to 
the morning (n=33) or afternoon (n=34). 
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Discussion
This study’s main aim was to explore how the employees’ receptivity to JIT self-tracking 
and eCoaching messages in the context of stress management was affected by factors 
related to (1) emotional states, (2) events or conditions, and (3) the content of the 
message. Below we will discuss the most apparent results per category of factors. 

Receptivity and emotional states 
An important factor that seemed to affect the user’s receptivity to both self-tracking 
and eCoaching negatively, is the presence of emotions with a negative valence. For self-
tracking, users experienced a lack in the ability to pay attention to anything else than the 
emotion during a negative emotional valence. For eCoaching, the negative emotional 
valence can cause a negative initial response towards the eCoaching message. The 
participants believed that a decrease in the intensity of the negative emotional valance 
positively affects their ability to perform the reflection necessary for self-management 
via self-tracking and eCoaching. Although the receptivity appeared to be lower during a 
negative emotional valence in comparison to a positive emotional valence, the relevance 
for self-tracking and eCoaching was perceived higher. 

From stress management literature, relevance is often mentioned as an important factor 
to activate the user in changing the situation [19, 50]. An emotion with a negative valance 
indicates an ‘unsafe’ situation that interferes with personal goals and values and requests 
action for change [19]. Two possible explanations were found in literature about why 
the relevance during a negative emotional valence was often not the dominant factor 
to beat low receptivity. First, according to Evers et al., emotions can bring about fast 
and unconscious autonomic responses, such as the initial negative response towards the 
notification, and/or slower and conscious reflective responses [51], such as evaluating 
if the emotional valence is intense enough to act upon [50]. For this study, the initial 
negative autonomic response may have overwhelmed the user too much in order to 
evaluate the relevance of the situation consciously [51] and can be related to the 
quotations from participants  about not being able to pay attention to anything else 
then the emotional state. Moreover, acting just-in-time upon the slower and conscious 
reflective response may be more difficult for employees in comparison to the general 
population due to a lack of time and space during the working day to perform reflection 
properly, experienced by this study’s participants. Besides, the initial negative reaction 
can be advantageous, and is experienced as such by the participants in this study, as 
problem-solving abilities are negatively affected by emotions with a negative valence, 
and thus could result in the performance of maladaptive coping [20, 21]. 
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The second explanation is ‘attention deployment’ [50]. For example, after the user 
becomes consciously aware of the negative emotion, he/she chooses the coping strategy 
to suppress the negative emotion or reappraise the emotion later on. This can be an 
adaptive coping strategy, especially when the user consciously chooses to give priority to 
a more important goal to attain than to deal with the emotion in that specific situation 
[50], which for employees might be completing a task. In such situations, employees can 
benefit from the acute stress reaction as it can bring about a higher level of concentration 
and focus [2]. 

Contradictory in the results was that high emotional arousal seemed to affect the 
receptivity for JIT self-tracking messages positively and, although based on limited 
available data, affect the receptivity for JIT eCoaching messages negatively. This may 
be explained by the factor of relevance. Relevance was found in previous literature as 
an important factor for the receptivity of JIT messages [6, 11, 22]. Participants in this 
study perceived higher relevance of a JIT self-tracking message during high emotional 
arousal in comparison to low emotional arousal. In addition, one third of the participants 
experienced low relevance of the eCoaching messages as they were too generic. An in-
depth reflection was necessary to find the added value of the eCoaching message for 
them personally. However, during high emotional arousal, participants were not able to 
search for this added value. 

Receptivity and events or conditions 
An autonomous perception was found an important factor in the receptivity towards self-
tracking and eCoaching notifications. Without an autonomous perception to decide when 
to act upon the notification, the notification for self-tracking led to an initial negative 
response. Moreover, when employees felt forced to act upon the eCoaching message, 
they experienced difficulties to take in the eCoaching message appropriately and discover 
the added value of the eCoaching message. Although smartphones have high potential to 
stimulate the self-management of the user, and self-management is all about increasing 
the individual’s autonomy, studies on user experiences regularly found a loss of the 
perception of autonomy during smartphone usage [52]. Lukoff and colleagues found 
that a loss of autonomy was especially experienced when the smartphone-activities were 
perceived aimless [53]. It might be that the high number of false-positive notifications 
resulted in a perception that their attention was caught, i.e. attention theft [54], but that 
they did not get anything in return.  

In addition, activities were a big topic of discussion during the interviews. A constant 
competition was observed between the perceived level of relevance to deal with the 
message and the activity the user was involved in. The activity often seemed to be the 
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factor with priority. Different from our results, earlier research on the general population 
found relevance as more predictive for receptivity in comparison to the activity [10, 
22, 55]. A possible explanation for these differences in results can be that employees 
prioritise work-related activities over dealing with emotions [11], as they appear to be 
more in line with their goals and values in the work context. One participant explicitly 
mentioned that dealing with emotions during work was perceived as dysfunctional. Sano 
and colleagues, who focused on the receptivity among employees, agree that the activity 
is an important factor for receptivity, especially when the activity is characterised by high 
levels of engagement and challenge [11]. This is consistent with our finding that disrupting 
activities requiring high concentration levels should be avoided. When someone is highly 
concentrated on a task, he or she might be more susceptible to notify the notification 
due to the alert state involving such tasks [22]. This disruption may lead to high levels of 
frustration [22, 24] as it interferes with their work-related goals [19]. 

As can be observed in the quantitative data, the least JIT-messages were processed 
during the evening although participants mentioned the evening as the most opportune 
moment during the day to act upon the self-tracking and eCoaching notifications. this 
discrepancy in results found in this study may be explained by measuring the concepts on 
different levels. That is, the qualitative result indicates a belief about the most opportune 
moment to act upon the message, whereas the quantitative result indicates the actual 
behaviour ‘act upon the message’ [29]. This indicates a gap between a perceived high 
state of receptivity and actually following-up the JIT-message and could be compared to 
the traditional gap between intention and real behaviour change [56]. 

Receptivity and the content of the message 
When a coherence was experienced between the notification via the smartwatch and an 
emotional state, the user was more receptive to self-tracking and eCoaching. However, 
the receptivity of the users to notice the notifications for self-tracking consciously was 
affected by the loss of relevance by the many false-positive notifications sent by the 
smartwatch. Explanations for this vigilance decrement in acting upon the notifications 
can be found in the sensitivity hypothesis, in which users are less likely to discriminate 
relevant and irrelevant notifications after a period of time as not all notifications from 
the smartwatch asked their follow-up, and the arousal hypothesis, in which the level of 
alertness of the user decreases due to perceptual habituation [57]. 

The perceived relevance and appeal of the eCoaching message were observed as factors 
that can positively influence the receptivity in this study and are in line with earlier 
research [10, 22]. From our results, the factors relevance and appeal positively influenced 
the receptivity to take in the message but did not have the upper hand in influencing the 
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receptivity towards acting upon the message, based on the superiority of other factors 
observed in this study, such as the emotional valence or the activity the user is involved 
in. 

Implications for future design 
The results of this study provide many opportunities to improve the impact and uptake 
of eHealth technologies utilising JIT notifications for stress prevention. We will focus our 
implications for future design on the factors that seemed to be dominant in the receptivity 
for notifications among employees, which are: (1) the experience of negative emotional 
valence, (2) an autonomous perception when to take in and act upon the notifications, and 
(3) the activity the employee is involved in. With the widespread opportunities for data 
collection via sensors in smartphones, wearables, and home automation, it is possible to 
consider the associated factors with receptivity to self-tracking and eCoaching messages.
Firstly, to improve the ability of the employee to perform reflection and choose an 
adaptive coping strategy in close occurrence to the experience of an intense negative 
emotional valance [20, 21], the current study results suggest to send a notification when 
heart rate has returned to baseline values [50]. Sending a notification when the intensity 
has diminished decreases the chance of initiating a negative initial response towards the 
notification [51] and improves the employee’s cognitive capacity to perform reflection 
[19] while not postponing the notification too far away from the intense negative emotion 
and increase problems with recall.

Secondly, an autonomous perception when to take in and act upon the notifications 
could be increased by improving the perceived usefulness of the eHealth technology [52, 
53]. Perceived usefulness can be improved by decreasing the number of false-positives. 
For this study, the Sense-IT application was used to detect emotional arousal based on 
a substantial increase in heart rate without accompanying physical exertion. The many 
false-positive notifications can be explained by how, and how often the baseline of an 
individual was established. The Sense-IT is designed to be a platform that allows individual 
users to establish their own baseline with varying lengths and with different activities that 
are or are not part of the baseline. For example, one could decide to measure a baseline 
of 60 min that includes sitting, walking, working alone and having a team meeting. 
Alternatively, the baseline could be the same but without the (social) team meeting. These 
kinds of choices strongly influence the extent to which the Sense-IT will or will not trigger 
an individual in a variety of settings. In this study, we instructed participants to perform 
their baseline measure during a period in which they mostly performed tasks sitting 
behind a desk. This may have introduced many notifications during days that involved 
other work activities, such as team meetings or walking to appointments. Some of the 
false-positives might be eliminated by performing the baseline measure during a period 
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that better matches the employee’s daily work activities. Moreover, in the period that 
this study took place, the Sense-it application was working on improving the algorithm 
for sending JIT messages based on the physical activity the user was involved in, such 
as cycling or walking. Users could indicate when they not wished to receive notifications 
based on physical activity. As this was a new feature, the algorithm was not at its most 
optimal state of functioning in recognising these activities. Improving the algorithm for 
detecting physical activity may decrease the many false-positives. 

Finally, a challenge for future design is dealing with the unwanted interruptions of 
activities. The design of the Resilience Navigator app is based on the principle that by 
connecting the emotion to a specific situation, the user is able to identify the cause of 
the emotion, which will increase chances of choosing an adaptive coping strategy [19]. 
A compromise might be to avoid the interruption of activities but still notify the user in 
close occurrence to the situation that caused the emotion. Various sensory data or other 
types of data can be connected to enable interrupting during the early stages of tasks, 
which was found a good predictor for appropriate timing of JIT messages [11, 22], or 
postponing the notification after the completion of an activity. Examples are a connection 
with the outlook-schedule, for job-related tasks, or auditory data reflecting that the 
user is involved in a conversation and, thus, identify social interaction. Moreover, the 
employee can be interrupted when they open the door of their office [23] or, for office 
workers, data can be used from their mouse and keyboard to indicate that he/she is in-
between tasks [11]. These suggestions can also be a solution for the mismatch between 
low perceived receptivity to JIT-messages during days involving many social interactions 
and busy schedules, but high perceived relevance of reflecting on such moments. 

Implications for future research 
With the qualitative data as the main source for answering the research question, we 
were able to obtain a detailed view of the concept of receptivity and the factors affect-
ing receptivity for JIT self-tracking and eCoaching messages among the population of 
employees in the context of stress prevention. However, the quantitative data fall short 
to confirm the findings and study the interaction between factors. Therefore, a general 
implication for future research is to apply more robust quantitative data collection and 
analysis. Such findings might fine-tune the sending of just-in-time messages and in-
crease the effectiveness of JIT intervention designs. For example, via fractional factorial 
designs for the testing of multiple combinations of factors to find the most optimal con-
dition (on an individual level) [58]. Via fractional factorial design, we can test the effec-
tiveness of the suggested implications for future design on receptivity in comparison to 
the original design used in this study:  
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1. Unusually strong heart rate rises without accompanying physical exertion are 
detected vs. when heart rate is returned to the baseline heart rate.

2. Fine-tuning the algorithm to detect physical activity vs. the original algorithm 
3. Using additional data to detect that the employee is just starting a new task or is 

in-between tasks (yes or no)

Next to fine-tuning the current algorithm, designing an appropriate and detailed usage 
protocol to set baseline values can diminish the false-positives and should be part of 
follow-up studies.

Besides testing the effectiveness of the implications for future design, it is worthwhile 
to further explore how and why certain factors affect receptivity among employees. Of 
special interest, future research can focus on finding stronger evidence that the receptivity 
is of higher importance during a negative emotional valence than the perceived relevance 
for self-tracking or eCoaching. This can be done by involving a higher number of subjects 
to improve quantitative data analysis and requesting a more in-depth reflection on this 
topic during interviews with employees using the Resilience Navigator app. Moreover, a 
higher number of subjects and subjects from different work settings can generalise the 
explorative results found in this study to the larger working population and will enable 
us to study the receptivity towards notifications in different work settings. The latter is 
relevant because it is likely to expect that the receptivity is different in other jobs as 
we found specific aspects of the job, such as activities, affecting the receptivity. Another 
topic of interest is to find an explanation for the discrepancy between qualitative and 
quantitative results on the evening as a convenient moment to follow-up JIT-messages by 
testing the concept on the same level with qualitative and quantitative data [29].  

Strengths and limitations 
A strength of this study was the mixed-methods set-up. The use of EMA questionnaires 
and log data relates to real-life experiences and limits problems with recall bias as they 
are collected in close occurrence to the related situation [58]. The comparison between 
quantitative results and qualitative results enabled us to find confirmation for factors that 
affect the receptivity among employees. Also, the qualitative data was used to explain 
how these factors affect the receptivity according to employees. The latter revealed new 
insights in comparison to previous literature on the topic and these results enabled us 
to suggest concrete implications for future design to improve the impact of self-tracking 
and eCoaching notifications for stress management in the context of the workplace.
Firstly, our study was meant as an explorative study on how employees react to 
notifications in the workplace and stress management context. Our sampling method 
was chosen based on this explorative nature [42]. Although explorative objectives are 
common in early-stage eHealth development [59], we describe the sampling method’s 
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limitations for generalisation to the full working population as our study population was 
characterised by high educated female employees working in a scientific and educational 
work setting. On the one hand, some level of transferability of the results is expected as 
many jobs have similar characteristics in comparison to the scientific and educational 
work setting, such as activities involving high levels of concentration or presenting for 
large groups. The gender imbalance could have been the result of females being more 
likely to opt-in eHealth interventions [60], and, thus, reflects real-life situations. On the 
other hand, females have different biological responses to stress than male workers. It 
seems that males have higher acute activation of the sympathetic nervous system than 
females after exposure to a stressor [61], i.e. the acute emotional arousal is higher, which 
may affect the receptivity to notifications.  

Secondly, we cannot make firm statements based on the quantitative results due 
to the relatively small number of observations for multilevel analysis and the skewed 
distribution of the number of observations per participant [42, 49]. In addition, the 
interactions between factors could not be tested via quantitative analyses because of 
issues with power. 

Thirdly, due to the use of the early prototype version of the app in this study, a lot of 
attention from participants was lost because of the experienced technical and usability 
difficulties. This resulted in none of the participants adhering to the intended use of 
interacting with the Resilience Navigator app during a period of 14 days. Although, it 
also revealed relevant results for the associations between factors and the impact on 
receptivity, such as the effect of many false-positives on the receptivity. The aspect 
of false-positives is likely to be present during the use of other consumer wearable 
technology, although to a lesser extent, as the validity is never 100% [62, 63].  

Fourthly, to obtain results that closely match real-life use of the application, we instructed 
participants to act upon the notifications whenever they felt like doing so. This resulted 
in skewed distributions on the number of observations per participant and may have led 
to results on receptivity that are presented as too positive. Data on situations in which 
users did not act upon notifications might have provided more insights on the effect of 
factors during low receptivity. At the same time, these skewed distributions are proof 
that personalisation of the technology is needed. .  Besides, as both qualitative and 
quantitative data included results on low receptivity, the effect of this systematic bias 
may be limited. 

Finally, one way or another, the collection of data on receptivity to eCoaching messages 
was never really satisfactory. The notification for eCoaching came after the user filled in 
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the questionnaire. The fact that the user filled in a questionnaire was already a moment 
when they were receptive to the processing and acting upon the message. To ensure that 
we could perform an analysis between emotional state and the receptivity, we decided 
to collect data on receptivity during the moment the eCoaching message was processed 
instead of collecting data during the notification for eCoaching after the completing the 
self-tracking questionnaire (we did not have data on the emotional state during filling in of 
the self-tracking questionnaire). As one-third of the eCoaching messages were processed 
after a notification from the smartwatch, the quantitative results on associations between 
factors for eCoaching and receptivity could still reflect reliable results for JIT eCoaching. 

Conclusion
With this study, we added knowledge to the existing literature on factors that affect the 
receptivity to JIT-messages. We focused on the receptivity towards JIT-messages for self-
tracking and eCoaching in the context of stress management and the workplace. Results 
show that the receptivity in the context of stress management and the workplace requires 
special rules for the sending of JIT-messages. It seems that factors are often intervening 
with each other resulting in a clash between the most important moments to send JIT-
messages and the highest receptivity to take in and act upon a JIT-message. In the context 
of stress management, in which emotional states are important triggers for JIT change, 
we observed that the detrimental effect of a negative emotional valence on receptivity 
seems more important than the experienced relevance during such an emotional state. 
Moreover, in the workplace, the goal of dealing with emotions obtains lower priority than 
a work-related goal, as the activity seems to be more dominant in relation to receptivity 
than the relevance to deal with the emotional state. In addition, findings indicate the 
importance of an autonomous experience in deciding when to process and/or act upon a 
JIT-message. As a final major finding, a loss of relevance due to many false-positives can 
lead to a loss of the original function of JIT self-tracking messages: creating awareness. 
As technology has high potential to pinpoint the exact moment when the user is both 
receptive towards a message and when a message is needed to be able to intervene just-
in-time, we advocate that this topic of study will be expanded more in future research. 
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Abstract 
Background: An eHealth tool that guides employees through the process of reflection 
has the potential to support employees with moderate levels of stress to increase their 
capacity for resilience. Most eHealth tools that include self-tracking summarise the 
collected data for the users. However, users need to gain a deeper understanding of the 
data and decide upon the next step to take through self-reflection. 

Objectives: In this study, we aimed to examine: (1) the perceived effectiveness of the 
guidance offered by an automated eCoach during employees’ self-reflection process in 
gaining insights into their situation and on their perceived stress and resilience capacities; 
and (2) the usefulness of the design elements of the eCoach during this process. 

Methods: Of the twenty-eight participants, fourteen completed the six-week BringBalance 
programme that allowed participants  to perform reflection via four phases (Gilbert 
and Trudel, 2001): 1) identification, 2) strategy generation, 3) experimentation, and 
4) evaluation. Data collection consisted of log data, EMA questionnaires for reflection 
provided by the eCoach, in-depth interviews, and a pre- and post-test survey (including 
the Brief Resilience Scale and the Perceived Stress Scale). The post-test survey also asked 
about the utility of the elements of the eCoach for reflection.

Results: Although users did not perceive a beneficial effect on stress and resilience 
capacities, the automated eCoach did enable users to gain an understanding of factors 
that influenced their stress levels and capacity for resilience and to learn the principles of 
useful strategies to improve their capacity for resilience. Design elements of the eCoach 
reduced the reflection process into smaller steps to re-evaluate situations and helped 
them to observe a trend. However, users experienced difficulties integrating the chosen 
strategies into their daily life. Moreover, the identified events related to stress and 
resilience were too specific through the guidance offered by the eCoach and the events 
did not recur, which consequently left users unable to sufficiently practise, experiment, 
and evaluate the techniques during meaningful events. 

Discussion and conclusions: Although participants did not report improvements to 
their stress and resilience capacities, they were able to perform self-reflection under the 
guidance of the automated eCoach, which often led towards gaining new insights. To 
improve the reflection process, more guidance should be offered by the eCoach that 
would aid employees to identify events that recur in daily life. Future research could 
study the effects of the suggested improvements on the quality of reflection via an 
automated eCoach. 

Keywords: Self-reflection, stress management, resilience, eHealth, self-tracking, 
eCoaching
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Introduction
Sustainable employability is, for a large part, negatively affected by stress, with one-third 
of work-related absenteeism among employees caused by stress [1]. According to the 
EU compass for action on mental health and well-being, more should be done in the 
preventative phase to increase employees’ capacity for resilience [2]. Tackling stress in 
the preventative phase is vital since stress can have negative consequences for health, 
wellbeing, and productivity [3]. To tackle stress in the preventative phase, it is necessary 
that employees cope effectively with the causes of the stress response (i.e., the stressors) 
and change their behaviour. Awareness about the stress response and the stressor 
is a prerequisite for employees to activate the desired behaviour change. Moreover, 
employees need to learn how to cope effectively with the stressor [4]. Resilience is 
achieved when an employee has dealt effectively with stress, and the employee’s capacity 
for resilience is demonstrated after exposure to a stressor [5]. An employee’s capacity for 
resilience, “the ability to bounce back after adversity” [6], is determined by the possession 
of several psychosocial and protective factors that influences the relationship between 
a stressor and the initial stress response. Examples of such factors are the employees’ 
coping repertoire and emotion regulatory capacities [5].

