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ABSTRACT

The problem of how new technology integrates into everyday life and creates new behaviour 

is a constantly evolving topic, and my research applies existing critical frameworks to a field 

of human activity not well covered by current thinking.

I explore the question of how technology mediates self-perception and behaviour change 

using self-measurement of sleep as a case study. My research takes an understanding of 

human reality as socially constructed, and applies this perspective to human computer 

interaction (HCI). This is a mixed method study situated in a real-world context. 

Findings address the importance of design to engage users and remove barriers, the 

significance of prior knowledge and experience, how people act and think in context.and 

how this context changes under the influence of technology.

The implications of these findings are related to design research. The body as information 

environment is a new conception, one that puts together sensing technology, body 

awareness and social context. It is an idea that has wide-reaching implications for health 

care, HCI and design. 
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INTRODUCTION

This study is concerned with how technology mediates self-perception and behaviour. 

Using self-tracking of sleep as a case study, my research examines how users interact with 

a personal sleep measurement device called Zeo. Zeo is a commercially available home 

measurement device that records brain waves via a wearable sensor-bearing headband. 

Detailed sleep data is sent wirelessly to a bedside unit that saves the data to a memory 

card. The card contents are then uploaded to an internet-connected computer and the 

password-protected section of a public website. This site displays an interactive bar chart 

with different colours for the different sleep phases of awake, light, deep and REM. Zeo 

also displays a daily score consisting of a single number from zero to 200. This score is 

calculated according to three main factors; total sleep time, restorative sleep, and disrupted 

sleep. The score is therefore representative of sleep quality.

The research questions include: whether self-observation and access to personal data elicit 

behaviour change, and how new understandings arise from using technology in the context 

of everyday activity. My research examines new forms of human computer interaction 

(HCI) within domestic settings, and relates these findings to wider ideas about society and 

human behaviour. The broader research context is discussed and a relevant field of enquiry 

estabished.  Engaging with activity theory as a theoretical framework, my research analyses 

specific elements of the relationship between motivations, goals and actions as mediated by 

technological artefacts. Case studies involving seven research participants were carried out. 

The participants were given a Zeo and the intention was to gain real-world insight into how 

people relate to and perceive their own sleep as mediated by technology. 
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The wider subject of sleep remains a popular topic for research and there is still much 

that is not known about the biological origins and functions of sleep. This paper has not 

attempted to examine sleep science in this sense and is not intended to be a clinical study. 

The focus is on self-perceptions of sleep and on how technology shapes and influences 

those perceptions. There is an acknowledged lack of research into the sociology of sleep in 

general, and into HCI and sleep in particular. This lack of attention stems from a traditional 

view of sleep as a state of inactivity, and, from the only very recent, emergence of new 

technologies that enable self-measurement of sleep in natural settings. HCI grew out of 

engineering, computer science and human factors design, and has not traditionally been 

concerned with the socio-cultural. There is therefore a perceived need for research in this 

area and for further exploration of personal body sensing through technology in general.

For the purposes of this study I have allowed the Zeo to remain a unitary system of 

data capture, and my focus is not on its technical specification or the accuracy of the 

data it captures beyond how it affects perception. Some limitation must therefore be 

acknowledged in evaluation of the device. My concern is with how this integrated system, 

both hardware and software, affects awareness and behaviour change: How the data 

operate in a context of behavioural and emotional understanding, and what lessons can be 

learned about HCI in the context of sleep. 

KEYWORDS

HCI

Activity theory

Social constructivism

Sleep and technology

Data visualisation

Behaviour change



7

Chapter 1
LITERATURE AND PRACTICE REVIEW

1.0  TECHNOLOGY AND SOCIETY

In this section I explore the wider context of my research, situating it within current thinking 

about the digital world, and how technology integrates with everyday life.

Technology and technological artefacts dominate work, travel, entertainment, health and 

education. They mediate our daily experiences in increasingly complex ways, and exert 

subtle and powerful influences over society and human relations. My research tries to 

examine some of these influences in light of personal data and individually generated 

digital information. Manovich (2006) suggests a sociological role for data space ‘as an 

idea of cultural and aesthetic practice rather than as technology’ (Manovich 2006, p. 10). 

