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ABSTRACT 
People who collect large amounts of data about themselves, 
sometimes analogue, sometimes digital, are called 
“Quantified-selfers”. However, with the rise of smartphones 
nowadays almost everyone tracks and collects data about 
themselves, sometimes actively, sometimes inactively. 
There are apps that count steps, workouts, spending habits, 
pills taken and so on. Not exclusively, but often the goal of 
tracking such data is to gain insights about one’s behaviour 
and eventually implement the right measures to change it.  

Behavioural research shows that a behaviour change can be 
more successful if a person formulates action and coping 
plans at the beginning of a change process. While many areas 
of behaviour change, such as reflection or goal setting, were 
studied and adopted in personal informatics, action planning 
has so far been overlooked. 

For this paper, a between-subject experiment with 20 
participants was conducted to study the effects of action 
planning in personal informatics at the example of a stress 
management app. No significant differences between the two 
groups were found, indicating that action planning in its 
current implementation does not have an effect in personal 
informatics for health behaviour change and stress 
management. Further research is necessary to support or 
refute these findings. 
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1. INTRODUCTION 
“Quantified-selfers” is a term used for people who track 
large amounts of personal data to learn more about 
themselves and their behaviour [34]. With new technologies, 
more and more personal data becomes accessible, which led 
to a rise in personal informatics apps. Self-tracking is 
mainstream now. In a study by Li et al., the researchers found 
that information on general health is among the most 
interesting types of personal information, next to finance, 
journaling and exercise. General health is described as 
“information such as food consumption, weight, symptoms, 
medication, amount of sleep and alcohol/caffeine intake.” 
[24]. 

Modern self-tracking apps allow users to set goals and 
collect data, which is later visualized to allow behavioural 
insights [2,26,29]. This process is supported by personal 
informatics models [12,24]. However, the more data points 
become available, the more complicated it gets for people to 
make meaningful and accurate insights [7,21]. This is due to 
information overload combined with low graph reading 
literacy, as previous work has shown [21,30]. Additionally, 
providing access to large amounts of data is not necessarily 
enough for a user to change a behaviour. Prochaska and 
Velicer [32] argue that successful behaviour change 
programmes should combine the access to a large amount of 
data as made possible by modern technology and the 
personalized benefits that a human counsellor can offer. 
However, such a personalized or guided approach to 
behaviour change is currently missing from personal 
informatics apps. 

While tracking apps and personal informatics models focus 
on reflection during or after data collection, research 
suggests that early reflection and careful planning of a 
behaviour change process can lead to higher success rates. 
Jones and Kelly [21] show that people can predict 47 percent 
of correlations presented by a wellbeing self-tracking app 
even before they are starting to track. Planning action and 
coping strategies also contributes to a successful behaviour 
change [16,39]. This research in reflection and planning 
opens up new opportunities to create more personalized and 
meaningful strategies for changing behaviours, in line with 
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what Prochaska and Velicer demand [32]. However, to the 
best of the author’s knowledge, no study has investigated the 
use and impact of action and coping planning in personal 
informatics applications. 

This paper studies the influence of guided reflection and 
defined action and coping strategies on successful behaviour 
change, at the example of physical activity to manage stress. 
To research this, a three-week long, between-subject field 
experiment was conducted. 20 participants were asked to use 
a stress management app, half of the participants were using 
an additional reflection protocol designed to help them plan 
action and coping strategies. Over the course of the three 
weeks, the participants regularly reported their stress and 
self-efficacy levels as well as the insights that they gained 
about their behaviour. This paper first discusses the relevant 
literature and then describes the planned experiment and data 
analysis. In the main part of the paper the findings are 
presented and discussed in detail. 

The findings show that there were no significant quantitative 
changes in the participants’ stress and self-efficacy levels 
over the three-week period, nor could any qualitative 
differences be observed. Further research is necessary to 
examine the effectiveness of action and coping plans in 
personal informatics and their exact implementation. 
2. LITERATURE REVIEW 
Studies show that in 2018 alone, almost 74 percent of people 
experienced so much stress at one point that they could not 
deal with it anymore, with millennials being the most 
stressed out generation [1,27]. But the consequences of stress 
can stretch beyond our mental health. People who experience 
stress sleep and exercise less but drink and smoke more. 
Additionally, long term stress is linked to illnesses such as 
irritable bowel syndrome, stomach ulcers and even heart 
attacks [27]. Different stress management methods exist that 
can significantly improve people’s well-being, such as 
cognitive therapy, meditation, yoga and other forms of 
physical activity [15,35,42]. More and more apps aim to help 
users to implement such behaviour changes by collecting 
personal data and allowing for behavioural insights. This 
process of collecting data and reflecting on the data about 
oneself is called personal informatics. The literature 
reviewed in this chapter aims to give an overview of 
prominent behaviour change and personal informatics 
models as well as briefly show how such models are 
implemented in existing self-tracking apps. Additionally, the 
areas most relevant to this study, reflection and planning are 
discussed in more detail.  
2.1 Behaviour Change and Personal Informatics in 
Theory and Practice 
This section aims to give an overview of the most influential 
models in behaviour change and personal informatics before 
looking into how much these models are used in current 
mobile apps. 

Prochaska et al.’s Transtheoretical Model of Health 
Behaviour Change [32] describes six stages of change: 

Precontemplation, contemplation, preparation, action, 
maintenance and termination (Figure 1). The 
precontemplation stage is a stage were people do not even 
consider changing their behaviour in the next six months. In 
the termination stage people have zero temptation to relapse. 
The model therefore spans from not even considering a 
behaviour change to having successfully adopted a new 
behaviour.  

A behaviour change model that focusses more on the factors 
that influence successful behaviour change rather than the 
stages it is made of is Fogg’s Behavior Model (FBM) [14]. 
While the Transtheoretical Model only explains the 
individual stages a person goes through in a behaviour 
change process, Fogg describes the factors and triggers 
necessary for a behaviour change to occur. It is important to 
look at both of these models together in order to understand 
why a behaviour change sometimes is successful and 
sometimes not. Fogg argues that for a behaviour change to 
be successful, motivation, ability and a trigger must be 
present at the same time. Motivation means that a person is 
motivated enough to change their behaviour, ability means 
that they have to be able to change their behaviour. Factors 
that affect this ability are, for example, time, money or 
physical ability. Lastly, even if both of those factors are 
present, a behaviour change does not occur without the right 
trigger at the right time, which is something that tells people 
to perform an activity now.  

An important personal informatics model is Li et al.'s Stage-
Based Model of Personal Informatics [24]. As the name 
indicates already, it is made up of stages, similar to the 
Transtheoretical model of Health Behaviour Change. The 
five stages are as follows: Preparation, collection, 
integration, reflection, action (Figure 2). In the preparation 
stage, the user is determining which is the appropriate tool to 
use. Data is collected in the collection stage, which either 
happens automatically or by manual entries from the user. 
The integration stage is the stage were the data is prepared 
for the user to reflect upon (reflection stage). Finally, in the 
action stage, the users decide what the consequences are for 
the insights they have made about themselves. In addition to 
developing the model, Li describes the many barriers that 
hinder users to progress through the stages. He furthermore 
argues that such barriers can cascade, meaning that if a 

Figure 1: Stages of the Transtheoretical Model of Health 
Behaviour Change 
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mistake has been made in an earlier stage, it can affect all 
future stages as well. 

 
Figure 2: The stages of the Stage-Based Model of Personal 

Informatics [24] 

  
Figure 3: Goal setting in the habit tracker Done [3] 

Epstein et al.'s Lived Informatics Model [12] is a personal 
informatics model that focusses not only on behaviour 
change, but additionally looks at other application areas of 
personal informatics, such as tracking out of curiosity or 
instrumental tracking. In his work, Epstein shows that people 
with different motivations have different approaches to 
tracking. For example, people who choose to track to change 
their behaviour spend a lot of time looking for a technology 
that has most of the features they need, whereas people who 
track out of curiosity do not think much about what type of 
technology they use. Based on the insights he gained, he 
builds a model that consists of five stages: Deciding, 
selecting, tracking & acting, lapsing and resuming. Tracking 
& acting is divided in three individual stages, collection, 
integration and reflection. In comparison to Prochaska et al.'s 
model, both Li et al.’s model and Epstein et al.’s models are 
explicitly iterative and show that for example after a lapse 
people either quit or resume tracking and acting. 