Reflection is an important step for effective behaviour change in the context of resilience 
training. Reflection involves evaluating past experiences and learning from these 
experiences with the aim of optimising personal performance in future situations [7]. 
It can stimulate effective coping and increase the capacity for resilience [5, 8]. One of 
the ways in which reflection on stressful events improves resilience capacities is that 
it prompts the employee to search for ways to improve and adapt, or to recruit more 
coping strategies, and to activate available resources [5]. It is both useful to perform 
reflection soon after experiencing the situation that causes stress (reflection-in-action) as 
well as later in time (reflection-on-action) [9]. Stressful moments are opportune moments 
to perform a coping strategy, and a reassessment later in time can result in better 
recognition of stress or a stressor in future situations [5]. Another way in which reflection 
improves the capacity for resilience is that the negative event can be interpreted as less 
negative once time has passed and individuals know the outcome of the stressor, which 
is often less severe than expected. This can lead to the situation being reframed into 
something more positive and unnecessary to worry about [10].

In traditional coaching settings, reflective coaching has received a good deal of attention 
as an effective and essential method to help coachees better understand and learn how 
to improve their situation [11, 12]. The reflective coaching model [13], which is used 
nowadays in face-to-face coaching, includes four phases of reflection: (1) identification, 
(2) strategy generation, 3) experimentation, and 4) evaluation. The identification phase 
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involves identifying issues worth solving and understanding why each is an issue, the 
strategy generation phase involves searching for and choosing possible solutions for the 
issue, the experimentation phase involves experimenting with the chosen strategies, and 
the evaluation phase involves evaluating the effectiveness of the strategy as a solution 
for the issue [13]. In short, reflection includes (1) gaining awareness about the current 
situation and (2) learning how to deal effectively with the current situation or similar 
situations in the future.
 
Due to the number of employees experiencing stress, labour-intensive face-to-face 
reflective coaching sessions to improve the capacity for  resilience in the preventative 
phase is simply not realistic [14]. eHealth technologies have the potential to guide the user 
through the process of reflection without human involvement [15]. In the identification 
phase, the self-tracking of stressful events and events related to resilience can result in 
awareness about the current situation [16]. Real-time measures of stress and resilience 
capacities (e.g., heart rate variability) can be collected using self-tracking devices, such 
as smartwatches [17, 18], or ecological momentary assessment (EMA) via smartphones. 
EMA “assesses individuals’ current experiences, behaviours, and moods as they occur in real-
time and in their natural environment” [19].

eHealth tools that include self-tracking often present the collected data in a graph for 
the user or as a simple summary. These persuasive technology features [20] can offer 
guidance during the first steps in the identification phase, namely these features can 
support users to observe their status and progress towards the required behaviour 
change, and this is helpful during the reflection process [15]. However, previous research 
on self-tracking of health behaviour indicates that awareness of one’s healthy lifestyle via 
self-tracking alone is not enough to effectuate real behaviour change [16, 21-23]. Users 
need to gain a deeper understanding of their current situation and to decide on their 
own which  behaviour change strategies to apply. Guidance during these essential parts 
of the reflection process is missing in current eHealth tools employing self-tracking and 
awareness via self-tracking is not followed by real behaviour change. In one study, end-
users and other stakeholders expressed that more guidance during reflection, in addition 
to the collection and summarisation of data, was an important need for resilience training 
via eHealth technology [24].

Reflective automated eCoaching has the potential to provide this necessary guidance that 
will aid in transforming awareness into real behaviour change. In this study, automated 
reflective eCoaching is defined as supporting, advising, and guiding the user to evaluate 
past experiences and learn from these experiences for future improvement without 
the involvement of a human coach [7, 25]. An automated eCoach can: personalise the 
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coaching strategy based on self-tracking data and input from the user regarding their 
coaching needs, make use of persuasive features to motivate and stimulate behaviour 
change [20], and be accessed 24/7.

As we believe that reflective automated eCoaching can effectuate real behaviour change, 
we aimed to study how employees who are using an automated reflective eCoach 
perceive its effectiveness and usefulness. It is not only important to know the outcome 
of the guidance offered by the automated eCoach, i.e. effectiveness, but also to gain an 
understanding of how the use of the different design elements of the automated eCoach 
and the interplay between them contribute to the outcomes, i.e. usefulness of the design 
elements during reflection [26]. To our knowledge, no study has evaluated this before. 
Results on the perceived effectiveness and usefulness via reflective automated eCoaching 
can lead to implications for future designs in the context of resilience training. To explore 
this, we developed a prototype of the BringBalance app, as described in Section 2

The research questions that we aim to answer are: 
1. According to employees, what is the perceived effectiveness, of the guidance offered by 

the automated eCoach in the BringBalance app during their reflection on the self-tracking 
data and strategies to improve their capacities for resilience?

a. To what extent did the employee gain insights into their current situation and 
strat egies to cope effectively with current and future situations via the automated 
eCoach? 

b. What kind of changes are observed in pre- and post-test scores on perceived levels 
of stress and resilience capacities among employees using the automated eCoach 
in the BringBalance app?

2. What is the usefulness of the design elements of the automated eCoach in the BringBalance 
app to guide reflection by employees on the self-tracking data and strategies to improve 
the capacity for resilience?

a. To what extent are the individual design elements of the automated eCoach in the 
BringBalance app, and the interplay between these design elements, useful during 
the process of reflection by employees? 

b. What stimulating and stagnating factors did employees experience during the use 
of the design elements of the automated eCoach in the BringBalance app during 
their reflection process?



6

156 | Chapter 6

The BringBalance App
The BringBalance app is a product of ‘De Maar Training & Advies’ and is based on their 
face-to-face coaching programme Working on Resilience. Results from a pilot study on 
this face-to-face coaching programme indicated positive effects on stress reduction [27]. 
Besides the coaching programme Working on Resilience, results from earlier studies on 
self-tracking and eCoaching for resilience training were also used during the design of the 
BringBalance app [24, 25, 28]. Other sources for creating the design of the BringBalance 
app were provided by literature on reflection [9, 10, 13, 22, 29-31], coaching techniques 
[32-37], and persuasive design elements that can support the reflection process, such as 
visualisation and personalisation [15, 20, 38, 39].

The prototype of the BringBalance app was created with The Incredible Intervention 
Machine (TIIM), a tool of the Behavioural, Management and Social Sciences (BMS) lab 
at the University of Twente that supports building and testing eHealth interventions 
[40]. The BringBalance programme takes six weeks to complete. The design elements 
were offered to the user in Dutch through the BringBalance programme in the TIIM 
app and all the design elements together comprise the automated eCoach. The design 
elements appear in italics in the text below. See Figure 1 for screenshots a selection of 
the design elements and see Table 1 for an overview of the content of the BringBalance 
programme. A more in-depth description of the BringBalance programme, complying 
to the CONSORT-guidelines for the reporting of eHealth interventions, can be found in 
Multimedia Appendix A.
 

Figure 1. Screenshots of the BringBalance programme in the TIIM app, including a few EMA question-

naires. 

A. Example EMA phase 1 B. Example EMA phase 2 C. Example EMA phase 3
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Table 1. Content of the BringBalance programme 

Phase  Duration What?

Phase 1 -  

Identification

Week 1 -2 Three times per day: 
• Filling in the EnergyBalance questionnaire (during the 

weekend once daily)
Once daily: 
• Reflecting on the measurements of the day before 
End of phase 1: 
• Choosing the three most important energy sources 

and leaks

Result: Self-tracking data on the EnergyBalance for 
comparison with phase 3, list of energy sources and leaks 
and top three most important sources and leaks.

Phase 2 -  

Strategy generation

Week 3 - 4 Every Monday, Wednesday and Friday:  
• Learning a new BringBalance technique  
The day after the introduction of the technique:
• Practicing the BringBalance technique with the Inner 

Balance Trainer
End of phase 2: 
• Choosing strategies for their three most important 

energy sources and –leaks
• Setting implementation intentions and reminders for 

phase 3

Result: Strategies were chosen for the top three energy 
sources and leaks, implementation intentions were set 
including the strategies for the energy sources and leaks, 
reminders were set with the implementation intentions.

Phase 3 -  

Experimentation 

Week 5 - 6 Daily:

• Receiving reminders at chosen moments with their 

implementation intentions 

• Experimenting with the chosen strategies (optional: 

using the Inner Balance sensor) according to 

implementation intentions

• Evaluating the strategy with a strategy evaluation 

form after experimenting with a strategy

• Filling in the EnergyBalance questionnaire once daily 

Result: Data on the evaluation of the strategies, self-

tracking data on the EnergyBalance for comparison with 

phase 1.
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Table 1. Content of the BringBalance programme (continued) 
Phase Duration What?

Phase 4 -  

Evaluation 

End of week 6 At the end of the programme: 

• Receiving the data collected in phase 3 via 

visualisations in tables and graphs

• Evaluating if the strategies helped to prevent or 

resolve energy leaks and helped to make more use 

of energy sources. 

• Evaluating if the energy balance improved. 

• Advice on how to continue working on their energy 

balance after completion of the programme

Result: Final reflection on the strategies and energy 

balance and advice on how to continue working on 

their energy balance 

The reflective coaching model with its four phases [13] was translated into a suitable 
format for the automated eCoach. During the identification phase (phase 1), the 
employee was stimulated to gain insights into situations (energy sources and leaks) 
related to stress and resilience in order to find opportunities for improvement. Data 
collection and reflection consisted of filling in three EMA EnergyBalance questionnaires per 
day (see Multimedia Appendix A for the EnergyBalance questionnaire), reflecting on the 
collected data a day later, and choosing the three most important energy sources and leaks 
at the end of phase 1 from a list with an overview of the collected energy sources and leaks. 

The term ‘energy leak’ was chosen to indicate bodily responses to stress that activates 
the sympathetic nervous system, such as a quickened heart rate and/or breathing 
pace, resulting in lower levels of energy [17]. Also, in the context of this study, energy 
leaks referred to situations that lead to low mental energy levels, i.e., a feeling of 
mental exhaustion. The term ‘energy source’ indicate those resources that activate the 
parasympathetic nervous system, lowering the heart rate and breathing pace, and are 
related to a more energetic feeling at the mental level. Energy sources can help one to 
regain balance in one’s energy levels [41], i.e., enable a person “to bounce back after 
adversity”- the definition of the capacity for resilience [6]. An element in the app that was 
specifically added by the designers to stimulate in-depth reflection was the 4G scheme 
[32]. This element helped user to reflect a day later and included questions asking the 
user to provide a more detailed description of the situation as well as their emotional 
state, cognitions, and behaviour during the situation. In addition, a table and graph 
with an overview of the collected data from the day before were presented to the user. 
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Phase 2, the strategy generation phase, consisted of learning the six BringBalance 
techniques via short clips. These BringBalance techniques are based on exercises from 
the HeartMath Institute [42] and entail being attentive to one’s heart area and using one’s 
imagination to breath in-and-out through it [27]. Every technique started with a breathing 
exercise, which could then be followed by evoking a positive emotion or by a framing 
exercise including: (1) framing a future event positively to reduce stress responses 
towards this event, (2) taking a moment to frame a current event in order to improve 
performance during this event, or (3) reframing a past event positively to reduce stress 
responses because of this event. In addition, a heart rate variability (HRV) sensor (the 
Inner Balance Trainer, HeartMath Institute), placed on the participant’s earlobe, provided 
the participant with biofeedback during training the techniques. HRV biofeedback has been 
found to support self-regulation capacities [43]. The HRV indices enabled the participants 
to see any immediate effect of the technique on their HRV levels, which they could then 
use to adjust their performance. Participants received reminders to train the BringBalance 
technique a day later. At the end of phase 2, users decided upon helpful strategies for their 
three most important energy leaks and energy sources. The strategies could be one of the 
BringBalance techniques, an energy source or a self-chosen strategy. While selecting a 
strategy, users could receive guidance via the strategy database with an overview of all 
BringBalance techniques and tips for application in daily life, or via the eCoach’s guiding 
questions. Personal goals, including the strategies, were set in the form of implementation 
intentions, for example, statements like: “Whenever situation x arises, I will initiate the 
goal-directed response y!” [34].

In phase 3, the experimentation phase, the user received the implementation intentions 
via reminders at self-chosen moments. After applying the strategies in real-life, users were 
then asked to fill in the strategy evaluation form including questions about the effects of 
the strategy on their energy level and mood, and about stimulators and demotivators. 
Also, the user filled in the EnergyBalance questionnaire every day.

All collected data from phase 3 were visualised in a graph and table and presented to the 
user in phase 4, the evaluation phase. In phase 4, the user evaluated whether the chosen 
strategies were the right strategies for their energy sources and leaks and whether their 
EnergyBalance had improved.

Methods
Participants 
Companies from a project, in which the Hanze University of Applied Sciences was involved, 
were recruited via email to participate. A software company with about 350 employees 
in the east of the Netherlands replied to our request. Participants were recruited via 
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an email sent to all employees by the Human Resources (HR) department. The HR 
department informed the potential participants about the objectives of the study, the 
BringBalance app, data collection and management, and the amount of effort that was 
requested for employee participation. Employees willing to participate were asked to fill 
in an online questionnaire with the validated Dutch-version of the Perceived Stress Scale 
(PSS) [44-46] and an informed consent form. The inclusion criteria for participation was a 
score above 14 on the PSS, indicating a higher than average perceived level of stress [47, 
48]. This inclusion criteria was based on earlier studies performed by the authors [24, 49] 
that showed employees with a certain level of stress tend to have a higher motivation to 
complete the intervention due to a higher expected benefit in comparison to employees 
with lower stress levels. Finally, participants needed to own an Android (version 5.0 or 
higher) or iOS (version 10.0 or higher) smartphone. 

A total of 45 participants filled in the questionnaire, a response rate of 13%. Since fifteen 
HRV sensors were available, thirty participants were invited to join-in either one of two 
sessions: November 2018 (n=15) or January 2019 (n=15).

Data collection and analyses
Data collection included (1) a pre- and post-test survey, (2) EMA questionnaires in the 
BringBalance app, (3) log data, and (4) in-depth interviews. The pre-test survey was filled 
in before the BringBalance programme, the EMA questionnaires and log data were 
collected during the BringBalance programme, and the post-test survey and in-depth 
interviews were taken after the  BringBalance programme. Collected data included data 
on the perceived effectiveness (the gaining of insights (RQ 1A), stress, and capacity for 
resilience (RQ 1B)) and perceived usefulness (utility of the design elements (RQ 2A) and 
stimulating and stagnating factors during the use of the design elements for reflection 
(RQ 2B)). Besides, collected data included data on adherence to the intended use, drop-
out, app usages, user motivation, usability, and the experience with the BringBalance 
programme in general. This data was used to confirm, explain, or nuance the results on 
the main outcomes of interest. See Figure 2 for a flowchart including an overview of the 
methods for data collection and integration of the data during collection and analysis. A 
data management plan was set up according to the General Data Protection Regulation, 
a regulation for the protection of personal data inside and outside the European Union. 
More information on the data management plan can be found in the section ‘Data 
management and ethical approval’. 

The Pre-test Survey
The online pre-test survey was filled in using Qualtrics survey software (Provo, Utah and 
Seattle, Washington, US) seven to one days before the start of the BringBalance
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Figure 2. Flowchart of methods for data collection and data integration. 

Note: RQ=Research Question, O=Other data to explain or nuance results.

programme. The pre-test survey included: (1) demographic characteristics (age, gender, 
function, educational level), (2) the Dutch version of the Perceived Stress Scale (PSS) 
(range of possible scores: 0 – 40) [44-46], (3) the Dutch version of the Brief Resilience 
Scale (BRS) (range of possible scores: 1 – 5) [50, 51], and (4) ease of using a smartphone 
rated on a scale from 1 – 5. The latter question was self-developed and was included for 
an indication of the participant’s smartphone skills. The PSS [44-46] and the BRS [50-
52] are both validated questionnaires . The PSS was used to check whether possible 
participants matched the inclusion criteria. The pre-test PSS and BRS scores were used to 
gain insights into the study population and to compare against post-test scores to assess 
perceived effectiveness on stress and resilience capacities (see the blue box in Figure 
2). However, no causal effect of the guidance offered by the automated eCoach can be 
deduced due to the study set-up. Data from the pre-test survey was uploaded in SPSS for 
the calculation of descriptive statistics.

EMA questionnaires in the BringBalance app
During the BringBalance programme, participants were asked by the automated eCoach 
to complete several tasks throughout their reflection process. Participants were asked 
via a reminder on their smartphone to fill in EMA questionnaires related to a specific task. 
The app included seventeen different EMA questionnaires, each with their own content, 
doses, and timing. Some EMA questionnaires were released at fixed moments during the 
BringBalance programme while others were released based on a specific answer given 
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in another EMA questionnaire. Multimedia Appendix A includes in-depth information on 
the set-up of the EMA questionnaires, based on the report checklist from Van Berkel and 
colleagues [53], along with examples of the EMA questionnaires in the app. Also, Figure 
1 includes screenshots of a selection of the available EMA questionnaires in the app. The 
answers to the EMA questionnaires gave insights into the way the users completed the 
reflection phases. This data led to insights on the perceived utility of design elements for 
reflection and stimulating and stagnating factors during the use of the design elements 
during reflection. The last EMA questionnaire asked participants to report if they perceived 
a beneficial effect on their energy balance (yes/no) and if they had gained insights into 
their energy leaks and sources and strategies to improve their energy balance (yes/no). 
This data was used to answer if participants gained insights into their current situation 
and strategies to improve their situation. Energy balance was defined for participants 
as the balance between their mental and physical energy absorbing processes due to 
energy leaks and the processes that give them mental or physical energy from the energy 
sources [41]. Data were stored in the database of the BMS lab at the University of Twente 
and were retrieved via uploading the data in Excel files. 

The EMA data were used when it was needed to further explore and interpret a result 
from the analyses of the interview data (see the green box in Figure 2). For example, 
when participants mentioned having difficulties with the interpretation of a question 
from the automated eCoach, answers given on EMA questionnaires provided insights 
into the way users interpreted the question. In addition, EMA data were used as input for 
discussions during interviews (see the orange box in Figure 2). 

Answers to open questions were gathered in Word documents and uploaded into Atlas.
ti for analyses by way of open, axial, and selective coding. Numeric scores were uploaded 
in SPSS via Excel files for the calculation of descriptive statistics.

Log data  
Log data was collected via the TIIM app during the BringBalance programme, and included 
the following data for each participant: (1) which design element was completed, (2) a 
timestamp when the design element was delivered to the user, (3) a timestamp when 
the design element was returned by the user, and (4) the duration of completing the 
design element. Log data was used to confirm, explain or nuance the results on the main 
outcomes of interest (perceived effectiveness and usefulness). First, log data was used 
to analyse adherence to the intended use and drop-out. The intended use was set-up by 
one of the researchers (AL) and is based on the minimum expected necessary usage to 
be able to go through the phases of reflection. See Table 2 for the intended use. Insights 
into adherence to the intended use and drop-out were necessary to gain understanding 
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Table 2. Intended use for adherence

Phase of BringBalance Intended use

Phase 1 - Identification • The user completed 80% of the design elements 
‘EnergyBalance’ and ‘Reflection on the day before’

• The user finished the design element ‘Top three most 
important energy leaks and sources’

Phase 2 – Strategy generation • The user views 80% of the short clips about strategies

• The user chooses strategies for at least two energy leaks 
and two energy sources

• The user sets implementation intentions for at least two 
energy leaks and two energy sources

Phase 3 – Experimentation • The user completes 80% of the  EnergyBalance 
questionnaires

• The user filled in at least two ‘strategy evaluation forms’ per 
strategy 

Phase 4 - Evaluation • The user evaluates two strategies for energy leaks and two 
strategies for sources. 

