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ABSTRACT

Fitness trackers encourage users to set goals to improve personal
wellbeing, but these goals sometimes remain unmet. Understanding
how improved ways of communicating failure to meet fitness goals
could help prevent negative thought cycles (rumination) and avoid
reduced motivation for physical activity. To address this challenge,
we studied how unmet goals can be presented in apps. We designed
prototypes that showed unmet fitness goals. Radial and regular
bar charts, single-coloured and multicoloured were used in the
study. In a survey (n = 165), we compared the four versions and a
textual description of the unmet goals. Then, we conducted follow-
up interviews (n = 20) to gain a detailed understanding of the
perceptions and feelings evoked by the prototypes. We found that
bar graphs offered a significantly better potential for reflection and
multicoloured charts triggered significantly more rumination. We
contribute in-depth insights into designing systems that use goals
and avoid potential negative effects of personal tracking.
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1 INTRODUCTION

Personal informatics systems such as mobile fitness apps and fit-
ness trackers, which support users to reflect about their data and
monitor their behavior, have become ubiquitous [25]. The commer-
cial proliferation of fitness technologies is reflected in research in
personal informatics in the field of Human-Computer Interaction
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(HCI). However, as previous studies have shown, designing mean-
ingful and supportive personal informatics experiences remains a
challenge [27]. Epstein et al. found that, due to certain barriers (e.g.
supporting reflection [38]) users lapse throughout their tracking
process [20]. In line with that, Niess and Wozniak pointed out in
their Tracker Goal Evolution Model that fitness tracker users often
struggled to connect their numeric tracker goals to their qualitative
life goals [43]. Consequently, despite the fact that more and more
users wear a fitness tracker every day, we still do not know how
to use them to profoundly improve people’s lives. Furthermore,
it is yet to be determined how to mitigate negative effects of fit-
ness tracker use and failure to reach fitness goals such as declined
motivation or negative thought cycles (i.e. rumination).

One of the most extensively studied strategies in the area of per-
sonal informatics to help users on their way to wellbeing and foster
engagement is goal setting [15]. Almost all commercially available
fitness and activity tracking devices are designed to support goals
and goal fulfilment [26]. Studies in Psychology also confirm that
goals are an effective strategy for fostering positive change, with
one such study by Lacroix et al. showing that difficult goals lead
to higher levels of performance than easier goals [37]. These find-
ings show opportunities for fitness tracker design. However, when
fitness apps and trackers make extensive use of goals, there will
always be a fraction of users who do not reach the goals [34, 43],
and thus the question of how to communicate failure without de-
motivating users emerges. Understanding how negative thought
cycles (i.e. Rumination) can be prevented is a challenge, with re-
cent work adding to that challenge by advocating designing for
diversity in personal informatics and avoiding negative effects for
diverse user groups [51]. In this work, we investigate potential
positive and negative effects of the communication of failure in
personal informatics visualisations with a focus on reflection and
rumination.

To that end, we studied different visualisations that communi-
cate unmet fitness tracker goals. We conducted a between-subject
online study which evaluated prototype visualisations or a textual
description of unmet fitness tracker goals. We explored how these
visualisations were perceived and if they exhibited potential for
users to reflect upon or ruminate over their data. We then conducted
follow-up interviews to build a detailed, qualitative understanding
of the ways to communicate failure for fitness tracker goals.
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This paper contributes the following: (1) a between-subject vi-
gnette study for visualising unmet goals in physical activity track-
ers; (2) follow-up interviews with users potentially experiencing
goal failure; (3) to the best of our knowledge, the first empirical
exploration that showcases how different visualisations of unmet
goals affect reflection and rumination; and (4) implications for de-
signing future personal informatics systems to avoid potential neg-
ative effects of tracking.

In the remainder of this paper, we first introduce the reader to
reflection and rumination literature in Psychology that inspired
our inquiry. We then review related work in HCI on personal in-
formatics with a specific focus on designs that foster reflection.
This is followed by a discussion of related work on visualisation,
as well as literature on motivational design strategies for mobile
fitness tracking applications. We then report on the details of our
study, including the design of the visualisations. This is followed by
the discussion and interpretation of the study results. Finally, we
discuss how our results inform the design of future fitness tracker
experiences.

2 RELATED WORK

Our work is inspired by previous research on reflection and ru-
mination in Psychology. Trapnell and Campbell [54] stated that
reflection and rumination are distinct but related concepts. Both
concepts describe a process where the attention is focused inwards,
upon oneself [41]. Reflection has a positive connotation associated
with it [54]: It is motivated through a curiosity about oneself and
usually accompanied by positive emotions. If short-term negative
emotions occur, they are assumed to motivate exploring oneself in
more depth and leading to self-development [58]. In Psychology,
different conceptualisations of rumination can be found (for an
overview see [49]), however, there are some areas of agreement. Ru-
mination is conventionally defined as negative, repetitive thoughts
focusing on oneself, circling around personal failure or loss [41, 49].
Since reflection is seen as a crucial part of the fitness tracking pro-
cess with the aim to generate self-knowledge and support users
on their way to self-improvement [7], the question remains how
this knowledge can enrich personal informatics research. In our
work, we aim to gain a deeper understanding of how unmet per-
sonal tracking goals might inadvertently trigger rumination, or,
conversely, support reflection.

