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Abstract
Sleep studies suggest that exams, jobs, and technologies keep teens up at night, but little research exists to engage teens in 
reflecting on their own sleep. We designed a set of cards and a web-based app ‘SleepBeta’ to support reflection by inviting 
teens to ask questions, explore, track, and experiment with sleep and related technology and lifestyle habits. Through card 
sorting, we invited teens to identify technology and lifestyle habits they wished to track. SleepBeta let teens track various 
habits and sleep whilst visualizing interrelationships between these data. Twelve teens and 11 parents participated in inter-
views before and after a 3-week field trial of SleepBeta. Our findings highlighted four distinct modes of reflection: reflection 
in preparation, reflection in action, reflection upon revisiting data, and reflection through social interaction. We discuss how 
our findings provide sensitizing concepts that reframe reflection from a post hoc activity with personal data, to an ongoing 
process that starts before technologies are used to generate data. We highlight design opportunities for scaffolding reflection 
in preparation, and we reflect on design choices that give teens control over their data.
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1 Introduction

The interactions between teens and parents around sleep and 
digital technology can be challenging. In terms of sleep, 
there is a concern that teens are not getting enough of it, 
which can negatively affect the behaviour, feelings, and 
social relationships of teens, as well as their academic per-
formance [1–4]. Sleep needs and sleep patterns are naturally 
changing during adolescence, so that teens will want to go 
to bed later at night and get up later in the morning [2]. 
However, school starting times remain the same, which can 
create tension between teens and parents. Beyond that, sleep 
is also impacted by lifestyle factors, e.g. stress at school, 
part-time jobs, and caffeine consumption, which can add to 
the perception that teens do not get enough sleep [1].

Personal and ubiquitous technologies can further com-
plicate matters. Smartphones can be a cause of tension 

between teens and parents, with concerns of phone overuse 
and diminishing the time and quality of sleep that teens get, 
especially when used during bedtime [1, 5]. Sleep studies 
also suggest that video games, music, and video streaming 
can keep teens up at night and reduce the amount of sleep 
they get [3, 4, 6].

Despite these concerns, however, there is limited research 
on engaging teens themselves to reflect on their own sleep 
and the potential impact of technology. Off the shelf tech-
nology like smartwatches and fitness trackers support sleep-
tracking, but they provide little guidance on what habits to 
track, what questions to ask of the data, and how sleep data 
might relate to technology use [7]. Health research relies on 
teens as research subjects to providing data for large cohort 
studies into sleep [1–4], but neither teens nor parents are 
engaged in these studies to reflect on their own data and 
experiences. HCI research, on the other hand, often pro-
motes engagement through a Quantified Self approach where 
teens or entire families are invited to track and quantify their 
exercise and sleep [8–10]. However, there is an inherent 
assumption in self-tracking research that the data will sim-
ply lead to reflection and action, with little consideration on 
how to initiate and support reflection.
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Hence, the aim of this research was to explore how we 
might engage teens to reflect on their sleep and related life-
style and technology habits. To support such reflection, we 
created various resources for better sleep, aka ‘SleepBeta’ 
(illustrated in Fig. 1). SleepBeta contains a card-set that 
invites teens to reflect on current habits and to ask personally 
relevant questions, e.g. do I get less sleep on days that I play 
video games? We also designed a web-based ‘SleepBeta 
app’ for teens to track and reflect on relevant lifestyle and 
technology habits through a diary on their mobile phone (see 
Fig. 1). The app integrates sleep data from a fitness tracking 
device, and it visualises sleep data and emerging correlations 
with diary data to let teens reflect on possible relationships, 
e.g. if they indeed get less sleep on days that they play video 
games. Finally, we invited parents to discuss sleep with their 
teenage children to encourage reflection.

Based on interviews with 12 teens and 11 parents during 
a 3-week field study of SleepBeta we found that reflection 
upon revisiting data from SleepBeta was helpful to explore 
relationships between sleep and lifestyle factors, i.e. exer-
cise, and to reassure teens that their sleep patterns were 
normal. However, we also observed three other modes of 
reflection that were less reliant on the available of personal 
data. Reflection in preparation occurred when teens reflected 
on their current experiences and questions, to prepare for 
self-tracking. Reflection in action highlighted the impor-
tance of taking actions to change habits in order to gain new 

insights. Finally, reflection through social interaction with 
family members and peers was critical to reflect on sleep 
data and experiences.

Through these findings, this paper seeks to offer three 
contributions to our understanding of reflection with per-
sonal and ubiquitous technologies: Firstly, we discuss how 
the self-tracking reflections of teens differ from the reflec-
tions of adults in terms of concerns around technologies used 
at night, questions about sleep quality, and their underlying 
motivations for sleep-tracking. Secondly, whilst current 
notions of reflection through self-tracking focus on reflec-
tion once data has been collected [11, 12], our findings on 
reflection in preparation highlight that reflection can precede 
data collection, provided scaffolds (like cards) are available. 
Finally, our findings on reflection through social interaction 
highlight both the importance of dialogue for reflection as 
well as privacy challenges. Based on these observations, we 
reflect on our design choices and discuss design opportuni-
ties to better support reflection during the various stages of 
self-tracking.

2  Related work

Our study connects multiple research areas. We begin by 
discussing health research on the sleep of teens, followed by 
HCI research on sleep tracking and reflection.

Fig. 1  To reflect on sleep with teens, we designed SleepBeta: (1) a set 
of cards about technologies and lifestyle factors invites reflection on 
possible impacts on sleep. (2) A diary app allows teens to track per-

sonally relevant factors and a fitness tracker generates sleep and phys-
ical activity data. (3) A dashboard visualises sleep data and correla-
tions with factors tracked to support reflection upon revisiting data
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2.1  What is keeping teens up at night?

Sleep studies suggest that what is keeping teens up at night is 
a combination of biological factors and modifiable lifestyle 
factors, including technology habits. In terms of biological 
factors, sleep studies show that teens naturally want to go to 
bed and wake up later. This is because of hormonal changes 
during puberty that delay the release of melatonin later at 
night than during earlier childhood, which affects the daily 
(circadian) rhythm of sleep propensity [2]. Furthermore, 
teens can and want to stay awake for longer due to matu-
rational changes to the brain [13]. Hence, to allow for later 
bedtime and sufficient sleep, some countries have delayed 
school time, which has led to greater student alertness and 
wellbeing [14].

The change in sleep patterns can be further exacerbated 
by lifestyle factors, including technology habits. A main 
inspiration for this research has been the study by Harbard 
et al. [1], which examined the relationship between sleep and 
26 pre-bedtime behaviours. Based on a 3-week study with 
146 teens between the ages of 15 and 17 years, it was found 
that the following behaviours showed statistically significant 
correlations with sleep: playing video games and late-night 
snacking were associated with later bedtime and less sleep 
during school time. Social media use was associated with 
longer time take to initiate sleep, but this finding was only 
statistically significant during vacation time. Conversely, 
spending time with family in the evening was associated 
with earlier bedtime and longer sleep, possibly because these 
teens were subject to stricter rules set by their parents or 
because spending time with family let to more established 
routines. Other studies point to binge viewing of TV and 
video streaming [6] and social media use [15] as threats to 
sleep.

There are several reasons why digital technologies are 
deemed a threat to sleep: time spent using technologies 
means less time for sleep (time displacement); stimula-
tion from video games or other ‘exciting’ technologies can 
increase heart rate and delay the onset of sleep; the blue 
light emitted by screen-based technologies can also affect 
the circadian rhythm and delay the onset of sleep [2, 16, 17].

Recommendations for parents suggest the following strat-
egies to help teens get the recommended 8–10 h of sleep 
[13, 16, 18]: establishing healthy digital technology habits 
as well as healthy bedtime habits with their children, being 
a role model that prioritises sleep, communicating about 
the importance of sleep for their wellbeing, and developing 
appropriate technology and sleep rules to guide children and 
to help them understand the after-effects of failing to follow 
rules (e.g. being tired and low on energy the next day).

Taken together, these studies of teens are helpful to under-
stand patterns of sleep and technology habits and to establish 
guidelines for parents. However, within these studies, there 

appears to be a lack of engagement with teens to reflect on 
their priorities and if these large-scale patterns might also 
apply to their unique circumstances.

2.2  Engaging teens with sleep

HCI research on sleep typically either focuses on under-
standing current sleep habits or on tracking sleep through 
mobile and wearable devices. In terms of understanding 
sleep habits, a recent study by Davis et al. [5] highlighted 
that parents and teens recognise that they use the phone too 
much and the impact it can have on quality time with the 
family, but also that the phone may delay their bedtime. 
Blackwell et al. [19] similarly found that the phone is the 
cause of tension, as well that teens think that parents over-
estimate how much time they spend on the phone at night. 
Yardi, Bruckman [20] observed that parents of younger teens 
enforce rules about limiting digital technologies used dur-
ing the evening more strictly than for older teens. Hiniker 
et al. [21] found that teens are less like to follow rules that 
ban technologies in certain contexts only, e.g. at the dinner 
table or after bedtime. Looking at adult couples rather than 
teens, Salmela et al. [22] highlight that phone use in bed 
is widespread, and that it not only disrupted sleep patterns 
but that it also affected the attention given to partners and 
intimate interactions.

In terms of sleep-tracking, there is HCI research under 
the umbrellas of self-tracking, Quantified Self, and personal 
informatics. Self-tracking describes practices relating to 
the collection and interpretation of personal data through 
digital technologies [7]. Self-tracking is closely associated 
with the Quantified Self, a community of early adopters of 
self-tracking technologies. In HCI, self-tracking is also often 
referred to as ‘personal informatics’ [11], which highlights 
the role of technologies, or as ‘lived informatics’ [23], which 
emphasises how people integrate self-tracking with other 
everyday life practices. There are several motivations for 
self-tracking that are also relevant to sleep: curiosity in the 
data, goal-driven tracking to experiment, diagnose problems 
and improve wellbeing; documenting activities rather than 
change them; and a fetish for new technology [23, 24].