• The user evaluates the energy balance. 

if perceived effectiveness (perceived effect on stress, resilience capacities or the gaining 
of insights) may have been affected by other factors than the design elements of the 
automated eCoach, such as a lack of ease of use, user motivation or personal reasons 
for non-adherence or drop-out. Elaboration on reasons for non-adherence and drop-
out during interviews helped to explain the perceived effectiveness of the automated 
eCoach and could reveal results on perceived utility of design elements and stimulating 
and stagnating factors during the use of the design elements for reflection. Moreover, an 
overview of log data per participant was used during interviews to discover the perceived 
utility and stimulating and stagnating factors during the use of different design elements 
(see the orange box in Figure 2). For example, when a participant never used the element 
reflection on the day before, this could say something about the perceived utility of this 
design element during reflection. Also, log data was more deeply analysed when post-
test survey and interview data at the group level identified a result that needed to be 
further explored (see the green box in Figure 2). The data was stored in the database of 
the BMS lab at the University of Twente and could be retrieved in Excel files. Excel files 
were uploaded in SPSS and descriptive statistics were calculated, such as frequencies of 
adherence to the intended use per phase.  
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Post-test survey 
Participants were asked to fill in the online post-test survey via Qualtrics after they 
finished the BringBalance programme and before they participated in the interviews. 
A few participants did not follow-up on this due to time constraints. The full survey can 
be found in Multimedia Appendix B. The set of questions in the post-test online survey 
explored the following issues and was based on a survey used in an earlier study about 
the utility of persuasive design elements in an app for reflection [15]:

• The Perceived Stress Scale 
• The Brief Resilience Scale 
• Experience with BringBalance in general
• Motivation to complete BringBalance 
• Perceived effect of the guidance offered by the automated eCoach on reflection 

outcomes: gaining insights into their energy balance and strategies to improve 
their energy balance

• The utility of the elements in the BringBalance app for reflection 

The participants reported on their experience of using BringBalance in general by rating 
the BringBalance app on several aspects (scale 1 – 10), such as usability, appeal, and 
integration into their daily life [54], as well as responding to three questions asking them 
to elaborate on their given ratings. In addition, the survey included two statements on 
their motivation for completing the BringBalance programme. An example of a statement 
was “The BringBalance programme motivated me to reflect on my energy leaks and sources”. 
Insights into participants’ experiences with the technology and their motivation to use 
the technology were used to explain the underlying reasons for perceived effectiveness 
and usefulness of  reflection design elements [26, 38]. 

Perceived effectiveness of the automated eCoach on reflection outcomes was measured 
in the post-test survey by three statements (five-point Likert scale from strongly disagree 
to strongly agree): (1) “The eCoach has given me a clear overview of my most important 
energy leaks and energy sources.” (2) “Thanks to the eCoach, I know what I could do in the 
future to prevent or resolve energy leaks.” (3) “Thanks to the eCoach, I know what I could do in 
the future to take more advantage of my energy sources.”

The main part of the survey consisted of questions regarding the experienced utility 
of the reflection design elements of the automated eCoach in the BringBalance app. 
Participants were asked to score the utility of each design element of the automated 
eCoach that they received during the BringBalance programme on a scale from 1 – 5. An 
example: “On a scale from 1 – 5, to what extent has the EnergyBalance questionnaire helped 
you gain insights into your energy leaks and energy sources? (1= not at all, 5=very much)”. 
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Each set of questions that related to one phase of the BringBalance programme ended 
with a blank space for participants to freely comment on the design elements of the 
automated eCoach.  

The results of the post-test survey were used as input during the interviews (see the 
orange box in Figure 2). For example, the interviewee was asked to elaborate on low 
scores given to design elements of the automated eCoach. Post-test survey data was 
uploaded in SPSS and descriptive statistics were reported for: the group in total, the 
completers of the BringBalance programme, and the non-completers. No statistical 
analysis was performed due to the small sample size (n=28).

In-depth interviews
Interviews took place one-on-one by one researcher (AL) in person or via Skype after 
the participants completed the BringBalance programme. Interviews were performed 
via Skype to minimize time between completing the programme and the interview in 
order to reduce to change of recall problems when planning the interview was difficult. 
Recordings of the interviews were between 23 and 48 minutes.

In-depth interviews were held for confirmation, explanation and to find nuance behind 
answers given in the EMA questionnaires, the collected log data, and answers on the 
post-test survey (see the orange box in Figure 2). In addition, interviews were held to gain 
an understanding of the experiences, the usability of BringBalance app, the perceived 
effectiveness of the automated eCoach, and how the process of reflection via the 
automated eCoach proceeded. The interview scheme was set-up by one member of the 
research team (AL) and finalized by all members of the research team (HO, HV, LvG). 
Topics in the interview scheme were the user’s experiences in general, the usability of 
the app, reasons for non-adhering to the indented use and dropping-out, the process 
of gaining insights into energy sources and leaks, and the process of gaining insights 
into when and what strategies to use. Subtopics for the process of reflection included 
the design elements of the automated eCoach. The first three topics were discussed to 
obtain a sense of the experiences with the app as experiences can affect the desired 
outcomes[26, 55]. Elaboration on these topics by participants may also reveal perceived 
utility of the design elements and stimulating and stagnating factors. The latter two topics 
were discussed in relation to the perceived effectiveness on reflection outcomes (i.e., 
users  insights into energy leaks and sources and strategies to improve their situation),  
utility of the design elements of the automated eCoach and stimulating and stagnating 
factors during the use of the design elements. Results from EMA questionnaires, the 
post-test survey, and log data were used as input during interviews (see the orange box 
in Figure 2). Participants were strongly encouraged to give examples. 
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Recordings of the interviews were transcribed verbatim. The transcripts were uploaded 
into Atlas.ti for qualitative data analysis. The code scheme was created via inductive and 
deductive coding. Deductive codes came from the literature on reflection [13, 29] and 
persuasive design elements [20], and included the design elements in the BringBalance 
app. Deductive codes for the gaining of insights by participants were based on the level of 
reflection described by Durall and colleagues: no new insights, no reflection, recognition 
and reflection [29]. No new insights refer to insights that are a confirmation of what 
is already known and recognition refers to quotes in which the user understands the 
data but acknowledges only what is expressed in the visualization of the data. Reflection 
involves the gaining of new insights via behaviours clearly associated with reflection: being 
surprised by the new insights, linking the insights to other experiences or situations in 
their daily life, or the insights affect beliefs or behaviour of the user. No reflection refers 
to not obtaining insights at all [29]. Open coding was performed for quotes that could 
not be labelled by deductive coding. Axial coding led to organising codes into categories, 
removing synonyms and splitting codes when necessary [56]. This, for example, resulted 
in the categories gaining of insights (no new insights, recognition and reflection) and 
not gaining insights (no reflection). The initial coding scheme resulting from coding two 
transcripts was tested for intercoder consistency [57]. Two researchers (AB, mentioned 
in the acknowledgements section, and AL) coded two transcripts independently and 
discussed the differences until consensus was reached. Discussions resulted in sharper 
descriptions of codes. Finally, selective coding was performed to identify themes that 
answered the research questions. During the process of selective coding, special 
attention was placed on finding contradicting quotes and differences between groups 
of participants, for example between study’s non-completers and its completers) [56]. 

Mixed methods analyses
All types of data collected were separately analysed. As described above, some results 
from the analyses of one data source were input during the collection of another 
data source (for example, an overview of the log data per participant was used during 
interviews). Moreover, the results from different data sources per outcome of interest 
were compared to identify discrepancies and similarities between the results [58]. For 
example, results on utility of the design elements during reflection came from EMA 
questionnaires, the post-test survey and the interviews. This approach led to stronger 
evidence when similarities were observed or implications for further research when 
discrepancies were observed. Moreover, results from the analyses on one data source 
were often used to explain or nuance the results found during analyses of the other data 
source. 
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Table 3. Demographic characteristics of participants and their ease of using a smartphone  

Non-completers 
(n=14)

Completers (n=14) Total (n=28)

Gender (n (%))   

Male 8 (57.1) 13 (7.1) 21 (75)

Female 6 (42.9) 1 (7.1) 7 (25)

Age (M (SD)) 37.4 (11.2) 35.6 (8.3) 36.5 (9.7)

Educational level (n (%))

University of applied sciences 10 (71.4) 8 (57.1) 18 (64.3)

University 4 (28.6) 6 (42.9) 10 (35.7)

PSS score (M (SD)) 16.4 (4.9) 17.1 (5.2) 16.8 (5.0)

BRS score (M (SD)) 3.2 (0.8) 2.7 (0.7) 2.9 (0.8)

Ease of using a smartphone 
(M (SD)

4.6 (0.5) 4.6 (0.5) 4.6 (0.5)

*Note: n=number of participants, M=average score, SD=standard deviation. Range of possible scores on PSS is 

0 – 40, BRS is 1 – 5, and ease of using a smartphone is 1 – 5. 

Results 
Demographic characteristics 
Twenty-eight participants started using the BringBalance programme of which 21 were 
male and seven female, with a total average age of 36.5 (SD=9.7). Average PSS scores 
were 16.8 (SD=5.0) and BRS scores were 2.9 (SD=0.8). Participants found it easy to use 
a smartphone (M=4.6, SD=0.5, scale from 1 – 5). See Table 3 for an overview of the 
demographic characteristics of the participants. 

Characteristics of participants not taking part in interviews 
Seven of the 28 participants did not take part in the interview due to practicalities. 
Five of these participants dropped-out, of which 1 participant adhered to the 
intended use until dropping out.  These participants were asked by email to report 
on the reason for their dropping out (described in the next section). Other drop-
outs did not adhere to the intended use during all phases. The remaining two 
participants completed the BringBalance programme and adhered to the intended 
use in phase 2. The average PSS score of the participants that did not take part 
in the interviews was 17.9 (SD=3.0) and the average BRS score was 3.0 (SD=0.6).

Adherence and drop-out 
Log data reflected that none of the participants adhered to the intended use. According 
to the participants during interviews, the main cause was their difficulties integrating the 
app into their daily life. The adherence rate based on log data was 25% in phase 1,
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Figure 3. Adherence to intended use

50% in phase 2, 0% in phase 3, and 21% in phase 4. The lowest adherence score in 
phase 3 – experimentation – can be explained via interview data by a loss of overview by 
participants or their low-quality input in earlier steps of the reflection process. According 
to participants, the latter was a result of the guidance by the eCoach that steered them 
in a direction that was too specific (described below in further detail), a lack of available 
time experienced by participants, or the low priority participants gave to the app. See 
Figure 3 for adherence rates among completers, study non-completers, and the total 
group of participants. 

Fourteen participants eventually completed the BringBalance programme. Most 
participants dropped-out in phase 2 (n=11). From interview data and reported via email, 
the primary reason for dropping out was the programme’s difficult integration into the 
daily life of participants due to their full schedule (n=5), followed by the eCoach asking too 
much of their attention and time (n=3), personal circumstances (n=3) or loss of interest 
in the programme (n=3). Study non-completers were more often female and tended to 
have somewhat lower scores on the PSS and higher scores on the BRS than completers 
(no statistical analyses were performed due to the low number of observations, see Table 
3).

Experiences in general and motivation to complete the BringBalance 
programme
In the post-test survey, participants rated the BringBalance programme in general a score 
of 6.5 out of 10 (SD=1.0) on average. Users experienced the programme as informative 
(M=7.4, SD=1.1). The BringBalance programme scored lowest on usability (M=5.3, SD=1.5) 
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and on integration in daily life (M=4.3, SD=1.4). Completers tended to be more positive 
than study non-completers about the BringBalance programme. Participants mentioned 
during interviews that they were stimulated to use the app by the programme’s logical 
set-up. Participants reported in the post-test survey a higher score on motivation to reflect 
on energy sources and leaks in comparison to motivation to reflect on strategies (M=3.3, 
SD=1.0 vs. M=2.7, SD=0.7). For an overview of the experiences of participants with the 
BringBalance programme in general and their motivation to complete the BringBalance 
programme as determined by their scores in the post-test survey, see Table 4.

Perceived effectiveness of reflection 
Pre- and post-intervention scores on the PSS (M=17.1, SD=5.2 before vs. M=16.9, SD=3.5 
afterward) and the BRS (M=2.7, SD=0.7 before vs M=2.9, SD=0.6 afterward) remained 
rather similar among completers. Ten out of the fourteen completers reported in the 
last EMA questionnaire that they had improved their energy balance. The remaining four 
reported that they did gain insights into their energy balance. Moreover, completers 
scored the gain of insights into their most important energy sources and leaks by the 
eCoach via the post-test survey with a 4.0 (SD=0.6) and study non-completes with a 3.4 
(SD=0.6; five-point Likert scale from strongly disagree (=1) to strongly agree (=5); see 
Table 4). Log data showed that completers were more active in phase 1 than study non-
completers. This can also be deduced from Figure 3 showing adherence rates per phase. 

Interview data showed that participants gained insights regarding their energy sources 
and leaks (level of reflection: reflection). Some participants wondered whether they were 
on the right track with their reflective process (level of reflection: recognition). “Am I now 
thinking in the wrong direction or do I make it bigger than it actually is?” (Respondent#1, study 
non-completer). On a scale from 1 – 5, gaining insights into what to do in the future to 
prevent or resolve energy leaks received a mean score of 4.0 (SD=0.4) by completers and 
3.1 (SD=0.7) by study non-completers. Moreover, gaining insights into what to do in the 
future to take more advantage of energy sources received a main score of 3.8 (SD=0.6) 
by completers and 3.2 (SD=0.6) by study non-completers (see Table 4). Reflected in log 
data, most study non-completers did not finish all the steps of this reflection process 
suggested by the automated eCoach and their adherence rates were low (see Figure 3). 
The interview data demonstrated that many participants gained insights into adaptive 
coping strategies and had an idea of when to use the techniques in daily life. However, 
the actual integration of the techniques in daily life was experienced as challenging by 
many participants due to difficulties while learning the techniques (level of reflection: 
recognition). Elaboration on the difficulties encountered during this integration process 
are described below.
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Table 4. Results of the post-test survey on participants’ experiences with the BringBalance programme 

in general, their perceived effectiveness of the eCoach in the BringBalance programme, and their 

motivation to complete the programme. 

Question Non- 
completers 
(n=14)

M (SD)

Completers 
(n=14)

M (SD)

Total

(n=28)

M (SD)

BringBalance app in general (Scale 1-10)
Score BringBalance in general 6.2 (0.8) 6.9 (1.2) 6.5 (1.0)
Appeal of the content of the app? 6.8 (1.2) 6.9 (1.0) 6.9 (1.1)
Perceived utility of the app? 5.6 (1.5) 7 (1.0) 6.3 (1.4)

Usability of the app? 5.5 (1.3) 5.1 (1.6) 5.3 (1.5)
Integration in daily life? 3.6 (1.5) 4.9 (1.1) 4.3 (1.4)
Informative? 6.7(1.4) 7.6 (0.8) 7.4 (1.1) n=20
Advise the app to a colleague? Yes = 43% 

No = 57%
Yes = 71% 
No = 29%

Yes = 57% 
No = 43%

Scale 1-10: BringBalance met my expectations 5.4 (1.7) 7.1 (1.1) 6.3 (1.6)

Perceived effectiveness of the eCoach on 
reflection outcomes: (1= strongly disagree, 
3=neutral, 5= strongly agree)

 - The eCoach has given me a clear overview 
of my most important energy leaks and 
sources

3.4 (0.6) 4.0 (0.6) 3.7 (0.7)

 - Thanks to the eCoach, I know what I could 
do in the future to close my energy leaks

3.1 (0.7) 4 (0.4) 3.6 (0.7)

 - Thanks to the eCoach, I know what I could 
do in the future to make more use of my 
energy sources

3.2 (0.6)

n=13

3.8 (0.6) 3.5 (0.6)

Motivation: (1= strongly disagree, 3=neutral, 
5= strongly agree)

 - The BringBalance programme motivated 
me to reflect on my energy leaks and 
sources.

2.9 (0.9)

n=13

3..8 (1.0) 3.3 (1.0)

 - The BringBalance programme motivated 
me to reflect on chosen strategies for my 
energy leaks and sources.

2.4 (0.5)

n=13

3.1 (0.7) 2.7 (0.7)
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Usefulness of design elements during reflection
Multimedia Appendix C includes the scores of each design element of the automated 
eCoach on its utility for reflection. Utility scores are described below when participants 
perceived high or low utility of the element during reflection. Also, utility scores are  
described for elements that were discussed intensively by users during the interviews. 

Multimedia Appendix D provides an overview of the identified stimulators and stagnating 
factors according to the participants per phase of reflection and the specific design 
element of the eCoach. The most important ones for reflection on self-tracking data 
and strategies are described below. The design elements of the automated eCoach are 
placed in italic in the text below

Phase 1 - Identification
According to participants during interviews, the first phase of the BringBalance app was 
easy to complete independently. Most participants mentioned that they were able to 
gain an understanding of their energy balance during their reflection as guided by the 
eCoach. Deduced from interview data, an understanding of their energy balance was 
mostly obtained via the list with collected sources and leaks at the end of phase 1 in which 
the most common sources and leaks were often perceived as the most important ones 
for their energy balance. This design element also received the highest utility score of the 
design elements in phase 1 (M=3.7, SD=0.8). The table with a visualisation of the collected 
data from the previous day received a higher score in the post-test questionnaire (M=3.6, 
SD=0.8) than the graph (M=2.9, SD=1.1), and this result is also reflected in the interview 
data. Contextual information about the situation related to the energy source or leaks 
was necessary in order to reconstruct the situation from the previous day, especially 
when the user’s data showed little variance. 

During interviews, five participants mentioned that the 4G scheme questions was perceived 
as superfluous. Another group of participants found the element useful. The average 
utility score of the 4G scheme was 3.3 (SD=1.0) on a scale from 1 – 5. The participants 
who found it useful described that reflection later in time led to the observation of 
more relevant aspects than reflection in close occurrence to the situation. In addition, 
participants experienced that the questions stimulated an in-depth reflection on the 
source or leak. Four participants had difficulties with recognizing indicators for energy 
sources and leaks and therefore with filling in the 4G scheme questions. Some participants 
experienced that filling in the 4G scheme questions made them understand their indicators 
for energy sources and leaks and enabled them to be aware of when an energy source or 
leak occurred. “Over time, you become more and more aware that your body reacts in a certain 
way” (Respondent #17, study non-completer). 
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Three participants mentioned that the guidance offered by the eCoach led to the 
identification of sources and leaks that were too specific. “The tool only focuses on such a 
micro-moment, and it will not zoom out to a category or something” (Respondent #21, completer). 
Some participants believed that they could have gained a higher level of reflection if they 
could have reflected on their self-tracking data in dialogue with another person.

Phase 2 – Strategy generation 
According to completers, the design element learning the BringBalance techniques including 
short clips scored on average 4.1 (SD=0.6) on a scale from 1 – 5 and, as mentioned during 
interviews, was perceived as helpful in the process of understanding when and what 
strategies to use. Study non-completers scored this element lower (M=2.6, SD=1.0). Users 
mentioned during interviews that they were able to learn the principles of the techniques. 

Reflected in interview data, practicing the techniques was perceived as a crucial part in 
understanding which techniques are useful for their situation. However, practicing the 
techniques in daily life was experienced as somewhat difficult without the presence of a 
relevant situation in which the technique might be useful. “Usually, the conditions were not 
right for the technique to work. I would call it ‘dry swimming’. […] Then you rush while practicing the 
technique and you don’t really practise anymore” (Respondent#16, completer). Being attentive 
to indicators of sources and leaks, identified through the 4G scheme in phase 1, was 
mentioned by a few as a prerequisite to understanding when to apply the techniques in 
daily life. To master the techniques, many perceived two weeks as too short a time span.

Of the participants, 65% reported in the post-test survey that they found it useful to 
receive biofeedback via the Inner Balance Trainer while practicing the strategies. It convinced 
participants on a regular basis on the potential effect of the technique on physiological 
stress reactions in future stressful situations, which was reflected in interview data. Some 
participants had difficulties interpreting the results, were uncertain when to perform the 
measurements with the sensor or saw no change in scores before and during practicing 
as the scores were indicated as good from the start. 

Often, users mentioned that connecting strategies to the most important leaks and sources 
stimulated their mental process on how to integrate the techniques into their daily life. 
Most participants said they were able to choose the strategies with the tools in the app. 
Log data showed that 11 people chose the strategy-database as a tool to help them decide 
upon a strategy and gave this element a mean utility score of 3.6 (SD=0.8). In addition, five 
people chose the help via the eCoach and gave this element a mean score of 4.7 (SD=0.6). 
One participant remarked on the specific tool help via the eCoach: “Those questions helped 
to think a bit more towards a certain direction. That made me think: ‘What was my energy leak 



6

 Chapter 6 | 173

about?’ And based on that, I started searching for a technique in that direction” (Respondent#6, 
completer). A few participants expressed doubts if the strategies that they had chosen 
were the right ones for their sources and leaks.  