2.1 Reflection in Personal Informatics

Reflection is considered as a catalyst for positive change [47] in
multiple application areas of personal informatics [20]. It is one
of the main components of a successful personal informatics pro-
cess [38, 43]. Even though the concept is widely applied in personal
informatics systems, there is no shared understanding of how reflec-
tion is defined within the HCI community [6]. Notably, researchers
strive to build a holistic understanding of the personal informatics
experience and what role reflection plays in it [20, 38, 43]. Previ-
ous work showed the potential positive effects of designing for
reflection and goal-setting in personal informatics. But potential
adversarial effects of fitness tracking are still underexplored [51]. In
our work, we aim to address this gap. We explore the opportunities
for reflection of fitness tracker visualisations but additionally aim to
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shed some light on potential negative effects (such as rumination)
of displaying unmet fitness tracker goals.

Multiple systems endeavoured to integrate reflection into their
designs. We outline some notable examples below. Morrison and
Bakayov presented a social fitness activity system that encour-
aged face-to-face encounters with other users in which they dis-
cussed and reflected on their physical exercise [42]. Khot et al. used
chocolate treats [35] and 3D-printed personalised artefacts [36] to
offer playful reflections on physical activity. Through social interac-
tions [59] and tangible artefacts, these examples had a positive effect
on user reflection. However, in everyday life fitness trackers and
fitness apps are often used alone, i.e. not in social groups, and users
do not include any other artefacts apart from their app or tracker in
their Personal Informatics process. Hence, we aim to explore how
the interaction with common fitness tracker visualisations affects
potential reflection and rumination processes.

2.2 Goal Failure

Previous work in Psychology has shown that negative feedback
can potentially undermine people’s confidence in their ability to
pursue their goals and their expectations of success [48]. On a
similar note, Aarts et al. [1] found that humans may cease their goal
pursuits when their goals are regularly followed by cues or events
evoking negative affect, such as highlighting failure to achieve their
goal. Hence, feedback can support goal pursuit only if presented
meaningfully [39]. However, there is no universal answer for this
challenge [23] and presenting goal failure still poses problems in
research and practice. Personal informatics research has explored
the challenge of managing fitness tracker goals from a variety of
angles.

Past research found that fitness tracker goals evolve [43] and
negative feelings may be associated with changing a goal [30].
Gulotta et al. [30] identified a number of problems that hinder
engagement with achievement-based personal informatics systems.
They emphasised avoiding the feeling of failure as important to
foster reflection [30]. With our work we strive to extend the insights
from Gulotta et al. [30]. We explore how current fitness tracker
visualisations might foster reflection and if they potentially trigger
rumination.

Epstein et al. [20] observed that it was highly likely that users
would lapse at some point of their personal informatics process.
While lapses may not have negative consequences per se, research
suggests that they should be managed by personal informatics sys-
tems. To that end, Agapie et al. [2] endeavored to support users to
integrate their lapses into their tracking process in a positive way.
Clawson et al. [12] studied craigslist users disposing of tracking
technology to find that they could be equally motivated by per-
ceived failure, success or social pressure. On another note, Tang et
al. [52] examined reasons behind users not wearing their fitness
tracker all the time. The authors emphasised the need to account
for these differences in usage, defining adherence as a measure of
data completeness in order to provide the means to study fitness
tracking experiences in a meaningful way [52]. The works above
show that lapses are an inherent part of the fitness tracking ex-
perience. As lapses often lead to goal failure, our work explores
the ways to communicate unmet fitness tracker goals and how this
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affects reflection and rumination in users. Thus, in turn, could help
mitigate negative effects of lapses.

2.3 Visualisation in Personal Informatics

Data visualisation, if well designed, effectively supports human
understanding of quantified data [57]. Personal informatics data,
particularly measurements collected through fitness trackers, con-
stitute a case where users desire to gain insight into their everyday
activity through visualisation. Thus, fitness tracking apps promi-
nently feature different visualisations. Bar charts and radial bar
charts are often used!. The bar chart maps quantity through bars
whose height is measured by position on a vertical scale, and is
one of the oldest and most common chart types, considered to have
been invented by William Playfair in 1786 [46]. Radial bar charts
are also often used by fitness tracker applications, particularly on
smartwatch faces?. These are also known as concentric bar charts,
circular bar charts/graphs, or (radial) pie gauge charts, are fairly
new and there is still some confusion on naming: the name is used
to denote either bars plotted on a polar coordinate system, or bars
extending from a circular floor. We have chosen to use the name
‘radial bar chart’ in this paper as relevant related research also terms
them as such [9, 56].

Cleveland and McGill [13] found that ‘position along a common
scale’ was the easiest of the most common perception tasks that also
included curvature and angle. Furthermore, Croxton [17] found that
compared to circles, cubes and squares, bars were more effective
for comparing values. Furthermore, Blaschek et al [9] performed
tests on small screens and noted that radial bar charts performed
significantly worse than bar charts for quickly conveying compar-
isons at a glance. Epstein et al. [19] explored different visualisations
of location and activity data to support users in making sense of
their tracking data. The combined location and activity data was
presented in a variety of visualisations such as tables, graphs or
maps, among others. In their longitudinal qualitative study the au-
thors found that participants preferred tables and graphs for finding
patterns in their data.

Moreover, scholars have explored a variety of visualisations to
foster reflection and behaviour change. For instance, UbiFit pro-
vided feedback for participants regarding their physical activity
behaviour on a mobile display [14]. The feedback was presented
in two versions; one condition displaying the physical activity
progress on the mobile phone background screen (i.e. a glanceable
display), the other not utilising a glanceable display. The results of
the longitudinal, qualitative study showed that participants appre-
ciated the glanceable display and maintained their activity level,
but the activity level of the participants in the condition without
the glanceable display dropped significantly. This study showcases
the potential impact of subtle differences in visualisation on user
behaviour. This, in turn, was a contributing factor in our decision
to explore designs that might trigger negative thought cycles in
an empirical, hypothetical cross-sectional study. In line with the
findings from the UbiFit study, Gouveia et al. [28] also showed the
potential of glanceable feedback. Their results show the importance
of taking subtle differences in the visualisation design into account,

le.g. by Fitbit, https://www.fitbit.com/gb/app
2Most notably Apple Health, https://www.apple.com/apple-watch-series-5/health/
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since these can potentially lead to behavioural differences (e.g. walk-
ing more frequently versus reaching one’s step goal). We aim to
explore the effect of such subtle differences (e.g. single-coloured
versus multicoloured visualisations) in our study.