Self-tracking studies with teens highlight particularly 
social concerns. In school settings, self-tracking with teens 
has highlighted identity and authority as key concerns, with 
self-tracking data providing a reference point for teens for 
their still-forming personal identities [9]. Materialist con-
cerns, i.e. the appearance of self-tracking devices as well as 
assumptions about the wealth associated with technology, 
are also a social concern for teens at school [25]. In fam-
ily settings, self-tracking provides teens and parents with 
opportunities not only to share and compare data, but also 
to identify ripple effects to understand how the behaviour of 
one family member affects others [10]. However, in families 
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where only children track exercise and sleep, there is a risk 
that parents monitoring their children’s data undermine 
opportunities for teens to voluntarily share information and 
to build trust between teens and parents [8].

Sleep-tracking is a common focus of HCI research, ena-
bled by various mobile phone apps and wearable fitness 
trackers that allow people to generate sleep data in their 
own homes. Whilst it is relatively easy to generate sleep 
data, making sense of the data, identifying reasons for pos-
sible sleep problems, and taking steps to improve one’s sleep 
remain a challenge [26–28]. There are several reasons for 
this. First, sleep (unlike physical activity) is an unconscious, 
passive activity. Hence, it is difficult to verify tracking data 
with personal experience. Second, the way consumer devices 
collect and process sleep data remains a black box for users 
due to proprietary algorithms developed by vendors [29], 
which adds to the difficulties that people have in verifying 
their data. Third, it is difficult to define what constitutes 
good sleep. Consumer devices provide insight into sleep 
length and sleep interruptions overnight. Accurate measure-
ment of sleep stages (i.e. deep sleep, light sleep, and REM 
sleep) would require clinical sleep measurement through 
multiple metrics (including EEG). However, as pointed out 
by Ravichandran et al. [26], information about sleep stages 
and doubts about the accuracy of such information only add 
to the confusion about what constitutes good sleep. Finally, 
as highlighted in the previous section, sleep can be influ-
enced by a range of factors, e.g. what we eat and do during 
the day, how we feel, technology use before bedtime, and the 
sleep environment (temperature, noise). Popular consumer 
devices like Fitbit, however, provide no way of examining 
possible relationships between these factors and sleep out-
comes. Whilst more recent designs of sleep-tracking systems 
allow people to explore connections between sleep and other 
data [30–32], there appears to be an inherent assumption that 
these data and interrelationships will provide people with 
answers about their sleep.

What is needed, we contend, are ways to help teens fig-
ure out what questions to ask in the first place, what data to 
collect, and what reflections and insights might be possible 
through personal data. To achieve this, we need to bridge the 
knowledge from the aforementioned large-scale sleep stud-
ies, HCI’s knowledge to design tools and methods to collect 
and visualise data, but also knowledge on how to promote 
and scaffold reflection through technology design.

2.3  Reflecting with data and technology

In a broad sense, reflection of the mind means to turn one’s 
thoughts back on some issue [33]. In a learning context 
[34], reflection is often described as a cycle, where indi-
viduals turn back to a particular learning experience to 
develop abstract ideas and strategies. The cycle continues 

by applying such strategies to similar situations in the future 
and by continuing to reflect on the outcomes. The notion 
of double-loop learning [35] (sometimes also described as 
critical reflection [36]) suggests the presence of a second 
cycle, where learners reflect not just on their strategies and 
actions, but also on their perspectives — the assumptions 
and their understanding of the surrounding world on which 
their actions and decisions depend.

There is a long tradition in HCI to design for reflection. 
In a seminal paper on reflective design, Sengers et al. [37] 
argue for the importance of reflection in technology design 
practices for both designers and users in order to bring 
unconscious aspects of our experience to the fore and make 
them available for conscious choice. Their paper [37] high-
lights several key principles that resonate strongly with the 
broad aim of this research: to support users in reflecting on 
their own lives to enhance their freedoms; to integrate reflec-
tion with action to make it central to a user’s experience, and 
dialogue between designers and users through technology 
to enhance reflection. Furthermore, reflective design offers 
strategies to encourage reflection by users that align closely 
with our work, in particular, providing interpretive flexibility 
to allow collective sensemaking between users, technology, 
and designers, and designing technology as a probe that pro-
vides researchers with new insight, in our case the sleep, 
lifestyle, and technology practices of teens.

In the context of self-tracking with digital devices [11], 
reflection refers to turning one’s thoughts on objective data 
that a person has collected, rather than subjective experi-
ences. Whilst reflection is central to self-tracking, we concur 
with Baumer [38], p. 586] that ‘despite its central impor-
tance, work on personal informatics provides relatively little 
detailed explication of what actually constitutes reflection’ 
on personal data. According to Li’s stage-based model of 
personal informatics [11], reflection is the result of a process 
that starts with preparation, followed by data collection and 
integration, which enables reflection and action. Common 
insights from reflecting on personal data include recalling 
experiences, identifying valuable detail in the data, com-
parisons, and trends [39]. Objects and physical instantia-
tions of data can aid reflection, because they evoke concrete 
memories and experiences in everyday life contexts [40, 41]. 
Refinements of the personal informatics model highlight 
self-tracking is not necessarily a linear process — instead 
data collection, integration, and reflection are iterative [12] 
and reflection occurs not only at the end but also whilst 
data is collected and integrated [24, 42]. The problem with 
this line of research, however, is that these observations are 
often based on observations with experienced and passion-
ate self-trackers, including Quantified Self members [24, 
42] or researchers [43]. These self-trackers have the means 
and expertise to inspect and analyse their data to identify 
problems and pursue goals, but their means and outcomes 
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do not necessarily apply to other cohorts like teens. Self-
tracking and reflection can be made more accessible to non-
experts through automated tracking [44, 45], user model-
ling [46], and predictions [47], but these technology-driven 
approaches can also diminish opportunities for people to 
engage with data and to reflect upon it [42, 46].

Baumer et al. [38, 48] offer useful reflections on what 
constitutes reflection and how it might be studied. Firstly, 
they see reflection as a process of inquiry that is conscious 
and intentional and ultimately involves transformation. Sec-
ondly, reflection is not always a smooth journey to enlight-
enment; in fact, reflection is often precipitated by various 
types of breakdowns. Attempts to repair breakdowns require 
individuals to explicate knowledge that would otherwise be 
taken for granted. Breakdowns in technology provide an 
opportunity to reflect on their functionality and the mean-
ing of the data that they generate [38]. Similarly, reflection 
on personal data can also turn to rumination, where nega-
tive thoughts and emotions inhibit personal development 
[49]. Finally, HCI often sees reflection as an individual 
endeavour, which represents an opportunity to design for 
reflection as a social process [48, 50, 51]. Viewed this way, 
reflection becomes an inquiry where people engage in a 
dialogue to articulate, examine, and evaluate each other’s 
interpretations.

The work of Fleck and Fitzpatrick [52] highlights several 
levels of reflection. Based on a review of literature across 
HCI and education, they propose the following: (1) reflec-
tive description, which involves revisiting data or events 
and developing explanations; (2) dialogic reflection, where 
relationships between different pieces of experience or data 
are related and interpreted; (3) transformative reflection, 
where revisiting data or experiences leads people to change 
their assumptions and practices; and (4) critical reflection 
that goes beyond oneself to examine wider implications 
like social, ethical, and environmental implications. These 
levels are useful, because they highlight different activities 
and outcomes in terms of change, both personal change and 
change that is reflective of the wider environment. The work 
also highlights that reflection does not necessarily lead to 
any change, and it also acknowledges the absence of reflec-
tion, e.g. when people merely revisit data or events, but 
without attempting to explain or interpret them.

Schön’s discussion of reflection-in-action [53] highlights 
that reflection is not necessarily a post hoc activity where a 
person thinks back about something that they have done, but 
that reflection is happening at the time of doing. In Schön’s 
work, we see that reflection is not separate from action: ‘In 
reflection-in-action, doing and thinking are complementary. 
Doing extends thinking in the tests, moves, and experimental 
action, and reflection feeds on doing and its results. Each 
feeds the other, and each sets boundaries for the other.’ [53]. 
Taking Schön’s ideas further, Slovak et al. [54] highlight 

that reflection-in-action cannot be taught to people but that 
it requires learning by doing. This involves a learner who 
actively constructs expertise in reflection-in-action. It also 
requires scaffolding, e.g. through an expert (a coach) who 
provides opportunities for learning by doing in a safe envi-
ronment where learners can make failures without adverse 
effects. Scaffolding from the expert is also required to sup-
port the learner in grasping the significance of particular 
experiences and data and to help them transform these expe-
riences into learning.

In summary, these studies show that reflection is not a 
natural outcome of collecting and revisiting data through 
personal informatics systems, but instead an ongoing process 
of inquiry. An inquiry into a topic such as sleep and technol-
ogy habits requires scaffolding so that teens can learn how 
to construct insight from experiences and data. Scaffolding 
can come from technology design as well as from social 
interaction with people who provide expertise.

3  SleepBeta cards and app design

SleepBeta was designed to engage teens in reflecting about 
their sleep. Inspired by the need to work with teens and to 
create tools to scaffold reflection, we created a set of cards to 
prompt questions about sleep and a web-based app to gener-
ate and revisit personal sleep data for reflection.

We created a set of 25 cards for a card-sorting activity 
with teens to encourage reflection on technologies and life-
style factors which may influence their sleep. As listed in 
Table 1, the cards were based on 5 technology factors and 
12 lifestyle factors identified in prior sleep research to influ-
ence sleep [1, 6, 15, 17, 55–58]. Eight cards were added to 
ask about sleep environment and subjective experience (e.g. 
‘wakeup freshness’, ‘wake up early’) [59–64]. As illustrated 
in Fig. 1, the front of the card showed an image and the fac-
tor, e.g. ‘Using the Phone Before Bed’. The back of the card 
provided explanations about the potential impact of this fac-
tor, e.g. ‘Exposure to too much unnatural light will impact 
parts of the brain that make us feel sleepy’. Furthermore, 
the back of the cards listed potential questions to explore 
for teens: ‘How long did you spend on your phone last night 
after 6PM?’ The background colour provided an indication 
of the potential impact, e.g. with red indicating a potential 
negative influence on sleep (e.g. for phone use), and green 
indicating potential positive influence (e.g. for time spent 
with family after 6 pm) [1]. Appendix 1 shows the complete 
SleepBeta card set.

The SleepBeta app has been designed to encourage 
teens to reflect on possible relationships between their 
sleep patterns and their lifestyle and technology habits. 
The idea of showing relationships between sleep and 
other lifestyle factors has been inspired by the designs of 
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Lullaby, SleepTight, and SleepExplorer [30–32]. However, 
for the teenage audience, we kept the information sim-
ple, and we sought to automate data collection as much 
as possible.