Participants mentioned that poor input from previous phases made the step of deciding 
upon strategies sometimes irrelevant or difficult. Three participants mentioned that the 
identified leaks and sources were not relevant anymore and six participants mentioned 
that they did not master the techniques in this phase. Additionally, participants missed 
discussing this step with someone else who might have helped them determine whether 
they had made the right choice or advised them on other possible options to consider. 

Most participants found that the element setting implementation intentions stimulated 
their intention and mental process to integrate the techniques into their daily life, 
although some found that the element steered them too much towards goals that were 
too specific.

Phase 3 - Experimentation
Based on the interviews, many participants experienced difficulties during the 
experimentation phase. Although the steps were experienced as logical in theory, they 
mentioned that leaks and sources did not recur anymore during the period of phase 
3 and that the duration of phase 3 was too short to experiment. “It is very difficult to get 
there within a week and a half. […] You ask yourself, did that technique help? And you don’t know 
for sure, and think: Maybe it was only a coincidence that the conversation went a little better” 
(Respondent #24, study non-completer). Log data showed that many started this phase later 
than planned which left little room to experiment.  

Personally set reminders along with the set implementation intentions scored rather 
low on utility (M=2.4, SD=0.8, n=12). During interviews, participants mentioned that 
reminders related to leaks and sources that occurred randomly over time did not trigger 
their application of a strategy as the reminders were not ‘just-in-time’. 

The evaluation of strategies began in phase 3 by evaluating every moment that they 
performed a strategy with the strategy evaluation form (utility score on post-test survey: 
M=2.7, SD=0.8). Some participants experienced these forms as too repetitive and 
generic. “I can imagine that with the Zzleep or Flex technique, different questions come in 
handy” (Respondent#6, completer). Depending on the specific strategy or situation, some 
participants said that they did not find it necessary to fill in the strategy evaluation form 
each time. For others, the evaluation forms were a trigger to start the evaluation process. 
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Phase 4 - Evaluation
Half of the participants that went through the elements of evaluation acknowledged 
the utility of the evaluation of strategies as a wind-up of the BringBalance programme. 
However, almost all participants mentioned that they had too little data collected 
in phase 3 to perform a comprehensive evaluation of the strategies and their energy 
balance. Participants would have filled in more strategy evaluation forms in phase 3 if 
they had known in advance that they would later receive these strategy evaluations as 
visualisations of the collected data from phase 3. 

Discussion
Main findings
To improve the capacity for resilience through self-reflection, this study’s main aim was 
to examine the perceived effectiveness of the guidance offered by the automated eCoach 
in the BringBalance app during the reflection process on stress and resilience capacities 
among employees. In addition, this study’s goal was to determine the usefulness of the 
design elements of the automated eCoach for the purpose of reflection.  

Perceived effectiveness
Pre- and post-test scores on perceived stress and resilience capacities remained rather 
similar among completers of the BringBalance programme. However, most completers 
did report an improved energy balance and insights into their principal energy leaks 
and sources as well as effective strategies for improving their situation. The reflection 
outcome ‘linking these insights to other experiences or situations’ through integrating 
the techniques in their daily lives was often not achieved. 

Usefulness of design elements for reflection 
Participants were easily able to self-reflect on self-tracking data and decide upon their 
most important energy leaks and sources with the design elements of the eCoach. 
Participants experienced difficulty integrating strategies relevant to their energy leaks 
and sources into their daily life and reflecting on whether their chosen strategies were 
the right ones with the design elements of the eCoach.

Important stimulators for the process of reflection on self-tracking data were the design 
elements of the automated eCoach that stimulated the re-evaluation  of situations 
and the observation of trends in the collected data through reduction of the reflection 
process into smaller steps and through visualisations, including a table with an overview of 
sources and leaks from the previous day and a list of sources and leaks at the end of phase 
1. Some of the participants experienced that the re-evaluation later in time led to the 
ability to gain a larger perspective, leading to their understanding more relevant details 
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of a situation. In addition, contextual information added to the visualisations about the 
situation related to the energy source or leaks was necessary to be able to re-evaluate 
the situation later in time. 

A stagnating factor for some participants was that the guidance offered by the eCoach 
led to the identification of sources and leaks that were too specific. Although most 
participants most found it easy, some had difficulties in recognising physiological, mental 
and emotional indicators of sources and leaks. These indicators were requested in the 
4G scheme. 

Important stimulators for the process of reflection on strategies were: (1) the short 
clips in which the participants learned the principles of the techniques, (2) the heart rate 
variability biofeedback to help them understand the principles and simulate the effect of 
the BringBalance techniques on physiological stress reactions, (3) design elements that 
stimulated practicing the techniques because this rehearsal was perceived as a crucial step 
in the reflection process, and (4) the tools to help them decide upon the strategies and set-
up implementation intentions as these elements stimulated the user’s mental process on 
how to integrate the strategies into their daily life. Participants found it useful to link the 
strategies to the sources and leaks, although, in practise, this did not bring about desired 
results.  

The most important stagnating factor for this lack of success was low-quality input from 
previous steps in the process, such as the very specific energy sources and leaks identified 
in phase 1. The design elements to set-up implementation intentions and reminders tended 
to excessively lead participants toward a specific context in which the strategy should 
be performed. In practise, this left little room for experimentation as the situation often 
did not recur. Also, many participants experienced a lack in mastering the techniques 
in their daily life due to perceived time constraints, no relevant situations in which to 
practise, and doubts about performing the techniques in the right manner. These factors 
led to little experimentation and data collection in phase 3 and, therefore, to difficulties 
for evaluation in phase 4, which involved answering the question as to whether the 
strategies were the right ones for dealing with the participant’s energy sources and leaks.

Comparison with the literature 
Perceived effectiveness 
In contrast to this study’s results indicating no changes in perceived stress and resilience, 
Rijken and colleagues did observe a tendency towards improvement on stress-related 
outcomes for the face-to-face programme on which BringBalance was partly based [27]. 
It should be noted that no statistical analysis could be performed in this study due to 
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the small sample size. Also, the prototype of the BringBalance programme used in this 
study  scored rather low on usability and integration in daily life, which likely affected the 
effectiveness of the guidance offered by the automated eCoach in the BringBalance app 
during participants’ reflection process [55, 59]. Still, there is a possibility that the element 
of reflection via a human dialogue has played a role in the differences observed in 
effectiveness on stress-measures between the results of Rijken and colleagues [27] and 
this study, as this element was an important difference between the two programmes. 
Some participants also mentioned the potentially stimulating role of human dialogue 
during reflection. Elaboration on how to deal with this issue in future design is further 
discussed below.  

Usefulness of the design elements for reflection.
An important design element in the reflection process guided by the eCoach seems to be 
the reduction of the reflection process into smaller steps. These steps seemed to trigger 
participants to rethink their situation which led to the observation of trends and a deeper 
understanding of their indicators of stress and resilience. The same process is observed 
in a study of Isaacs and colleagues [10] who found that participants defined as recorders 
(those who reported the event once) and those defined as reflectors (those who reflected 
on the event multiple times) both benefitted from their reflections, although reflectors 
were more likely to observe patterns and to learn from these events so as to improve 
future performances. 

Three important stagnating factors during the reflection process were: (1) difficulties 
participants had in recognising indicators for the presence of energy sources and leaks, 
(2) the identification of too specific energy sources, leaks, and implementation intentions 
as guided by the eCoach, and (3) a perceived lack of available time. Although these 
stagnating factors were not experienced by all participants, targeting these factors can 
highly impact reflection outcomes in a positive way for participants that did experience 
these stagnating factors. 

Firstly, participants in this study elaborated on the positive effect of being consciously 
aware of physiological, mental and emotional indicators for their sources and leaks, 
including: (1) being better able to recognise the presence of a source or leak in the future 
and (2) to identify opportunities for applying a strategy, known as ‘trigger identification’ in 
the Systematic Self-Reflection Model of Resilience. This model emphasises the importance 
of self-reflection in the process towards resilience [5]. Moreover, reflection on cognitions 
and emotions can help to explain the behaviour of the participant in the situation of 
interest and can lead to a higher level of understanding of their situation [32]. However, 
some participants in this study were not consciously aware of their indicators during 
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the situation, i.e. reflection-in-action, or found it difficult to reproduce the physiological, 
mental, emotional, and behavioural indicators in relation to the situation when it occurred 
the next day, i.e. reflection-on-action. This difficulty can impact their reflection outcomes 
negatively [32]. 

In order to identify the indicators effectively, both reflection-in-action and reflection-on-
action are of importance [9]. Difficulties with reflection-in-action can be the limited ability 
of the employee to perform reflection under high levels of stress [5] or the concept of 
alexithymia as not everyone is able to recognize emotional responses [60]. Alexithymia 
can also explain difficulties with reflection-on-action as attention increases the likelihood 
to recall the situation later [61]. Also other factors that negatively affect recall can explain 
difficulties with reflection-on-action, such as motivation or fatigue [62]. Proper guidance 
during reflection-in-action can solve problems with reflection-on-action and the other 
way around. For example, problems due to alexithymia or recall may be solved by 
notifying the user just-in-time that stress is present and stimulate them to pay conscious 
attention to triggers in-action [63]. Moreover, as mentioned by participants, contextual 
information is necessary to recall the situation a day later and making notes in close 
occurrence is one method that seems to deal effectively with recall problems [9]. In this 
study, reflection-on-action was perceived useful by participants as it enabled them to 
observe more details later in time. Reflection-on-action can also positively affect one’s 
overall reflection as one’s initial intensive stress response is diminished [5]. 

Secondly, the automated eCoach in the BringBalance app stimulated participants’ 
intention to do something about the situation. However, a loss in relevance to continue 
behaviour change was experienced when the identified sources and leaks were too 
specific. The problem of limited applicability from previously collected data on well-
being to current situations has been observed more often [22]. One way to maximize the 
applicability of the specific situations to current situations might be to start choosing a 
strategy based on the underlying values and personal goals of the identified sources and 
leaks [5]. Situations which involve a mismatch between the current coping strategy and 
the personal values and goals increases the need to do something about the situation 
[5]. Therefore, underlying goals and values might serve as trigger points to perform an 
adaptive coping strategy. The increased chances of recurrence can also lead to more 
opportunities to practise the techniques, which was mentioned by participants as a 
crucial step and is acknowledged in the literature as well: “The strengthening of resilience 
is a process of experiential learning and more specifically learning through reflection on 
doing” [64]. 
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Thirdly, it is unlikely that participants were constrained by the actual time needed to 
interface with the BringBalance programme, which was about fifteen minutes per day. 
This response was more likely  a result of perceived time constraints caused by their busy 
daily schedules. This conclusion is based on the low scores given by participants on the 
integration of the BringBalance programme into their daily life. 

Strengths and limitations 
Firstly, our study population consisted of participants with a high educational level. As 
reflection relies on the analytical skills of a participant [65], it might be that the performance 
during the reflection process and the needs for guidance from the automated eCoach by 
our study’s participants are different for the overall working population. 

Secondly, the sample size was too small to conduct statistical analysis on pre- and post-
test scores on perceived stress and resilience capacities and differences in scores given 
by study non-completers and completers on the utility of design elements. This limitation 
restricted the strength of some of our conclusions drawn. Although the statistical power 
was low, this study’s results did meet the primary aim of this study, namely to explore the 
potential of guidance offered by an automated eCoach during the participant’s reflection 
process for resilience training and to ascertain implications for future design based on 
the results, and as such, valuable insights that can support future design were obtained.

Thirdly, although low adherence rates are common for prototype versions of eHealth 
technology, none of the participants adhered to the intended use. On the one hand, low 
adherence distracted the user from the original goal of the programme, which is to reflect 
to improve resilience capacities, and likely affected the effectiveness. On the other hand, 
reasons for low adherence did reveal important stagnating factors for reflection guided 
by the automated eCoach, such as the loss of relevance to continue due to too specific 
energy leaks and sources. Moreover, it should be noted that the set-up of adherence to 
the intended use was based on one researcher’s expectations of the minimum necessary 
usage by the user. This expectation may have been too ambitious as no participant 
adhered to the intended use and results indicated that most participants did gain insights 
into their energy leaks and sources and strategies to improve their energy balance.

As a final limitation, seven participants were not involved during interviews due to 
practicalities, and this might have affected the validity of the qualitative results. A relatively 
higher number of study non-completers were observed among non-interviewees, and 
the non-interviewees’ PSS scores tended to be somewhat higher in comparison to the 
interviewees. However, similar characteristics were observed among interviewees as 
nine were study non-completers and seven scored higher than the average PSS score of 
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the non-interviewees. This gives the impression that the validity of the qualitative results 
was not influenced to a large extent.
     
Regarding the strengths of this study, the first is that the BringBalance programme’s 
design was strongly based on the literature and in close collaboration with stakeholders. 
These two aspects increased the chances of improving uptake and creating an impact 
with the eHealth technology [55]. The design decisions made for the content in the app 
were perceived as logical and interesting by participants. The usability of the app and 
integration in daily life were points of attention. This can be explained by limited options 
in the way the prototype could be developed. The usability and integration issues can be 
overcome when the app is developed with a higher level of fidelity [59]. 

Secondly, a mixed methods approach was used in this study. Results from one data source 
were used during the collection of another data source (for example, log data were used 
as input during interviews) or results from one data source were a trigger to explore 
more profoundly into the data from another source (for example, to review the log data 
in order to explain the lower scores given on the guidance offered by the eCoach by study 
non-completers in comparison to completers). This enabled us to confirm or question 
results from one approach to another. In addition, it enabled a deeper interpretation of 
results by finding nuances in the data from the other approaches.

Implications for future design and research
This study is the first, to our knowledge, to provide insights into design elements of an 
automated eCoach that can simulate the self-reflection process, from the identification 
of relevant events to the evaluation of strategies [13], without support from a human 
coach. Future design and research can begin by focusing on the effects of making more 
and better use of persuasive features during the reflective automated eCoaching process 
based on the three stagnating factors described above.  

The persuasive system design model of Oinas-Kukkonen and Harjumaa [20] has high 
potential to improving the reflection process via the automated eCoach based on the 
current stagnating factors described in the previous section. The persuasive system 
design model includes persuasive features to stimulate the motivation of users for 
behaviour change, and these persuasive features are shown in italics in the discussion 
below.  

Firstly, as described above, trigger identification is an important aspect in the reflection 
process and can be the result of both reflection-in-action and reflection-on-action. 
Continuous biofeedback, a form of self-tracking, creates the unique opportunity to receive 
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timely external feedback [66] when stress is present. Moreover, biofeedback can be used 
to check when the intensity of the stress response is diminished to some extent, which 
could have a positive effect on the quality of one’s reflection [5]. Several commercially 
available wearable devices are capable of continuous measurements of the physiological 
responses related to stress and resilience capacities, such as HRV measurements [17, 
67]. The measures can give an indication within minutes that stress is present or when 
stress is decreased and, hence, signal to employees their capacity for resilience [67]. 

Secondly, the automated reflective eCoach should offer guidance to translate specific 
events into overarching goals and values that recur in daily life. The eCoach can help 
the user split the complex behaviour into a higher perspective that oversees over the 
collected data and breaks the data into short and simple tasks, which is related to the 
persuasive feature reduction [20]. For example, the eCoach can ask the user to answer 
additional questions regarding their underlying opinions, values, qualities, and drivers to 
learn and understand their goals and values in daily life [65]. This implication for future 
design can also improve the technology’s effectiveness on the desired behaviour change 
and user motivation. For technologies to support the full behaviour change process 
with success, they need to best suit the user’s context of working and living [20, 24]. 
Hence, the content should match their goals and values on a personal level. Besides, the 
user’s perception of autonomy may improve as the user decides how to integrate the 
technology into daily life. An autonomous perception stimulates user motivation [68]. 

Thirdly, we propose a more dynamic process in which users can decide upon the pace 
of completing a phase, related to the persuasive feature of personalisation, and thereby 
avoid poor input from previous steps in the reflection process due to perceived limitations 
in time. 

Finally, some participants believed that reflection in a dialogue with another person 
would have led to higher levels of reflection. This dialogue was also desired by 
participants to eliminate personal doubts about the individual reflection process. 
Two implications for future design are suggested to facilitate a dialogue without the 
involvement of professionals: one focuses on the context in which the technology will 
be implemented and another on the design elements in the technology itself. After all, 
successful implementation is an interplay between factors related to the context, the 
technology and the people [69]. Moreover, the involvement of a professional coach 
would limit the scalability of the programme. As an implication for the implementation 
context, peer-groups within organisations could facilitate the dialogue. These peer-group 
can be organized by the persuasive feature of social facilitation. Via this feature, users 
can contact peers via the app [20]. Previous literature found that peer guidance during 
reflective practices improves the reflective process [70, 71]. With regard to implementing 
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a dialogue feature within the technology itself, the automated eCoaches could match a 
human-to-human dialogue to a greater extent. This technological development is on the 
current research agenda [72, 73]. To match a human-to-human dialogue, the eCoach 
should have high surface credibility via a fluent dialogue and the user must experience 
the eCoach as a real human, an achievement that still requires considerable research 
and testing. However, some persuasive features that are rather easy to implement can 
improve the surface credibility of the currently available automated eCoaches by applying 
a high level of personalisation, for example by regularly selecting coaching messages 
based on previous input given by the user or repeating this input in messages, and the 
eCoach should adopt a social role, for example by greeting the user by name [20, 72, 73]. 

A follow-up study using an updated prototype of higher fidelity including these aspects 
can be performed to test the effects of the guidance offered by the automated eCoach 
on stress, resilience capacities and the gaining of insights on a larger scale, including 
employees with lower educational levels. Again, a mixed methods approach should be 
applied to study both the effectiveness of the automated eCoach on stress, resilience and 
reflection outcomes and to understand what design elements contribute to effectiveness 
and why. 

Specifically, future research can, for example, combine log data of the continuous 
biofeedback (e.g., when did the eCoach offer guidance to perform reflection-in-action 
and reflection-on-action) with the participant’s answers to the EMA questionnaires to 
study the output of the reflection process during moments that are in close occurrence 
to the stressful situation and during moderate levels of stress.

Conclusions 
This study’s results provide insights into the potential of automated eCoaching to guide 
employees during the reflection process for the purpose of resilience training. Although 
no improvements on stress and resilience capacities were observed, results indicate that 
an automated eCoach can guide employees during the reflection process on self-tracking 
data towards a deeper understanding of their situation and possible strategies to 
improve their situation. Design elements that stimulated the re-evaluation of situations 
and the observation of trends were stimulating for the reflection process. More difficult 
was guiding the employee via the automated eCoach to integrate the strategies into daily 
life and reflect on whether the chosen strategies were the right ones. Future design of the 
automated eCoach should make more and better use of persuasive features to support 
and motivate behaviour change. Future research should focus on testing the effects on 
the reflection process by equipping the automated eCoach with more and improved 
persuasive features as suggested above. 
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General discussion
The aim of this thesis was to identify the values and requirements needed for self-
tracking and persuasive eCoaching in eHealth technology to train employees’ capacity 
for resilience, in order to reduce the negative impact of chronic stress by answering the 
following research question: 

‘How can an eHealth technology combining self-tracking and persuasive eCoaching be 
developed to train employees’ capacity for resilience to reduce the negative impact of chronic 

stress?’

Throughout this thesis, the first three phases of the CeHRes Roadmap were followed to 
identify the values and requirements needed for self-tracking and persuasive eCoaching 
in eHealth technology; This being a roadmap for the systematic and holistic development, 
evaluation and implementation of eHealth technology [1]. The results of this thesis will 
be able to contribute to the body of knowledge of behaviour change through use of 
technology, and has practical value for the development of future eHealth technologies 
for resilience training including self-tracking and persuasive eCoaching. 

On the basis of this thesis’ results, seven main values were identified for future eHealth 
technologies for resilience training combining self-tracking and persuasive eCoaching: 
(1) combination of self-tracking and persuasive eCoaching (Chapters 2, 3, 4, 5 and 6); (2) 
awareness of stress and the capacity for resilience (Chapters 3 and 4); (3) guidance for 
users throughout the reflection process (Chapters 2, 3, 4 and 6); (4) autonomy (Chapters 
4, 5 and 6); (5) receptivity for reminders (Chapters 2, 3, 4 and 5); (6) positivity as a driver 
for uptake of the technology (Chapters 3 and 4); and (7) human support (Chapters 3, 4 
and 6). The first five values relate to the design of the eHealth technology and the latter 
two values to the implementation of the eHealth technology. 