Popular personal informatics apps build upon the principles 
of these personal informatics models. Behavioural data gets 
collected automatically (e.g. spending [29], steps [2]) or by 
manual input of the user (e.g. consumed food [26], read 
books [17]) and is often presented in visualizations. These 
visualizations help users to reflect on their data and 
potentially discover trends or relationships. An example of 
such a visualization can be seen in figure 4. It is a screenshot 
from the Google Fit app that gives users an overview of how 
many heart points they gained each day of the week. Heart 
points can be awarded for doing activities such as exercising. 
Additionally, these apps offer functions to motivate the user 
to stick to adapting a new behaviour and to regularly add 
data, for example by push notifications or the possibility to 
share progress on social media. Figure 5 shows a screenshot 

of a push notification of the meditation app Headspace that 
encourages its users to reflect on how they feel. Another 
widely implemented function in self-tracking apps is goal 
setting, for example in the habit tracking app Done (Figure 
3). In many cases, the added value of these apps only reveals 
itself after several weeks of usage, once enough data is 
collected to see a behavioural trend.  

Several papers have studied the implementation of such 
behaviour change methods in health and wellbeing apps: 
Conroy et al. studied 167 mobile apps for physical activity 
with the goal to find out what behaviour change techniques 
they implement. The most commonly implemented 
techniques were “Provide instruction on how to perform 
behaviour” (66%), “Model/demonstrate behaviour” (53%) 
and “Provide feedback on performance” (50%) [11]. De 
Korte et al. study behaviour change methods in apps for 
mental and physical health. All of the 45 studied apps 
provide feedback on performance. Other commonly used 
methods were “Provide information about behaviour-health 
link” (82%) and “Provide instruction” (71%) [22]. These two 
studies show that current personal informatics apps mostly 
focus on information, instructions and feedback. 

Ptakauskaite et al. argue that effective personal informatics 
apps should support reflection and planning. This argument 
is built upon the behaviour change and personal informatics 
models that were introduced earlier in this paper and 
highlight the importance of reflection and planning. In their 
study, Ptakauskaite et al. evaluate 26 apps for stress 
management and found that while reflection is supported to 
some extent, the evaluated apps lack functions that help users 
to implement actions to support their behaviour change 
process. To improve such apps, the authors recommend 
amongst other things to give more guidance in the reflection 
process by providing specific types of information. Another 
recommendation is to implement functions that support 
planning actions and setting goals [33].  

The literature that was discussed up to this point shows how 
important reflection and planning are in behaviour change 
and personal informatics. The next two sections will 
therefore look at these two factors in more detail.  

 
Figure 4: Behaviour over time in Google Fit [31] 
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Figure 5: Push-Notification Headspace [18] 

2.2 Personal Informatics and Reflection 
The most crucial stage in the personal informatics models is 
arguably the reflection stage. This is the stage where the 
efforts from the previous stages pay of as the users can now 
gain insights into their behaviours and use this new-found 
knowledge to define actions. Several papers are dedicated to 
this stage of personal informatics [7,13,25].  

Fleck and Fitzpatrick [13] summarize a number of different 
papers on reflection in HCI and based upon that divide the 
reflection process in four different levels. Level 0 is mainly 
a descriptive state; no reflection takes place. In level 1 a 
behaviour can be described but is not analysed. Analysis and 
critical reflection take place in level 2 and in level 3 action is 
taken to change a behaviour. The final level, level 4, is 
described as looking at the bigger picture and taking into 
account social and ethical aspects. Based on these stages, the 
researchers are giving a number of recommendations to 
support the reflection process using technology, such as 
using a digital diary, asking questions about the data or 
combining different data sources in a novel way.   

Both Choe et al. and Li et al. in their work on self-reflection 
in personal informatics argue that current personal 
informatics apps do not meet the needs of users for self-
reflection [7,8,25].  

Choe et al. studied how “Quantified-selfers” track and reflect 
upon their data. The found that the most common problems 
these people had were that they would track too much data 
but would often miss to track triggers or the context of that 
data. In addition, existing applications often did not meet the 
needs of the Quantified-selfers which led them to build their 
own tools. Future apps, the authors recommend, should 
allow users to conduct experiments and support self-
reflection to eventually gain useful insights and make 
behaviour changes [8]. 

Exploring this aspect further, Li et al. have studied exactly 
how people reflect on their data and what they are looking 
for. They show that there are two stages of reflection: 
Discovery and Maintenance. In the discovery stage, people 
are unable to meet their goals or are experiencing problems 
regarding their behaviour. In the maintenance stage, the 
questions from the discovery stage have been answered and 
people can work effectively on meeting their goals. It has to 
be noted that people can transition back from the 

maintenance to the discovery stage. In addition to describing 
the two stages, the authors suggest that the questions people 
ask about their data in the two phases differ: In the discovery 
phase, people mostly ask questions about history, goals, 
context and factors. People in that stage were described in 
the following way: “1) they did not know the goal they were 
trying to meet and/or 2) they have not identified the factors 
that influenced their behavior.” On contrast, this is how they 
described people in the maintenance state: “1) they already 
knew the goal they were trying to meet and 2) they have 
identified how different factors affected their behavior.”. 
People in this stage, the authors argue, would mostly ask 
questions about status and discrepancy [25]. 

To sum that up, Li et al. argue that people first have to 
understand their tracked data before they can make 
actionable plans. This is in line with existing personal 
informatics models and the way current self-tracking apps 
are designed. However, a study by Jones and Kelly [21] 
shows that participants predicted almost half (46.7%) of the 
insights they gained during a self-tracking study using a 
wellbeing app at the beginning. The authors conducted this 
study with the aim to find out which insights about their 
behaviour the participants found interesting and which 
information was considered as redundant. They found that 
interesting insights for participants were insights that were 
surprising or, quite contradicting, insights that confirmed the 
expectations or assumptions the participants had already.  

This section describes and highlights the importance of 
adequately supporting reflection, as this is the stage during 
which users can gain insights on their behaviours. By 
understanding how people reflect on their data, effective 
personal informatics apps can be designed. However, since 
many people can predict their behaviour before seeing 
confirming data, the process of reflection should ideally 
begin before people start tracking. An opportunity is missed 
if reflection is only regarded as something that happens 
during or after the data collection. 
2.3 Planning to Promote Behaviour Change 
Self-reflection is not the only behaviour change technique 
that has not met its full potential in personal informatics yet: 
The aspect of planning is mostly not implemented either. 
Whereas planning is recognized in behaviour chance models, 
in personal informatics it is often overlooked. Both the 
Stage-Based Model and the Lived Informatics Model do not 
include the aspect of planning.  

In contrast, scientific literature shows how important the 
planning stages are to a successful behaviour change. 
Sniehotta et al. [39] define planning as “a prospective self-
regulatory strategy, a mental simulation of linking concrete 
responses to future situations.” The researchers differentiate 
between action planning and coping planning. Action 
planning is a task-facilitating strategy. It is proposed that by 
specifying actions towards behaviour change, such as when, 
where and how, they are far more likely to be implemented, 
which leads to higher success rates in changing a behaviour. 



 5 

Coping planning is the process of defining strategies for how 
to cope with risky situations during a behaviour change. 
While successful action plans can be defined at the 
beginning, the researchers suggest that for a successful 
coping strategy, experience is necessary and that coping 
plans made during a behaviour change process are more 
likely to be successful than those made at the beginning.  

In a subsequent paper, Sniehotta et al. discuss the 
effectiveness of implementation intentions (IMPs) in 
successful behaviour change [38]. Implementation intentions 
were first introduced by Gollwitzer in 1999 who suggests 
that by formulating such intentions, change processes can be 
automated and the chances of reaching a goal are higher [16]. 
Such implementation intentions are structured in the 
following way: “when/if the situation Y occurs, then I will 
perform the behaviour X” [38]. Over the past years, several 
studies in the field of health behaviour change have proven 
that such quick interventions can be successful [6,23,40]. 
However, other studies have found no such effect [20,28,37]. 
Sniehotta et al. acknowledge that asking study participants to 
form their own plans, which makes sense in the very personal 
area of health behaviour change, bears several risks [38]:  

(1) Participants do not formulate plans, even when they are 
prompted to. 

(2) Insufficient content or quality of the plans, especially 
when the behaviour change is complex. 

(3) Participants with a higher self-awareness and/or who 
have already made plans prior to the study benefit less from 
being prompted to make plans over the study period. 