3 RESEARCH QUESTIONS

Our overarching goal is to learn more about how to avoid negative
effects while tracking. We endeavour to understand how unmet
fitness tracker goals can be communicated to users without trigger-
ing negative thought cycles and foster reflection. This leads to the
following research questions:

e RQ1: How can unmet fitness tracker goals be presented with
visualisations currently used in typical fitness trackers to
avoid negative thought cycles in users?

e RQ2: How can unmet fitness tracker goals be presented with
visualisations currently used in typical fitness trackers to
foster reflection in users?

4 VISUALISATION DESIGN

To explore how the communication of failed goals in fitness trackers
may trigger reflection and rumination, we designed four visualisa-
tions based on commercial fitness tracking products. This work is,
to the best of our knowledge, the first study that explores rumina-
tion in the context of personal informatics. We therefore engage in
a careful exploration given the potential negative impact on users.
Consequently, our inquiry focuses on understanding current lived
experience. To that end, we used two designs that exemplify the
most common features of current fitness tracker visualisations with
a focus on step data.

We decided to explore visualisations that inspired existing com-
mercial products, rather than designing our own. In line with [Olson
and Kellogg], we believe that building an understanding of systems
currently used in commercial products can foster informed future
design decisions, and also support reflection on past design. Huang
et al. [33] explored visualisations on the meta level. They developed
a taxonomy of design dimensions of personal visualisations and
personal visual analytics, and called for more research to investi-
gate how the visualisations that ‘are already out there and actively
used’ may impact people’s lives and how they can be improved. Our
work follows their call and aims to explore designs that resemble
commercial products to trigger reflection and rumination.

We designed two different graph types, a radial bar chart and
a bar chart, in both single-coloured and multicoloured versions.
We are aware that these visualisations are not similar regarding
the information they provide, as ordinary bar charts are generally
considered best practice when visualising connecting values to cat-
egories. This makes it easier to identify if a goal was exceeded in
the bar chart, as shown by research on glanceability in smartwatch
visualisations [9]. Furthermore, we are aware that the presence
of unmet goals is particularly emphasised by the colour red the
multicoloured version, while in single-coloured visualisations they
are not. However, we still opted for designs that are close to existing
commercial products (e.g. multicoloured and single-coloured visu-
alisations in two different graph types) because of the importance
to build an understanding of systems currently used in regards to
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aspects such as potential negative thought cycles (i.e. rumination).
The four graphs are presented in Figure 1.

We chose the bar chart and the radial bar chart because they are
both popular in step counting applications and commonly used in
tracking devices such as Fitbit, Apple Health and Samsung Gear Fit.
However, while the bar chart is arguably one of the most frequent
graph types users encounter, the radial bar chart presents a less
obviously understood form for the data. The bars in the single-
coloured chart are greyish blue, while the multicoloured version
colours success with a green hue and failure in the signal hues
orange and red. Colours are pre-attentively processed, so have a
high chance of being isolated for conscious attention [57]. Both
colourings are similar to those of visualisations in commercially
available fitness tracker apps. If there is a colour scheme in real
examples of tracker visualisations it is often related to whether the
goals are met, which is a type of dual encoding common within
dashboards in general [22]. We believe that our design choices
influence how users interpret their data. According to literature,
we expected that the radial bar chart would be less familiar and
also more difficult to interpret and compare values correctly, thus
making it more open to the user’s interpretation. We also predicted
that colouring by failure and success would have an effect on how
users interpreted the weekly result.

Furthermore, we designed the values visualised—the step counts
for each day—to look random, but with a number of days almost
reaching the goal. Given that there seems to be little evidence for
a very specific step count [55], the exact number of steps itself
is arbitrary and unlikely to be important to reach except for psy-
chological reasons. However, failing even by a very low number
is sometimes shown as failure in commercial apps — through, for
example, colouring. We chose an alternative step goal value—8000
steps—rather than the popular 10000. This is in line with a usage
scenario where the users set their own goal, and also closer to esti-
mated step counts of a non-sedentary person [55]. The four screens
have been carefully designed to have the same information apart
from colour and visualisation type.

5 METHOD

This study explores how different ways to visualise unmet fitness
goals affect reflection and rumination of users. To that end, we con-
ducted two studies. Study 1 was a between-subject online vignette
study with five conditions—four visual representations and a textual
description of unmet goals. Study 2 was an interview study with the
aim of gaining in-depth insights regarding the user’s perception of
the visualisations. Furthermore, the qualitative data reported aims
to add elements of the lived experience, even if hypothetical. Both
studies used the same visualisation prototypes, shown in Figure 1.