A design requirement that arose from these values was that awareness should be the 
main function of the self-tracking element. In addition, triangulation of self-tracking 
measures is necessary to improve validity and awareness. Furthermore, guidance during 
reflection should be the main function of the persuasive eCoach element and reduction 
should be an important persuasive feature throughout this process. To ensure a decent 
implementation of the technology in the context for which it is developed, a marketing 
strategy should be applied that focuses on which positive outcomes they can achieve 
through resilience training rather than which negative outcomes can be reduced or 
prevented. Moreover, peer support should be applied to improve adherence to the 
technology and to remove scepticism about the reflection process. 
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Main values and requirements for design
Combination of self-tracking and persuasive eCoaching 
Combining self-tracking and persuasive eCoaching was expressed as an important value 
by the end-users of eHealth technology for resilience training (Chapters 2, 3, 4, 5 and 6) to 
stimulate behaviour change (Chapters 2 and 6). To date, it appears that only a few eHealth 
technologies for resilience training combine self-tracking and persuasive eCoaching 
[2-4]. Most often, they are stand-alone elements. However, the few technologies for 
health behaviour change that do combine the two make use of self-tracking data for the 
personalisation of feedback, and also for goal-setting, to a lesser extent (Chapter 2). Only 
offering personalised feedback or suggestions for goal-setting based on self-tracking 
data did not fit our vision as to what persuasive eCoaching fully entails. Coaching includes 
‘a collaborative relationship’ between a coach and the user [5], in which the coach acts 
as a supporter throughout the user’s reflective journey. The point of this is to obtain in-
depth understanding of the stress response, stressors, and the capacity for resilience 
and to choose and implement the right coping strategy to achieve resilience [6]. Receiving 
feedback and suggestions from the eCoach involves one-way communication and does 
not involve a collaborative relationship. Persuasive eCoaching should  therefore involve 
interaction between the user and the eCoach, as well as guidance during reflection as the 
basis of this interaction; this was another value identified by stakeholders. 

Awareness of stress and the capacity for resilience
Awareness was perceived by stakeholders as an important first step in behaviour change, 
with stakeholders acknowledging the potential of the self-tracking element to assist in 
reaching awareness (Chapters 3 and 4). Findings established within this thesis address 
how to design self-tracking for awareness of stress and the capacity for resilience. Based on 
this thesis’ results, self-tracking measures to achieve awareness of stress and capacity for 
resilience should include three aspects: psychological measures (for example perceived 
stress and resilience by the user), physiological measures (for example increased heart 
rate), and the event related to stress and resilience (Chapters 3, 4, 5 and 6). The need for 
triangulation, in other words to implement more than one method of data collection on 
the same topic, of stress measures has been supported by earlier research. Previous 
research has indicated inconsistent associations between physiological measures of 
stress and perceived mental stress [7]. Self-tracking technologies, which are available 
at present, can pinpoint relevant data points in physiological measures of stress [8-
11]. However, using physiological measures of stress as the only data source can lead 
to multiple false positives. This is due to missing data [10], the challenges of using 
objective measures on a group level as the experience of stress can differ between 
subjects [12] and physiological measures related to emotional arousal can be initiated 
by other factors as well, such as physical activity and sickness [13, 14]. These challenges 
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were also experienced across our research. To overcome these challenges physiological 
measures can be used as an initial trigger for awareness, after which users can report 
their subjective psychological measure of stress via EMA. This strategy was applied in the 
prototype study described in Chapter 5. Doing so, the user was prompted to critically 
reflect as to whether stress was present, and also which underlying stressors initiated 
the stress response. Moreover, algorithms can be personalised, which was done in the 
Sense-IT app used in Chapter 5 [15, 16]. 

According to stakeholders, the combination of physiological and psychological measures 
of stress offers additional advantages alongside improved validity. Physiological 
measures that triggered awareness of the immediate stress response after a stressor 
were especially valued when stress was experienced subconsciously (Chapter 6 and [12]). 
Capturing a user’s attention through tactile vibrations and sound increases the level of 
detail the user is able to observe, the likelihood of recalling information and reaction 
time towards a stress response [17]. The advantages of conscious attention were also 
experienced by the participants in this thesis. When the physiological measure matched 
the user’s perception of stress, users further explored, on the spot, the individual 
physical and mental responses that accompanied their stress (Chapter 6 and [18]) and 
what triggered their stress response (Chapter 6). This immediate awareness of responses 
due to a stressor, and the stressor itself, can contribute to recognising stress at an earlier 
stage in future situations (Chapter 6); this can be referred to as ‘trigger identification’ 
in the systematic self-reflection model of resilience strengthening [19]. Moreover, users 
experienced reduced difficulty with recall when they became aware of physiological 
stress responses, even when the reflection took place at a later point in time (Chapter 6). 
Awareness and trigger identification can stimulate the user to build mental models on 
the relationship between stressors, stress responses and effective coping strategies [19]. 
The early recognition of a personal stressor and stress response can initiate immediate 
action to reduce levels of detrimental stress [18]. Next, reflecting on the coping strategy 
that was implemented helps to build the user’s coping repertoire (Chapter 6). Moreover, 
the connection between stressors, stress responses and the coping strategy can help to 
assist users in implementing the strategy in day-to-day life (Chapter 6); this is underpinned 
by the implementation intentions theory [20]. 

Guidance during the reflection process of users 
Technologies found to combine self-tracking and persuasive eCoaching appeared to 
skip the reflection stage and instead jumped immediately towards the action stage 
of the stage based model of personal informatics [21]. However, the reflection stage 
was frequently emphasised as important by stakeholders (Chapters 2, 3, and 4) and 
is described in literature as an essential aspect in the process towards an improved 
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capacity for resilience [19, 22]. Guidance during reflection was required as users expressed 
that stress can be a complex topic to explore themselves. Besides, reflection in itself is 
challenging, which is underpinned by Cheo and colleagues who describe: “the ultimate 
goal is to reflect upon one’s data, extract meaningful insights, and make positive changes, 
which are the hardest part” [23].

The stakeholders involved saw potential in the persuasive eCoaching element to 
guide the user to reach in-depth understanding through reflection (Chapters 3 and 
4). The study described in Chapter 6 is the first, to our knowledge, to test a prototype 
in which users received guidance from an automated persuasive eCoach during all 
phases of the reflection process. In many situations, this guidance provided users with 
an understanding of their levels of stress, causes of stress and capacity for resilience. 
When the guidance did not lead to new insights on personal stress levels and capacity for 
resilience, the reflective automated eCoach reminded the users to rethink their situation 
which increased the salience for behaviour change (Chapter 6).  

The following two requirements were of particular importance in relation to guidance 
during the reflection process from an automated persuasive eCoach. Firstly, reduction 
in the form of step-by-step guidance during the process of reflection was found to be 
key to support the capacity for resilience (Chapters 4 and 6). Behaviour change theory 
describes that proximal goals and tasks are easier to complete and progression is more 
easily observed compared to distal goals and tasks. This can positively impact self-efficacy 
and motivation [24]. Moreover, reflection is perceived as a complex task [25], and tasks 
which are too complex can demotivate users. An eCoach can use reduction to make the 
reflection process more manageable [24]. For instance, the eCoach can use reduction 
by helping its users during context-sensing and additionally by observing trends and 
patterns in their self-tracking data (Chapters 2 and 6).  

Secondly, translating specific events to underlying values and personal goals was also of 
importance. During the prototype study, we observed that the identification of specific 
events that did not recur in day-to-day life had a major impact on reflective outcomes. 
Identifying events that were too specific stagnated the full reflection process (Chapter 
6). Learning through reflection involves reflection on real-life experiences. In absence 
of meaningful experiences, reflection is essentially impossible [26]. Through translating 
specific events to underlying personal values and goals ultimately improves opportunities 
to recur. This idea stems from Crane and colleagues [19] who describe that a mismatch 
between the current situation and personal values and goals causes a stress response, 
which increases the need to do something about the situation.
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Autonomy
From reviewing data analyses and discussing the results of this thesis, we often came 
across the topic of autonomy when it came to the persuasive feature of personalisation. 
Better relevance of using the technology was experienced by users when users decided 
when to receive eCoaching by selecting relevant data points from self-tracking data and 
when users played a role in directing the type of suggestions offered by the eCoach 
(as applied in the prototype in Chapter 6) compared with the technology itself decided 
upon these aspects (as applied in the prototype in Chapter 5). Moreover, it was found 
that improved validity of stress measures may have increased the user’s autonomous 
perception and could therefore have a positive impact on a user’s receptivity towards 
notifications (Chapter 5). Literature indicates that measures that are meaningful to the 
user, and thus better personalised, may affect the perception of autonomy in a positive 
manner [27].

When it came to the personalisation of features in the eHealth technology, there was 
debate about the level of autonomy that should be given to adjust the personal settings. 
According to stakeholders, too much freedom can result in infrequent notifications being 
set to stimulate use of the eHealth technology. Doing so can consequently interfere with 
the awareness function of the technology (Chapter 3). Moreover, low effort requested 
by the technology can negatively impact adherence to its intended use (Chapter 2). This 
could be explained by the fact that the technology’s request for action can make the user 
more engaged with the technology [28]. Control to adjust personal settings can result in 
higher levels of perceived autonomy which could positively influence usages (Chapter 
4). This is linked to the self-determination theory in which a perception of autonomy 
stimulates intrinsic motivation [29]. The level of autonomy given to personalise features 
must on the one hand stimulate the user’s perception of autonomy and, on the other hand, 
prevent the user from setting infrequent notifications. 

Receptivity for reminders 
Reminders were perceived as necessary to trigger awareness of stress and use of the 
technology. However, a mismatch between reminders and user’s receptivity was expected 
to initiate frustration (Chapters 2, 3, and 4). As an example, we found that sending a 
reminder during a stressful event which would immediately eliminate detrimental stress 
responses, were most often not the moments when employees were most receptive 
to absorb and act on the reminder. If the user was in a negative emotional state, the 
reminder may have prompted a feeling of annoyance in some, with users lacking the 
ability to pay attention to anything other than the negative affect (Chapter 5). Therefore, 
to ensure a fit between relevance and receptivity, we advocate to send a reminder when 
the negative stress response has subsequently decreased to moderate levels of stress. This 
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requirement also found its basis in the inverted u-shape model of effective reflection, in 
which the experience of high levels of stress decreased the user’s ability to observe detail 
or separate important information from unimportant information [19].

Moreover, adhering to the activity the employee was involved in seemed to be of higher 
importance than dealing with their emotional state (Chapter 5). This differs from results 
found in earlier studies performed in formal settings [30-32]. An explanation could be that 
work-related activities gain higher priority than dealing with negative emotional state in 
the work setting. Therefore, reminders for employees are best to be sent in-between tasks. 

Main values and requirements for implementation
Positivity as driver for uptake of eHealth technology  

This thesis’ results indicated that a positive approach was deemed as important to 
motivate employees to use the eHealth technology for resilience training. For stressed 
individuals, focussing on positive outcomes like training the capacity for resilience could 
bypass possible feelings of failure, which were identified as a barrier for employees to opt 
into a programme which would assist them in dealing with their stress (Chapters 3 and 
4). For individuals who experienced low levels of stress, focussing on positive outcomes 
showed these individuals the direct benefits of using the technology, like enhanced 
productivity due to an improved capacity for resilience (Chapter 4). 

Positivity as a driver for uptake of the technology, and self-management through use of 
technology in general, is expected to be effective and safe for a subgroup of employees. 
Based on this thesis’ results, end-users for future automated eHealth technology for 
resilience training should comprise of individuals that experience some level of stress but 
are not at risk of burn-out. This in order for employees to experience the relevance of 
working towards these positive outcomes through using the technology and in order to 
ensure that the employees are actually able to achieve the positive outcomes through 
self-management (Chapters 3 and 4). It has been suggested that high levels of stress in 
employees may negatively impact their problem-solving abilities, due to less creativity in 
finding solutions linked to high levels of stress [19]. 

Human support  
The topic of human support, to supplement the automated persuasive eCoach, appeared 
throughout all Chapters. Support that was desired by stakeholders could be offered 
through peer support, as values were mostly about the possibility of discussing certain 
steps taken throughout the self-management process through a dialogue (Chapters 3, 4 
and 6) and to improve their adherence to the technology (Chapter 4). Moreover, peers 
were accepted as source of social support by users (Chapter 2), with previous literature 
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Table 1. Values and requirements for design and implementation for self-tracking and persuasive 

eCoaching in eHealth technology for resilience training

Values  Requirements for design 

1. Combination of self-tracking 
and persuasive eCoaching

- Personalisation of feedback and goal-setting 
based on self-tracking data

- Interaction between eCoach and user through 
guidance during the reflection process

2. Awareness of stress and the 
capacity for resilience

- Awareness as a main function of the self-track-
ing element

- Collect physiological measures, psychological 
measures and events related to stress and re-
silience to gain awareness

3. Guidance during the reflec-
tion process for users 

- Guidance during reflection as main function of 
the persuasive eCoaching element

- Use reduction to stimulate the process of re-
flection guided by the persuasive eCoach

- The eCoach should guide the translation of spe-
cific events to underlying personal values and 
goals

4. Autonomy - Use personalisation to stimulate autonomy 
when using the technology 

- Avoid too much autonomy resulting in low ef-
fort requests from the technology

5. Receptivity to reminders - Send reminders when the employee is in-be-
tween tasks  

- Send reminders when the employee experienc-
es moderate levels of stress

Values Requirements for implementation

6. Positivity as a driver for up-
take of the technology 

- The target group for eHealth technology for 
resilience training - employees experiencing 
some level of stress but are not at risk for burn-
out – are better motivated by a focus on what 
positive outcomes can be achieved rather than 
on what negative outcomes can be reduced or 
prevented.

7. Arrange possibilities for hu-
man support during use

- Offer peer support to stimulate dialogue during 
reflection and adherence to the intended use



7

Chapter 7 | 197 

demonstrating the benefits of peer guidance during the reflection process [33, 34] and its 
improvements in users engagement with the technology [35].

To summarise, Table 1 contains an overview of the values and the requirements identified 
in this thesis for eHealth technology for resilience training including self-tracking and 
persuasive eCoaching. 

Strengths and limitations 
The research presented in this thesis has several strength and limitations. As a first 
strength, we experienced the significance of following the CeHRes Roadmap’s flexible 
and data driven way of setting up the methodological approach for eHealth development. 
Results from previous studies were input for the study set up of the next research project. 
This has subsequently led to the identification of values and requirements that are highly 
driven by stakeholders’ preferences and, according to the stakeholders, may result in the 
development of a valuable eHealth technology [36].        

Secondly, one of the concepts that is central to the CeHRes Roadmap’s approach is 
business modelling.  Use of the Value Proposition Design business model by Osterwalder 
et al. [37] during data collection resulted in valuable insights into the personal and 
professional context of key stakeholders. This helped us to focus on the problem initially 
rather than designing a solution without a full understanding of the problem. 

Thirdly, we were able to devise a set of values and requirements that may be applicable to 
all eHealth technologies for resilience training that combine self-tracking and persuasive 
eCoaching. This was achieved by integrating the results from all of the studies in this 
thesis. The results stem from different settings, such as commercial and non-commercial 
workplace settings, and each stakeholder’s unique point of view on the topic. To make 
statements about values and requirements that apply to all eHealth technologies for 
resilience training these different perspectives are necessary, as the identification of 
values and requirements are highly context dependent [38]. 

Fourthly, in this thesis, we aimed to ‘open the black box of eHealth’ by applying a mixed-
methods approach during the study set ups of the prototype studies (Chapters 5 and 
6). As such, convergent mixed-methods, qualitative and quantitative data were collected 
and analysed to confirm, explain or nuance results from one approach to another [39]. 
We were able to identify which components contributed to the effectiveness on usability 
and other outcomes of interest. In addition, combining different research strategies 
compensated one another’s weaknesses, resulting in a clearer overall picture of the 
experiences and effects of the eHealth technology and better improving the design [40]. 
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A first limitation of this study’s set up may be the limited number of participants that 
were involved for quantitative data collection and analyses. Although, integrating the 
results from the different methods reduced the effect of this weakness [39]. 

Secondly, the level of fidelity of the prototype matched the test goals, in the most ideal 
scenario [41]. Our purpose was to test the requirements in real-life settings (Chapters 
5 and 6). However, this objective was not always paramount during data collection as 
participants were distracted by usability issues, and, thus, the level of fidelity was too 
low to match the test goals. Due to limited available budget, we made use of existing 
technologies that best matched our requirements. However, restrictions into the 
possibilities to translate requirements into design led to usability issues, such as false-
positives on the objective stress measures described in Chapter 5. Building on this, 
users were requested to go from one application to another to perform a task, making 
the prototype more demanding and difficult to integrate into daily lives (prototypes in 
Chapter 5 and 6). Despite the usability issues and their negative impact on data collection 
and adherence to the prototypes, valuable insights were obtained from the prototype 
studies in real-life settings. This included validation and refinement of the identified 
values and requirements from the value specification phase. Besides, the usability issues 
additionally sometimes led to the identification of important requirements for future 
design, such as loss of the trigger function for reminders when reminders were linked to 
false-positives (Chapter 5). 

Implications for future research
Future research could focus on the following aspects to optimise further the combination 
of self-tracking and persuasive eCoaching in eHealth technology for resilience training, 
and to ensure the development of a sustainable eHealth technology: 

1. Test all requirements in real-life settings
2. Study implementation issues that were omitted in this thesis 
3. Perform a summative evaluation with hi-fi prototypes 
4. Perform a formative evaluation during the whole lifespan of the technology

Firstly, some requirements identified in this thesis stemmed from theory or expectations 
expressed by employees during qualitative data collection, but were not tested in the 
users’ day-to-day lives. Validation of the requirements in real-life settings are therefore 
necessary to diminish the possibility of missing important issues in the first place [38]. 
For example, through fractional factorial design [42] we can test whether the receptivity 
to just-in-time (JIT) messages improves when JIT messages are sent during moderate 
levels of stress, compared with high levels of stress. As described above, employees 
are more likely to be both receptive and experience the relevance of the JIT message if 
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they are experiencing a moderate level of stress, rather than low or high levels of stress. 
Receptivity and relevance are two important ingredients for employees to absorb and act 
on the JIT message.       

Secondly, ethical issues should be studied more extensively. To some degree, ethical 
issues have been addressed during the research in the first part of this thesis on 
identifying values and requirements with stakeholders. For example, results indicate that 
employees desire control over whom to share data with and what data to collect and 
employees would like to be well-informed about data security (Chapter 3 and 4). These 
values were taken into account during the development of the prototypes. However, 
ethical issues were not explicitly part of the results described in part two of this thesis 
on testing the requirements in everyday life. Expectations about ethical issues may 
differ from actual experiences in practice [43]. Furthermore, compromises have to be 
made often in design because of competing usability values and values related to ethical 
issues. An example of competing values in this thesis’ results was that users believed 
that password protection interferes with the usability of the technology (Chapter 2). It 
should then be investigated what value should be given more weight to [43]. Also, the 
technology should be investigated as, for example, a consumer wearable that stores data 
on the employee’s smartphone can be more supportive to values related to ethical issues 
than a consumer wearable that stores data on the central server of the manufacturer. 
Future research can make use of Value Sensitive Design as an approach to investigate  
ethical issues in a comprehensive manner [43].

Thirdly, data collection within this thesis did not focus on all of the relevant implementation 
issues, such as resources, governance and dissemination of the technology, due to our 
focus on the first three phases of the CeHRes Roadmap, instead of the operationalisation 
and summative evaluation phases. Focussing on the omitted implementation issues 
is important to ensure proper distribution, management and maintenance of the 
technology [44]. The business model canvas by Osterwalder can be used as a framework 
for data collection with stakeholders to identify implementation requirements for all of 
the relevant issues [45].  

Fourthly, it would be advised to develop a high definition prototype based on the values 
and requirements, as described in Table 1, that has a performance level similar to that 
of the final design, in order to perform a summative evaluation of the design on the 
employee’s capacity for resilience [41]. A high definition prototype eliminates usability 
issues as much as possible and directs the focus to the participants during data collection, 
linking back to the original purpose of the technology. Doing so improves the  employee’s 
capacity for resilience as it reduces the negative impact of chronic stress. Resilience can 
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additionally be measured using the Brief Resilience Scale [46].