Manovich argues for the importance of extracting use from the datasphere, treating it as 

personalisable and inherently cultural. He claims that the virtual is beginning to influence the 

physical through affective computing, ubiquitous computing, persuasive design and mobile 

technologies, and extracting useful knowledge for the individual and for society from this 

augmented space is where design and design processes can play a role.

Kevin Kelly, in his recent book, What Technology Wants (2010), proposes the concept of 

‘convivial technology’.  Convivial technology, which promotes cooperation, transparency 

and flexibility. Kelly’s approach draws a direct parallel between how technology develops 

and how biological systems evolve. Convivial technology, the author claims, reflects the 
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‘high degree of indirect collaboration, transparency of function... and natural efficiency of 

living systems’ (Kelly 2010 p. 86. ). In the context of sleep data and self-tracking I argue that 

a high level of conviviality is necessary to meet user goals, stimulate reflection and elicit 

behaviour change.

The generation and consumption of digital content takes place within a wider social context. 

In the home, the hospital and the workplace, to name a few, there are continual interactions 

between individuals and technology. Alone and in groups individuals share and exchange 

digital data on complex platforms that shape behaviour. My research tries to examine some 

of the mechanisms behind these actions, taking sleep and sleep data as a case study.

1.1 DATA DELUGE

This section outlines some of the problems of dealing with the increasing amount of data 

available in the digital world. The concept of ‘information pathology’ is used to refer to 

physical and mental conditions in which it is impossible to process the available data, 

leading to anxiety and stress. When thinking about personally-generated digital content, in 

this case sleep data, it may be useful to place collection and interpretation within the wider 

context of information overload.

More information has been created in the last 30 years than in the previous 5,000 years 

(Wurman, 2001). This has lead to a state ‘in which not all communication inputs can be 

processed and utilized, leading to breakdown’ (Wurman, 2001 p. 34). There are many 

reasons for this overload - not least the fact that ‘the organizational capacity for producing 

information far exceeds the human capacity for processing it’ (Farhoomand and Drury, 2002 

p. 6). Infobesity (Bell, 2004), cognitive overload (Kirsh, 2000), continuous partial attention 

(Stone, 2011) and information anxiety (Wurman, 2001) are all ways of describing information 

pathologies related to excessive information demands on people living and working in 

networked digital environments. 
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EasyWakeUp
http://easywakeup.net/

YawnLog
http://beta.yawnlog.com/

DreamRecorder
http://www.dream-recorder.com/

WellnessDiary
http://europe.nokia.com/wellnessdiary

Sleep Tracker
http://bit.ly/tReHld

BuddyClock
http://bit.ly/uLuc6c

SleepCycle
http://bit.ly/7Ems02

WakeMate
http://wakemate.com/

Network Alarm Clock
http://bit.ly/vU0Mo7

Figure 1, existing sleep measurement technologies.
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Zeo
http://www.myzeo.com/sleep/

Clocky
http://bit.ly/3wZJ7r

Sleep Phase
http://bit.ly/fgs4AL

Sunrise Clock
http://bit.ly/sLa14W

SleepMate
http://bit.ly/urhYwf

Flying Alarm Clock
http://bit.ly/v9Y4ZU

EmWave
http://bit.ly/5I63W2

FitBit
http://www.fitbit.com/

WatchPat
http://bit.ly/veIso0

Figure 1 contd., existing sleep measurement technologies.
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People ‘perceive overload because the information they receive does not fit their mental 

models of reality’ (Farhoomand and Drury, 2002 p. 8). Often this information is then 

shoehorned into improvised and ill-fitting mental frameworks, under restrictive time 

constraints. Another key issue is information quality and the reliability of online and digital 

data. For example, loss of identity through the anonymous use of social media and 

aggregated bookmarking rankings, show how ‘subjectivity replaces an objective (albeit 

imperfect) knowledge organisation’ (Bawden and Robinson, 2008 p. 4). This adds to the 

unease with which people navigate information environments.