The SleepBeta app collected and integrated data from 
several sources. Participants received a Fitbit Charge HR 
device to track sleep and exercise data. Whilst not classified 
as a medical-grade sleep tracker, Fitbit Charge HR shows 
good agreement with gold-standard laboratory polysomnog-
raphy (PSG) in measuring total sleep time and sleep effi-
ciency for adolescents [65, 66]. The participants’ Fitbit data 
was automatically imported into the SleepBeta app. Further-
more, SleepBeta offered a diary for teens to manually track 
relevant technology and lifestyle factors. The diary reflected 
the set of 20 cards. Based on the cards chosen during the 
card-sorting activity, a personalised diary was set up for each 
teen. Participants were invited to fill in their diary of each 
morning by selecting responses from dropdown fields, e.g. 
‘How stressed were you yesterday? (1 not at all–5 very)’.

SleepBeta visualised both the sleep data and correlations 
with technology and lifestyle factors tracked through the 
diary and Fitbit. As illustrated in Fig. 2, bar charts showed 
the hours asleep each night over. Blue bars signified nights 
when the participant had enough sleep (8–10 h), whereas 
red indicated nights when she had less sleep than recom-
mended for a person her age [18, 67]. The two dashed lines 
indicate the recommended sleep hours (8–10 h) for teens 
by the National Sleep Foundation of the USA [67]. Teens 
could also inspect the time awake each night and their sleep 
efficiency. The boxes on the bottom of the screen indicated 
a correlation between the hours asleep each night and life-
style factors. This was based on Spearman correlation coef-
ficients calculated for each pair of variables, with missing 
values pair-wisely removed. Participants could access short 
explanations of these correlations by tapping on the box, e.g. 
‘Your hours asleep are worse when you are more sedentary’.

Table 1  Technology, lifestyle, and sleep factors discussed through SleepBeta cards (see Appendix 1 for full card set)

Technology Lifestyle Sleep

Listen to music before bed Anxious/stressed Cleanliness of bedroom
Play video games before bed Assignments and examination Light in bedroom before sleep
Texting/using your phone before bed Drink alcohol Noise in bedroom before sleep
Use social media Drink caffeine (coffee, energy drinks) Stay up later on weekends
Watch TV at night Exercise often Take naps

Late night snacking Temperature in bedroom
Medication Wake up early
Mood Wake up freshness
Part-time job
Spending time with family after 6 pm
Spending time with friends after 6 pm
Write a diary/journal

Fig. 2  Screenshot of SleepBeta for T8, showing the hours slept each 
night for the last 2 weeks. The boxes on the bottom highlight a cor-
relation between length of sleep and calories burned, minutes lightly 
active, and minutes sedentary. The red colour indicates a negative 
correlation, e.g. suggesting on days when T8 was more sedentary she 
also slept less
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SleepBeta was designed iteratively by the research team 
together with 4 teens, who trialled SleepBeta during a 
2-week pilot study. This pilot study helped us to improve 
the usability of the app design and to clarify the content 
presented on the card set, i.e. to ensure that contents between 
cards and app were aligned. The trial study also helped us to 
refine our study design; most notably we decided to include 
parents in the study design to encourage ongoing interaction 
about sleep and technology habits within the teen’s family.

4  Field study design

The aim of this research was to explore how we can engage 
and support teens in reflecting on their sleep habits. We were 
particularly interested in understanding (1) the role of cards 
to prepare relevant questions, (2) insights from personal data 
from SleepBeta, and (3) the sociality of reflection through 
interactions with parents and peers. This study was approved 
by the QUT Human Research Ethics Committee (approval 
number 1600000582).

4.1  Positionality statement

Since this article focuses on reflection, we start by reflect-
ing on our own backgrounds and perspectives in this study 
[68]. Author 1 is a HCI researcher with an ongoing interest 
in personal informatics and sleep-tracking. As founder and 
organiser of a local Quantified Self meetup group, author 
1 has heard many inspiring stories of how personal data 
can be meaningful and helpful for people to better under-
stand and control their health and wellbeing. At the same 
time, author 1 feels reluctant to track his own lifestyle as he 
shares concerns with critical scholars of self-tracking [7, 69] 
about privacy, fetish for devices, healthism, and the onus 
on individual rather than community action. He supervised 
the data collection and led the analysis and writing of this 
article. Author 2 is currently a PhD student in HCI interested 
in mental health and sleep. Author 2 conducted the data 
collection with several participants recruited through her 
former high school, and she conducted an initial analysis. 
Author 3 is a data scientist working in the domain of wear-
able health technology. She developed SleepBeta and has 
been interested to explore it with teens. All authors worked 
together on the study design and the revisions of the article 
before submission.

4.2  Participants

The field study was conducted in Brisbane, Australia, 
with 12 teens who used SleepBeta over a period of at least 
3 weeks. At least 2 of these weeks were during the school 
term to examine possible relationships between stress and 

sleep. Participants were recruited through two avenues to 
recruit a diverse group of teens: we recruited 8 teens who 
were interested in learning more about their sleep through 
personal contacts of the second author with teens from the 
public high school she had attended. With the help of a sleep 
physician, we recruited 4 teens with a diagnosed sleep prob-
lem, who wanted to better understand and control their sleep 
problem. As shown in Table 2, the cohort involved 6 female 
teens and 6 male teens between the ages of 13 and 17.

4.3  Data collection and analysis

All 12 teens were invited to reflect on their sleep by trial-
ling SleepBeta for 3 weeks, combined with interviews at the 
start and end of the trial study. These interviews took place 
in the homes of the participants and lasted between 25 and 
45 min. The first interview focussed on lifestyle and sleep 
habits of our participants. We visited the teens’ bedrooms 
to learn about how their sleep environment may influence 
their sleep. Then we invited participants to select SleepBeta 
cards that they thought may be relevant to their sleep habits. 
Based on the cards chosen, we inquired into the participants’ 
sleep habits and their concerns and experiences about the 
possible impacts of technology and lifestyle factors on their 
sleep. We then used the cards selected by teens to set up 
their SleepBeta diary. Table 2 shows the factors selected by 
each teen. The interview ended by showing teens how to use 
Fitbit and SleepBeta.

All participants were invited to trial SleepBeta for 
3 weeks. They received a Fitbit Charge HR device to track 
their sleep patterns and physical activity. All participants 
were given access to SleepBeta app via their personal mobile 
phones to generate and revisit personal data. Participants 
were asked to fill in their SleepBeta diary morning to reflect 
on the previous day and night’s sleep. Furthermore, we 
encouraged them to revisit their sleep data and to look for 
emerging correlations with technology and lifestyle factors 
presented through the visualizations in the app.

The second interview was conducted after 3–5 weeks. 
This interview focused on the experiences of teens in track-
ing and reflecting on their sleep habits. We asked partici-
pants to show us their data on SleepBeta and to tell us about 
their sleep and their lifestyle during the last few weeks, the 
insights they may have gained from tracking, and their inter-
actions with parents and peers about their sleep and data.

The parents of all teens were also recruited for the field 
study. As shown in Table 2, we had 11 parents participated, 
with one of the parents being the mother of both teen 10 and 
teen 11. We were very conscious of the power differences 
between teens and parents and the potential for tracking data 
to become a means of parental surveillance [8]. Hence, we 
always provided the teens with the choice as to whether they 
wanted their parent to be involved and if they wanted to be 
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interviewed separately or with their parent. Most of the teens 
chose to interview with their parents, whilst two participants, 
T2 and T3, were interviewed separately in the first inter-
view due to their parents both being nurses working night 
shifts. At the end of the study, we conducted an additional 
interview with parents and teens together to reflect on sleep, 
tracking, and related outcomes. Again, this was only done 
when teens agreed to invite parents to the interview and to 
share their SleepBeta data. With their permission, we revis-
ited the visualizations in SleepBeta during the interview to 
interpret and reflect on the data with teens and parents.

We used a combination of inductive and deductive strate-
gies for our thematic analysis [70]. Immediately after each 
interview, we listened to the interview recording and created 
mind-maps to summarise the main discussion points and 
to highlight possible codes and interesting quotes. We also 
transcribed each interview and the first and second author 
went through two rounds of coding all data using Saturate, 
an online tool for collaborative data analysis. This initial 
round of coding was primarily inductive, highlighting main 
themes raised by participants, such as their motivations to 
join the study, the perceived impact of physical activity, 
stress caused by exams, interactions with family members 
and peers, and insights into their sleep from SleepBeta. 
However, we also coded deductively: based on the stage-
based model of personal informatics [11], we structured our 
codes around the steps of preparation, data collection, inte-
gration, and reflection. Since we struggled with the linear 

nature of the stage-based model where reflection is seen as 
an outcome, we turned to other theoretical perspectives on 
reflection to refine our themes. Our analysis was guided par-
ticularly by the levels of reflection [52] and the concept of 
reflection-in-action [53]. In the following section, we present 
four distinct but interrelated modes of reflection with sleep 
data: reflection in preparation, reflection, reflection upon 
revisiting data, and reflection through social interaction.

5  Findings

The findings highlight that revisiting personal data provided 
teens with opportunities to reflect on sleep and related hab-
its, as per our initial aim. However, the findings also high-
light that reflection is ongoing, with teens starting to reflect 
on sleep during the preparation for this study and through-
out the data collection phase, both individually as well as 
through social interaction with parents and peers.

5.1  Reflection in preparation

Preparation and reflection often went hand in hand. For 
many teens, this study was the first time that they were 
invited to talk and think about their sleep habits. Particularly 
the card sorting activity was useful to help teens prepare for 
the study and to scaffold reflection, e.g. by surfacing con-
cerns or questions in conversation with the research team. 