Fifthly, changes in context, for instance due to technological advances or organisation 
structure, can have an impact on the values and requirements desired by the stakeholders 
which can therefore influence the impact and uptake of the eHealth technology. Hence, 
it is necessary to perform a formative evaluation during the whole lifespan of the 
eHealth technology [38]. Two technological advances would be expected to change the 
context of future eHealth technology including self-tracking and persuasive eCoaching: 
(1) more advanced monitoring technologies [47] and (2) and (2) an automated eCoach 
imitating a human-to-human dialogue [48]. Expanding on these headings, firstly more 
advanced stress measures could: (a) improve the awareness process; (b) pin-point just-
in-time reminders more sharply which take factors that affect receptivity into account; 
(c) increase users’ autonomous perception as measures are more relevant to them; 
and (d) offer better guidance during the reflection process offered by the automated 
reflective eCoach. Secondly, mimicking a human-to-human dialogue could: (a) help the 
user to remove scepticism about their reflective process; and (b) improve adherence by 
including elements such as greeting the user, expressing gratitude, and replaying positive 
experiences to create an emotional bond with the technology [48]. Rapid prototyping can 
also be used to identify specific values and requirements for such technological advances 
to ensure that developers can access and apply results quickly into the current design 
[49]. 

Finally, emphasis should be put on an implication for future research outside the field of 
resilience training, as the integration of self-tracking and persuasive eCoaching in eHealth 
technology has the potential to stimulate self-management for health behaviour change 
in general (Chapter 1). It is therefore worthwhile testing and validating the values and 
requirements found in this study from value specification and prototype studies in other 
health behaviour change settings. The Incredible Intervention Machine (TIIM) application 
can be used during prototyping. Through use of TIIM, self-tracking data can trigger the 
sending of personalised eCoaching messages, and reduction can be incorporated to 
guide the user through the process of reflection. Furthermore, TIIM allows researchers to 
perform a mixed-methods study design, as it enables the collection of EMA data, log data 
and examples of modules which could be shared during interviews and online surveys 
via a weblink [50].  
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To conclude 
This thesis studied the potential of combining self-tracking and persuasive eCoaching 
in the context of resilience training at the workplace to reduce the negative impact of 
chronic stress. By using systematic and holistic identification of values and requirements 
to successfully combine self-tracking and persuasive eCoaching to stimulate self-
management, we have delivered a set of values and requirements that are highly 
supported by what stakeholders want. We hope that future automated eHealth 
technologies, designed based on the values and requirements described in this thesis, 
will make a significant contribution to empowering the working population to better deal 
with fast paced work life and the complexity of today’s modern society. 
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Inleiding
Stress wordt ook wel beroepsziekte nummer 1 genoemd. Een vierde van de Europese 
werknemers geeft aan negatieve gevolgen van stress te ervaren. Stress is “de psychologische 
en fysieke toestand die ontstaat wanneer de middelen van het individu niet toereikend 
zijn om de eisen en druk van de situatie het hoofd te bieden”. Het kan schadelijk zijn 
voor de gezondheid om langdurig in deze staat te verkeren. Veel werknemers kunnen 
baat hebben bij het verbeteren van hun veerkrachtig vermogen.  Veerkracht is namelijk 
het resultaat wanneer een werknemer effectief met stress is omgegaan. Werknemers 
met een veerkrachtig vermogen kunnen voorkomen dat de psychologische en fysieke 
toestand als gevolg van stress te lang aanhoudt. Om het veerkrachtig vermogen te 
verbeteren moeten werknemers inzicht hebben in hun stressniveau en stressoren en 
moeten ze weten welke strategie ze moeten toepassen om veerkracht te bereiken. 

Een veelbelovende manier om de grote groep werknemers die in negatieve zin stress 
ervaren te begeleiden in het verbeteren van hun veerkrachtig vermogen is via eHealth 
technologie, en specifiek de combinatie van zelfmeten en persuasief eCoachen in eHealth 
technologie. Werknemers kunnen via zelfmeten gegevens verzamelen over stress, 
stressoren en factoren die bijdragen aan veerkracht. Vervolgens kan een persuasieve 
eCoach de werknemer gepersonaliseerd motiveren en begeleiden in het reflectieproces, 
om inzicht te krijgen in stress en veerkracht, en adviseren welke strategie ingezet kan 
worden om veerkracht te bereiken. Er zijn veel eHealth technologieën in omloop met het 
doel om zelfmanagement van de gebruiker te vergroten. Die technologieën genereren veel 
data vanuit de zelfmetingen, echter die data worden vooralsnog niet optimaal gebruikt 
voor begeleiding op maat, ofwel persuasieve eCoachen. Gebruikers worden daardoor 
onvoldoende begeleid in het proces van zelfmanagement. Ze moeten bijvoorbeeld 
zelfstandig het reflectieproces doorlopen om tot inzicht te komen of nadenken over de te 
zetten vervolgstappen. Om de kans op een succesvolle eHealth technologie te vergroten 
is het van belang om te onderzoeken hoe zelfmeten en persuasief eCoachen beter op 
elkaar afgestemd kunnen worden. 

De centrale vraag die we in dit proefschrift beantwoorden is:

‘Hoe kan een eHealth technologie, waarin zelfmeten en persuasief eCoachen worden 
gecombineerd, ontworpen worden om het veerkrachtig vermogen van werknemers te trainen 

om de negatieve gevolgen van chronische stress te verminderen?’

In het proefschrift doorlopen we de eerste drie fasen van de CeHRes Roadmap om op een 
systematisch en een holistische wijze de waarden en vereisten volgens eindgebruikers en 
stakeholders in kaart te brengen. Waarden geven aan wat eindgebruikers en stakeholders 
graag willen bereiken met een eHealth technologie. Vereisten zijn uitgangspunten voor 
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het ontwerp van de eHealth technologie. De waarden worden vertaald in uitgangspunten, 
ofwel vereisten waar een ontwerp van een technologie aan moet voldoen. Inzicht in de 
waarden en vereisten vanuit de eindgebruikers en stakeholders is nodig voor het bereiken 
van afstemming tussen technologie, de eindgebruikers en stakeholders en de context 
waarin de technologie moet functioneren. De CeHRes roadmap biedt een leidraad voor 
de ontwikkeling en implementatie van eHealth technologie via verschillende iteratieve 
fasen. 

In het eerste deel van het proefschrift staan fase 1, contextual inquiry, en fase 2, value 
specification, centraal. De contextual inquiry fase heeft het doel om de belangrijkste 
stakeholders in kaart te brengen en inzicht te krijgen in de context waarvoor de 
eHealth technologie wordt ontwikkeld. De value specification fase heeft tot doel om in 
kaart te brengen wat de eHealth technologie van toegevoegde waarde maakt voor de 
eindgebruikers en stakeholders. Het resultaat is een set waarden en vereisten die zijn 
geïdentificeerd met de belangrijkste eindgebruikers en stakeholders. Deze waarden 
en vereisten zijn met name gebaseerd op verwachtingen. In het tweede deel van 
het proefschrift doorlopen we fase 3, design, door het testen van de waarden en de 
vereisten in de praktijk via prototype testing. Het testen van waarden en vereisten in de 
praktijk is nodig om te voorkomen dat belangrijke uitgangspunten of condities voor een 
gebruikersvriendelijk en implementeerbaar ontwerp worden gemist. 

Deel 1: Waarde creëren met zelfmeten en persuasief eCoachen 
Aan de contextual inquiry fase hebben we invulling gegeven door een scoping review 
uit te voeren naar belangrijke componenten van zelfmeten en persuasief eCoachen in 
gezonde leefstijl technologieën om te leren van de bestaande kennis over het onderwerp. 
In Hoofdstuk 2 is de scoping review beschreven. Het eerste doel van de scoping review 
was om belangrijke componenten van zelfmeten en persuasief eCoachen te identificeren 
in geautomatiseerde gezonde leefstijl interventies die bijdragen aan de gezondheid, 
gebruiksvriendelijkheid en adherentie aan het beoogde gebruik. Bestaande literatuur 
beschrijft de combinatie zelfmeten en persuasief eCoachen als veelbelovend voor 
het bevorderen van zelfmanagement maar een literatuuronderzoek naar belangrijke 
componenten in zulke technologieën ontbrak. Naast uitkomstmaten gerelateerd aan 
gezondheid, waren we geïnteresseerd in gebruiksvriendelijkheid en adherentie aan het 
beoogde gebruik. Een gebruiksvriendelijke technologie vergroot de kans op adherentie, 
ofwel het beoogde gebruik, dat van invloed kan zijn op positieve effecten van gezondheid. 
Het tweede doel van de scoping review was om inzicht te krijgen in de manier waarop 
de componenten ontworpen moeten worden om daadwerkelijk effect te hebben op 
de uitkomstmaten gerelateerd aan adherentie, gebruiksvriendelijkheid en gezondheid. 
Het tweede doel sluit aan bij de het openen van de black box van eHealth. Inzicht is 
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namelijk nodig in de manier waarop technologie bijdraagt aan effectiviteit om gericht 
aanpassingen ter verbetering te kunnen doorvoeren.   

Uit de scoping review blijkt dat interventies, die effectief werden bevonden op gezondheids- 
en gebruiksvriendelijkheidsuitkomsten, de twee elementen zelfmeten en persuasieve 
eCoaching combineerden. Deze combinatie gebeurde meestal door gebruik te maken 
van de componenten personalisatie en reductie. Een voorbeeld is dat data vanuit de 
zelfmetingen worden gebruikt voor het personaliseren van feedback en het stellen van 
doelen. Personalisatie en reductie kwamen ook naar voren als belangrijke componenten 
voor de effectiviteit op gezondheids- en gebruiksvriendelijkheidsuitkomsten, evenals 
reminders. Bij het ontwerpen van zelfmeten en persuasief eCoachen moet speciale 
aandacht worden besteed aan de frequentie en timing van het verzenden van reminders. 
Een discrepantie tussen reminders en de ontvankelijkheid van de gebruiker voor 
reminders kan namelijk leiden tot frustratie bij de gebruiker. Verder suggereerde data 
dat het van belang is om mondelinge instructie te geven bij de start van de implementatie 
van de eHealth technologie in plaats van het geven van schriftelijke instructies. Daarnaast 
was het zo dat de meest effectieve interventies op gezondheidsuitkomsten de gebruiker 
activeerden om data van het zelfmeten in te voeren. Op basis van eerder onderzoek is dit 
mogelijk te verklaren doordat het vragen van actie van de gebruiker de betrokkenheid kan 
vergroten. Door gebrek aan data over componenten voor adherentie is geadviseerd om 
vervolgonderzoek te richten op het in kaart brengen van componenten voor adherentie. 
Adherentie is tenslotte een belangrijke voorwaarde om impact te creëren met eHealth 
technologie. 

De resultaten van de scoping review geven inzicht in belangrijke componenten voor 
het ontwerp en de implementatie van zelfmeten en persuasief eCoachen in eHealth 
technologie. Een succesvolle eHealth technologie is echter afhankelijk van een goede 
fit tussen technologie, context en mens. Een logische volgende stap was daarom een 
studie naar de waarden van eindgebruikers en stakeholders in de specifieke context van 
veerkrachttraining op de werkvloer. In Hoofdstruk 3 staat de value specification centraal 
waarin de waarden voor zelfmeten en persuasief eCoachen in eHealth technologie 
voor veerkrachttraining worden geïdentificeerd door middel van semigestructureerde 
interviews met werknemers, de eindgebruikers, en HR adviseurs, een belangrijke 
stakeholder van eHealth technologie voor veerkrachttraining. 

De volgende waarden zijn geïdentificeerd door de werknemers en HR adviseurs: (1) 
Bewustwording is een eerste belangrijke stap in veerkrachttraining. Bewustwording 
op basis van fysiologische en psychologische stressreacties en de oorzaak van de 
stressreactie is gewenst; (2) Begeleiding tijdens reflectie is noodzakelijk om een   diepgaand 
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inzicht te krijgen in de huidige stressniveaus, stressreacties, stressoren en effectieve 
strategieën om veerkracht te vertonen; (3) Reminders over de aanwezigheid van stress 
kunnen bewustwording van stress en het gebruik van de technologie stimuleren. De 
timing voor het ontvangen van reminders is van belang zodat werknemers zowel de 
relevantie van de reminder ervaren als ook openstaan   voor de reminder en ernaar 
te handelen. Hierin waren de participanten niet eenduidig. Een groep participanten 
verwachtte dat een reminder tijdens een stressmoment zou worden ervaren als relevant 
voor het creëren van bewustwording. Een andere groep participanten verwachtte dat 
een reminder tijdens een stressmoment vooral frustratie zou veroorzaken; (4) Positiviteit 
gebruiken om werknemers te motiveren de eHealth technologie te gebruiken is van 
belang. Werknemers kunnen namelijk een drempel ervaren om wat aan stress te doen 
omdat het een gevoel van falen kan oproepen. Door te focussen op het positieve, zoals 
een beter veerkracht vermogen, in plaats van het negatieve, stress verminderen, kan 
de drempel worden verlaagd; (5) Menselijke ondersteuning voorafgaand en tijdens 
het gebruik van de eHealth technologie is wenselijk.  Werknemers en HR adviseurs 
verwachten dat menselijke ondersteuning het gebruik van technologie zou stimuleren 
en de effectiviteit zou vergroten. 

Vanuit Hoofdstuk 3 is een set aan waarden verkregen. In Hoofdstuk 4 breiden we de 
value specification uit door de waarden te vertalen naar vereisten voor ontwerp en 
implementatie en het valideren van de waarden en vereisten met de eindgebruikers en 
belangrijkste stakeholders. Allereerst zijn de belangrijkste stakeholders in kaart gebracht 
via, onder andere, een online vragenlijst waarin stakeholders elkaar rangschikken op 
basis van de Stakeholder Salience Approach. De belangrijkste stakeholders voor een 
eHealth technologie voor veerkrachttraining die zelfmeten en persuasief eCoachen 
combineren zijn: werknemers, werkgevers, de medezeggenschapsraad, HR adviseurs, 
producteigenaren, bedrijfsartsen, en business analisten. Met deze stakeholders zijn twee 
focusgroepen gehouden om de waarden en vereisten te valideren.

Alle waarden vanuit hoofdstuk 3 werden onderschreven door de stakeholders. De 
volgende twee waarden werden met name benadrukt: (1) bewustwording is een eerste 
belangrijke stap, en (2) begeleiding zou geboden moeten worden tijdens reflectie om een 
diepgaand inzicht te krijgen in de persoonlijke situatie en wat te doen in de toekomst om 
de situatie te verbeteren. Opnieuw waren de uitspraken over de ontvankelijkheid van 
werknemers voor reminders tijdens een stressmoment niet eenduidig. Een aanvullende 
waarde die voortkwam uit de focusgroepen was dat gebruikers moeten worden 
begeleid bij het verkrijgen van een helikopterview over data vanuit zelfmetingen. Dit 
om te voorkomen dat meerdere negatieve gebeurtenissen op een dag te veel worden 
benadrukt terwijl de dag op zich wel als positief wordt ervaren. 
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De belangrijkste waarden zijn op de volgende manier vertaald naar vereisten voor het 
ontwerp en zijn ondersteund door de stakeholders: (1) De eHealth technologie helpt 
de gebruiker bij de bewustwording via zelfmeten. Data vanuit zelfmeten zou zowel 
psychologische, via korte vragenlijsten, als fysiologische stressreacties, via sensoren, 
moeten omvatten. De literatuur beschrijft dat bewustwording alleen niet voldoende is 
om gedragsverandering te bereiken. Zowel de literatuur als de stakeholders geven aan de 
reflectie kan leiden tot het activeren van de werknemers. (2) De eHealth technologie biedt 
begeleiding in het reflectieproces op data vanuit de zelfmetingen via een automatische 
persuasieve eCoach. Daarmee worden zelfmeten en persuasief eCoachen met elkaar 
gecombineerd. 

Deel 2: Ontwerpen voor zelfmeten en persuasief eCoachen
In deel 2 van het proefschrift staat de design fase centraal. De waarden en vereisten 
uit Hoofdstuk 3 en 4 zijn vertaald in prototypes en uitgetest door eindgebruikers in de 
praktijk. Twee prototype studies zijn uitgevoerd. In een prototype studie is de focus 
gelegd op het testen van de ontvankelijkheid van werknemers voor reminders aangezien 
stakeholders niet op een lijn zaten op dit vlak. In de andere prototype studie is de focus 
gelegd op het testen van de begeleiding van een automatische persuasieve eCoach tijdens 
het reflectie proces. Begeleiding tijdens reflectie via een persuasieve eCoach was volgens 
de eindgebruikers en stakeholders een cruciaal onderdeel van veerkrachttraining via 
eHealth technologie. Begeleiding tijdens het reflectieproces door een geautomatiseerde 
eCoach is, voor zover bekend, niet eerder onderzocht.

In Hoofdstuk 5 zijn de factoren van invloed op de ontvankelijkheid van werknemers 
voor just-in-time (JIT) notificaties beschreven. Literatuur beschrijft dat JIT notificaties 
kunnen bijdragen aan bewustwording van het persoonlijke gedrag en recall bias kunnen 
voorkomen door het verzamelen van data vanuit de zelfmetingen tijdens of vlak na het 
moment van interesse. Daarbij kunnen JIT notificaties de persoon activeren om direct 
gedragsverandering toe te passen. In de context van stress is dit extra gunstig omdat 
de fysiologisch en psychologische stressreacties een negatief effect kunnen hebben 
op de langere termijn. Om JIT notificaties effectief in te zetten is het noodzakelijk dat 
de gebruiker ook ontvankelijk is voor het ontvangen van JIT notificaties. Vanuit de 
literatuur zijn drie hoofdcategorieën geïdentificeerd die effect kunnen hebben op de 
ontvankelijkheid, namelijk (1) emotionele staat, (2) situatie en condities en (3) de inhoud 
van het bericht. Kennis over de factoren van invloed op de ontvankelijkheid kan bijdragen 
aan het effectief ontwerpen van de reminders. 
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Zeventien werknemers werkzaam binnen onderwijsinstellingen maakten gedurende 
twee weken gebruik van een prototype. Dit prototype bestond uit twee apps: De Sense-IT 
app, voor het versturen van JIT notificaties gebaseerd op veranderingen in fysiologische 
maten van stress, en de TIIM app, voor het versturen van JIT notificaties om aanvullende 
psychologische maten van stress te verzamelen via ecological momentary assessment 
en het ontvangen van JIT notificaties met gepersonaliseerde suggesties voor strategieën 
om veerkracht te vertonen. Een convergente mixed methods aanpak is toegepast en 
bestond uit kwantitatieve analyse via mixed effects models op gegevens verzameld via 
de app (ontvankelijkheid en de factoren van invloed op ontvankelijkheid) en kwalitatieve 
analyse van semigestructureerde interviewgegevens verzameld na het gebruik van het 
prototype.