A study that was introduced earlier did show that many 
people can predict their behaviour and influential strategies 
even before they started collecting data about themselves 
[21]. If this insight is combined with the aspect of planning 
and implementation intentions, it leads to the conclusion that, 
with the appropriate guidance, people might be able to define 
useful action and coping strategies even before tracking their 
behaviour over several weeks. This is an aspect that is 
overlooked not only in academic literature on personal 
informatics, but also in existing self-tracking apps as it was 
already discussed earlier. In the study by Conroy et al. for 
example in which “Provide instruction on how to perform 
behaviour” (66%) and “Model/demonstrate behaviour” 
(53%) were implemented in more than half of all apps, action 
planning was only implemented in four percent of all studied 
apps [11].  

To the best of the authors knowledge, there is no study that 
researches the effects of planning on a successful behaviour 
change when using personal informatics apps, let alone in the 
area of health behaviour change or stress management.  
2.4 Research Aims and Contributions 
This study investigates the effects of guided reflections, 
action planning and coping planning on insights generation 
and stress management, with a focus on physical activity for 

stress management. In a between-subject experiment, 
participants using a self-tracking mobile application are 
compared to people using the same application, but plan 
actions and coping strategies at the beginning of the study 
with the help of a guided reflection protocol that was 
designed for the purpose of this study.  

The following hypothesis is established: 

Participants in the guided reflection group will collect more 
insights and lower their levels of stress to a greater extent 
than the participants in the app only group.  

The outcomes of this study will help to inform whether 
guided self-reflection and planning enable people to gain 
insights about their stress earlier on in the self-tracking and 
stress management process. Furthermore, it contributes 
insights into whether planning is more successful in lowering 
levels of stress compared to traditional goal setting present 
in most existing self-tracking apps.  
3. METHOD 
To research this hypothesis, a between-subject experiment 
was conducted with 20 participants. The usage of a standard 
personal informatics app was compared to the usage of the 
same app that was assisted by a self-reflection protocol. In 
addition to reporting stress and self-efficacy levels, the 
participants were asked to fill out a diary over the test period. 
The use of the diary study method is ideal to study this 
hypothesis because it allows researchers to observe changes 
in the participants over time as well as explore differences 
between participants. Additionally, such data has high 
ecological validity because it originates from the day-to-day 
environments of the participants [19]. In the following 
section the method is described in more detail.  
3.1 Participants 
For this study, 20 participants born between 1980 and the 
early 2000s, commonly referred to as millennials, were 
recruited [5]. This age group was chosen because millennials 
are the most stressed generation, according to a study by the 
American Psychological Association [1]. 50 percent of the 
participants were between 22 and 25 years old, 15 percent 
were younger than 22, 35 percent were older than 25. 65 
percent of the participants identified as female. With 40 
percent, the majority of the participants were unemployed 
students, 25 percent were students with a job and the other 
35 percent were professionals. The recruitment process took 
place online and by word of mouth. Participants were 
incentivised by a free one-year subscription of the app 
Welltory as well as a raffle with a chance to win 20 pounds. 
Since this study researched the relationship of stress and 
physical activity, the participants were encouraged to engage 
in some kind of physical activity or plan to do so during the 
study period, which is why all participants had to be 
physically able to do so. Additionally, all participants had to 
own a smartphone with an iOS or Android operating system 
to use the app Welltory, which was used in this study. 
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Figure 6: Welltory in the browser and on the smartphone [41] 
3.2 Materials 
3.2.1 Welltory 
Welltory is an app that measures Heart Rate Variability 
(HRV) and collects data from various different apps such as 
Apple Health, Fitbit, SleepCycle and RescueTime with the 
goal to help the user manage their stress and energy levels. 
By holding a finger in front of the smartphone’s camera, the 
app measures the HRV, from which it infers energy, stress 
and productivity levels. On top of seeing a snapshot of their 
levels of stress immediately after the measurement is taken, 
users can see trends and conduct experiments to understand 
how different actions can influence their levels of stress. 
Figure 6 shows an overview of the Welltory dashboard 
which can be accessed in the mobile app or in an online 
browser. Additionally, the figure shows what the screen 
looks like when taking a measurement on a mobile phone. 
Participants were asked to use the app over the test period 
and connect it to at least one fitness app or device.  
3.2.2 Reflection Protocol 
The reflection protocol was presented in a form of a 
questionnaire that the participants in the treatment group had 
to fill out at the beginning of the experiment. The protocol 
was divided in two parts: In the first part, the participants 
were asked to identify triggers that lead them to feel stressed 
or relaxed. In the second part, the participants were asked to 
create an action plan to reduce stress and a coping plan if 
something does not go according to their original plan. The 
reflection protocol guided the participants to make their 
plans based on the if/then implementation intentions that 
were discussed earlier [38]. A full version of the reflection 
protocol is shown in appendix 1. 
3.3 Design  
This study was a between-subject experiment with ten 
participants in each of the two groups, running over a three-
week period. The participants in the treatment group were 
asked to use the app Welltory and the additional reflection 
protocol. Participants in the control group only used the app 
over the test period to mimic the usage of a standard self-
tracking app. Participants were randomly assigned to one of 
the two groups.  

 

 

 
Independent Variable: Technology 

App + Reflection 
Protocol App Only 

Dependent 
Variables 

Stress level Stress level 

Self-efficacy level Self-efficacy level 

Number of insights Number of insights 

Table 1: Overview of study design 

In addition to self-tracking their activity and stress levels by 
using the Welltory app, all participants were required to write 
a diary noting the insights that they gained during the test 
period. The diary consisted of a note in the note taking 
software Evernote, which was shared with the researcher. 
The structure can be seen in figure 7.  

The participants were asked to indicate their stress levels on 
the Perceived Stress Scale (PSS) as well as their level of self-
efficacy on the General Self-Efficacy Scale (GSE) at the 
beginning of the study [10,36]. They additionally had to 
complete a weekly questionnaire until the end of the study (4 
questionnaires in total). The PSS scale has 10 items, which 
have to be rated on a scale from 0=Never to 4=Very Often. 
This allows the researcher to calculate an overall perceived 
stress level than can range from 0 to 40, where 40 stands for 
the highest stress level possible. The GSE scale has ten items 
too, which users rate from 1=Not at all true to 4=Exactly true. 
All values summed up result in a self-efficacy score. A result 
of 40 stands for the highest self-efficacy.  

In addition to that, at the end of the study, in-depth interviews 
were conducted to gain qualitative insights into how the 
participants perceived the app and if it helped them to lower 
their stress. The interviews were designed to be between 20 
and 30 minutes long. They were semi-structured and covered 
the following topics: Perceived usefulness of the app and the 
protocol, insights the participants gained while reflecting on 
their data and why and how stress management activities 
were implemented if any. Participants in the experimental 

condition were also asked about how they perceived the 
reflection protocol and how they implemented the plans 
made in the beginning over the three-week period. The 

Figure 7: Structure of the Evernote diary 
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interview questions that were prepared can be found in 
appendix 2.  

The interviews were used to discover whether the perceived 
usefulness of the app and the protocol matched the results 
from the experiment. Additionally, the interviews provided 
insights into how the protocol can be improved and 
potentially integrated in an application. 
3.4 Procedure 
At the beginning of the study, the participants received their 
start of study information which consisted of an information 
sheet and consent form, a questionnaire, instructions on how 
to use the app Welltory, access to their diary and the 
reflection protocol (if applicable). Participants were 
furthermore asked to use the app as described in the 
instructions as well as filling out their diary daily and 
describing all insights they make in relation to using the app 
and the impact of physical activity on their stress levels. 
Exercising was encouraged. After week one, two and three 
respectively, the participants were asked to indicate their 
stress and self-efficacy levels again. With the week one 
questionnaire, participants were encouraged a second time to 
regularly engage in some kind of physical activity during the 
study. The treatment group received a reminder of their 
defined actions and coping strategies after the second week.  
At the end of the three-week period, the participants were 
asked to complete their diaries and the follow-up interviews 
were conducted. An overview of the study procedure can be 
seen in figure 8. 
3.5 Data Analysis 
3.5.1 Quantitative Analysis 
To investigate the impact of the dependent and independent 
variables as well as time on the behaviour of the participants, 
the data was analysed in SPSS using a repeated measures 
ANOVA. Before performing such an analysis, the data had 
to be prepared: At first, the researcher calculated the overall 
stress and self-efficacy scores for each participant for each 
week as described in the guidelines of the two scales [9,36].  

Since three participants did not fill out their diaries, the data 
for how many insights they gained over the test period was 
missing. The missing values were replaced by the group 
means after a normality test showed that the data was 
distributed normally. 