6 STUDY 1: EXPERIMENTAL VIGNETTE
STUDY

First, we conducted a experimental vignette study (i.e. a study where
we ask participants to see the world through the eyes of a hypo-
thetical person in a specific scenario; a method very similar to
tailored scenarios [16]). We chose this method because it offers
the means to balance the benefits of experimental research with
high internal validity and the advantages of applied research with
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high external validity [3]. Studies focusing on rumination from
Psychology have also opted for experimental vignette studies to
explore rumination [10, 53]. We decided to use a vignette as a first
step, because presenting participants with designs that might trig-
ger rumination and thus risk their wellbeing was neither in line
with our ethical standards as researchers nor with the Declara-
tion of Helsinki [5]. Hence, we decided to conduct a hypothetical
study, meaning that we inquired about participants’ perceptions
of different visualisations or a textual description of unmet fitness
goals rather than their own fitness performance. Our study is, to
the best of our knowledge, the first empirical exploration focusing
on the potential of such visualisations to prompt rumination and
reflection. Consequently, we used an experimental approach that
offered the highest validity while ensuring no negative influence
on the wellbeing of the participants. Experimental vignette studies
have been used in a variety of research contexts and it has been
shown that they deliver results comparable to ‘real-life behaviour’
(e.g. [21, 31]).

Before the study, participants were presented with a page in-
forming them that the study was fully anonymous and asking for
informed consent. The studies were conducted according to the
ethics standards of the conducting institution. According to these
rules, the survey was not subject to review by an ethics board.

6.1 Participants

The participants in our study 1 were recruited through Amazon
Mechanical Turk (MTurk). Theoretical as well as empirical research
has pointed out potential benefits of MTurk [40, 45]. Furthermore,
previous work assessed participants recruited through MTurk as
suitable for visualisation [32] and personal informatics [2, 20] re-
search.

We recruited n = 165 participants, aged 18-86, M = 34.59, SD =
9.46 using Amazon Mechanical Turk (MTurk). Sixty-six participants
were male and 99 female. We aimed to recruit a diverse group
of participants. A Shapiro-Wilk test revealed that the ages were
normally distributed and a Pearson’s Product-Moment test revealed
no correlation between age and any of the measures. The sample
size used was calculated with G*Power with target Cohen’s f = 0.25.
The participants were uniformly distributed among conditions and
resided in the United States or the European Union. We required
participants who had completed at least 1,000 Human Intelligence
Tasks (HITs) (i.e. single tasks such as ‘Identify the colour of the
object in the picture’), presented on MTurk, with a 95% acceptance
rate, in line with past work in HCI [20]. The survey took an average
of 6min 21s to complete and the participants received $1.00 as
compensation.

6.2 Conditions

We designed four different visualisations with two different graph
types and two different colour versions. We also included a textual
description as a fifth condition. Each condition presented the same
weekly goal progress towards a specific step goal. Since there may
be a possible interaction effect between feedback and reporting,
we did not include additional feedback but solely focused on the
representation of the weekly step goal progress. This resulted in
five experimental conditions for our study:
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(a) Radial bar chart, multi-(b) Bar chart, multicoloured,(c) Radial bar chart, single-(d) Bar chart, single-coloured,
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coloured, RMoNoO

BMonNo

Figure 1: The four visualisations designed for the purposes of our study.

Weekly Goal Progress
(steps)

GOAL: 8000 steps
Monday: 2066 steps
Tuesday: 7895 steps
Wednesday: 8462 steps
Thursday: 11 456 steps

Friday: 3912 steps
Saturday: 7759 steps
Sunday: 5468 steps

Figure 2: The text feedback condition — no visualisation, NV
used in our study. The text feedback used the same visual
style as the other conditions.

o Radial bar chart, multicoloured, RCOLOUR, presented in Fig-
ure la

e Bar chart, multicoloured, BCOLOUR, presented in Figure 1b

o Radial bar chart, single-coloured, RMoNo, presented in Fig-
ure 1c

e Bar chart, single-coloured, BMoNo, presented in Figure 1d

o Textual description, no visualisation, NV, presented in Figure 2

6.3 Measures

After a brief survey introduction, we asked the participants for their
demographic data (age, gender, current occupation, country of birth,
country of residence, highest finished education). Afterwards, they
were randomly assigned to a condition and presented with the
corresponding visualisation. Please note that the method used was
adapted from psychology studies [11, 29] and the referenced scales
included explanatory text. The visualisation was visible at the top of

the screen for the entire duration of the survey. Then, we presented
the participants with an open text field where we asked them how
looking at the display made them feel. Next, we administered the
following measures:

e Rumination Scale, 5 items on a 5-point Likert scale, see Ta-
ble 1.

o Reflection Scale, 5 items on a 5-point Likert scale, see Table 2.

e Trait rumination scale, 12 items on a 5-point Likert scale.

o Trait reflection scale, 12 items on a 5-point Likert scale.

The rumination scale and the reflection scale were modified ver-
sions of the rumination-reflection questionnaire (RRQ) [54] and
presented in randomised order. We used the reflection scale and the
rumination scale to assess if the way the unmet goal was commu-
nicated triggered rumination or reflection. We also inquired about
the participants’ trait rumination and trait reflection, using the orig-
inal rumination-reflection questionnaire (RRQ) from Trapnell and
Campbell [54]. Trait rumination and trait reflection have previously
been identified as personality traits independent of a specific situa-
tional context. This means that rumination and reflection manifest
themselves as a personality trait (i.e. a somewhat stable, enduring
characteristic) and as a state (i.e. a temporary way of being). Hence,
in order to explore a user’s state rumination and reflection in a
methodologically sound way, we also inquired about their trait
rumination and reflection, to use it as a covariate in our analysis.
Thus, we administered the RRQ to account for these individual
differences regarding trait rumination and trait reflection of the
participants. This enabled us to separate a participant’s general
inclination to reflect or ruminate about fitness tracker data from
the potential of the different visualisations to activate rumination
or reflection.