Uit het onderzoek kwam naar voren dat de meest relevante situaties om een reminder 
voor veerkrachttraining te ontvangen vaak niet overeenkomen met de meest ideale 
situaties wat betreft ontvankelijkheid van de werknemer. Een negatieve emotie lijkt 
namelijk een negatief effect te hebben op de ontvankelijkheid van de werknemer maar 
is in het opzicht van het versturen van een JIT notificatie juist een erg relevant moment. 
Verder leken werknemers het belangrijker te vinden om een activiteit tijdens werktijd af 
te maken dan aandacht te besteden aan de negatieve emotionele staat als gevolg van 
stress. Dit is in tegenstelling met de resultaten uit eerder onderzoek in de alledaagse 
context, waar juist de emotionele toestand voorrang kreeg ten opzichte van de activiteit. 
Verder vonden we dat veel foutpositieve JIT notificaties dat stress aanwezig is, kan leiden 
tot het verlies van de triggerfunctie. Een verklaring daarvoor kan zijn dat de relevantie 
van de JIT notificaties afneemt en dat daardoor de JIT notificaties minder aandacht krijgen 
van de werknemer. Een andere belangrijke factor was het gevoel van autonomie van de 
werknemer om zelfstandig te bepalen wanneer actie wordt ondernomen naar aanleiding 
van de notificatie. Autonomie is van belang om een eerste negatieve reactie na het 
ontvangen van de notificatie te vermijden. Op basis van de resultaten en een vergelijking 
met literatuur adviseerden we om de timing van JIT notificaties zo te ontwerpen dat ze 
worden verstuurd wanneer de negatieve emotie na een stressmoment wat is afgezwakt, 
zodat de gebruiker ruimte heeft om aandacht te besteden aan iets anders dan alleen 
de negatieve emotie maar nog steeds een notificatie ontvangt snel nadat het stressvolle 
moment heeft plaatsgevonden. Daarnaast kunnen JIT notificaties tussen twee taken door 
worden verstuurd zodat de activiteit niet onderbroken wordt. Het gevoel van autonomie 
kan mogelijk worden vergroot door de relevantie van de notificaties voor de gebruiker te 
verhogen. Uit literatuur blijkt namelijk dat het gevoel voor autonomie afneemt wanneer 
de technologie als doelloos wordt beschouwd. Vervolgonderzoek zou zich kunnen richten 
op het uittesten van de ontwerpsuggesties in de praktijk. 
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In Hoofdstuk 6 ligt de focus op het onderzoeken van reflectieve coaching via een 
automatische eCoach. De meeste eHealth technologieën die zelfmeten toepassen om 
een gezonde leefstijl te bevorderen, vatten de verzamelde gegevens voor de gebruikers 
samen. Eindgebruikers moeten vervolgens zelfstandig het reflectieproces doorlopen om 
een dieper begrip te krijgen van de gegevens en beslissen wat er nodig is om de huidige 
situatie te verbeteren. Eerder onderzoek heeft uitgewezen dat reflectieve coaching via 
een humane coach effectief is voor gedragsverandering. Onderzoek naar reflectieve 
coaching via een geautomatiseerde eCoach is, voor zover wij weten, niet eerder uitgevoerd 
en kan de kloof overbruggen tussen bewustwording via zelfmeten naar daadwerkelijke 
gedragsverandering. We waren geïnteresseerd in hoeverre de gebruikers in staat zijn 
om onder begeleiding van de automatische reflectieve eCoach inzicht te krijgen in hun 
huidige situatie en wat ze kunnen doen om hun situatie te verbeteren. Daarnaast waren 
we geïnteresseerd in welke componenten van de automatische eCoach als stimulerend 
danwel belemmerend zijn ervaren tijdens het reflectieproces. Gedurende zes weken 
hebben achtentwintig werknemers gebruik gemaakt van een prototype waarin de 
automatische eCoach de gebruiker begeleidde tijdens reflectie. Opnieuw is een mixed 
methods aanpak toegepast (online vragenlijst, ecological momentary assessment, 
logdata en semigestructureerde interviews). Resultaten van een databron zijn gebruikt 
tijdens het verzamelen van andere data. Een voorbeeld is dat er tijdens interviews is 
doorgevraagd op de scores vanuit de online vragenlijst voor het achterhalen van het 
waarom achter bepaalde scores. Daarnaast zetten de resultaten van de ene databron 
aan om een verklaring, bevestiging of nuancering te vinden in een andere databron. 
Een voorbeeld hiervan is dat een resultaat uit de semigestructureerd interviews over 
moeilijkheden in het doorlopen van stappen in de app aanleiding was om met behulp 
van log data te ontdekken wat er precies gebeurde. 

Een merendeel van de participanten is erin geslaagd om inzicht te krijgen in stress en 
veerkracht onder begeleiding van de automatische eCoach. Participanten die geen nieuwe 
inzichten hadden verkregen, haalden toch meerwaarde uit het reflectieproces begeleid 
door de eCoach. De opbrengst van het reflectieproces herinnerde ze aan al bekende 
effectieve strategieën en stimuleerde de intentie voor positieve gedragsverandering. Een 
belangrijke stimulerende factor tijdens reflectie onder begeleiding van de automatische 
eCoach was reductie. De automatische eCoach hielp de gebruiker via reductie door 
het herevalueren van relevante stressmomenten wat leidde tot het observeren van 
patronen. Gebruikers kwamen door de herevaluatie bijvoorbeeld tot het leren herkennen 
van vroege signalen dat stress aanwezig is, zoals een verhoogde ademhaling. Stress kan 
daardoor eerder worden opgemerkt in toekomstige situaties en de werknemer kan 
snel actie ondernemen om de stressor aan te pakken. Een belangrijke belemmerende 
factor was dat de geïdentificeerde situaties die stress veroorzaken te specifiek waren 
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door het reflectieproces via de eCoach, zoals spanning voor een functioneringsgesprek. 
Een dergelijke situatie komt niet snel nog een keer voor. Om te leren door middel van 
reflectie is het juist van belang om in vergelijkbare situaties te experimenteren met 
gekozen strategie en vervolgens te evalueren of de strategie het gewenste effect heeft 
waardoor bijstelling mogelijk is. Het probleem van de beperkte toepasbaarheid van 
eerder verzamelde gegevens op actuele situaties is eerder waargenomen in onderzoek 
naar reflectie. Een belangrijke implicatie voor toekomstig ontwerp is daarmee om 
de specifieke situaties te vertalen naar meer generieke normen en waarden onder 
begeleiding van de automatische eCoach. Een andere belemmerende factor was dat een 
aantal participanten twijfelden over het eigen reflectieproces. Ze gaven aan behoefte 
te hebben aan een sparringpartner tijdens reflectie. Een sparringpartner was in eerder 
onderzoek bevorderlijk voor de uitkomsten van het reflectieproces. 

Met dit onderzoek hebben we een eerste stap gezet om gebruikers effectief te kunnen 
begeleiden via een automatische reflectieve eCoach tijdens het reflectieproces met 
het doel het veerkrachtig vermogen te verbeteren. Vervolgonderzoek is nodig om 
na te gaan of de implicaties voor het ontwerp en de implementatie op basis van de 
stimulerende en belemmerende factoren daadwerkelijk leiden tot betere resultaten van 
het reflectieproces.   

Conclusies 
In dit proefschrift hebben we onderzocht hoe een eHealth technologie ontwikkeld 
kan worden waarin zelfmeten en persuasief eCoachen worden gecombineerd om het 
veerkrachtig vermogen van werknemers te vergroten. Het doel was om de waarden 
en vereisten voor zelfmeten en persuasief eCoachen in eHealth technologie voor 
veerkrachttraining in kaart te brengen samen met de eindgebruikers en belangrijkste 
stakeholders als basis voor de ontwikkeling van een technologie om werknemers 
te ondersteunen in het vergroten van hun veerkrachtig vermogen. Op basis van de 
resultaten van dit proefschrift zijn de volgende zeven belangrijkste waarden voor 
toekomstige zelfmeten en persuasief eCoachen technologie voor het vergroten van het 
veerkrachtig vermogen geïdentificeerd: 

1. Combineren van zelfmeten en persuasief eCoachen
2. Bewustwording van stress en het vermogen tot veerkracht
3. Begeleiding tijdens het reflectieproces van gebruikers
4. Autonomie tijdens het gebruik van technologie 
5. Ontvankelijkheid voor reminders
6. Positiviteit als drijfveer voor de acceptatie van de technologie
7. Menselijke ondersteuning
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De eerste vijf waarden hebben betrekking op het ontwerp van de eHealth technologie 
en de laatste twee waarden op de implementatie van de eHealth technologie. Door 
een integratie van de resultaten van dit proefschrift en een reflectie op de waarden 
met behulp van literatuur, zijn er vereisten voor ontwerp en implementatie opgesteld 
die voortvloeien uit de zeven waarden. De waarden zijn in cursieve tekst weergegeven. 
Het combineren van zelfmeten en persuasief eCoachen kan worden vormgegeven door 
om feedback en doelen te personaliseren op basis van data van de zelfmetingen. Door 
het personaliseren van feedback en doelen is er nog geen sprake van coaching omdat 
hierbij sprake is van eenzijdige communicatie van coach naar coachee. Er is pas echt 
sprake van coaching wanneer er interactie plaatsvindt tussen de coach en coachee. 
De interactie kan worden vormgegeven door begeleiding aan te bieden via de eCoach 
tijdens het reflectieproces. Bewustwording van stress en het vermogen tot veerkracht zou 
bereikt kunnen worden door zelfmeten en triangulatie in het verzamelen van data over 
stress en veerkracht te vertalen in het ontwerp van de technologie. Triangulatie verbetert 
de validiteit van de zelfmetingen van stress en het vermogen tot veerkracht. Door het 
combineren van verschillende databronnen kunnen diverse indicatoren van stress 
en het vermogen tot veerkracht meegenomen worden tijdens het zelfmeten. Zowel 
fysiologische maten, psychologische maten, stressoren en factoren die bijdragen aan 
veerkracht moeten worden geïdentificeerd om een goed beeld te krijgen als werknemer 
van de persoonlijke situatie. Begeleiding tijdens reflectie zal geboden kunnen worden door 
de persuasieve eCoach in de eHealth technologie. Tijdens deze begeleiding is reductie 
een belangrijke persuasieve vereiste om toe te passen in het ontwerp van de technologie. 
Reductie kan herevaluatie en de observatie van patronen in data vanuit de zelfmetingen 
stimuleren en vergroot daarmee het krijgen van inzicht in de huidige stresssituatie en 
effectieve strategieën om veerkracht te vertonen. De autonomie van gebruikers tijdens het 
gebruik van de technologie kan worden vergroot door het toepassen van personalisatie. 
Personalisatie kan worden toegepast in het ontwerp door de gebruiker meer leiding 
te geven in het selecteren van relevante datapunten en het type suggestie dat wordt 
aangeboden door de eCoach. Door het selecteren van relevante datapunten wordt de 
validiteit vergroot. Zoals eerder genoemd beschrijft literatuur dat minder foutpositieven, 
en daarmee verhoogde relevantie voor de gebruiker, het gevoel van autonomie over 
het gebruik van de technologie kan vergroten. Meer autonomie tijdens het gebruik 
van technologie lijkt ook een positieve invloed te hebben op de ontvankelijkheid voor 
reminders. De volgende vereisten lijken van belang om te verwerken in het ontwerp 
om de ontvankelijkheid voor reminders verder te verbeteren: (1) het versturen van 
reminders op momenten dat de werknemer tussen twee taken in zit en; (2) het versturen 
van reminders wanneer de sterke negatieve emotionele staat als gevolg van een stressor 
wat is afgenomen. 
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Een vereiste voor implementatie voor de waarde positiviteit als drijfveer voor de acceptatie 
van technologie is om werknemers te motiveren de technologie te gaan gebruiken door 
een focus op positieve uitkomsten, zoals een betere productiviteit, in plaats van een 
focus op negatieve uitkomsten, zoals het verminderen van stress. De drempel kan voor 
werknemers hoog zijn om een eerste stap te zetten wat aan stress te doen. Dat kan 
namelijk een gevoel van falen oproepen. Daarnaast zien werknemers, die nog niet de 
negatieve effecten van stress ervaren, meerwaarde om hun veerkrachtig vermogen te 
vergroten. Het bieden van menselijke ondersteuning tijdens het gebruik van technologie 
kan vorm krijgen door peer support toe te passen. Peer support doet geen beroep op 
experts maar kan mogelijk wel de adherentie aan het beoogde gebruik verhogen en 
persoonlijke twijfels over het reflectieproces wegnemen. Adherentie en twijfels over 
het reflectieproces waren barrières voor het gebruik van eHealth technologie voor 
veerkrachttraining. Ook kan peer support een positief effect hebben op de uitkomsten 
van het reflectieproces. 

Tijdens dit proefschrift zijn de eerste drie fasen van de CeHRes Roadmap intensief 
doorlopen. Hoewel de operationalisatie en summatieve evaluatie fase gedeeltelijk ook zijn 
uitgevoerd tijdens de studies, zijn er een aantal aspecten die verder onderzoek behoeven. 
Ten eerste zijn niet alle aspecten van de implementatie aan de orde gekomen, zoals de 
nodige middelen in geld en mankracht en het beheer en de distributie van de technologie. 
Door het volledige business model in kaart te brengen kunnen deze hiaten in de waarden 
en vereisten worden opgevuld zodat de kans op het ontwikkelen van een succesvolle 
technologie verder toeneemt. Ten tweede is het effect van een eHealth technologie, 
ontworpen op basis van bovenstaande waarden en vereisten, op het veerkrachtig 
vermogen van werknemers nog niet onderzocht. Voor een kwalitatief goede summatieve 
evaluatie is een hi-fi prototype nodig zodat problemen met gebruiksvriendelijkheid 
zoveel mogelijk worden geëlimineerd en de gebruiker zich volledig kan richten op het 
werken aan het veerkrachtig vermogen via zelfmeten en persuasief eCoachen. 

Toekomstige eHealth technologie voor veerkrachttraining waarin zelfmeten en 
persuasief eCoachen worden gecombineerd kunnen bovenstaande vereisten toepassen 
als basis voor het ontwerp. Ze zijn op een systematische en holistische manier samen 
met eindgebruikers en stakeholders geïdentificeerd. Daarmee is de kans op een 
effectieve technologie vergroot doordat de technologie, de context en de waarden 
van eindgebruikers en stakeholders op elkaar zijn afgestemd. Met de resultaten van 
dit proefschrift hopen we een belangrijke bijdrage te leveren aan het bevorderen van 
zelfmanagement via technologie en specifiek aan het vergroten van het veerkrachtig 
vermogen van werknemers in de huidige complexe samenleving. 
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Dankwoord
Jaaa daar is hij dan! Het proefschrift is af! Een van de mooie dingen aan het schrijven 
van een proefschrift is dat je een geweldig platform krijgt om mensen te bedanken die 
veel voor je hebben betekend tijdens het promotietraject. Want zonder hen was dit 
proefschrift er nooit geweest... Daar gaan we dan! 

Begeleiding
Ten eerste mijn (co)promotoren, Lisette van Gemert-Pijnen, Hilbrand Oldenhuis en Hugo 
Velthuijsen. 

Lisette, ik heb het met jou getroffen als promotor en als lid van de sollicitatiecommissie! 
We hadden elkaar leren kennen door een eerder sollicitatiegesprek voor een kortlopend 
onderzoeksproject die aan mijn neus voorbijging. Jij tipte mij toen om te solliciteren op 
dit promotietraject. Toen mijn brief twee dagen voor sluitingsdatum nog niet binnen was 
kreeg ik op een zondag bericht van jou. Had ik me bedacht? Nee hoor, ik wilde de puntjes 
nog even op de i zetten. Dit praktijkgerichte onderzoeksproject sprak mij erg aan en kon 
ook nog eens gecombineerd worden met het werk als docent, waar ik me tot op de dag 
van vandaag helemaal in kan vinden. Ik moest je manier van feedback geven eerst leren 
kennen. Je gaat als een razende door de stukken heen en wist scherpe opmerkingen te 
plaatsen (in positieve zin). Je feedback staat er soms wel in halve zinnen.. Na een tijdje 
wist ik dat ik het eerst maar eens rustig door moest lezen en er daarna met je over 
in gesprek moest gaan om de missende woorden of betekenissen in te vullen. Hoewel 
mijn stukken soms wel 10 keer omgegooid moesten worden, en ik dat heel heel af en 
toe best vermoeiend vond, wist ik ook altijd dat het opvolgen van jouw feedback mijn 
stukken zoveel beter zouden maken. Daar kon ik voor de volle 100% op vertrouwen. Ik 
heb enorme waardering voor jou als duizendpoot. Ik snap soms niet hoe je het doet, 
al die projecten en al die promovendi die je begeleidt. Nooit heb ik het gevoel gehad 
dat ik niet met een vraag bij je terecht kon. Ik had vaak binnen no-time weer feedback 
op mijn stukken. Op een gegeven moment zette je een stop op de feedbackrondes en 
werd het tijd voor indienen. Zo hielp je mij om de vaart erin te houden. Ook heb ik goed 
gebruik kunnen maken van je creatieve en slimme oplossingen voor kleine en complexe 
problemen. Naast jou inhoudelijke begeleiding heb ik je ook leren kennen als een gezellig 
persoon vol humor. De tripjes naar het buitenland (Salzburg, Milaan en Toronto) waren, 
naast informatief en interessant, vooral ook heel gezellig!

Hilbrand, toen ik begon met mijn promotietraject was jij ook nog verbonden aan 
mijn ‘thuisbasis’, het docententeam van de opleiding Toegepast Psychologie op de 
Hanzehogeschool. Jij had er oog voor dat ik ergens een soort plek kreeg in mijn 
nomadenbestaan als promovendi op drie (soms vier) verschillende werkplekken. In jouw 
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feedback vond ik altijd veel positiviteit en ervaarde ik als opbouwend en duidelijk. Jij 
stelde kritische vragen die mij aan het denken zetten en mijn stukken, en met name de 
inleidingen, zeker enorm hebben verbeterd. Je promotie naar Lector Personalised Digital 
Health heeft geen invloed gehad op je toegankelijkheid als begeleider. Ook bij jou kon ik 
met mijn vragen snel terecht. Naast jouw sterke inhoudelijke feedback was de mentale, 
emotionele en praktische omgang met alles wat komt kijken bij een promotietraject 
geregeld onderwerp van onze gesprekken. Je gaf me het gevoel dat het oke was om 
ook een ‘leven naast het promoveren’ te hebben. Ik vond ik het fijn om ook dat gevoel 
te krijgen van ‘bovenaf’. Ik zeg nu van bovenaf maar dat heb ik eigenlijk bij jullie alle drie 
niet zo ervaren. 

Hugo, naast je drukke bestaan als lector en later als directeur van het Marian van Os 
Centre for Enterpreneurship, was er altijd ruimte voor een informeel gesprek. Je deelde 
je ervaringen door de jaren heen over wat belangrijk is als het gaat om het ‘werkleven’ 
maar ook hoe om te gaan met het soms trage en taaie proces van het promoveren. Jij 
hield het luchtig door te zeggen: “zie het promotietraject als een rijbewijs maar dan als 
bewijs dat je onderzoeker kunt zijn”. Die gedachte hielp mij wanneer ik er soms net iets 
te zwaar aan trok. Toen je de stap naar directeur maakte kan ik me nog herinneren dat je 
het een nadeel vond om nu een eigen kantoor te hebben. Lectoraatskamer D250a voelde 
voor mij ook als een warme en gezellige werkplek binnen de Hanzehogeschool. Helaas 
hebben we allebei niet lang genoeg kunnen blijven om de avocadoboom dan eindelijk 
echte avocado’s te zien produceren. Maar genoeg andere zaadjes zijn tot bloei gekomen 
in die kamer, vaak gepland door jou. Jij deelde je strategische blik en stelde geregeld 
vragen die mij aan het denken zetten over de onderzoeksprojecten en daagde mij uit 
om een stap extra te zetten. Ik vond het interessant om via jou een kijkje te krijgen in de 
wereld van de New Business & ICT. Met name tijdens het schrijven van hoofdstuk 4 kwam 
die, voor mij nieuwe, kennis goed van pas. Daarnaast was je bewaker van het logisch en 
correct Engels schrijven. 

Martijn en Louis, de eerste jaren van mijn promotietraject hebben jullie mij ook begeleid 
als copromotoren. Louis, met jou heb ik intensief gewerkt aan hoofdstuk 3 en 4. Onze 
overleggen vond ik altijd erg interessant. Naast dat wat echt moest gebeuren voor het 
artikel nam je de tijd om mij nog wat extra kennis bij te brengen over het werkveld en tips 
en trics te leren als het gaat om het doen van kwalitatief onderzoek. Jij hebt ook zeker een 
belangrijke bijdrage geleverd als het gaat om het, hopelijk straks, behalen van het rijbewijs 
dat “doctoraal diploma’ heet. Martijn, jouw kijk op het doen van onderzoek sprak mij erg 
aan. Je hebt out-of-the-box ideeën en maakt het onderzoek doen wat speelser. Ook heb 
ik via jou de interessante wereld van de Quantified Self leren kennen. De inspirerende 
verhalen van quantified selfers en hun manier van onderzoek doen heeft ook mijn kijk op 
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de onderzoekswereld wat veranderd. N=1 kan zeker net zoveel power hebben als n=100.
Tot slot wil ik nog kwijt over ‘mijn promotieteam’ dat ik het erg heb gewaardeerd dat 
jullie mij ruimte en vrijheid boden om mijn eigen interesses een plek te geven in het 
promotietraject. Met name op het begin toen het promotieteam nog bestond uit vijf 
verschillende begeleiders heb ik veel gehad aan jullie praktische en flexibel kijk op wat 
haalbaar was.

I am very grateful and honored that Prof. dr. Harri Oinas-Kukkonen, Prof. dr. Hermie 
Hermens, Prof. dr. Wijnand IJsselsteijn, dr. Saskia Kelders, dr. Ir. Marike Hettinga, and 
Dr. Jaap Ham were willing to take part in the graduation committee. Your research has 
inspired me during my PhD. Thank you for your time and effort in reading my dissertation 
and to challenge me with questions about my research during the defense. 