To verify that the sampling was performed randomly and that 
there was no significant difference between the groups at the 
start of the study, an independent samples t-test was 
conducted to examine the stress and self-efficacy levels of 
the participants in week 0. There was neither a significant 
difference for perceived stress, t(18)=0.887, p>0.05 nor for 
self-efficacy, t(18)=-0.878, p>0.05. That means it can be 
assumed that the two groups are similar. 
3.5.2 Qualitative Analysis 
The 20 follow-up interviews that were conducted as part of 
this project were all audio recorded and later transcribed by 
the researcher. The longest interview took 34 minutes, the 
shortest 15. On average, the interviews were 22 minutes 
long. The interviews were analysed using inductive thematic 
analysis, as described by Braun and Clarke [4]. Initially, 161 
codes were discovered. In a second step, these codes were 
refined and grouped into themes. Some codes proved to be 
not relevant in relation to the sample and the research 
question and were excluded from further analysis. 
Eventually, 23 themes emerged. Figures 9-13 give an 
overview of these. The most important themes in relation to 
the study hypothesis are introduced and discussed in the 
course of this paper.  

 
Figure 9: Collection of themes surrounding app usage 

 
Figure 10: Collection of themes surrounding awareness 

Figure 8: Study procedure 

PSS 

PSS 

PSS 

PSS 
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Figure 11: Collection of themes surrounding behaviour and 

changes  

 
Figure 12: Collection of themes surrounding the reflection 

protocol 

 
Figure 13: Collection of themes surrounding thoughts on data 

4. RESULTS 
4.1 Start of Study Questionnaire 
At the beginning of the study, all participants were asked 
which activities they normally conduct to manage their 
stress. Selected most were “Watching Television/Netflix” 
(75%), “Sleeping”, “Browsing the Internet” and 
“Exercising” (65%) and “Eating” (60%). Figure 14 gives an 
overview over these activities. When asked about their level 
of physical activity, more than half of the participants (55%) 
indicated that they exercise on a light level which was 
described as “exercise 1-3 days a week”. 35 percent 
considered themselves as “moderately active”, meaning they 
work out on 3-5 days a week. Two participants (10%) 
indicated that they do not exercise at all. No one of the 
participants considered themselves as very or extremely 
active.  

4.2 Quantitative Analysis 
4.2.1 Between-group Effects on Perceived Stress 
The overall sample reduced their stress-level from a mean 
level of 16.95 (SD=4.76) to a mean level of 15.30 (SD=5.41). 
However, a repeated measures ANOVA suggests that time 
did not have a significant effect on the perceived stress 
levels, F(3,54)=1.00, p=0.40. Participants in the treatment 
group lowered their stress levels to a higher extend than 
participants in the control group. Participants in the treatment 
group started with a mean stress level of 16.00 (SD=3.16) 
and lowered it to 13.60 (SD=6.45), a change of 2.40. 
Participants in the control group began the study with a mean 
stress level of 17.90 (SD=5.99) and lowered it to 17.00 
(SD=3.71), a change of 0.90. Figure 15 illustrates that 
development. While there was a change in levels, results 
from the repeated measures ANOVA suggest that Time * 
Group did not have a significant effect on the stress levels of 
the participants, F(3,54)=0.52, p=0.67.  
4.2.2 Between-group Effects on Self-efficacy 
Not only the perceived stress levels did not change 
significantly over the three-week period, the self-efficacy 
levels did not do so as well. When looking at the means 
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values for self-efficacy, it does not appear like there is a trend 
at all. After week 1, self-efficacy rose for both groups, 
control and treatment, to mean values of 31.10 (control, 
SD=3.73) and 32.90 (treatment, SD=4.33) respectively. 
After week two, self-efficacy dropped for both groups. While 
that trend continued for the treatment group with self-
efficacy falling to a mean value of 31.6 (SD=3.66), self-
efficacy in the control group rose after week three to 31.7 
(SD=4.03), which is higher than the value for the treatment 
group. Figure 16 illustrates the fluctuating values in both 
groups over the three weeks. It has to be said that while the 
changes look big in this graph with a scale ranging from 30 
to 33, they are only marginal when looking at the complete 
General Self-Efficacy scale that ranges from 10 to 40. The 
analysis shows that time does not have a significant effect on 
self-efficacy, F(3,54)=0.43, p=0.73, neither does Time * 
Group, F(3,54)=1.15, p=0.34. 
4.2.3 Between-group Effects on Insights Made 
In order to research the effects of group and time on the 
number of insights made, another repeated measures 
ANOVA was conducted, this time looking explicitly at the 
three weeks of the study. Participants in the control group 
gained an average of 12.11 insights over the three weeks 
(SD=8.41). Participants in the treatment group gained 
slightly more, with a mean number of 12.56 insights 
(SD=5.74). On average, the control group gained more 
insights in the first two weeks, whereas the treatment group 
gained more insights towards the end of the study. In week 
one, participants in the control group gained an average of 
3.56 insights (SD=2.11), in contrast to the treatment group 
which gained 3.44 insights on average (SD=2.99). For week 
two, these values were 4.44 (control, SD=3.62) and 3.60 
(treatment, SD=2.46) respectively. In week three, the 
participants in the control group gained 4.11 insights 
(SD=3.21) and the participants in the treatment group 4.60 
insights (SD=2.68). Figure 17 illustrates these numbers. It 
shows that the most insightful week for participants in the 
treatment group was the last. Participants in the control group 
gained the most insights in the middle of the study. However, 
the group did not have a significant effect in the number of 
insights made over the three weeks, F(2,36)=1.17, p=0.32. 

Time * Group did not have a significant effect on the number 
of insights either, F(2,36)=0.70, p=0.50. 

To get a more detailed understanding of the development of 
the dependent variables, the next section will present the 
developments within the two groups. 
4.2.4 Within-group Development of Perceived Stress 
As is can be seen in figure 15 and table 2, the participants in 
the control group lowered their stress levels to a greater 
extent than the participants in the control group. However, as 
it has been reported already, the difference between these 
two groups is not significant. A second, more detailed 
analysis was conducted to see if there were any significant 
changes within the groups from one week to another. 
However, no significant effect can be reported for stress, as 
the following two examples show: 

(1) There was no significant decrease in stress between week 
2 and 3 in the control group, F(1,9)=0.67, p=0.43. 

(2) There was no significant decrease in stress between week 
1 and 2 in the treatment group, F(1,9)=1.95, p=0.20. 

 Stress Self-Efficacy 

  Control Treatment Control Treatment 

W0 17.90 (5.99) 16.00 (3.16) 30.90 (4.77) 32.60 (3.84) 

W1 17.60 (4.60) 14.40 (4.20) 31.10 (3.73) 32.90 (4.33) 

W2 18.00 (5.56) 13.70 (5.70) 30.90 (5.34) 31.80 (4.29) 

W3 17.00 (3.17) 13.60 (6.45) 31.70 (4.03) 31.60 (3.66) 

Table 2: Values for Stress and Self-Efficacy for each group 
and week. M(SD) 

4.2.5 Within-group Development of Self-efficacy 
The same analysis offered some insights into the 
development of self-efficacy over the three weeks within the 
two groups. There was a significant decrease in self-efficacy 
in the treatment group between week 2 and 3, F(1,9)=8.44, 
p<0.05. A thorough analysis of the interviews could maybe 
explain the lower levels of self-efficacy in week 3. However, 
it has to be noted that this decrease was very small, with the 

Figure 16: Development of self-efficacy 

Figure 17: Development of insights made 
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level dropping from 31.80 to 31.60. Compared to the whole 
range (10-40), this drop is only marginal. 

There was no significant difference in the self-efficacy levels 
in the control group. The lowest p-value was observed for the 
difference between week 2 and 3 and was still very high, 
F(1,9)=1.16, p=0.31. 
4.2.6 Within-group Development of Number of Insights Made 
An analysis was conducted to observe the changes between 
weeks, but within groups for the number of insights made. A 
graphical representation can be seen in figure 17. Again, no 
significant change was found. The lowest p-value for the 
control group was found in the difference between week 2 
and 3, F(1,9)=1.30, p=0.28. The lowest p-value for the 
treatment group was found in the difference between week 2 
and 3, F(1,9)=1.80, p=0.21. 
4.2.7 Summary of the Quantitative Findings 
Summing up the analysis of the self-reported stress and self-
efficacy levels of the participants over the three weeks, the 
following insights can be noted: 

(1) All participants reduced their stress over the three weeks, 
but this effect was not significant. 

(2) The participants in the treatment condition reduced stress 
at a higher level than the participants in the control group, 
but this effect was not significant. 

(3) Self-efficacy varied over the three weeks in both groups 
and did not seem to be affected by neither the control nor the 
treatment setting. 