7 STUDY 1: RESULTS

7.1 Rumination

We conducted a one-way ANCOVA to investigate the effect of the
type of visualisation used on the rumination scale score, controlling
for the participants’ rumination trait. We found a significant effect,
F4 157 = 2.78, p < .05. Post hoc test with Tukey’s HSD revealed sig-
nificant differences between the condition pair BCoLour — BMoNo,
with p < .05. Figure 3 shows the results. There was no significant
effect of the covariate, rumination trait scale score, p > .05.
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(1) This app would tend to make me ‘ruminate’ or dwell over my fitness tracker
data for a really long time afterwards.

(2) This screen would not make me waste time rethinking training sessions that
are over and done with. (R)

(3) When I'look at this app I feel I would spend a great deal of time thinking back
over my embarrassing or disappointing workout moments.

(4) This app would make it easy for me to put unwanted thoughts about my fitness
tracker data out of my mind. (R)

(5) This app would make me focus on aspects of my fitness tracker data I wish I'd
stop thinking about.

Table 1: The Rumination Scale used in our studies, adapted
from work by Trapnell and Campbell [54]. Items were
scored on a 5-point Likert scale and items marked with (R)
were scored inversely.

(1) I would like to explore my fitness tracker data more with this app.
(2) I would often look at this app and analyse my data with it.
(3) I would like to analyse why and how I work out with the help of this app.

(4) Analysing my fitness tracking data with the help of this app doesn’t appeal to
me that much. (R)

(5) Contemplating about my fitness tracker data with the help of this app isn’t
my idea of fun. (R)
Table 2: The Reflection Scale used in our studies, adapted
from work by Trapnell and Campbell [54]. Items were
scored on a 5-point Likert scale and items marked with (R)
were scored inversely.

Ny
Condition

Figure 3: Rumination scores for the five experimental con-
ditions.

Since the results presented above found a significant difference
between the single-coloured and the multicoloured bar chart (see
Figure 3), we analysed the data further and investigated the effect
of the colouring scheme (multicoloured, single-coloured) and shape
used (radial bar chart, bar chart) on the rumination score. A two-
way ANCOVA, controlling for the participants’ rumination traits
revealed that the colouring scheme had a significant effect on the
rumination score, Fy,157 = 9.53, p < .01, Bonferroni corrected. Post-
hoc analysis revealed that Multicoloured (MC) visualisations lead
to higher scores on the rumination scale than single-coloured (SC)
visualisations, p < .05. No effect of shape used was found, nor were
any interaction effects present. Figure 4 depicts the results showing
rumination score given colouring scheme (MC, SC).
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Figure 4: Rumination scores for the colour schemes.

Figure 5: Reflection scores for the five experimental condi-
tions.

NV
Shape

Figure 6: Reflection scores given the shapes used.

7.2 Reflection

Accordingly, we conducted a one-way ANCOVA to investigate the
effect of the type of visualisation used on the reflection scale score,
controlling for the participants’ reflection traits. We found a signif-
icant effect, Fy 158 = 2.94, p < .05. Post-hoc testing with Tukey’s
HSD revealed significant differences between the condition pairs
NV — BCoOLOUR, with p < .05. Figure 5 shows the results. A signifi-
cant effect of the covariate, reflection trait scale score was present,
F1,158 = 7.54, p < .01. As in the case of rumination, we investigated
the effect of the colouring scheme (multicoloured, single-coloured)
and shape used (radial bar chart, bar chart) on the reflection score.
A two-way ANCOVA, controlling for the participants’ reflection
trait revealed that the shape used had a significant effect on the re-
flection score, Fz 158 = 5.40, p < .01, Bonferroni corrected. Tukey’s
HSD revealed that bar charts lead to higher scores on the reflection
scale at p < .05. No effect of colour scheme was found, nor were
any interaction effects present. Figure 6 depicts the results showing
reflection score given shape used.
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P Gender Age Visualisation Education
Prototype

P1  Female 24  BMono Master

P2  Female 21  RMono Bachelor

P3  Male 23 BColour High School

P4  Male 24  RColour Master

P5  Female 23 RMono Bachelor

P6  Male 22 BColour High School

P7  Female 22 RColour High School

P8  Female 20  BMono High School

P9  Female 49  RMono Bachelor

P10 Male 51 BMono Master

P11 Male 23 BColour Bachelor

P12 Male 23 RColour Bachelor

P13 Male 22 BMono High School

P14 Female 22 RMono Bachelor

P15 Female 23 BColour High School

P16 Male 34  RColour Master

P17 Female 21 BMono High School

P18 Female 37  RMono Master

P19 Female 22 BColour High School

P20 Female 26  RColour Master

Table 3: Details of participants P in our interview study.

8 STUDY 2: INTERVIEWS

Having observed that the way of presenting unmet goals could
affect reflection and rumination, we wanted to understand the
reasons behind this effect. To that end, we decided to conduct
semi-structured interviews to explore the users’ thoughts when
confronted with the visualisations. Each participant was randomly
assigned one of the four visualisations used in Study 1, which was
the main topic of the interview. The interviews lasted an average
of 25.68 minutes (MIN = 17-MAX = 35). Each of the interviews
was a one-on-one session with a single researcher.

8.1 Participants

We recruited n = 20 participants, aged 20-51 (M = 26.6, SD =
9.03), with 8 males and 12 females. The participants were asked for
consent for recording before the interviews and informed that they
are allowed to terminate the interview at any time. All participants
confirmed that they did not have red-green colour blindness. The
participants were recruited through social media posts, flyers at the
university canteen and snowball sampling. We provided an online
shopping voucher worth $20 as compensation. Table 3 presents
details about the participants.