Table 2  Participant overview, showing age, gender, parents involved, and lifestyle factors tracked

*Teens with diagnosed sleep problems are indicated with an S (e.g. T4S)

Teen Age Gender Mother (M)
Father (F)

Tracking data Sleep problem

T1 17 M MT1 Assignments; phone use; stress; time with family after 6 pm; 
video games; caffeine

-

T2 17 F MT2 Alcohol; caffeine; exercise; phone; stress; family time; TV -
T3 14 F MT3 Assignments; exercise; phone; social media; stress; family time -
T4S* 13 M MT4S and FT4S Assignments; exercise; stress; time with family after 6 pm; TV; 

video games
Takes melatonin to fall asleep

T5 13 M MT5 Assignments; exercise; TV; video games; stress -
T6 16 F FT6 Assignments; caffeine; exercise; part-time job; phone; stress -
T7S 15 M MT7S Exercise; social media; phone use; medication; assignments; stress Sees sleep psychologist
T8 16 F FT8 Exercise; social media; phone; late night snacking; assignments; 

stress
-

T9S 17 M MT9S Video games; exercise; TV; music; phone use; time with friends; 
late night snacking; extra factor (pet in bed); stress

Sees sleep paediatrician

T10S 
(sibling 
of T11)

15 M MT10S11 TV; video games; exercise; caffeine; stay up late on weekends; 
late night snack; part-time job; texting; music; social media; 
assignments; time with family after 6 pm; light in room

Epilepsy requires medication 
to sleep safely

T11 13 F MT10S11 Social media; exercise; video games; text messaging; assign-
ments; stress

-

T12 17 F MT12 Video games; exercise; part-time job; TV; assignments and 
exams; stress; phone use

-
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Teens started to inquire and make assertions about the influ-
ence between things they do in their daily lives and their 
sleep. For teens with pre-diagnosed sleep problems and their 
parents, this was an opportunity to reflect on their past and 
present efforts to improve their sleep habits.

5.1.1  Acknowledge limitations of sleep knowledge

As a starting point, reflection can mean being able to identify 
the limits of one’s knowledge and a curiosity to learn more. 
For many (8/12) teens, this was the first time they examined 
their sleep. Hence, they were not aware of what their sleep 
patterns looked like, or what might constitute good sleep. 
These teens were not necessarily concerned about getting 
more sleep. Typically, teens were simply curious to see what 
the data might reveal about their sleep and its significance 
for their lives. For example, T8 was a 16-year-old student 
who had used a mobile app prior to our study to track her 
steps together with her sister, and she was curious about try-
ing out sleep tracking to ‘see how long I slept for, and how 
I was awake in the night, how well I slept that night—I’ve 
never really known’.

The SleepBeta cards were helpful to open up discussion 
with teenagers about the questions they had about sleep. For 
instance, T8 was often sleeping less than 7 h per night and 
questioned, ‘Is that a good amount I’m sleeping?’ Whilst 
some teens had an awareness of what a healthy sleep pattern 
looked like, others questioned what a healthy sleep pattern 
is. Often when teens were unsure about a lifestyle factor as 
shown on the SleepBeta cards, it was added to their daily 
questionnaire to enable a better understanding of the role 
each factor plays on sleep. For instance, T7S was unsure 
if the cleanliness of his bedroom impacted his sleep. Con-
sequently, we encouraged T7S to address this question by 
adding cleanliness of bedroom to his SleepBeta diary. T11 
stated, ‘To my knowledge I don’t have any sleep problems. I 
may have sleep problem I don’t even know about’, as a teen 
who was unsure about her sleep habits, preparing to further 
understand her sleep with SleepBeta.

5.1.2  Control routines and sleep problems

Four teens in this study had a diagnosed sleep problem: three 
teenagers required regular visits with a sleep psychologist or 
sleep paediatrician (T4S, T7S, and T9S) and one teenager 
(T10S) required medication for his epilepsy which interfered 
with his sleep. These teens and their parents were already 
knowledgeable about sleep because together they had tried 
many things to get the sleep problem under control. The 
parents saw this study as an opportunity to keep track of 
what they had been doing ‘It’s good to know this sort of 
thing, with this Fitbit he’s keeping track.’ (MT4S), and to try 
something new to gain control: ‘He wants to find out what he 

can with the app. He has tried everything you know, people 
say ‘I tried this this and this’, and we’ve done all of that, so 
we want to try [SleepBeta].’ (MT9S).

Based on the cards, teens and parents reflected on the 
medical advice they had received and what they had already 
tried to identify and control potential factors that may 
interfere with sleep. For example, T7S had been seeing a 
sleep psychologist and had made numerous lifestyle factor 
changes, which had been implemented as rules by his mother 
(MT7S). These changes included minimizing technology use 
in the afternoon, taking his ADHD medication (dexampheta-
mine) in the morning instead of at night to avoid feeling alert 
from the medication at night, and exercising frequently. His 
aim was to have a more regular routine: ‘on a school day I 
wake up at 6AM, on a weekend I am allowed to sleep until 
7AM’ and MT7S expressed, ‘it used to be a lot later but 
that’s what the [sleep psychologist] said [to implement]’. 
The sleep psychologist recommended sleeping only an extra 
hour on weekends to avoid sleeping in, and to stick to a 
regular sleep schedule.

Technologies used at night were the main concern for 
the parents of teens with diagnosed sleep problems. For 
example, T10S struggled with his sleep routine due to his 
epilepsy. He consumed his epilepsy medication (sodium 
valproate) to ensure a safe night’s sleep. T10S’s mother 
illustrated ‘he goes to bed late and wakes up early, not by 
choice. He falls asleep every night reading [I know] because 
he breaks so many pairs of glasses. He probably goes to bed 
anywhere between 10:30 and 1AM’. T10S was motivated 
to find a more beneficial sleep routine. MT10S revealed 
the culprits, ‘part of it’s your epilepsy and the other part is 
because he’s a teenage boy who is addicted to video games’.

5.1.3  Inquire into relationships between sleep and studies

The SleepBeta cards encouraged teens to reflect on the rela-
tionships between their sleep and their studies. Reflections 
on the cards with teens highlighted a tension and a desire 
to find a better balance between getting enough sleep and 
staying awake late at night to complete assignments or to 
prepare for exams. Teenagers knew that they should sleep 
at a reasonable hour to be energised to function optimally 
the next day. However, when presented with a choice to stay 
awake and study, or to sleep at a reasonable hour, teenagers 
in this study often chose to stay awake. A poignant exam-
ple was T6, who was in her second-last year of high school 
and working hard to get outstanding grades to qualify for 
entrance into medicine school. One of the first things she 
said was that ‘I’m so tired, I’m so used to being tired. Last 
week I got like 12 h sleep total’. When prompted with the 
‘assignments and exams’ card T6 stated ‘That is affecting 
my sleep a lot, that is the reason I’m not getting sleep. I have 
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to stay up and do my assignments, prepare for exams. That 
is most of the issues regarding sleep for me’.

Assignments and exams were also a cause of stress and 
anxiety. For example, T2 immediately chose the ‘stress and 
anxiety’ card. Like T6, she was in her second-last year of 
high school, which is a stressful time because the grades 
from the last 2 years of high school are the primary mecha-
nism for ranking students for admission to tertiary educa-
tion. T2 explained that ‘I feel it really affects my sleeping 
patterns, stressing about studying for exams and assign-
ments, I don’t get much sleep, that’s a big one’.

5.1.4  Concerns and rules for technology access

All teens selected cards that related to their technology 
habits at nighttime. They were aware that they used their 
phones, engaged on social media, played video games, 
or watched TV, and that excessive technology use could 
interfere with their sleep. However, they were typically not 
concerned about their own technology habits, nor did they 
intend any changes, unless it was a busy time for them at 
school. For example, T2 was aware of her social media use 
at night, and she had thought about changing these habits 
around assessment periods at school due to the impacts on 
sleep, ‘texting and social media, [I want to] control it when 
it comes to exams. Prioritise so I don’t have to worry about 
it so that you can get the proper sleep for it for the next day’.

Five parents used the cards to reflect on the rules they 
had in place to manage technology use at nighttime. All 
four teens with diagnosed sleep problems had rules to limit 
technology access in the evening and at night. However, also 
other parents reflected on rules. The rules typically varied 
for teens at different ages, and they also varied between 
school nights and weekends or holiday periods. For exam-
ple, MT10S11 used an app to limit social media access on 
the phones of T10S and T11 (siblings). MT10S11 used 
the mobile apps ‘OurPact on the adult’s phone to block it 
[social media on the teen’s phone], and OurPactJr on their 
[the teen’s] phone so they see the times it will shut off’. 
On school nights, the locks were set at 9 pm–7am for T11 
(13 years old) and 9:30 pm–7am for T10S (15 years old). 
On weekends, the lock was set to 10:30 pm–8am for both 
siblings. These applications and rules were enforced because 
‘they were sneaking their phones after hours and then sleep-
ing in’ (MT10S11). SleepBeta offered an opportunity for 
parents to review such rules and check them with their child.

5.2  Reflection in action

The SleepBeta cards inspired several teens to make 
changes to their lifestyles and to reflect on their actions. 
Reminiscent of Schoen’s reflection-in-action [53], these 
teens ‘made a move’, and reflections on their move fed 

into further action. Having to track actions through Sleep-
Beta served as a reminder reflect in and on action. Even 
within the short period of 3 weeks, some teens found that 
trends and correlations in their data backed up their own 
observations and experiences, and thereby reaffirmed 
their actions. Whilst the initial interview often provided 
the starting point for actions taken by teens, reflection in 
action resulted from teens using SleepBeta independently 
without the researcher.

5.2.1  Making a move on lifestyle changes

Several teens were encouraged by the discussion in the first 
interview to ‘make a move’ in Schoen’s sense [53], where 
they tweaked a lifestyle or technology habit to learn and 
reflect on the outcomes. Tweaks were typically short-lived. 
For example, T1 went without coffee, which had been on his 
mind for several months. However, T1 abandoned his move 
after 1 day because he felt more tired: ‘on the first day I was 
really tired, I didn’t have a coffee for once’.

Some tweaks lasted for several days or weeks, but the 
tweaks led to unintended consequences. For example, T3 
experimented with using her phone less at night. In our first 
interview, she mentioned that she was interested in seeing 
if she could get more sleep to improve her performance at 
school and in sports (artistic roller skating, where she rep-
resented her country on an international level). Based on 
the cards discussed, T3 mentioned she may focus on ‘prob-
ably texting before bed, umm, social media’. When we inter-
viewed T3 again, she mentioned that whilst she was success-
ful in limiting her phone use at night, in bed specifically, she 
ended up using her iPad to watch Netflix in bed. Whilst T3 
made a tweak, it ended up by replacing one screen-based 
activity with another one.