(4) Participants in the treatment group made more insights 
than participants in the control group, but again this effect 
was not significant. 

The subsequent qualitative analysis of the follow-up 
interviews will look into potential qualitative differences 
between the two groups and why the reflection protocol did 
not have a significant impact on the participants in the 
treatment group.  

Furthermore, the qualitative analysis will explore how the 
participants perceived and used the app. These insights could 
explain why there was no significant decrease in stress-levels 
for the sample as a whole and potentially uncover problems 
in the app usage. 
4.3 Qualitative Analysis 
4.3.1 Heightened Awareness and Reflection 
The interviews clearly showed that the participants already 
had assumptions what their stressors are and the potential 
ways to cope with these. Many participants attested that the 
app helped them both confirm their sources of stress as well 
as activities that have a positive impact on their stress levels. 
In line with that, most participants did not gain insights 
relating to their stress that were completely new to them. One 
participant put it this way: “I think I did not learn something 
new. I think I was highlighted of my errors and I was nudged 

to look after myself a little bit more, which worked out at 
times and didn't work out at different times.” (P2). What this 
quote highlights also is that the participants already had a 
subconscious knowledge of stressors and successful 
measures and the participants used the data from the app to 
confirm these guesses. As another participant put it “It was 
more kind of confirming what I already thought, which is 
good cause I guess I know that they're effective strategies.” 
(P12). 

Even though the participants mostly confirmed their guesses 
and did not gain many new insights, they did acknowledge 
that over the course of the three weeks, they were more aware 
of their stress levels and the measures that work. This 
awareness is more than just the confirmation of stressors. 
The participants’ changed the way they thought about their 
stressors and positive measures. The following quote is one 
example of this: “Yeah, so I think it has increased because 
before that you are not that much aware of it and now that 
you took some measurements and basically you were 
confronted with it, it probably changes your perspective a bit 
and the perception of stress and everything.” (P15). Based 
on this awareness and being confronted with their behavior 
and data, some participants even said that they felt more in 
control now: “I think for me the application helps me the 
most with controlling myself. When you can see the data of 
yourself, you feel more in control of yourself.” (P1). Another 
implication of heightened awareness was that some 
participants changed the way they thought about their 
stressors or the importance they grant a specific stressor in 
their lives. One example is this: “I cannot control they are 
my most difficult stressors. I think that didn't change. That 
still happens, but my view of those things changed.” (P17). 
This quote shows that if you have more insights and 
awareness of your stressors it can get easier handling them, 
even though that sometimes it is not possible of removing 
them from your life completely. 

Hand in hand with awareness comes reflection. While the 
awareness theme highlighted that the participants gained 
more knowledge about themselves and felt more in control, 
they also actively questioned themselves, their feelings and 
their behavior in relation to their stress levels. This was not 
always a reaction to the data shown in the app, in many cases 
the heightened awareness over the study period was enough 
of a trigger for the participants to reflect more: “I think that 
is what I thought was really positive about [the study]. Less 
about the app, but about kind of the more this, the minute you 
take to be like, oh, how do I feel right now? How stressed am 
I right now? Every day, a few times. I think that was positive 
because it made you maybe more than if you didn't have to 
do it, have to stop for a second and be like, how am I actually 
feeling right now?” (P13). Earlier it was shown that seeing 
their data in the app helped people to feel more in control of 
themselves. This was also true when it came to reflecting 
about their behavior and implementing activities: “I just paid 
much more attention to it. And you also get a bit, I don't want 
to say panic now, but you don't feel so good anyway and then 
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there's 1%, that's of course even harder if you don't just feel 
it because you also read it and then of course you want to do 
something about it. That's what I did and then it helped. That 
was logical.” (P10). 

On the other hand, the interviews also highlighted that if 
participants were already used to tracking their behavior and 
reflecting upon their data, the app was perceived a lot less 
helpful, as the following two quotes show: 

“I think I'm a bit of an exception because I do so many things 
to measure my daily energy levels, et cetera. So I would say 
if it was a person who doesn't use anything, then they would 
get a lot of insights just by seeing, by being aware of when 
they're stressed throughout the day or when they're not and 
what might impact that. But because I am evaluating that 
everyday anyways, I thought it was a bit redundant, but I 
might be an exception.” (P11). 

“I don't know that I necessarily learned anything new, but I 
think I'm also somebody who has like really thought about 
my stress like a lot and I experimented with different ways of 
like managing it…” (P2). 

However, no difference between the two groups could be 
observed in the way the participants behaved or spoke about 
their changes in awareness. The identified themes contain 
corresponding quotes from both the control and the treatment 
groups and no trend could be established. This is also true for 
themes related to behaviour change, which will be discussed 
in the following. Clear themes could be identified over the 
whole sample, but a differentiation between the two groups 
was not possible. 
4.3.2 Implementing or Not Implementing Activities 
Even though almost all participants reported a new 
awareness of their stress levels and successful stress-
management activities, most participants did not really 
change what or how many activities they performed in their 
lives. One participant put it this way: “I guess it did make me 
a little bit more mindful about that. But I think overall it 
didn't really encourage me to do more that would make me 
feel less stressed. Like it didn't encourage me to, I never felt 
like I should go for a run because it'll make me less stressed.” 
(P4).  

The reasons for this lack of change varied: Some people 
reported that they already knew what helped them with their 
stress and rather stuck to that than implementing something 
new, which is in line with an earlier theme which was that 
people mostly confirmed guesses rather than learning 
something new: “I was kind of aware already of the things 
that could stress me out and the ways I could deal with them. 
It's more of an ingrained thing rather than like specific plans 
I made just for the three weeks.” (P14).  

Then there was also the dilemma of too much stress versus 
not enough stress. Participants who had a lot of work or were 
on trips during these three weeks struggled to find the time 
or the place to perform stress management activities: “But 

also that's mostly because of all the changes in my like real 
daily life essentially because I suddenly was at a different 
place. I didn't really know how or where I could for example, 
do exercise and so on.” (P6). On the other hand, people who 
had low stress levels over the test period reported that 
because of this low stress, they were not really “incentivised” 
to implement stress management activities: “Taking the daily 
measurements was okay for the most part. Sticking to those 
stress coping routines was probably harder because I felt 
good for most of the time. So I didn't really have an incentive 
to regularly do exercises or whatever.” (P19). 

There were some cases in which the app was motivation to 
try something out. One was when the participants had 
already planned a behaviour change. In this case the usage of 
the app was both trigger and motivation to follow through 
with these plans and implement them: “I had planned to eat 
healthier and exercise more in the summer anyway, but the 
app was an additional incentive when I saw that it even had 
a positive effect on my energy and productivity levels pretty 
quickly.” (P5). 

Taking a measurement and then looking at high stress/low 
energy levels sometimes triggered the participants to 
implement an activity right away. Most of these activities 
were related to meditation or relaxation and were something 
that could be implemented quickly, like with this participant, 
who decided to perform a 10-minute breathing exercise as a 
reaction to bad statistics: “Once I woke up to a lot of stress 
and I tried the breathing exercise just for about 10 minutes 
or less than 10 minutes and my stress level reduced. And I 
think it's a good finding for me.” (P1). Barely any of the 
participants would identify physical exercise as a reaction to 
bad data. Physical exercise was in most cases a planned 
activity that was part of a routine, even before the test period. 

Another case where the app had a direct influence on the 
behaviour of the participants was when the participants 
carried out experiments with the app to explore new 
activities or finetune existing ones, such as when the best 
time for an exercise was. The following quote is an example 
for this: “I've tried to run for maybe 20 minutes in the 
morning and take the measurements and I also tried some 
running for the same period of time or to do some workout 
in evening, maybe three times each. And then from the data 
and also from how my body feels, I know that in evening for 
me is a better choice.” (P1). 

These experiments or, more general, measuring at points of 
interest is also how the participants could see themselves 
using the app in the future, as the following two quotes show: 

“If I have a particular event and I want to see just like just 
for my own interest to know better my own body, I'll try to do 
it, but I don't think I will use it like on a day by day basis.” 
(P15). 

“That's probably when this app will be really helpful because 
then you could try different things. I don't know, like reading 
for half an hour, reading a book or watching one episode of 
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your favourite TV show or just doing a really tiny workout. 
Then you could see what actually helps best to calm you 
down. Kind of imagine that this might be like a really good 
use case.” (P19). 