Paranimfen 
Rianne, wat leuk dat jij mijn paranimf wil zijn! Ik vind het een fijn idee om een vertrouwd 
gezicht uit het verleden erbij te hebben! Wat een toeval dat we elkaar na een hele tijd 
(zeker 10 jaar!) weer zagen bij TP in Groningen. Door de vriendschap van onze ouders 
gingen we vroeger samen op vakantie en aten we oliebollen met oud en nieuw. Bij TP 
stond jouw deur aan de overkant van mijn kantoortje (letterlijk) voor mij open. Dan 
hadden we het over de dingen waar we tegenaan liepen of juist over hele andere dingen 
en praatten we elkaar weer bij over de familie. Daar heb ik veel aan gehad! Samen met 
Dorien, Lynette, Marieke en Jorien gingen we regelmatig de strijd met elkaar aan tijdens 
de spelletjesavonden. Dat ging er fanatiek aan toe en was een hele gezellige en leuke 
manier om stoom af te blazen tijdens mijn eenzame avonden in Groningen;)! 

Monique, hetzelfde geldt voor jou. Wat fijn dat je er straks bij bent om me te ondersteunen 
tijdens de 45 meest spannende minuten van mijn werkzame leven. Ook jij bent een 
vertrouwd gezicht geworden. Bijna tegelijk begonnen we aan ons promotietraject en 
bijna tegelijk ronden we het af. Je hebt me net met een paar maandjes verslagen! Ik 
hoop dat ik het in ieder geval 75% net zo goed ga doen als jij het hebt gedaan! Het was 
heel prettig dat we zo tegelijk opliepen want zo zaten we telkens ongeveer in dezelfde 
fase en konden elkaar ondersteunen en verder helpen. Naast dat we efficiënt konden 
zijn op onze flexkamer (die we voor onze generatie buitenpromovendi, maar ook voor 
een volgende generatie, toch even net iets mooier achterlaten dan we hem aantroffen), 
maakten we ook vaak genoeg tijd voor een praatje om weer even op te laden. Jouw 
enthousiasme voor het onderzoek sprong geregeld over op mij en zo kon ik weer even 
verder. We hadden allebei dezelfde instelling als het gaat om promoveren. Hard werken, 
maar ook tijd voor andere dingen is belangrijk (zoals een heel huis verbouwen;)). En het 
is af wanneer het af is!
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Samenwerking 
Dan zijn er nog een aantal mensen die ik zou willen bedanken voor hun bijdrage aan dit 
proefschrift. Allereerst Menzis voor het mede mogelijk maken van dit promotietraject. 
In het bijzonder wil ik Harrie Nienhuis en Marieke Meyer bedanken. Harrie Nienhuis, 
voor zijn inzet tijdens de totstandkoming van dit project, en Marieke Meyer, voor de 
inhoudelijke gesprekken over het inzetten van eHealth ter ondersteuning van een 
gezonde leefstijl, voor het delen van de werkveldcontacten en het bieden van een kijkje in 
de keuken van de SamenGezond. Ik vond het erg leuk dat de inzichten die had opgedaan 
tijdens het onderzoek gelijk kon toepassen in de praktijk door het geven van feedback op 
onderdelen van de SamenGezond. Ik heb het erg gewaardeerd dat jij, Marieke, maar ook 
Renske, Hanna en Niels, mij daarbij hebben betrokken. 

Daarnaast heb ik nauw mogen samenwerken met Ewold de Maar voor de laatste studie, 
hoofdstuk 6. Naast het runnen van je coachingsbedrijf heb jij je enorm ingezet om de 
inhoud van het prototype te ontwikkelen voor dat onderzoek. Ik weet nog dat jouw 
partner had gezegd dat ze je nog nooit zo hard heeft zien werken. Daar ben ik je erg 
dankbaar voor! Op die studie ben ik misschien wel het meest trots. Ik vond het mooi 
om te zien dat we mensen nuttige technieken konden aanleren voor het vergroten van 
veerkracht en een stapje verder konden helpen in de reflectie op self-tracking data door 
een stukje eCoaching. Zelf pas ik de technieken van BringBalance nog geregeld toe in het 
dagelijks leven. Een wijze levensles dus waar ik nog jaren profijt van ga hebben! 

Austin, dank voor het meeschrijven aan hoofdstuk 4! Je kennis en expertise op het 
gebied van business modeling waren een waardevolle bijdrage aan het artikel. Het was 
interessant om discussies met je te voeren over de verschillende betekenis van begrippen 
in het werkveld van business modeling en gedragsverandering voor een gezonde leefstijl. 
Matthijs, Youri en Randy, dank voor het meeschrijven aan hoofdstuk 5! Matthijs, jij 
nam de tijd om kennis met mij te delen over emoties. Het was inspirerend en leverde 
interessante verklaringen op voor de resultaten van het onderzoek. Matthijs, Youri en 
Randy, jullie hebben jarenlang hard gewerkt aan de Sense-IT. Dank dat jullie het werk 
tot dan toe beschikbaar stelden voor het prototype onderzoek in hoofdstuk 5! Ook dank 
voor de ICT-support tijdens het onderzoek. 

The Incredible Intervention Machine (TIIM) was voor mij een uitkomst om prototypes te 
ontwikkelen. Via TIIM had ik de vrijheid om eigen inhoud en timing van notificaties in te 
bouwen. Dank aan alle mensen ‘achter’ TIIM en met name Saskia, Jan-Willem, Johnny en 
Lucia met wie ik regelmatig contact had over TIIM. Lucia, thank you for the endless times 
I needed your help during the prototype setup and during the execution phase of the 
research.
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Het uitvoeren van alle onderzoeken had ik niet alleen gekund. Hilde, Lieke, Christiaan, 
Mandy, Chris, Joris, Sabine, en Anouk bedankt voor jullie bijdragen! Anouk, jij hebt 
me zowel tijdens je stage als je afstuderen bijgestaan tijdens regelzaken rondom het 
onderzoek, dataverzameling, - analyse en je bent zelfs co-auteur geweest van het artikel 
in hoofdstuk 5! Ik kon altijd op je rekenen en vond het daarnaast gezellig om met je samen 
te werken! Daarna heb ik je ook nog een tijdje mijn collega mogen noemen.  Verder wil 
ik alle andere studenten bedanken die zich hebben ingezet tijdens onderwijsprojecten 
gerelateerd aan mijn onderzoek. Jullie gevonden literatuur, prototypes en ideeën hebben 
mij geïnspireerd!

Fijne collega’s 
Tijdens mijn promotietraject zwierf ik van de ene werkplek naar de andere: op de UT bij de 
vakgroep PHT (kamer B1.20, a.k.a. de flexruimte), bij TP op de Hanzehogeschool (kamer 
K1.09) en bij de lectoraten New Business & ICT en Personalised Digital Health (kamer 
d250a). Tijdens dat zwerven heb ik me nooit dakloos gevoeld. Wat een fijn team collega’s 
had ik om me heen tijdens het promotietraject! Verdeeld over die drie werkplekken was 
ik verbonden aan verschillende groepen (ik hoop dat ik niemand vergeet..).

(Oud)collega’s van het Persuasive Lab: Lisette, Anne, Annemarie, Aranka, Christian, Floor, 
Hanneke, Iris, Jobke, Julia, Liseth, Magnus, Manon, Mark, Nadine, Nienke, Olga, Rikke, 
Roberto, Saskia A, en Saskia K. Ik keek altijd uit naar de chaotische, gezellige maar vooral 
ook interessante eHealth overleggen. 

(Ex-)Rookies - alle promovendi van het persuasive lab + Noortje, Jochem, Jannis, Judith, 
Annemieke, Carly, Wouter, Christina,  en Teuntje - en kamergenoten van de flexruimte - 
Martijn, Robin, Monique, Melissa, Youri en Wendy -, bedankt voor het uitwisselen van tips 
rondom het promoveren, doen van onderzoek en gezellige mini-breaks! 

Alle collega’s van de vakgroep PHT, dank voor jullie collegialiteit en het beschikbaar stellen 
van jullie expertise! In het bijzonder wil ik Daniëlle, Elize, Marieke en Talitha bedanken 
voor jullie hulp tijdens allerlei regelzaken rondom het promotietraject en met name het 
puzzelen in Lisette’s agenda.

Kamer D250a: Aranka, Austin, Herman, Jantine, Johan, Klaas, Roland en Talko. Op kamer 
d250a komt een mix aan mensen samen met verschillende achtergronden: psychologie, 
ICT en business. We waren een goede blend! Het was er gezellig en tegelijkertijd gaven 
we elkaar een kijkje in de keuken van het andere werkveld. 
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Collega’s van het Quantified Self Institute: Miriam, Thea, Justin, Irma en Margreet. Ik keek 
altijd uit naar de inspirerende QSI bijeenkomsten, gesprekken over de meerwaarde van 
QSI en gezellige borrels daaromheen! 

TP Hanze en in het bijzonder Marietta Muhonen (teamleider toen ik begon), Saskia 
Wiegant (huidige teamleider), mijn kamergenoten Jildert Beeksma en Jacomijn Hofstra. 
Jacomijn, ook met jou heb ik veel fijne gesprekken mogen voeren over het doen van een 
promotieonderzoek. Jildert, als coach tijdens mijn eerste weken als docent was je mijn 
uitvalbasis wanneer ik vragen had. Je leerde mij de werkcultuur van het onderwijs kennen 
en hield het luchtig. Naast dat was het vooral heel gezellig op kamer K1.09! Jullie heb ik al 
eerder genoemd in mijn bedankje aan Rianne maar jullie krijgen ook een eigen plek in dit 
dankwoord: Dorien, Lynette, Marieke, en Jorien, bedankt voor de gezelligheid tijdens de 
spelletjes-avonden, lunchpauzes en andere uitstapjes (trouwdag van Marieke! Zo leuk)! 
Aan alle TP collega’s van de Hanze: jullie zijn super fijne, gezellige en leuke ex-collega’s! Ik 
heb het TP-team ervaren als een hechte en warme groep! Tot op de nationale TP dagen!
Mede dankzij mijn promotieonderzoek heb ik nu een leuke en fijne baan als docent 
bij TP Saxion binnen het Gedrag & Technologie Team. Zo leuk dat ik de kennis en mijn 
ervaringen tijdens het promotieonderzoek kan inzetten tijdens het lesgeven. Ook bij het 
TP-team van Saxion heb ik het weer getroffen met een fijne, gezellige en leuke groep 
collega’s! Dank voor jullie steun tijdens de laatste fase van het promotietraject! 

Gezelligheid en steun en toeverlaat 
Marianne en Willem, via “vrienden op de fiets” kwam ik bij jullie terecht. Na mijn eerste 
nachtje in Groningen stelde jij, Marianne, al voor of ik het niet zag zitten om standaard 
tijdens mijn dagen in Groningen bij jullie te komen overnachten. En zo werd ik vier jaar 
lang gastvrij ontvangen bij jullie thuis. Na een lange werkdag stond er een kopje thee 
voor me klaar en was het net als thuis: even vertellen hoe de dag was geweest. Ik heb me 
erg bij jullie thuis gevoeld. Dank dat jullie de deur voor mij hebben opengezet!  

Anke, Anouk, Josine, Lisanne en Loes, a.k.a de petrousch, bedankt voor alle gekkigheid 
tijdens festivals, bbq’s en alle andere leuke dingen die we hebben gedaan. Wat een 
geweldige uitlaatklep om met jullie alle stress weg te dansen! Wat mooi ook dat jullie je 
allemaal, behalve jij Jo, aan ons pact hebben gehouden;). En peters, jullie moves mag ik 
ook niet ongenoemd laten. Jullie natuurlijk ook bedankt voor de support tijdens festivals. 
En heel heel erg bedankt dat jullie zulke leuke vriendinnen hebben uitgekozen:D! 

Laura, we leerden elkaar kennen tijdens de opleiding Voeding en Diëtetiek. Ik kan me 
ons eerste treinritje naar thuis-thuis nog goed herinneren. Ik had toen al zo’n idee dat 
ik het de komende vier jaar wel goed met je zou kunnen vinden. Ook na de opleiding 
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hielden we contact en zien we elkaar nog geregeld. Je bent een echte vriendin die altijd 
een kaartje stuurt op belangrijke momenten, interesse toont en gezellig is! Toevallig ook 
dat we nu hetzelfde beroep uitoefenen als HBO-docent en we zelfs een tijdje collega’s 
zijn geweest. 

Marlies en Hanneke, schoolvriendinnen! Marlies, super leuk om tijdens onze gesprekken 
weer allerlei herinneren op te halen van vroeger en nu playdates te plannen met onze 
meisjes. Hanneke, naast schoolvriendin ben je ook lotgenoot. Hoewel we elkaar te weinig 
hebben gesproken de afgelopen jaren was het fijn om soms even contact te hebben met 
mijn lotgenoot over het promotietraject. 

Jorieke, je bent over de jaren een fijne vriendin geworden in t mooie Oatmuske! Leuk om 
onze passie voor animatiefilms te delen en samen te sporten! 

Koning Martin-vriendengroep, toen we werden overvallen door het heftige nieuws over 
onze koning werd het des te meer duidelijk dat we er voor elkaar zijn wanneer dat nodig 
is. 

Opa en oma, wat was ik trots dat jullie zo lang nog zo fit en gelukkig waren met elkaar. 
Oma bedankt voor alle gezellige momentjes en onze gesprekken. Ik ben heel dankbaar 
dat ik je voornamelijk de laatste jaren nog zo goed heb mogen leren kennen. Zwaar was 
het dan ook om van jullie afscheid te moeten nemen tijdens mijn promotietraject.. 

Truus, Herman, Esther, Tom, Ruud, Lars, Luca en Elin, mijn schoonfamilie. De gezellige 
koffiemomentjes en het leuke tripje naar Normandië zorgen voor de nodige afleiding. 
Bij jullie thuis word ik altijd weer extra op de feiten gedrukt waar het om draait in het 
leven: familie op nr. 1 en genieten van de kleine dingen! Mijn prioriteiten heb ik altijd 
weer helemaal op een rijtje na een bezoekje aan jullie. Truus en Herman, wat heb ik 
veel waardering voor de manier waarop jullie voor een ander klaarstaan. Niets is te gek 
en ik hoefde het maar te zeggen en jullie stonden voor mij klaar. Jullie zijn een heel fijn 
oppasteam voor Evi (en soms ook Tom en Ruud ;))! De frequentie zal wel afnemen zodra 
het promoveren erop zit. 

Lieve zussen, Liset en Eline, hoe fijn om de zekerheid te hebben dat jullie er altijd voor 
me zijn! Lies, jouw lieve aandacht en luisterend oor zijn mij heel veel waard. Hoewel ons 
luisterend oor de laatste tijd vaak wordt afgeleid door Jolie, Meek of Evi haha! Een heel 
gesprek zit er vaak meer in. Maar wat was het een super mooi moment om jou voor het 
eerst moeder te zien worden midden in mijn promotietraject! Jolie en Meek zijn prachtig 
(en hele leuke afleiding):D! Elly, de weekendjes weg naar musicals waren echt lachen 
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(en soms minder lachen als je het begin mist..) en ook onze goeie maar vaak slechte 
moves op de dansvloer waren een echte uitlaatklep! Je humor, lieve knuffels (die ik het 
laatste jaar erg heb gemist..), en creativiteit hebben mijn leven als promovendus een 
stuk prettiger gemaakt:D! Hoe leuk dat je mijn kaft voor het proefschrift hebt ontworpen! 
Ik ben erg blij het met eindresultaat. Heel erg bedankt! Love jullie en sisters forever;)! 
Swaggers Xander en Joey, bedankt voor de goede opvang van Lies en Elly (mij een zorg 
minder tijdens het promotietraject;)) en jullie gezelligheid tijdens feestdagen, vakanties, 
weekenden en BBQ’s! 

Pap en mam, ik zou een heel boek kunnen schrijven over alles waarvoor ik jullie dankbaar 
ben en alles wat heeft bijgedragen aan het proefschrift dat er nu ligt. Want in de eerste 
plaats moet de basis goed zijn en is er een beetje liefde, gezelligheid en ondersteuning 
nodig. Dat heb ik in veelvoud van jullie kregen!

 - Hoofdstuk 1. Een super gezellig, veilig en warm thuis 
 - Hoofdstuk 2. Alle support die jullie mij hebben gegeven om mijn eigen keuzes te 

maken 
 - Hoofdstuk 3. De fijne (mei)vakanties om weer even op te laden 
 - Hoofdstuk 4. Twee lieve, leuke, geweldige zussen 
 - Hoofdstuk 5. Een fijn wekelijks sportmaatje en het lekkere avondeten vooraf (mam) 
 - Hoofdstuk 6. Je extra inzet als lieve en grappige oppasoma zodat ik mijn proefschrift 

af kon maken (mam). Het is genieten om jou met Evi te zien! 
 - Hoofdstuk 7. De mountainbike-uitjes en met name ons weekendje in Limburg (pap) 

toen alles klopte (compleet met het liedje ‘Dochters’ op de heenweg, vuurvliegjes en 
volle maan tijdens ons biertje ’s avonds)

 - Hoofdstuk 6. Handige Harry (pap). Tijdens jouw bezoekjes aan ons moeten we je 
altijd in de gaten houden dat je niet weer iets af zit te zagen, bij zit te schuren of recht 
zit te hangen. Als jij er niet was zat ik het dankwoord nu nog in jullie studeerkamer 
te schrijven;)

 - Hoofdstuk 8. Jullie troostende schouder tijdens de minder leuke momenten..

Pap en mam, bedankt voor alles. Ik hou ontzettend veel van jullie!!

Lieve, lieve Mark:D!! Ik begin maar gelijk met een brede smiley, want dat is je handelmerk 
en daar heb je mij ruim tien jaar geleden mee versierd (hoewel het volgens jou nog steeds 
onduidelijk is wie wie nou heeft versierd..). Ik kan me geen leuker, liever, en vrolijker 
persoon verzinnen om mijn leven mee te delen! Vooral als ik tegenover jou stond en we 
aan het springen waren tijdens festivals kon ik bijna niet gelukkiger zijn (genieten met 
de grote G)! Een ander goed alternatief waren de mooie locaties op de wereld die ik met 
jou heb mogen bezoeken! Het grootste gedeelte van onze relatie hebben we de afstand 
tussen Twente en Groningen moeten overbruggen. Eerst tijdens mijn studie in Groningen 
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en vervolgens toen ik de baan als promovendus aannam. Dat we dan nog steeds niet 
fulltime bij elkaar konden zijn deed jij niet moeilijk over. Je gaf gelijk je volledige steun. We 
laten elkaar de dingen doen die we graag willen doen en dat vind ik heel waardevol! Het 
maakte het ook wel weer extra leuk als ik na mijn dagen in Groningen thuis kwam en we 
dan eindelijk weer een avondje samen hebben. Daar kon ik altijd enorm naar uitkijken! 
En uiteindelijk hebben we samen de beste, leukste en liefste afleiding mogen krijgen die 
er maar bestaat: Evi. Even een onderbreking speciaal voor Evi voor mijn aanbidding aan 
jou, Mark. Straks meer.. 

Lieve, mooie, schattige, grappige Evi. Ik weet niet of ik je moet bedanken of juist niet. 
Want je bent afleiding in de positieve en negatieve zin. In negatieve zin, want let’s face 
it, anders was mijn proefschrift allang af geweest. In positieve zin omdat ik na een dag 
werken door een lachje van jou weer helemaal los kom van het werk. Jij zet voor mij alles 
in perspectief als er in die laatste fase van mijn promotieonderzoek iets niet ging zoals ik 
wilde. Werken aan een promotieonderzoek en mezelf daarin ontplooien is leuk maar jou 
zien ontwikkelen is een groot wonder! Wat houd ik intens veel van je schat! Ik kan niet 
wachten om nog meer tijd met je door te brengen nu ik die tijd niet meer nodig ben voor 
het promotieonderzoek. 

Vervolg voor Mark: Ook bood je altijd aan om mijn huishoudelijke taken over te nemen als 
ik het weer eens te druk had. Hopelijk blijft dat aanbod ook na mijn promotie;)? Lieverd, 
ik hou ontzettend veel van je, bedankt voor je volledige steun en een heel fijn idee dat jij 
daar straks vanuit de zaal met mij meeleeft. 
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