5.2.2  Discovery in action

On occasions, teens made discoveries during the field trial 
through the routine of filling in the SleepBeta diary. For 
example, T3 stated that she was surprised to see how much 
she used her phone at night and how poorly she felt in the 
morning. Whilst T3’s mother thought that T3 was ‘the best 
sleeper in the family’ (MT3), T3 stated that she ‘felt like 2 
or 3/10 in the morning, whereas before this study I thought 
I felt much better than this’. T3 also recognised that she 
was utilizing technology in her bed more than she originally 
thought she was because she had to track the numbers or 
hours spent on her phone each day. Keeping an online Sleep-
Beta diary made T3 more aware of how much time she spent 
on the phone, how she felt in the morning, and the potential 
to improve her sleep habits.
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5.2.3  Reaffirm ongoing lifestyle changes

For some teens, reflection during tracking and revisiting the 
data provided reaffirmation to changes that they have made 
to their lifestyles. This was mostly visible in the context of 
exercise. Eleven of the 12 teens were interested in the influ-
ence of exercise on their sleep, and several of them (T1, T4S, 
T7S) experimented with walking or riding to school. These 
changes were prompted by the discussion of the cards or by 
coincidence. As illustrated in the example below, teens and 
parents found reaffirmation for their efforts by revisiting and 
reflecting on their Fitbit and SleepBeta data, which again fed 
back into their actions.

For T4S, this study coincided with ongoing attempts to 
be more active and outside. T4S was a 13-year-old teenager 
with a diagnosed sleep problem, whose doctor prescribed 
melatonin to help him fall asleep. During the first inter-
view, he and his parents were curious to learn more about 
the relationship between exercise and his sleep, hoping that 
riding his bike more would allow T4S to unwind and fall 
asleep more easily. During the second interview, T4S and 
his parents explained how he got more active during the 
study period, how this was reinforced by the data — both the 
10,000-step goal on Fitbit and the sleep data on SleepBeta 
— and how revisiting these data fed back into his actions. 
T4S illustrated, ‘I think that was one of the things I found 
[through SleepBeta] that, if I was out most of the day [riding 
my bike] I would have a good night’s sleep, and it kind of 
means, quite un-interrupted’. His mother elaborated how the 
goal setting may have encouraged further action: ‘I think it 
was good for him, it motivated him to do a lot more. He had 
that sort of goal sitting there, fall short of your 10,000 steps 
today. So, you know I think it was good for him especially 
fitness wise because it’s made him get out a little more in 
the fresh air. The more you burn your energy, the better you 
sleep, and the better sound sleep you get. Because you’re 
really tired’.

5.3  Reflection upon revisiting data and correlations

The second interview provided an opportunity to revisit 
the data together with our participant and to reflect on their 
sleep. Teens could revisit their data at any time during the 
study, but most of the reflections described in this section 
stemmed from the final interview. The SleepBeta visualiza-
tion aimed to highlight correlations between sleep and life-
style and technology habits. Whilst such correlations were 
useful for some teens, we found that most teens were content 
by simply seeing that their sleep patterns were normal for 
a person of their age. Visualizations helped some teens to 
account for outliers in sleep data, and some teens used it to 
confirm their efforts to be physically active, yet for some 
teens, the visualizations also created more questions.

5.3.1  Reassurance that sleep is normal

A positive outcome for many teens was that the sleep data 
provided reassurance about sleep patterns, i.e. that the time 
asleep they were getting each night was within the 8 to 10 h 
recommended for children at their age [67]. This was par-
ticularly valuable for teens who did not have diagnosed sleep 
problems and for whom this was the first time they examined 
their sleep patterns. For instance, T3 initially was concerned 
that she did not feel refreshed in the morning, but taking part 
in this study and revisiting her sleep data throughout the 
study reassured T3 that her sleep was ‘normal’ in terms of 
sleep duration. T3 elaborated, ‘When I started [to use Sleep-
Beta] I didn’t know how my sleep would be, when I saw my 
graphs on FitBit, I realised my sleep was good’.

SleepBeta also provided reassurance to some parents who 
had expressed concerns about technologies used in bed. To 
illustrate, the parent of T2 was initially concerned that her 
daughter may not get enough sleep due to technologies used 
in bed. During the first interview MT2 stated: ‘I think she 
goes to bed way too late, she goes to sleep way too late, and 
she gets up early. … She is using her phone in bed. She will 
say she goes to bed 8:30, 9 o’clock, but she’ll be awake at 
11’ (MT2). However, her sleep data confirmed that T2 was 
obtaining more than 8 h of sleep on most nights, with an 
average of 8 h and 13 min per night. MT2 viewed the sleep 
data in the final interview and confirmed that the data proved 
to her that ‘[T2]’s sleep is great’, a very different view from 
before she viewed the data.

5.3.2  Account for outliers and surprises

Teens often revisited the sleep data and interpreted it by 
accounting for surprises or outliers in the data, such as 
explaining how assignments and exams led to short and 
interrupted sleep or how weekends allowed them to sleep 
for longer. This was prompted by the interview, where we 
asked them to talk us through the data and provide us with 
their recollection of events that may have influenced their 
sleep data. At the same time, for some teens, the follow-up 
interview was the first time that they the revisited the data in 
depth and tried to make sense of it by recounting significant 
events and their actions.

In terms of outliers in the sleep data, several teens 
recounted their dilemmas of wanting to spend time stud-
ying versus wanting to get enough sleep before an exam. 
T1 recounted ‘I was studying up until I think it was 
9:30 pm/10 pm and then I decided I should sleep and be 
refreshed for the exam. However, it didn’t quite end that 
way’. Instead, T1 stayed awake to study for his math exam 
and did not end up sleeping until ‘around 12AM or 1AM 
… that was the lowest [sleep duration] hour count’ total-
ing at 4.5 h of sleep. Accounting also requires comparison 
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of outliers with what might be considered normal, e.g. T1 
compared his sleep patterns during exam time with school 
time outside the exam period: ‘during the school period I 
typically get 7–8 [hours of sleep], during the exams it drops 
to 6’.

In terms of surprises, not all teens found reassurance in 
their data that their time asleep is within the recommended 
8 to 10 h of sleep. Occasionally teens were presented with 
surprises about not getting enough sleep, which contradicted 
their expectations. T8, a 16-year-old teen without diagnosed 
sleep problems, was surprised when she revisited her sleep 
data during the interview, expressing ‘my sleep is not very 
levelled—I thought I was getting seven hours of sleep [per 
night]’. As illustrated in Fig. 2, only 8 of the 22 days tracked 
in her study were within the recommended 8 to 10 h. T8 was 
able to account for long and short nights of sleep, e.g. for the 
night where she only got 4 h of sleep, T8 commented ‘That’s 
a sleepover, that’s definitely a sleepover’.

5.3.3  Reconcile sleep trends and correlations 
with experience

In revisiting data, teens were also referring to trends and 
correlations that emerged over time, and they sought to rec-
oncile these with their own observations and experience. 
Trends and correlations were particularly meaningful for 
teens with diagnosed sleep problems, who went into this 
study with rules or assertions about lifestyle factors that 
may influence their sleep. Exercise was a concern for all 
four teens with diagnosed sleep problems. For example, T7S 
began riding his bike to school every day half way through 
the study, because her parent MT7S obtained an injury 
and was temporarily unable to drive T7S. Bike riding was 
not explicitly tracked by the SleepBeta diary nor the Fitbit 
device. However, T7S and MT7S both agreed that the trends 
in the sleep data, i.e. the improvement in sleep quality, were 
no coincidence, as the dates on the improvement in sleep 
quality on the graph aligned with MT7S’s injury. Further-
more, SleepBeta indicated positive correlations between 
sleep efficiency and exercise intensity as well as exercise 
duration (Fig. 3).

SleepBeta was particularly designed to highlight correla-
tions over time. In hindsight, this feature was less useful for 
the reflections of teens than expected. This may be partly 
because 3 weeks may not have been enough time for cor-
relations to emerge. For example, T8 was surprised not to 
see correlations between her sleep and social media use dur-
ing the field study. T8 explained that she reviewed the data 
independently but that ‘social media didn’t show up’ and ‘I 
don’t know why’. T8 was aware that she utilised social media 
very often at night, to the point ‘I’m looking at it [social 
media] until I pass out [fall asleep in bed at night]’. T1 on 
the other hand explained that the absence of correlations 

between sleep and video games or social media was ‘because 
I didn’t spend quite as much as I usually do [on devices] 
because of the exam period’.

On the other hand, some correlations that were displayed 
appeared counterintuitive or ambiguous to teens. For exam-
ple, SleepBeta showed a negative correlation between 
exercise and time asleep which was counterintuitive to 
T7S, because it suggested that on days when he exercised 
more that his hours asleep were worse (less likely within 
the 8–10 h recommended). T7S dismissed this correlation, 
because he felt that being exhausted from exercise allowed 
him to sleep better. For T8, the correlations were more 
ambiguous. When we asked T8 to discuss the possible rea-
sons for her variable sleep patterns, T8 initially pointed to 
the negative correlation between hours asleep and minutes 
sedentary displayed by SleepBeta (see Fig. 2). T8 explained: 

Fig. 3  T7’s sleep efficiency data, showing more frequent positive 
sleep from May the 13th onward. Positive lifestyle factor correlations 
include exercise duration and intensity
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‘I definitely think I’m not active enough during the week at 
school yeah. The FitBit was always telling me to get up and 
walk around. I sit at school and then I get home then I just 
fall into bed and watch TV’. During the end of the interview, 
T8 and her parents reflected on her physical activity, which 
made us question the correlation displayed on SleepBeta. We 
learnt from T8 and her parents as well as the Fitbit physi-
cal activity data that T8 was regularly walking and meeting 
her 10,000 step goals and on top of that playing sports on 
Thursdays and Saturdays. Hence, whilst T8’s initial concerns 
about sedentariness may have been plausible, they may have 
also been ill-founded. Unfortunately, the SleepBeta design 
explored in this study provided no way for us to examine 
the correlation further during the interview (e.g. through an 
illustration of sleep and sedentariness that shows the rela-
tionship for each day on a scatter plot). Hence, we finished 
the study without resolving the relationship between exercise 
and sleep for T8.