Proposed solutions to information overload include taking control of personal data (Graham, 

2011) and presenting information in digestible chunks (Few, 2009). Improvements in 

information presentation, personal information management and critical thinking (Bawden 

and Robinson, 2008) have also been seen as antidotes to information anxiety. Some 

researchers (e.g. Bawden and Robinson, 2008) sound a warning note, observing that 

information professionals tend to overstate the problems of data deluge and often devise 

solutions in search of a problem. 

1.2 HUMAN COMPUTER INTERACTION AND SLEEP

 “Much of the existing literature in HCI has not systematically looked at people’s   

 needs in regard to sleep. Also, there seems to be a lack of discussion around 

 the design implication of technologies that are being used in the bedroom. Finally  

 we could not identify specific studies on the effectiveness or acceptability of many of  

 the existing in-home sleep sensing products” (Choe et. al. 2011)

In this section I detail some of the research and existing technologies related to sleep 

practices and sleep behaviour, in order to place Zeo in the context of relevant research and 

similar products.

Dourish (2004) uses the term ‘disambiguate’ to describe how technology in context can 

illuminate both how to interact with technological artefacts and what actions should be 

taken. Ambiguity is removed by contextual use. Buttons afford pushing, handles afford 

SleepMate
http://bit.ly/urhYwf
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gripping, etc. As Dourish says of tangible interfaces: ‘What is important is not simply what 

they (computers) do but what they convey’, (Dourish, 2004 p. 25) in other words they have 

communicative ability. The same could be said about Zeo and both its contextualised use 

environment (the bedroom) and its bespoke physical and virtual interface. The question 

users might ask include; What does self measurement convey? What does Zeo convey?

The HCI community has not paid much attention to ways that technology can support sleep 

(Choe et al, 2011; Aliakseyeu et al, 2011). Specifically there is a marked lack of research on 

the effectiveness or acceptability of existing in-home sleep-sensing products (Choe, et al. 

2011). There are a number of existing technologies for measuring and tracking sleep. These 

include actigraphy, which uses an accelerometer like those common in mobile phones to 

measure movement and extrapolate sleep quality and duration from those movements. 

Smartphones with built in accelerometers are the basis for applications like Sleep Cycle 

while mobile phone based logging of sleep is provided by the Sleep Tracker mobile phone 

app. SleepTracker, WatchPat, Zeo, FitBit, and WakeMate are all wearable devices for 

recording sleep in the home. Online methods for logging sleep related information include 

Dream Recorder, Wellness Diary and Yawn Log. (See figure 1 for examples of existing sleep 

related technology.)

The Zeo personal sleep device represents a pre-structured quantitative source of data. It is 

a closed system, using proprietary technology called SoftWave to measure an EEG signal 

via a sensor-bearing headband worn while sleeping. The reliability of the data in such a 

complex device depends on some highly variable circumstances that lie outside the scope 

of this study. The sensor reads brain electrical activity at varying frequencies dividing them 

into well-established categories: (awake, light sleep, deep sleep and REM sleep) which are 

standard ways of measuring sleep states in clinical settings (Loomis, 1937; Dement and 

Kleitman, 1953). 

The headband communicates wirelessly with a base station, saving the data in a proprietary 

format for upload to a password-protected section of a public website. The data are then 

displayed visually, designed to aid interpretation. The data can however be exported in non-

proprietary format (Excel spreadsheet) for re-configuration by the user; the mode of display 

is predominantly time-based, with time spent in distinct sleep phases shown relative to the 

time spent wearing the headband. 
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Alarm clocks are a major site for design interventions and sensing technology. BioBrite, 

EasyWakeup, and Sunrise use the brightening of daylight in the morning to trigger alarms 

and are designed to help make waking up more gradual. Zeo, SleepPhase, and Sleep Cycle 

claim to be able to wake the user in a particular sleep phase from which it is easier to reach 

alertness. 