As mentioned earlier, no difference was detected between 
the behaviour of the two groups when it came to the 
implementation of new activities, nor in the general 
awareness of stress over the period. The following two 
sections will therefore look more closely at the opinions and 
implementations of the reflection protocol, which was the 
differentiating factor between the two groups. 
4.3.3 Implementation of Reflection Protocol 
Many participants could confirm the stressors they identified 
in the reflection protocol over the three-week period and did 
not implement many more plans in addition to the ones they 
made in the beginning. This is in line with the findings from 
the sample as a whole. Here is an example: “It was ones that 
I did in the beginning I would say. I didn't really try to add 
any other strategies.” (P18). 

However, in most cases, the action and coping plans were not 
implemented in the way in which they were written in the 
reflection protocol. The participants acknowledged that they 
were aware of the plans and knew what they had to do, but 
made slight alterations to their initial plans, sometimes 
because they found it would fit their personal behaviour and 
preferences better, like this participant: “I did not end up 
preparing the agenda so much the day before, but more like 
look at it and kind of prepare mentally what I had to say or 
what was important.” (P11). 

Not all participants implemented the action and coping plans 
from the reflection protocol. One participant for example 
admitted that they were simply too “lazy” (P18). In other 
cases, the identified stressors were not present over the test 
period. As described earlier, when the participants did not 
experience stress, they were less inclined to implement a 
measure. In addition to that, if an action plan was very 
specific, it was not possible to implement it, such as in this 
case: “Well, I made a plan for, I think for a few factors. For 
example, heat and stress. Like working in situations where I 
feel too hot. But now in the US, most of the time I was too 
cold because there is too much AC.” (P15). 

Even though there was no clear difference in awareness and 
reflection between the two groups, two participants in the 
treatment group used to formally reflect upon their 
behaviour, which is something that was not found amongst 
the participants in the control group. One participant for 
example was consciously reflecting on their behaviour 
already before the study but taking part and using the 
reflection protocol made them refine this reflection routine: 
“So I always have my morning and evening reflection period 
and I kind of tweaked it a little bit. So now I'm doing it a bit 
more consistent and I feel better about it.” (P11). Another 
participant started doing a “gratitude list” and used Evernote 
to “write everyday what am I grateful for. That kind of 

thinking prompted me to look at the things from more 
positive way than more negative way.” (P17). It has to be 
said that these journaling practices cannot be directly traced 
back to the reflection protocol, but it is striking that these two 
cases were both in the treatment group. 
4.3.4 Shortcomings of the Reflection Protocol 
That some participants only made action plans for stressors 
that were not present in the test period and could therefore 
not be implemented is clearly one weakness of the reflection 
protocol. This section will look at other shortcomings of the 
reflection protocol that might have caused no difference 
between the two groups. 

For one, what people wrote in their reflection protocol 
depended a lot on which stressors were present in that 
moment and which were not. One participant for example 
wrote because they were feeling exhausted that day, they 
would prepare better in the future: “I think I was feeling quite 
exhausted because I had talked to so many people. And I 
think that's also the reason why I wrote in, okay. Every 
Monday I know I have a lot of calls so I prepare for it, blah, 
blah, blah. So yeah, I think I was feeling a bit exhausted by 
that.” (P11). Or as another participant put it: “I definitely feel 
like I could have included more stressors perhaps just 
because I didn't think about everything at the time. You're 
focused on what's present.” (P18). 

Other participants admitted that they had problems filling out 
the reflection protocol because they were not used to 
thinking about what stresses them out or identifying the 
stress management activities they normally implement, as 
this example shows: “[Filling out the reflection protocol 
was] difficult, because obviously that was before I started 
doing any of this. Like writing the diary and everything. So 
it was quite hard in a way to think about in such a structured 
way like, oh, this is what stresses me and this is how I can 
tackle it.” (P14). 

The main problem with the reflection protocol however was 
that the participants filled it out at the beginning of the study 
and then simply forgot about it. In most interviews, the 
interviewer had to explain again what the reflection protocol 
was or what people wrote in it. It became clear and some 
participants even admitted that they did not remember what 
they wrote in the beginning. The following quotes highlight 
this issue: 

“Okay. Just to be honest, I don't think I can remember 
everything.” (P11). 

“I didn't refer to what I wrote so I might have forgotten things 
that I wrote there.” (P15). 

 “I can't remember what I wrote down. That's the problem.” 
(P18). 

 “What did I write in the beginning? Can we look it up?” 
(P19). 
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This last section made it clear that the reflection protocol had 
some shortcomings that were potentially the cause that there 
were no differences between the groups. However, the 
participants did not only mention problems with the 
reflection protocol but also problems when using the app and 
its effectiveness as a tool to manage stress. To gain a 
comprehensive understanding, the following last section will 
present problems of the app and potential reasons why there 
was no significant change in stress or self-efficacy levels. 
4.3.5 Reasons for Low Success in Adoption of the App and 
Changes in Behaviour and Stress 
One reason for the low adoption of the app and performing 
stress management activities was already introduced earlier: 
Participants who did not feel the need to change their 
behaviour were less inclined to make full use of the app. Here 
is another example for that: “I know that I could live a lot 
better than I live. Like I know, it's not that I feel great, so I 
don't need this, but I don't feel like I'm bad enough to feel the 
need that I have to use it.” (P12). On the other hand, 
participants who had a lot going on in their lives found it hard 
to use the app regularly: “I did take more measures in the 
first week because I was motivated and the second week I 
was stressing out and then I didn't have time for anything. 
However, I always tried.” (P20). And then there were 
situations in which tracking stress levels, reflecting upon 
them and implementing activities such as physical activity 
could not effectively combat stress, such as in this example: 
“Um, there are some things that I'm still not sure how to 
effectively measure. Like one of the things that stresses me a 
lot is like money and like financial problems. And this to me 
comes across and while some temporary things help, like as 
you know, like going for a run or something, it's, I'm still not 
sure how to long-term manage that stress.” (P14). 

Another important factor, one that was mentioned by almost 
every participant, was the accuracy of the data and the trust 
in the app that depended on that. Participants reported that 
they felt confused after some measurements, because what 
the app showed was contradicting to what the participants 
felt. This resulted in the participants questioning themselves 
and their perception of their stress-levels, like this example 
shows: “I think there were cases where I was surprised by 
what the reading told me and so I don't really know how to 
feel about that. Right. Where I'm like, I actually feel fine and 
it's telling me that I'm exhausted and I'm productive or the 
opposite. And I guess it's like, is that, is that me feeling? Like 
does that mean me being inaccurate in how my body is 
feeling or is that the app being inaccurate?” (P2). 

What was striking about the way in which people talked 
about these occurrences was that when the results from the 
measurements and the self-awareness differed, the 
participants suspected that the app must be wrong. The terms 
they described the app were “way off” (P4) or “Sometimes [it 
worked] not so much.” (P11). On the other hand, when the 
app showed the participants results in line with their self-
awareness, the app “did reflect correctly” (P18).  

These impressions of the app data had big implications on 
how much the participants trusted the app and in turn if they 
implemented any activities based on the app results. More 
than half of the participants admitted that they were losing 
trust in the app or were less inclined over the course of the 
test period to perform an action based on the measurements 
of the app. The following two examples illustrate this: 

“Quite often I had the Oh, you are completely out of energy 
essentially. And I didn't really feel that way. Like I didn't feel 
completely drained and not being able to do anything or 
something. Um, so that was a bit suboptimal I'd say, because 
it didn't really lead me to instantly trust the app or the 
insights that it was giving me. And I guess for me it wouldn't 
really completely replace my self-judgment of my current 
situation.” (P6). 

“Over the time I must say I kind of lost the confidence in how 
accurate the app actually worked because I felt like the 
results fluctuated like a lot, like some mornings when I felt 
like completely the same sometimes they told me I don't have 
any productivity at all.” (P3). 

Other reasons that affected the reliability of the data were: 

(1) Low measurement quality as indicated by the app. 

(2) Insufficient understanding of how the app calculates 
energy and productivity based on the heart rate variability.  

(3) Not enough data sources (such as mood, period) for the 
app to make accurate predictions.  
4.3.6 Summary of the Qualitative Findings 
Summing up the findings from this thematic analysis of the 
follow-up interviews, the following insights can be noted: 

(1) All participants reported a better awareness of their stress 
levels and reflected more upon their behaviour over the test 
period. No difference between the two groups was found. 

(2) Neither the app nor the reflection protocol caused the 
participants to implement drastic behaviour changes. The 
participants either performed activities that were already part 
of their routine or implemented just-in-time actions based on 
how they felt. 

(3) Even though most participants could confirm the 
stressors they identified at the beginning of the study in the 
reflection protocol, often they had to be reminded first of 
what they wrote in the beginning and what plans they made. 