5.4  Reflection through social interaction

Reflection often occurred through dialogue with others. 
Until now we have described how such reflection occurred 
through our own interactions with teenage participants dur-
ing the study interviews. Beyond that, the teens in this study 
described interactions and reflections on sleep with family 
members, peers, and coaches.

A major concern in setting up this study was how to 
encourage reflection in interaction with others, without 
undermining the privacy and agency of teenage participants. 
As described next, we opted for an approach where teens 
can manage the boundaries about the data they collect and 
share for reflection in a way that suits their family dynamics.

5.4.1  Parent‑teen teaming for reflection

Parents and teens worked closely together either when teen 
had a diagnosed sleep problem, or when both parents and 
teens were self-tracking and thereby sharing and reflecting 
was reciprocal.

In the four families with teens with diagnosed sleep 
problems, we found that parents and children were already 
a team with a shared mission to establish sleep habits. Here, 
parents and teens discussed not only their sleep data, but 
also lifestyle data that was automatically collected by FitBit 
as well as the manually inputted data from the SleepBeta 
diary. These parents were often interested in the sleep data, 
and utilised the lifestyle data to understand what was aid-
ing sleep. Parents of teens with diagnosed sleep problems 
encouraged healthy change in lifestyle (MT4S, MT7S), often 
by encouraging their teens to complete their daily exercise 
and meet their goals (e.g. MT4S encouraged T4S to reach 
his daily step count goal to aid his sleep).

Teaming up in these family contexts did not mean that 
parents and children evenly shared responsibilities. Sleep-
Beta provided teens with diagnosed sleep problems with an 
opportunity to take on more responsibility by collecting their 
own data and monitoring their outcomes. However, deci-
sions about bedtimes and technology access were ultimately 
made by parents. For example, MT9S had tried numerous 
sets of rules for T9S to improve his sleep routine. ‘I went 
18 months without anything [technology in my room] and 
it makes it worse, I was looking for something to do’, T9S 
illustrated as MT9S agreed to remove his Xbox and TV from 
his bedroom in hopes of improving his sleep pattern. MT9S 
relaxed these rules and allowed technology back into the 
bedroom when she recognised that T9S was still not sleep-
ing, ‘he’d walk the floors with his hands up the walls’ she 
illustrated.

We also found four family teams where parents were also 
self-tracking, which meant that both teens and parents could 
share and interpret each other’s data. The parents of T7S, 
T10S, T11, and T12 were tracking their fitness and shared 
step counts with their children. For example, MT7S sets an 
example in her household by being active and ensuring her 
children are active and involved in sport programmes such 
as Ninja Warrior Training (obstacle courses). Sometimes 
MT7S would compare her step count to T7’s step count to 
find that she had done less than him. MT10S11 and MT12 
tracked their calorie intake and step count with a mobile 
phone application (MyFitnessPal). MT10S11 shared cal-
orie information and step counts with her children T10S 
and T11, and strived to cook healthy meals for her family 
with the assistance of MyFitnessPal and its food informa-
tion database. Health data was primarily shared through 
household conversations initiated by both the parent and 
the teen. T12 and MT12 revealed that they were ‘friends’ 
on the MyFitnessPal app, enabling each other to view one 
another’s weight loss progress through the application itself, 
subsequently leading to household conversation.

5.4.2  Boundary management in reflection with parents

We sought to put teens in control about setting boundaries 
for the involvement of their parents. All parents were invited 
to this study for offer their views on their child’s lifestyle and 
sleep habits, and to support their child with self-tracking if 
needed. When it came to sharing data, however, the teens 
were in control. They could decide if they wanted to share 
data during interviews with parents, as well as if they wanted 
to share and reflect on any data in between interviews.

Overall, teens were open to the idea of sharing and 
reflecting on data with their parents, but very little shar-
ing happened in families with teens with healthy sleep. 
Some teenagers shared data when they were challenged in 
a playful way by their parents. For example, T8 achieved 
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her 10,000-step goal ‘pretty much every day’. However, 
when her father said that he did not believe her, she could 
refer to her personal data to prove how active she was. 
However, we are not aware of any similar challenges 
regarding sleep outcomes.

Parents of teens with healthy sleep had no access to 
their child’s sleep data. The parent’s role was typically 
limited to reminding their teenage child to keep tracking 
through the SleepBeta diary. For example, MT2 reported 
questioning T2 often: ‘Have you got the FitBit on?’; 
‘Have you filled in your diary?’.

Unlike other teens with diagnosed sleep problems, 
T10S did not share his SleepBeta data with his parents 
either. From our conversations, we observed that T10S 
was generally maintaining strong boundaries with par-
ents and kept his personal concerns to himself. His data 
showed that he had only slept for the recommended 
8–10 h once during the study period. His late bedtime 
and long sleep-ins were already a source of tension dur-
ing the first interview, with MT10S teasingly yet firmly 
suggesting that ‘That’s a lie—you sleep in until 1:00 PM’. 
The family also had strict rules to restrict social media at 
night, though T10S still had unrestricted access to video 
games (also because MT10S plays video games at night 
herself), which is why T10S kept the SleepBeta data to 
himself.

The interview with T7S provided an example of how 
teens maintain boundaries with their parents by not track-
ing potentially relevant data. Like other teens, T7S was 
aware that whilst he was not concerned about technologies 
used at night that his parents may be concerned. When 
we asked T7S to open his laptop to set up SleepBeta, 
we inadvertently created a tense situation that may have 
raised his parent’s concerns. MT7S noted a video game 
was still running in a browser window and she pointed at 
the laptop and asked with a concerned expression: ‘is that 
a game? [n]’ T7S sought to repair the situation by stating: 
‘no!’ and he quickly closed the browser window with the 
game. In hindsight, we also note that T7S had not chosen 
a card to discuss his digital game play, which could have 
been an attempt to avoid potential scrutiny in the shared 
interview with his mother.

Whilst the interview inadvertently created a moment of 
tension when the game was visible on the laptop, we take 
some consolation that our study design provided teens 
with the freedom to choose factors that they wished to 
track. This in turn also meant that teens could choose 
what they may wish to hide from their parents to preserve 
their privacy when sharing and discussing their SleepBeta 
data. We acknowledge that we did not have an opportunity 
check our interpretation in private with the teen and that 
our knowledge on his actual game play is limited.

5.4.3  Reflections with peers and coaches

Several teens reported discussing and reflecting upon sleep 
with peers and mentors. For most teens, sleep was not a 
topic that they would normally discuss with their peers. 
However, the SleepBeta study provided a prompt to intro-
duce this topic into discussions with peers. For example, 
T3 explained the SleepBeta study to her friends at school 
when she was asked why she was wearing a FitBit device. 
T1 shared and revisited data with peers at school. He stated 
that he discussed ‘things like quality of sleep, efficiency and 
that sort of thing and how that maybe helped certain days’ 
with ‘a close group of friends’. Through these discussions, 
he identified that sleep is in fact a concern for peers, stating 
that for ‘most of our school, sleeping is very frequently low’.

Some participants in our study were known to each other 
and collaborated in interpreting each other’s data. T10S and 
T11 were siblings, who reminded each other to keep track 
through their diary and to compare their exercise and sleep 
data. T4S and T5 joined the study together as friends and 
neighbours. During T5’s interview, T4S was present and 
ended up aiding T5 in understanding some questions and 
sensemaking of his data. When we asked T5 to tell us what 
he had find in the data, T5 responded, ‘what do you mean?’ 
T4S stepped in to scaffold reflection: ‘any patterns, did you 
see any times, things you’d do that affect how much sleep 
you got?’.

Some teens also sought to involve peers and coaches to 
revisit and reflect on their sleep and exercise data. T2 and T3 
were both athletes (artistic roller skaters) who represented 
their country on an international level. These teens trained 
5 days a week, with numerous exercises outside of training 
to build and maintain strength. Hence, T2 and T3 were curi-
ous to see if SleepBeta could provide them with insights into 
how they might sleep and perform better. T2 stated ‘exercis-
ing often—I feel like it makes me sleep easier, it makes me 
more tired. Umm, yeah, I don’t know’ (T2). T3 explained 
that they sought to ‘compare steps and try to figure out if the 
FitBit step tracker counts [while] skating, even though the 
coach said it wouldn’t work’. In the end, T2 and T3 found 
that the FitBit did not accurately represent their exercise, 
because it would only count steps based on their arm move-
ments. Despite the inaccurate data, T2 and T3 kept compar-
ing their exercise data, with T3 stating ‘I have more arm 
movements in my routines than T2’.

6  Discussion

This field study offers novel insights into how teens reflect 
on their sleep, technology, and lifestyle habits. Being a teen-
ager involves moving from a more dependent child to being 
a more independent adult [71]. In our study, we investigated 

262 Personal and Ubiquitous Computing (2023) 27:249–270



1 3

how this transition in independence affects reflections in 
sleep-tracking. Unlike prior studies with teens, which were 
driven by sleep health experts [1] or by families as a whole 
[10], our study was led by the concerns and questions of 
teens themselves. Hence, teens were not only collecting data, 
but they were also invited to ask questions, to engage with 
their own data, to share insights, and to reflect upon the 
inquiry process.

Teen-led reflections in turn highlighted concerns and 
questions that were different from prior work on sleep and 
personal informatics. First, prior work emphasised concerns 
about the impact of social media and video games used 
before bedtime [1, 6, 15] as well as how individual behav-
iours affect the rest of the family [10]. In our study, technolo-
gies and impacts on other family members were typically 
only of concern to teens with pre-diagnosed sleep problems 
and their parents. The main concerns for generally healthy 
teens, on the other hand, were often rather simple: whether 
they got enough sleep, how to best balance sleep and stud-
ies, and how physical activity might influence their sleep. 
Second, the motivations of teens with pre-diagnosed sleep 
problems and their families were similar to those of adults 
reported in related work [23, 24]: to better understand their 
sleep problem and to pursue improvements through lifestyle 
modifications. The inquiries of generally healthy teens, on 
the other hand, were typically open-ended and spurred by 
general curiosity. Third, like adults [26, 32], teens with pre-
diagnosed sleep problems and their families considered a 
wider range of metrics to infer the quality of their sleep, 
including time awake at night, wakeup freshness, and sleep 
efficiency. Generally healthy teens, on the other hand, used 
their time asleep as an indicator of sleep quality. Finally, 
unlike prior personal informatics work with adults [49], none 
of the teens in our study appeared to ruminate on their sleep 
data. Teens whose data showed that they did not get enough 
sleep justified it with reasons like studying, rather than feel-
ing concerned about the short hours.