Novelty products abound, such as the Flying Alarm Clock which emits an alarm until a small 

helicopter the device launches is replaced, or Clocky which moves and conceals itself while 

sounding a wake alarm. Devices such as StressEraser and emWave on the other hand are 

designed to get the user to relax before sleep through biofeedback and breathing, while 

SleepMate plays soothing sounds or white noise for the same purpose. 

Some projects exploit social networks to focus on social aspects of sleep. BuddyClock, 

Sleep Cycle and Network Alarm Clock are ways of sharing sleep states online. Aliakseyeu, 

et al. (2011, p. 3), note, however that ‘there is very little research into HCI for the bedroom,’. 

They explore some opportunities for interaction strategies in the context of sleep, including 

social settings such as the family. If, for example, family members are informed about each 

others’ sleep quality and can see distinct live sleep status, they could coordinate activity at 

optimum times of the day, help with waking up and going to school, assist in the care of an 

elderly relative, preserve privacy and manage scheduling of sleep. 

I have shown how Zeo is one of many products that engage with sleep and sleep 

measurement. While Zeo may be unique in being able to record sleep phases from a 

wearable sensor, there is a whole series of designed products in the same area. 
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1.3 SELF – TRACKING

Quantfied self tracking is the regular collection of any data that can be measured about the 

self such as biological, physical or behavioural information.

Swan (2009, p. 2.)

The Quantified Self is a growing movement founded in San Francisco in 2007 that is 

concerned with individual well-being. There are now  regular meetings all over the world 

where people discuss their findings and experiences in measuring a wide variety of aspects 

of themselves. In this section I discuss the background to the movement and how it relates 

to healthcare and self-management of wellbeing.

Self-measurement is an emerging practice empowered by new technologies and the 

transformation in healthcare towards patient-centred treatment and personal health 

management. ‘Patient-driven health care can be characterised as having an increased level 

of information flow, transparency, customisation, collaboration and patient choice’ (Swan 

2009 P. 11). Swan further identifies the possibility of health data being a driver for personal 

self expression.

Self-tracking is commonly done with manual data entry, and there are many systems 

that rely on this method, such as SleepyTime 21, UniSlim 22, Diabetes Tracker  23 and 

others. Conversely, automatic data capture is done with a wearable digital device such as 

a wristband or clip-on sensor. For example, accelerometer technology, such as that found 

in many mobile phones, is used to track movement and give a reading of steps taken or 

calories burned.

This technology has already achieved significant adoption and is resulting in some new 

mediated behaviours. Co-founder of the Quantified Self movement and Wired magazine 

editor Gary Wolf - (2010) observes that the limits of human perception are subject to some 

distortion when observing ourselves. We may not remember, for example, who we saw 

last week, how long we’ve had this headache, how much we spent last month, etc. We 

commonly base personal decisions on insubstantial data and subjective opinion. 

21. SleepyTime, http://sleepyti.me/. 22. UniSlim, http://www.unislim.com/. 23. Diabetes Tracker, 

https://www.diabetestracker.org/. 
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Individuals experience attention blindness and sometimes deliberate self-deception in 

the face of difficult personal challenges, such as giving up smoking (Li et al, 2011). Self-

measurement aims to address these gaps in perception by providing quantitative personal 

data about our habits and behaviours. Wolf also points out that sociology is a limited 

science which aims to examine society at large by extrapolating data from experiments. 

Rarely however, does sociological thinking examine the individual in quantitative detail. 

(Wolf, 2010). Much of human behaviour remains a mystery, and our personal motivations 

represent a notoriously difficult research challenge as we rarely act in our own self-interest. 

(Goetz, 2010). Because quantitative self tracking is a relatively new techno-social practice 

there is little research examining its significance for the individual or for wider society. 

Personal informatics is one existing research area that has direct relevance however. 

Personal informatics is defined as ‘a class of systems that help people collect personal 

information to improve self knowledge’. (Li, Dey, et al. 2011) The authors have designated 

five key properties of personal informatics systems: Preparation, when systems are 

investigated and chosen for engagement; collection, when data capture begins by manual 

or automatic means; integration, when data is collated and organised for comprehension; 

reflection, when the user observes, interacts with or interprets their data; and finally action, 

when any personal actions elicited as a result of the data are taken. While my research takes 

a close interest in the design of personal informatics systems, it is not directly concerned 

with the mechanics of preparation,  integration and reflection and how they are best 

achieved. The effects of informatics on personal behaviour are not yet well understood. My 

research therefore is designed to fill this gap. 