(4) Many factors affected the trust that the participants had 
in the app and the data, most predominantly if the app 
showed insights in contradiction to what the participants felt. 
5. DISCUSSION 
This paper investigated the effect of currently overlooked 
behaviour change techniques in personal informatics. An 
introductory literature review gave an overview of the 
current research in behaviour change and personal 
informatics, focussing on the areas that are most relevant for 
this study, reflection and action and coping planning. As part 
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of this paper, a between-subject field study was conducted 
where half of the participants were using a conventional 
stress management app and the other half were using the 
same app plus a guided reflection protocol that was 
specifically designed for this study. A quantitative analysis 
of stress and self-efficacy levels of the participants over the 
course of the study showed no significant differences 
between the two groups. Additionally, participants in the 
treatment group did not make significantly more insights 
than the participants in the control group. A subsequent 
qualitative analysis confirmed these findings. In this section, 
it will be examined how the findings relate to previous 
studies, the limitations of the present study and what 
implications this study has on future research and design in 
the area of health behaviour change and personal 
informatics. 
5.1 Awareness and Reflection 
The findings from this study, especially from the qualitative 
analysis, clearly demonstrate the importance of reflection 
when using a self-tracking app and the interaction of 
reflection and awareness. However, at least when it comes to 
stress management, people cannot be divided in two groups 
of discovery and maintenance as Li et al. propose [25]. Even 
at the beginning of the study, the participants already had a 
general understanding of their stress levels and the factors 
that influenced them, which means that they are not 
candidates for the discovery phase. Neither are they clearly 
in the maintenance phase which would mean that had a clear 
understanding of their goal and how far away they were from 
reaching it. This might be due to the fact that stress 
management is less quantifiable than physical activity (run a 
marathon) or healthy eating (reducing weight, eat a certain 
number of calories a week). 

The findings do however match what Jones and Kelly found 
in their study on information overload in personal 
informatics [21]: They found that participants regarded 
confirming insights as some of the most interesting insights. 
This is in line with this study, were the participants found 
confirming insights a lot more valuable and trustworthy than 
findings that were in contrast to their expectations. 
Additionally, this research also confirms that people can 
predict many of their insights before they start tracking their 
behaviour.  

The two findings described above are interesting in their own 
right. These findings signify that self-tracking is more of a 
tool to prompt people to reflect upon their behaviour. This 
leads them to becoming more aware of a given behaviour, 
rather than changing the behaviour because they are actively 
trying to optimize their data. One participant summed this up 
as: “I think it did [add value to my life], but not in the way 
it's meant to do it. I think I was more reflecting on my stress 
and my lifestyle because I was doing the study and because I 
knew I had to use Welltory. But maybe not necessarily 
because of the app.” (P12). 

Even though the observations from the whole sample match 
existing literature, the hypothesis of this study has to be 
rejected. Participants in the guided reflection group did not 
collect more insights nor did they lower their levels of stress 
to a greater extent than the participants in the app only group. 
Since the participants in the treatment group could confirm 
the stressors they initially indicated in the reflection protocol, 
the basis for this hypothesis still stands. This is because the 
hypothesis was formed based on research that shows the 
effectiveness of implementation intentions and that people 
can predict their behaviour, which was at least partially 
supported by this paper. The reason why this hypothesis 
could not be confirmed is most likely due to weaknesses in 
the implementation of the reflection protocol. The next 
sections will therefore focus on the strengths and weaknesses 
of the reflection protocol in its current state and how it can 
be improved in order to potentially have a significant 
positive influence on stress levels and behaviour change. 
5.2 Impact of the Reflection Protocol 
Most participants in the treatment group could confirm the 
stressors they identified in the reflection protocol and some 
of the participants implemented the plans they made in the 
beginning one way or another, even if it was just 
subconsciously. However, even though participants in the 
treatment group lowered their stress levels to a higher extend 
then the participants in the control group and gained more 
insights on average, these findings were not significant. In 
essence, the reflection protocol did not have a big enough 
impact on participants’ perceptions and behaviours. The 
qualitative analysis identified three main weaknesses of the 
reflection protocol that could be the reason for that. First of 
all, the entries in the reflection protocol depended on what 
the participants felt that day (for example exhausted because 
of a lot of meetings that day) or in that period (for example 
too hot because of temperatures in summer). This led to 
action plans that were very specific and could not necessarily 
be implemented in the way in which they were written (for 
example if there was no time to prepare an agenda because 
there were too many meetings or if it was not hot because of 
air conditioning). In the best case, the participants adjusted 
their plans on their own accord. In the worst case, these plans 
were abandoned and forgotten. If these participants did not 
perform the plans they made, this obviously did not impact 
their stress levels either. 

A second weakness of the reflection protocol was that the 
participants sometimes had problems identifying their 
stressors or coming up with effective action and coping 
strategies at the beginning of the study, which is interesting 
because in the follow-up interview they said that the app 
“confirmed” their stressors and what they regarded as 
effective coping strategies. This shows that while 
participants might be subconsciously aware of their stressors, 
active reflection is necessary to bring these insights to light. 
Planning and reflection therefore must be implemented 
together. Otherwise planning is less effective and like in this 
study, does not actively promote behaviour change. 
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The biggest weakness of the reflection protocol is arguably 
that the participants simply forgot what plans they made in 
the beginning. This could have been caused by many aspects: 
Maybe the stressor was not present as elaborated earlier, 
maybe the importance of the plans was not communicated 
enough or maybe it was because the participants simply were 
not able to refer back to the guidance given in the reflection 
protocol. The reflection protocol was included in an initial 
questionnaire that was only shared with the researcher. 
However, the researcher communicated the plans made back 
to the participants via email. Probably all of these points had 
somethings to do with why many participants forgot their 
plans and the reflection protocol. The implications though 
are clear: If the participants did not remember stressors and 
plans they identified in the beginning, then it is not possible 
for the reflection protocol to have a positive impact on the 
behaviour and stress of the participants.  

In the initial literature review, previous work by Sniehotta 
was introduced. The researcher listed a number of problems 
that can arise when participants are asked to make their own 
plans in the beginning of a behaviour change. These 
problems were that participants do not necessarily formulate 
plans at all, they are missing context which leads to plans of 
bad quality and if participants have high self-awareness 
already, they profit less from such plans [38]. In this study, 
every participant made at least one plan in the beginning, 
which suggests that the reflection protocol questionnaire is a 
good tool to get participants to make initial plans. The other 
two problems he identified, missing context and limited 
value for participants with existing high awareness, were 
found in this study as well and have to be addressed in future 
iterations of the protocol.  

All three weaknesses of the reflection protocol point to the 
same conclusion: It is not enough to only include the 
reflection protocol in the beginning of a behaviour change 
process. It needs to be present during the whole journey. 
People do not need to be guided at the beginning only, guided 
reflection is necessary throughout. Only if the reflection 
protocol takes into account changing situations, increasing 
awareness towards one’s own behaviour and people’s 
tendency to forget, it can have a substantial impact on a 
successful behaviour change. The next section will therefore 
focus on possible improvements and iterations of the 
reflection protocol. 
5.3 Implications for Design 
Since the reflection protocol that was used in this study had 
observable weaknesses, it is not recommended to be 
implemented it in its current form in a personal informatics 
application. As discussed earlier, people’s priorities change 
and the protocol needs to reflect that. The following design 
implications are therefore in line with what Sniehotta 
recommends in one of the papers that was discussed earlier: 
While plans made in the beginning can lead to some success, 
experience and heightened awareness are likely lead to a 
higher success in successful change [39]. Additionally, if the 

reflection protocol is only used in the beginning of a behavior 
change or self-tracking process, it is most likely to be 
forgotten. These findings have implications for the design of 
future reflection protocols and the introduction of guided 
reflection processes in personal informatics apps. The 
implications are as follows: 

(1) It is recommended that people should fill out the 
reflection protocol at the beginning of the self-tracking 
process, even if their plans might adapt over time. Initial 
reflection primes awareness and people’s guesses are mostly 
right. 

(2) The reflection protocol should not be regarded as a one-
time-only activity. Stressors and plans need to be actively 
revisited and adjusted to changing situations and awareness. 
Since this study shows that most participants do not do these 
adjustments of their own accord, it is the role of the reflection 
protocol. It is recommended that in future iterations of the 
protocol, study participants or users are regularly prompted 
to revisit the protocol, which in turn guides them to reflect 
on what they previously wrote, if they gained new insights in 
the meantime and if, therefore, the action and coping plans 
need adjustment. 