For personal informatics researchers, our findings high-
light that reflection is not a distinct stage but an ongoing 
process throughout all stages of the self-tracking process. 
This is hardly surprising — after all, the main aim of per-
sonal informatics is to obtain self-knowledge [11]. We are 
also aware that the intertwined nature of reflection with 
preparation [72], data integration [42], data collection, and 
action [12, 73] has been reported before. However, in light 
of such ongoing reflection, our findings offer sensitizing 
concepts to study and design for different types of reflec-
tion. ‘Reflection upon revisiting data’ offers a more accurate 
description than simply ‘reflection’ for the late stages of the 
stage-based model [11] and the lived informatics model of 
personal informatics [12] where individuals review num-
bers and visualizations to take action. ‘Reflection in action’, 
as characterised by Schoen [53], highlights the intertwined 

nature of reflection and action. Often it was only by tak-
ing an action (e.g. drinking less coffee) that teens were able 
to reflect on their sleep habits, as well as on the impact of 
sleep their experience in school, sports, and in interactions 
with others. ‘Reflection in preparation’ highlights that reflec-
tion can start early, even before a person has collected data. 
Finally, ‘reflection through social interaction’ highlights the 
importance of dialogue with peers, parents, coaches, and 
researchers to gain new insights.

In the following sections, we discuss two of these con-
cepts in more detail. First, we discuss the significance of 
reflection in preparation for self-tracking and the need for 
scaffolding. We discuss the significance of card sorting for 
scaffolding and highlight design opportunities. Next, we dis-
cuss the importance of reflection through social interaction 
for teens. Based on Altman’s theory of privacy regulation 
[74], we discuss how interactions about self-tracking posed 
a privacy challenge for teens, but also how teens negotiated 
the boundaries of their interactions and reflections to protect 
their privacy. Finally, we reflect on the limitations of this 
study and opportunities to improve the SleepBeta design.

6.1  Scaffolding reflection in preparation 
through card sorting

A key finding was that reflection in personal informatics 
is starting early, even prior to data collection, rather than 
something that happens at the end when a person has col-
lected enough data [11]. Our finding aligns with Baumer 
[38], who pointed out that reflection is often an ongoing 
process of intentional and conscious inquiry. Other studies 
of personal informatics systems have made similar observa-
tions, stating that reflection is tightly coupled with earlier 
stages of data collection, integration, and action [42, 73]. 
In some studies, participants were invited reflect during the 
preparation stage to set up the personal informatics system, 
i.e. to establish exercise goals [72] or the health symptoms 
and triggers they wished track [75]. In our study, reflection 
in preparation also aided teens in deciding what lifestyle and 
technology factors to track based on established evidence 
in sleep science research. Unlike in prior studies, however, 
reflection in preparation was not limited to potential data 
collection and action, but it more broadly addressed the role 
of sleep in the broader context of their families, rules around 
technology access, and experiences at school, in sports, and 
in other everyday life contexts.

The key difference between ‘reflection in preparation’ and 
other forms of reflection in the context of personal infor-
matics is that it is based on personal and lived experience 
rather than on data. Teens asked themselves how well they 
slept, how sleep mattered for their lives, and efforts they 
had made in the past to better understand and improve their 
sleep. Reflection during the preparation stage was important 
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for teens, because they were largely new to self-tracking and 
many participants had not experienced sleep issues before. 
We contend that our insights also present an opportunity to 
better support reflection in preparation for adults who con-
template sleep-tracking, since many adults find it difficult 
to make sense of sleep data and the various factors that can 
affect their sleep [26–28]. Beyond that, insights from reflec-
tion in preparation are important, because barriers in earlier 
stages affect the later stages [11] and increase the likelihood 
of lapsing self-tracking [12]. Conversely, interesting ques-
tions and directions emerging from the preparation stage 
can positively affect data collection, insights from the data, 
and actions taken.

A key contribution of this study is the SleepBeta card set, 
which was important to scaffold reflection in the absence of 
personal data. Looking back, we had not intended Sleep-
Beta cards to be a contribution. We simply introduced cards 
into the study as a way to start a conversation about sleep 
tracking, similar to how qualitative researchers use cards 
and other props to elicit information from participants about 
their lived experience [76] and their mental models [77]. 
However, as highlighted in the findings, the SleepBeta cards 
were a crucial scaffold that allowed for immediate reflection 
without the need for having data collected. By reviewing 
and selecting cards, teens started to think what they already 
knew about sleep — based on both general knowledge and 
self-knowledge — and what they wanted to find out. Fur-
thermore, we found that the SleepBeta cards were also effec-
tive to bring new knowledge into the reflective dialogue. 
Designers often use cards to bring new perspectives to their 
reflective conversations in the context of a design process, 
e.g. through cards that present new methods [78], tech-
nology concepts [79], human values [80], and theoretical 
concepts [81, 82]. Based on a review of the sleep health 
literature [1, 6, 15, 17, 55–58], the SleepBeta cards pro-
vided new perspectives on sleep to the conversations with 
teens to reflect on their circumstances. The back of the cards 
offered explanations about the impact of a particular lifestyle 
or technology factor, together with questions about their cir-
cumstances and behaviours, which teens read and discussed 
with us. Through this dialogue, teens started to make asser-
tions on how their use of technologies, studies, exercise etc. 
may influence sleep, and they also started to work out what 
data they wanted to track. We hope that the SleepBeta cards 
(provided in the Appendix) will also be useful for other 
researchers, health professionals, and individuals interested 
in conversations about sleep and personal data.

We see several opportunities to further enhance the value 
of SleepBeta cards to scaffold reflection in preparation. 
Firstly, health coaching [83, 84] highlights opportunities 
to deepen reflection with cards through additional content. 
Typically, health coaching starts with helping individuals 
to identify their own values and visions of health by asking 

teens which areas are important for them, where they per-
ceive challenges, or require support [83]. In our study, we 
saw that teens wanted to improve an existing health condi-
tion, improve performance at school or in a sport, or learn 
how to stay well, which in turn framed their choice cards 
and their self-tracking enquiries. Adding such values and 
visions to the card set can deepen reflection on values, before 
teens select cards on particular lifestyle and technology fac-
tors. Values in health coaching also go hand in hand with 
goal-setting [83, 84]. Additional questions on the cards into 
teens’ long-term goal can strengthen the reflection and help 
teens understand how their goals support the bigger pic-
ture of their lives [83]. Knowing values and goals, in turn, 
allows for additional scaffolding based on personal data. 
Based on coaching literature and workshops, Kocielnik et al. 
[85] devised reflective questions for physical activity data. 
Their questions were structured around noticing personal 
patterns, understanding the personal situation from differ-
ent perspectives, and developing insights for future actions, 
which would also strengthen reflection on sleep.

We also see opportunities for different kinds of dialogue 
for reflection in preparation. In our study, SleepBeta cards 
relied on a researcher to scaffold reflection in dialogue with 
teens. One way to scale up such interactions is through work-
shops. Whilst workshops are often used to share and reflect 
on personal data collected [9, 86, 87], we contend that the 
SleepBeta cards can also work well in workshops where 
teens pair up with fellow teens to reflect on their sleep and 
decide what data they wish to explore. Alternatively, cards 
also hold potential to scaffold conversations around sleep in 
families, without a researcher present. Pina et al. [10] high-
light the importance of revealing family health as a value 
and the desire of parents and children to better understand 
how the sleep and other behaviours of a family member 
affect others. SleepBeta cards provide an opportunity for 
such reflective conversations within families, but without 
the need for surveillance through personal data.

Whilst the human-to-human dialogue based on SleepBeta 
cards was a key strength of this study, we also highlight 
design opportunities to scaffold a similar dialogue through 
technology. The work of Kocielnik et al. [85, 88] highlights 
how conversational agents can provide users with questions 
to prompt reflection, which mimic the interactions with a 
human facilitator. Inspired by this work, we see clear ben-
efits for a conversational agent to connect with the SleepBeta 
cards and the dashboard. A possible scenario is for users to 
interact with a conversational agent by choosing SleepBeta 
cards with NFC tags embedded, which could be used to trig-
ger questions by a conversational agent within SleepBeta 
about values, goals, and technology and lifestyle factors rel-
evant to their personal circumstances and the cards chosen. 
On the one hand, this would retain the physical qualities of 
card sorting and allow teens to lay out cards on a table and 
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sort them as they reflect on their personal circumstances. 
On the other hand, scanning the card on the phone can be 
used to trigger reflective questions through a conversational 
agent to prepare for self-tracking. Similar to the work of 
Lee et al. [72], responses to such questions can be used to 
set up the SleepBeta diary with the data they wish to collect 
and to personalise and the accompanying dashboard. Beyond 
that, as in the work of Kocielnik et al. [85, 88], engagement 
with a conversational agent can promote reflection around 
observations and trends in the data. The integration of card 
sorting and personal informatics applications has the poten-
tial to empower not only teens, but to extend the reach and 
the value of personal informatics tools to a broader group of 
people interested in sleep and wellbeing.

6.2  Managing privacy in reflection through social 
interaction

A second key finding was that ‘reflection through social 
interaction’ was important to gain insight in dialogue with 
others. Beyond the dialogue with the research team, teens 
reflected on sleep with their existing network of relations: 
their family members, peers, and coaches. As highlighted by 
Suchman [89], new technologies rely on such networks of 
relations to become integrated with familiar environments 
and practices. In our study, parents often had to remind teens 
to keep tracking. More importantly, some parents and teens 
worked closely together as a team to interpret and reflect 
on personal data. This was particularly the case if parents 
were tracking their own lifestyles and teamed up with their 
children, or when the teen had a diagnosed sleep problem. 
In the latter case, the entire family was keen to improve their 
sleep habits, and thereby tried to support regular tracking 
and to interpret and contextualise data. These observations 
also align with the argument made by Pina [10] that health 
in families is a shared concern, especially when a child has 
a chronic health concern, and that it may be more fruit-
ful to think about family informatics instead of personal 
informatics.