8.2 Interview Protocol

In the interview, we first obtained demographic data. We then
presented one of the four visualisations (BMono, BColour, RMono,
RColour) to the participants and asked them to imagine that the pro-
totypes presented their previous week’s activity and think aloud
while interpreting the data [4]. Based on what the participants
voiced during the think-aloud protocol we then inquired in more
detail about aspects such as form, colour and emotions connected

MobileHCI *20, October 5-8, 2020, Oldenburg, Germany

to the visualisation. In the final part of the interview, we gave the
participants the opportunity to ask follow-up questions, thanked
them for their participation in our study and provided them com-
pensation information.

8.3 Analysis

All audio recordings were transcribed verbatim and imported into
the Atlas.ti analysis software. We applied open coding combined
with thematic analysis, as described by Blandford et al. [8]. Two
researchers coded a representative sample of 15% of the material.
Next, a coding tree was established through iterative discussion.
The remaining transcripts were split between the two researchers
and coded individually. A final discussion session was conducted
to structure the coding tree after the material was coded. We then
identified emerging themes from the material: FORM AND COLOUR,
REFLECTION AND RUMINATION and SELF-COMPASSION AND PERFOR-
MANCE PRESSURE.

9 STUDY 2: RESULTS

Here we provide a detailed description of the themes and illus-
trate them with excerpts from the interview data. Our qualitative
results challenge the binary view regarding fitness tracker feed-
back, especially regarding colour in the fitness tracker visualisation
prototypes and goal setting.

We found that participants were able to relate to the presented
prototypes. Many participants provided unsolicited comments, re-
flecting on similarities and differences between the presented vi-
sualisation and the visualisations they experienced in their past
technology use. Furthermore, interviewees contemplated about
their own days and how they could be mapped to the presented
data. This was illustrated by the following quote:

On Sundays I'm always in the animal shelter, but there I also get a
lot of steps. (...) This (the visualisation) is amazingly close to my
weekly routine. It really looks like my week. (P19, BColour)

9.1 Form and Colour

Bar charts were perceived as intuitive by all participants presented
with this visualisation. Many interviewees explained the visualisa-
tion without hesitation. One participant remarked that it was easy
to understand and aesthetically pleasing:
It’s very minimalist, but I find it easy to understand. I know exactly
what it tells me. (...) So there are no axes, which I find actually
more beautiful, because there is just less on the screen. I really like
the minimalist things. You have an obvious line, so I find it very
understandable. (P10, BMono)

In contrast, the group of participants presented with the radial
bar chart often expressed confusion. The participants suggested
that this visualisation may have a steeper learning curve:

Well, if you know it, you’ll probably get used to it, but you have to
know where to look first. (...) What they (the designers) did not do
well is that the rings are hard to map to values. Yes, so somehow I
find it really confusing. (P18, RMono)
Some of the participants primarily commented on the colours and
disregarded the form of the visualisation. For many participants, the
colours were perceived as self-explanatory and red was associated
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with negative feelings. Some participants even perceived the colour
red as depressing:
So the colours are relatively logical. Green is mostly positive, red is
mostly negative (...), you just want to see more green. And red is a
bit depressing. (...) I do not want to constantly look at my goals and
always be reminded of what I did not manage, because everything
is red. (P7, RColour)

The emotional and motivational consequences of the colour
scheme were discussed by many participants. Interestingly, some
interviewees reflected on the negative perception of the colour red,
but, at the same time, mentioned that the highlighted failure would
motivate them:

Red is bad. It’s just a harsh colour, and it’s also the colour that
describes bad or below-average days. The colour appears aggressive.
Perhaps the designers considered that, perhaps they wanted to
express caution with the red colour. (...) For me, it would have a
motivating effect, if the data looked bad. But I guess that depends
on the personality. (P12, RColour)

9.2 Reflection and Rumination

Another recurrent theme in the collected data described reflection
and rumination processes which go beyond reflection and rumina-
tion triggered by the specific visualisation prototypes. For instance,
one participant emphasised their personal interest in contrasting
their personal perception of the physical activity level with the
numbers presented by the fitness tracker:

(-..) it is always interesting to see how much you have really moved
versus your perception. And I always find it very interesting, be-
cause somehow 11 000 steps does not sound like that much, if you
only see the number. But when you think, "Okay, that’s how much
time or kilometres that is". (P5, RMono)

For some participants, the idea of wearing a fitness tracker in-
duced too much pressure and made them uncomfortable. One par-
ticipant even stopped tracking, because the tracker did not reflect
the actual fitness level, which lead to stressful situations:

(-..) It has put me under some pressure. For example, when I was

cycling as a sports activity, the pedometer did not register it. That

said, I had very few steps at the end of the day, even though my

physical activity was actually very high, and that put me under

pressure at some point. (P2, RMono)
The ability to react to negative feedback of the fitness tracker was
a recurrent topic. The time that was left to counterbalance negative
feedback was perceived as crucial and if there was not enough
time left to work on reaching the goal, it had negative emotional
consequences for the user:

It depends on how much time I have left. If I have plenty of time

left to balance the reds, then it’s such an inciting, stimulating thing.