(3) The plans made in the reflection protocol should be stored 
in a place that is accessible to the participants or users all the 
time. To encourage the participants to actually implement 
these plans, they could be coupled with other proven 
behavior change techniques such as goal setting. 

It is hoped that by implementing these guidelines for design, 
future reflection protocols that prompt people to make action 
and coping plans have a significant and positive impact on 
successful behavior change. 
5.4 Limitations and Future Work 
An advantage of a field study like this is that researchers get 
rich insights into people’s behaviors in response to real-life 
situations rather than observing people in an artificial 
environment such as a laboratory. However, doing such a 
field study also means that many factors cannot be 
controlled: Elements such as unforeseen circumstances and 
personality can have a big impact on findings. In this study 
for example, one participant fell ill, another one had to travel 
to the United States to visit a sick family member. Whenever 
it was possible, potential participants that for example were 
travelling over the whole test period were not invited to take 
part in this study, but there are many situations that cannot 
be planned or controlled. On the other hand, it is exactly 
these situations that stress people out and their reactions to 
them is what this study intended to observe. Observing stress 
management and behavior change in a lab setting would not 
have been a valid alternative. 

Another aspect that has to be taken into account when 
reading this study is the limited sample size. The groups were 
made up of only ten participants each. That means if one or 
two participants in a group would feel for example incredibly 
relaxed over the test period or a participant would fall ill as 
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it was the case, that could already have an impact in the 
average stress level of the group even if it is in fact not 
representative. While a higher sample might have produced 
significant results, the timeframe and available resources 
prevented the researcher from conducting this study with a 
bigger sample. 

These limitations are opportunities for future work. A similar 
study with a bigger sample size is necessary to confirm or 
refute the findings from this study. Any work on action and 
coping planning in personal informatics should furthermore 
take into account the design implications defined in this 
study: Even though making plans in the beginning is 
recommended, they have to be actively referred back to and 
updated to have an actual impact.  

Finally, if follow-up work can show the advantages of action 
and coping planning in personal informatics, future studies 
could compare different implementations of the reflection 
protocol, for example in the way the user is guided through 
making these plans, how often such plans should be revisited 
and improved, how the protocol is designed and what 
language is used.  
6. CONCLUSION 
In this study, participants who were using a personal 
informatics app were compared to participants using the 
same app while being guided to form action and coping plans 
at the beginning of the study. The study conducted in this 
paper could not find a significant effect of defined action 
plans on stress levels and, in a broader sense, successful 
behaviour change. Additionally, the participants did not 
significantly lower their stress levels while just using the app.  

While a statistical significance of action and coping plans in 
personal informatics has not been proven, this study shed 
light onto how such reflection protocols can be improved in 
the future to offer increased value to its users. Due to the 
novelty of this study and its low sample size, the results and 
implications should be read with caution. Further research in 
this area and iterations of the reflection protocol are 
necessary to make sound statements on the effects of action 
and coping planning in personal informatics on successful 
behaviour change. 
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APPENDIX 1: REFLECTION PROTOCOL  
This activity will help you explore what may be causing you 
to experience stress and which activities you think may help 
you manage it. 

3.Provide a list of activities, environments, and/or people 
who you think negatively impact your levels of stress. For 
example: work, deadlines, worry, parents 

4.Are there any particular times when you are more likely to 
feel stressed? Times of the day, days of the week? For 
example, Tuesday afternoons, Thursdays 

5.Provide a list of activities that help you relax. For example, 
going for a run, talking with a friend 

6.What can you do to better manage your stress?  

The goal of this exercise is to help you create plans to 
manage your stress. You will be asked to identify one of your 
stressors (i.e., something that causes you stress) and will then 
be guided through the steps of creating a plan to manage that 
stressor. These steps can be repeated to create a plan for 
tackling any stressor and you can skip some of the steps if 
they don't seem relevant to that particular stressor. Perform 
this exercise and note down your answers for at least two 
stressors in the answer field below. You should aim to use a 
similar planning strategy each time you identify a new 
stressor (regardless of whether you discover it through 
Welltory or by yourself).  

For example, "I noticed that when I lack sleep, I get tired and 
stressed by the end of the week. I will now try to go to bed 
earlier". If you create a plan, you become much more likely 
to act in the ways in which you intended. Even if your 
original plan fails, have an alternative because doing 
something is better than doing nothing and even the small 
changes will add up. Some examples of thing you could do 
to better manage your stress are doing yoga, going for a run, 
doing deep breathing exercises, practicing mindfulness, 
going to bet earlier, drinking less coffee and alcohol. Most 
people turn to watching TV or browsing the internet to help 
them relax. But these activities work only in the short term 
by keeping people distracted from their stressors. They also 
have less physiological benefits than exercising, mindfulness 
or doing deep breathing exercises. You should therefore aim 
to replace these default actions with something more 
effective, see the NHS's guidelines for more examples 
https://www.nhs.uk/conditions/stress-anxiety-
depression/understanding-stress/ 

Step 1: Note down a stressor. You can look at the list that 
you provided in Question 1 for inspiration.  

Step 2: Now think about what actions you could take to 
manage that particular stressor. Refer back to questions 2-3 
to see the times when you might be more likely to experience 
it (Question 2) and which activities help you relax (Question 
3).  

Step 3: Now think about the various barriers that might 
prevent you from performing the actions that you came up 
with in step 2 and come up with an alternative action for 
those specific barriers. Try to think about it in terms of an "If 
this, then that" situation. The idea here is that, by planning 
in advance, you are taking away your excuses for not doing 
something that is good for you.  

Step 4: Is there anything you can do to make a given stress 
management activity easier for yourself? You can select a 
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cue in your environment that will prompt you to do the 
chosen activity. The cue can be an object, a location or a 
reminder on your phone (avoid setting too many). It can also 
be helpful to tie this in with your existing routines, e.g., do a 
5 minute meditation after brushing your teeth.  

Here are two examples: A: I get stressed when I worry too 
much at work (Step 1). When I'm stressed after work I will 
go for a run in the park to clear my head of my worries (Step 
2). If the weather is bad then I will do yoga at home instead 
(Step 3). I will take my workout clothes and running shoes 
out and place them where I can see them once I get back from 
work to remind me of my plans (Step 4). B: I am usually more 
stressed on Tuesdays because I have a day full of meetings 
(Step 1). If I am usually more stressed on Tuesdays, I will 
prepare for this on Mondays by going for a run and going to 
bed earlier (Step 2). If I get back home late on Monday, I will 
do 10 minutes of mindfulness exercises instead of running 
(Step 3). I will put a post it note on my bathroom mirror to 
remind me to do the meditation (Step 4). 
APPENDIX 2: FOLLOW-UP INTERVIEW QUESTIONS 
Part 1: Using Welltory 

How was your experience using Welltory? 

Did you have any trouble taking the daily measurements or 
interpreting your data? 

What is your impression of the data Welltory collects and 
presents to you? 

Did using Welltory add value to your life and how you 
manage your stress? 

Will you continue using the app? 

Part 2: Insights gained in the test period  

Was there anything new you learned about your stress-levels 
while using the app? 

Did you feel that there were any changes in your levels of 
stress over the three-week period? 

In these three weeks, did you take any active measures to 
deal with your stress? If so, why and what? 

Were there any stress management activities that you found 
to be particularly helpful? 

The next set of questions will focus on what encouraged you 
to manage your stress:  

Were there any activities that you planned to do and then 
carried out as you planned? 

Did looking at your data ever prompted you to take action?  

Were there times when you took action simply because using 
the app made you more aware that you should be doing 
something about managing your levels of stress? 

Now that the test period is over, do you think your awareness 
of your stress levels and the things you could do to manage 
your stress has changed?  

For control group: Is there anything else you want to add? 

Part 3: Reflection protocol (only experimental group) 

In the beginning of the study, I asked you to fill out a 
reflection protocol for you to identify your stressors and to 
plan action and coping strategies. How was your experience 
filling out this questionnaire? 

During the three weeks, did you actively refer back to these 
plans? 

Did you use the if/then planning strategy described in the 
protocol to create any new plans during the three-week 
period? 

How was your experience implementing these plans in your 
routine? 

How many of the stress management activities you 
performed during the three weeks were similar to those you 
planned in the beginning? Did you add new ones? What was 
more helpful? 

In the reflection protocol, you also identified stressors in 
your life. After the three weeks of using Welltory and 
learning from your data, can you confirm what you wrote in 
the beginning? Did you learn something new?  

Is there anything else you want to add? 