We acknowledge that whilst important, reflection through 
social interaction in and of itself is hardly novel. It is well 
known that social interaction is essential to teens to form and 
maintain personal relationships and to develop a sense of 
identity and purpose [90]. Likewise, reflective processes are 
often characterised as a dialogue [52]. Even in the context of 
personal informatics, reflection has been shown to be highly 
social, either through family networks [10], online social 
networks [73], school environments [9, 86], data sharing 
workshops [87], and presentations of insights and personal 
experiences with peers [24, 42].

However, our study highlights two novel aspects of reflec-
tion through social interaction. Firstly, a key difference in 
our study was that we focused on teens directly, rather than 

their families [73] or school classes [9, 86] as whole. This 
is important, because adolescence as a life stage is charac-
terised by a transition from being a dependent child towards 
being an independent adult [91]. Hence, in treating teens as 
principally independent in self-tracking, our findings high-
light key questions that teens reflected upon, such as what 
constitutes normal sleep, its relationship to studies and exer-
cise, and what lifestyle facets they may tweak to improve 
their sleep. At the same time, our findings also point to the 
different contributions to reflection that different relations 
made: with peers, sleep and exercise data offered a ticket 
to talk about wellbeing and a way to normalise that sleep is 
a concern during exam time. Coaches were asked to revisit 
and reflect upon the relationship between sleep and exercise. 
Parents assisted teens to co-construct insights into a range of 
issues from technology use at night, to the impact of exer-
cise, to exploring reasons for sleep disruptions.

Secondly, the findings showed how teens negotiated the 
boundaries of their interactions and reflections to protect 
their privacy. Our analysis was inspired by Altman’s theory 
of privacy regulation [74]. Altman’s key idea is that privacy 
is managed dynamically through an ongoing process where 
individuals open up or close themselves off from others. This 
process is dynamic and dialectic, meaning that people regu-
late their boundaries depending on their own expectations 
as well as the expectations of others in a particular context. 
Boundary regulation is particularly important for teens, as 
they negotiate increasing levels of independence with their 
parents around their sleep times, studies, work, technology 
use, etc. [91].

We found that self-tracking technologies pose a challenge 
for teens as they can disrupt boundary regulation. This was 
most obvious in the case of T7S, who was trying to hide 
a video game running on the computer which advertently 
revealed his game play to his parent. Following Altman 
[74], Palen and Dourish [92] highlight how information 
technologies can disrupt the regulation of boundaries over 
time, because they capture information that may otherwise 
be ephemeral [92]. Self-tracking technologies are designed 
to highlight incidents and trends over time, which can stand 
in conflict with how teens want to present themselves to their 
parents. Even though we found that sleep and lifestyle data 
appeared to be largely free from tension (and sometimes 
were even celebrated as achievements), we saw that technol-
ogy use at night constituted a point of contention and ongo-
ing negotiation. Technologies were particularly a concern for 
parents, who often strictly regulated their use and sometimes 
even monitored technology screen time.

Our findings also illustrated how teens negotiated privacy 
boundaries with self-tracking technologies to avoid tension. 
Firstly, teens were in control over what they selected to track 
in the first place. Whilst all teens tracked their sleep, they 
were able to avoid potentially contentious data, e.g. as in 

265Personal and Ubiquitous Computing (2023) 27:249–270



1 3

T7S’s case, who decided not to track how much time he 
spent playing computer games even though it was a con-
cern of the parent. Secondly, teens were able to self-report 
on how much time they spend using technologies at night. 
Whilst there are many systems that automatically keep track 
of screen time, which were also used by some of the parents 
in this study, we opted for a manual approach that gives 
agency to teens. Finally, teens were in control over whether 
they wanted to include their parents in the final interview 
and what information from SleepBeta they wanted to dis-
close. Hence, whilst adolescence is sometimes seen as time 
of storm and stress [91] and particularly screen time is often 
a source of tension between parents and teenage children [5, 
21], we did not find this to be the case in our study. Instead, 
sleep and lifestyle tracking became integrated with the ongo-
ing negotiation of boundaries and rules between teens and 
parents.

6.3  Reflection on study limitations

Looking back at our study aims, we had expected to see 
more reflection upon revisiting data, particularly from the 
correlations, as this was one of the main features of Sleep-
Beta. We are aware that relying on information visualised 
on dashboards is not sufficient for reflection to occur [48]. 
Furthermore, as presented in the findings, correlations pre-
sented on SleepBeta were often as expected (e.g. correla-
tions between sleep and exercise, assignments, and stress), 
or they were counterintuitive and hence dismissed. Partici-
pants may have benefitted from seeing more correlations on 
their SleepBeta profile. Teens who attended school through-
out the study period may simply not have had enough vari-
ability in their data, or statistically speaking, a restricted 
range. In this regard, a longer study period and encouraging 
teens to experiment more with their lifestyles may have led 
to more variation in the data, which in turn may have led 
to more significant correlations showing up on SleepBeta. 
Related work also highlights opportunities to present cor-
relations more effectively for reflection. One example is 
to show the strength of correlations [32], so that teens can 
determine the plausibility of the data when they compare 
it with their subjective experience. Another example is to 
let users access sleep data and lifestyle data side by side in 
a timeline [31, 93], so that they can better understand and 
examine interrelationships based on perceivable trends in 
time series data. Another pitfall with univariate correlation 
analysis is the potential effect of confounding factors, which 
may have led to counterintuitive correlations shown on the 
dashboard. An alternative method is to apply multivariate 
regression analysis or principal component analysis, which 
allows to identify factors that best explain the variations in 
the target sleep metrics.

We had also expected that teens would revisit and reflect 
more independently on the SleepBeta data, outside the study 
interviews. We asked parents to support and encourage their 
children to engage with SleepBeta, but due to privacy con-
cerns, their role was often to remind teens of collecting data 
rather than revisiting it. In hindsight, we could have adjusted 
our methods to encourage teens in the initial interviews more 
explicitly to revisit the data each week, or through text mes-
sages prompts and questions during the 3-week period, or 
through a simple diary to note reflections and insights during 
the study. From a technology design perspective, notifica-
tions when new correlations emerge or question prompts as 
in the study of Kocielnik et al. [85] could have been helpful 
teens to revisit their data more often. On the other hand, 
however, we had the advantage of being present and wit-
nessing when teens reviewed and reflected on their data on 
SleepBeta, which offered us detailed insights into their open 
questions and their interpretations, especially when they had 
to reconcile data that appeared to contradict their subjective 
experience.

We acknowledge that our findings come from a small and 
diverse cohort. As with any qualitative study, a larger cohort 
and longer study period would strengthen the credibility of 
the contributions. However, the 12 teens in our study and 
their family members provide a solid foundation for our con-
tributions, because we reached a point of saturation early on 
in the study on the four types of reflection, and also because 
the findings are based on an established framework [11]. A 
meta-review by Caine [94] shows that 12 participants is the 
most common sample size in human–computer interaction 
research, which provides further support for the credibility 
of this work. Nevertheless, additional participants may have 
given us additional details, i.e. on the theme of reflection 
upon revisiting data.

We also acknowledge that the sleep data collected did not 
meet the expectations of medical study. The sleep data came 
from a Fitbit Charge HR device, which is not a medical grade 
device, nor has the Fitbit data been verified through self-
reported data on how long and how well participants slept. 
Participants were asked to track their wake-up freshness as 
a subjective measure to compare with their Fitbit data on 
sleep length, but we relied on Fitbit data to record the total 
sleep time and time awake at night. Whilst not classified as 
a medical-grade sleep tracker, Fitbit Charge HR devices are 
generally more accurate than self-reports [95], especially for 
people with sleep disorders [96, 97]. Furthermore, validation 
studies with adolescents show that Fitbit Charge HR devices 
provide good agreement with gold-standard PSG data on 
total sleep time and sleep efficiency [65, 66].

A final question is whether SleepBeta as an intervention 
promoted reflective thinking on sleep and personal wellbeing 
more broadly. The findings clearly show new insights that 
teens gained from their various reflections, from knowing 
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how much sleep they needed to sleep, to the impacts of exer-
cise, studies, and technologies used. However, in hindsight, 
it would have been interesting to understand better if it also 
changed their perspective on sleep and wellbeing (show-
ing evidence of double-loop learning [35]), and whether 
SleepBeta advanced their reflective thinking abilities as a 
whole. To this end, we could have asked teens to fill in a 
questionnaire for reflective thinking [36] at the start and at 
the end of the study to unpack the impact of SleepBeta on 
their reflective thinking.

7  Conclusion

In this study, we have invited teens to reflect on their sleep 
and related lifestyle and technology habits. This has been 
inspired by prior studies where teens have been subjects 
in research, but with little agency to explore and reflect on 
their own sleep data. Hence, we invited teens follow a self-
tracking approach where they tracked their sleep. To this 
end, we designed SleepBeta, which consisted of a set of 
cards with factors known to influence sleep, a diary app to 
track relevant factors, a fitness tracker, and a dashboard to 
visualise data and correlations between sleep and diary data.

The first takeaway from our study is a better understand-
ing of reflection and its importance in the design and study 
of personal informatics systems. From our study, we learnt 
that reflection upon revisiting data is not the only nor the 
predominant mode of reflection. Reflection is an ongoing 
process that starts before data is collected. In reflection in 
preparation, teens discussed their subjective sleep experi-
ence and their questions and concerns about factors that may 
influence their sleep, like their studies and technologies used 
at night. Critical to this kind of reflection was a set of cards 
about lifestyle and technology habits that can affect a teen’s 
sleep. We conclude that card sorting is a powerful means for 
reflection because cards can make health knowledge accessi-
ble to teens (and others interested in sleep-tracking), prompt 
questions about personal values and goals, and provide a 
path forward to for data collection and action.

The second takeaway from our study is the significance 
(and difficulty) of reflective dialogue with peers, family 
members, and researchers. Despite its name, self-tracking 
is not an individual endeavour. Instead, it relies on the sup-
port of existing networks of relations to reflect on data and 
experiences. However, interactions around personal data also 
introduce challenges to the privacy of teens. Based on our 
technology design and our observations around boundary 
regulation, we conclude that personal informatics systems 
need to be designed to give teens ultimate control. Teens 
need to control not only what data they might share and dis-
cuss with others, but also what data they collect, and more 
fundamentally, if they wish to track any information at all.
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