When I realise, "Oh dear, now I do not have enough time left to do

this", it makes me grumpy. (P3, BColour)

Experiencing negative emotional consequences because of goal

failure is also highlighted by this statement:

(...) If the tracker shows me "Okay, you only walked 3000 steps

today"; then I always have a very bad conscience, so that’s the

incentive. (P20, RColour)
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9.3 Self-Compassion and Performance
Pressure

This theme describes two contrasting notions. Here, participants
discussed the need to do something that goes against the recom-
mendations from their fitness tracker, such as taking a break. Some
participants also discussed how the tracker did not reflect their
day properly or commented about performance pressure and the
need to reach their goal. Interestingly, they emphasised that it was
particularly important to them to reach their goal when they were
very close to it:

So, in the evening, when I see: ‘Okay, I am now at, what do I know,
10700’ then I walk around the block one more time thinking: ‘Okay,
now you are so close to the 11 000, you can do that now.” But when
I see it is completely far away, then I do not really care about it.
(P34, BColour)

While most participants described that it would feel uncomfort-
able to not reach their goal, some interviewees made a point of
being compassionate towards themselves:

(-..) because as I said before, I'm quite active overall and then it is
not bad if one day it is not there. Although this looks like a warning
now, but you do not have to be so active every day. That’s fine too.
(P4, RColour)

The struggle between self-compassion and performance pressure
is illustrated by the following comment, where an interviewee
reflected about the question of whether it was okay to relax or if
that would be lazy:

I could say: ‘Oh no, I have to do something’. But maybe I do not
have to do anything. But then that leads to a certain tension, where
one says ‘Do I have to do more? Do I need that?’. Is it laziness when
you say you do not need that? Because there are already situations
where you say you need relaxation. But then you do not do that
too often. I think there’s a bit of pressure or motivation to maintain
your performance. (P18, RMono)

10 DISCUSSION

In this research, we explored possible reflection and rumination
triggered by four different visualisations and a textual description
of an unmet fitness tracker goal. We conducted two studies, an
experimental vignette study and an interview study. Our results
challenge the generally positive view of providing goal feedback. In
our experimental vignette study, we observed that multicoloured
visualisations led to significantly more rumination (RQ1). While
the affective consequences of the multicoloured charts were mainly
described as negative in our interviews, some interviewees per-
ceived them as uncomfortable but motivating at the same time, cf.
ForM AND COLOUR. Our results highlight the importance of fitness
tracker design to be aware of potential negative consequences of
multicoloured graphs and the possibility of users ruminating over
goal failure. More precisely, our qualitative data shows that the
users exhibit a variety of attitudes in how they relate to the pre-
sented goal achievement data. That is why current fitness trackers
should present alternative goal visualisation options to users so that
the users can choose an interface matching their goal orientation.
Allowing the user to make their own choice potentially satisfies
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the need for autonomy. Further, our results suggest that a neu-
trally coloured visualisation should be the default with coloured
options being available after informing the user of possible negative
consequences.

A tangible recommendation that stems from our results is that
fitness trackers should be wary about using strongly pre-attentive
attributes like colour schemes to highlight failure metrics, such as
unmet goals. Trackers should make sure that such intense feedback
does not lead to negative affective consequences.

In line with approaches known from Positive Psychology, fit-
ness tracker visualisations could instead focus on goal attainment
and de-emphasise goal failure. This, in turn, could foster a ‘growth
mindset’, i.e. empowering people to build on their personal re-
sources and increase resilience to cope with eventual failure, such
as not achieving a goal [24]. This resonates with the findings from
our interviews were some participants articulated feeling stressed
by negative feedback. Improving the resilience in dealing with
challenging situations through fostering a ‘growth-mindset’ could
potentially support fitness tracker users in enjoying their success
when achieving a goal. Furthermore, the induced positive feelings
and the increased resilience could help users to utilise the advan-
tages of goal setting mechanisms in current fitness apps, while
minimising the negative effects of them, such as negative thought
cycles or feeling pressured.

We found that multicoloured graphs and bar graphs triggered
significantly more reflection (RQ2) in our quantitative inquiry. Our
interview results showed that the multicoloured charts triggered
more rumination than the single-coloured visualisations. One possi-
ble explanation for this effect is illustrated by our qualitative results.
Participants commented extensively about unmet goals highlighted
through orange and red colouring in the FORm AND COLOUR theme.
They also highlighted situations were the negativity of red was
unwarranted in the SELF-COMPASSION AND PERFORMANCE PRES-
SURE theme. This is an intriguing finding, since it showcases the
complexity of designing rich fitness tracker visualisations that can
potentially foster reflection but, at the same time, are not judgemen-
tal, i.e. they reduce pressure and potential rumination in their users.
Consequently, future fitness tracker should balance how feedback
with respect to goal is communicated, allowing user to customise
how goals are displayed, depending on their goal orientation.

While we observed some significant differences in the study, our
work also shows that it is likely that the design space of visuali-
sations that avoid the negative effects of tracking is considerably
large. This implies that designers of fitness tracking applications
have a wide variety of choices for the visualisations to be used for
a particular product. This creates an opportunity for development
beyond the current static, pre-determined visualisation designs
for personal informatics data views (e.g. the Fitbit weekly report,
which uses radial bar charts for goals). As different users exhibit
different levels of reflection and rumination when presented with
different visualisations, users should be empowered to make their
own visualisation choices. Consequently, future fitness tracker ap-
plications should offer alternative visualisations that the users can
interactively change.

Based on our results and given that users are more familiar
with bar charts than with radial bar charts, we hypothesise that
the bar charts led to more positive affect. This assumption was
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confirmed by our interview results in the FoRm AND CoLOUR theme.
Participants commented extensively on both chart types (radial bar
chart and bar chart) and all participants perceived the bar chart
as very intuitive. In contrast, some participants reflected on the
aesthetically pleasing qualities of the radial bar chart but at the
same time described it as confusing and not intuitive.

10.1 Ways Forward

Based on our results, we highlight possible ways forward for de-
signing fitness tracker experiences. Our work shows that the design
properties of the visualisations used for fitness tracker data may
affect the way users connect to goals and translate their qualita-
tive goals to tracker data. In line with the Tracker Goal Evolution
Model [43], one way to address the challenge of evolving and oc-
casionally unmet fitness tracker goals is to shift the focus of users
towards what they have already achieved; more precisely, to foster a
growth mindset [18]. This resonates with past work which stressed
the importance of enabling users to connect their fitness tracker
goals to their higher level goals [30, 43]. Our studies focused on the
visualisation of numeric goals. Future work can explore how users
can be supported to connect quantitative and qualitative goals and
how that might help to mitigate rumination.

Also, current fitness trackers collect a variety of different data,
such as steps, heart rate and sleep quality. Future research can ex-
plore if our findings can be replicated when exploring visualisations
of fitness tracker data beyond steps, such as sleep quality and heart
rate. Yet, other metrics come with more complexity, e.g. meeting
sleep quality goals is harder to assess than determining if a specific
number of steps was taken. Hence, a question for future research
could be: How to foster reflection and avoid rumination when goal
achievement is hard to define. Future work could also study how
other feedback modalities such as temporal aspects, audio or haptic
feedback might influence rumination and reflection of users.

The need for tracker visualisations to reflect daily activities and
life circumstances is emphasised by the findings in our interviews,
especially under SELF-COMPASSION AND PERFORMANCE PRESSURE.
Some participants anticipated that they would struggle to find a
balance between reaching their fitness tracker goals, following the
feedback provided their device and doing what felt healthy and
meaningful to them (e.g. working on one’s thesis or taking a break).
Interviewees reflected that their fitness tracker may have reduced
complex activities to numbers, which did not reflect if they had had
an active, productive day. Hence, incorporating self-compassion
into fitness tracker design has the potential to enable fitness tracker
users to find a balance between their higher level fitness goals and
their higher level wellbeing goals, without the need for the tracker
to process detailed data about the nature of the user’s activities.

Even though we hope that our work can support the design of
future fitness trackers that fosters reflection and avoids triggering
rumination, we are convinced that studying how to communicate
failure is only one way to address this topic. We believe that future
research should not only focus on how best to communicate failure,
but explore why ‘failure’ occurs in the first place. Current personal
informatics systems are mainly designed for and with the white,
healthy, mentally stable user in mind [51]. For instance, users who
already struggle with physical or mental challenges are already
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prone to potentially ruminate more [50]. Thus, in line with Spiel
et al. [51], we emphasise that building more inclusive personal
informatics systems is key for engaging, meaningful, long-term
tracking experiences. Consequently, future systems should develop
customisation strategies that adapt visualisations to users, prevent-
ing failure and reducing negative thought cycles.

10.2 Limitations

Our work constitutes a first step towards exploring ways how to
communicate unmet fitness tracker goals through visualisations.
Yet, we recognise that the approach used in this paper is prone to
certain limitations. It has to be noted that the hues of the multi-
coloured bars may not be discernible by people who have a colour
vision deficiency. It was not possible for us to check reliably if the
participants in the experimental vignette study have a colour vision
deficiency. However, we only included participants with no colour
vision deficiency in our interview study.

Furthermore, we used hypothetical data to study the potential
effects of different ways to communicate failure. We opted for this
approach for ethical reasons. Previous work showed that results
derived with vignette studies generate similar results than real ex-
periences (e.g, [21, 31]). Furthermore, within our interviews, partic-
ipants related the prototypes to real experiences and contextualised
what they saw with socially relevant experiences of their own lives.
This approach represents a trade off between ecological validity
and what is ethically possible. Consequently, even though we be-
lieve that our approach was justified as we were striving for an
ethically sound approach and high internal validity, future research
should explore if our findings can be replicated when studying
the visualisations with the real fitness tracker data of participants.
For instance, future research could utilise longitudinal, qualitative
studies to explore the reasons behind participants’ preferences for
certain visualisations over a longer period of time.

Moreover, we can not exclude the possibility that other chart
designs than those chosen for our study would have led to other
results. However, as this is (to the best of our knowledge) the first
exploration of this issue, we aimed to evaluate commercially avail-
able chart types, for our work to be relevant to designers and users
relating to existing choices. The two types, bar charts (commonly
considered to be one of the most basic and understandable charts)
and radial bar charts (less well known and less easily parsed), of-
fered a good opportunity to test the effects of chart type. Past work
in visualisation for personal informatics [33] pointed to differences
between traditional and more elaborate visualisations and our work
explores this question. Any experimental design is a balance be-
tween variety (number of choices to test) and reliability (number
of participants per choice), and we chose higher reliability.

11 CONCLUSION

This paper investigated the effects of different ways to communicate
unmet fitness tracker goals through visualisation on rumination
and reflection. We conducted two studies; a between-subject online
study with five conditions — four different prototype visualisa-
tions and a textual description of unmet fitness tracker goals and
a qualitative interview study. We found that bar graphs offered a
significantly better potential for reflection and multicoloured charts
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triggered significantly more rumination. We further investigated
the differences between the prototypes in semi-structured inter-
views. The interviews showed that users were concerned about
how the visualisations reflected their activity. We also observed
that the colour red produced emotionally-charged responses which
could both provide motivation and lead to rumination.

Our results imply that future trackers should make sure that very
direct feedback of unmet goals does not lead to negative affective
consequences, such as rumination, for the user. Potential ways
forward to address this challenge could be to strictly using single-
coloured visualisations as the default data view, fostering a growth-
mindset in the participants and supporting self-compassion through
fitness tracker design. We provided insights into the design of future
fitness trackers that account for occasionally unmet fitness tracker
goals and foster a meaningful long-term experience. We hope that
our results will inspire further research into alternative designs for
personal informatics visualisations that ensure that negative effects
of tracking are minimised.
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