Recent research in the area of ubiquitous computing (UbiComp) takes the thinking of Mark 

Weiser (Brown and Weiser 1996) in a new direction. Weiser’s vision was for a world of ‘calm 

computing’ with networked digital devices communicating with each other and carrying 

out tasks invsibly. Rogers (2006) observes that the age of calm technology has not lived 

up to expectations. Technical limitations have reduced the scale of most projects and 

debates about privacy and ethics have prevented researchers trying to make real world 

interventions. Computer systems that understand and model human behaviour still remain a 

distant possibility. Instead, Rogers argued for a more engaged interactive landscape, which 

encourages decision-making and emphasises the exciting and provocative possibilities 

(Rogers, 2006) inherent in imaginative technology and creative interfaces. 
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Typical electronic medical record (Prototype file)
http://level8systems.com/page.php?3

Lifelines electronic personal record (Prototype file)
http://www.sigchi.org/chi96/proceedings/videos/Milash/cps1txt.htm

Blood test results re-imagined (Prototype design)
http://www.wired.com/magazine/2010/11/ff_bloodwork/all/1

Figure 2. Examples of data visualisation in health care
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I have outlined the background to the growing practice of self measurement and introduced 

some recent ideas behind personal informatics. The next section goes more detail about the 

importance of visualisation in providing direct feedback to users and prompting behaviour 

change.
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Chapter 2
VISUALISATION

2.0  DATA VISUALISATION

Information visualisation is commonly defined as ‘computer supported, interactive, visual 

representations of abstract data used to amplify cognition’ 

(Card, et al. 2002 in Cawthon and Vande Moere, 2006)

In this section I explore some of the ideas and research related to data visualisation, and 

relate it to interpretation and understanding in the context of my own research. Zeo provides 

a default visualisation style, and my research is partly about how appropriate this is for 

understanding sleep.

Visual learning has long been considered a primary method of understanding the world, 

specifically, of acquiring knowledge (Dunn, 1984; Burmark, 2004); and has been identified 

as one of the most important ways to make sense of new information. The implications 

for design have been explored with reference to perceptual psychology and so-called 

gestalt principles of perception (Attneave, 1954; Quinlan and Wilton, 1998). These 

principles suggest the human mind perceives information most efficiently when it is 

ordered by proximity, similarity, closure or figure-ground (how a visual element relates to 

its background) relationships (Koffka, 1935). Information designers use these principles to 

arrange informational elements for maximum clarity and readability (Ware, 2004; Few, 2006).
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Zeo sleep diagram (Authors own) 
showing long-term trend.

Zeo sleep diagram (Authors own) 
showing sleep phases for one night.

Zeo sleep diagram (Authors own) 
showing aggregated results.

Figure 3. Examples of how Zeo shows sleep data.
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Models and theories of communication and information organisation have emerged from 

advertising, journalism and sociology. These include the so-called AIDA model (St. Elmo 

Lewis, 1898 in Strong, 1925) which stands for attention, interest, desire, action. The theory 

holds that these four elements must all be engaged for successful communication to take 

place. It should be noted that action in the AIDA model refers to purchasing advertised 

products and not behaviour change. The LATCH model (Wurman, 1990) asserts that all 

content can be ordered by location, alphabet, time, category or hierarchy. For example, 

newspapers are cited (Visocky O’Grady and Visocky O’Grady, 2008) as information channels 

that use many of these structures at once. The uncertainty reduction principle (Berger and 

Calabrese, 1975) relates to interpersonal communication, and suggests that uncertainty 

is uncomfortable, and when encountering new and unpredictable situations we seek 

information in order to reduce uncertainty. These ideas have been used to examine online 

interpersonal interactions (Antheunis et al, 2009) but have not been taken up widely in visual 

information design.

The artefacts of information visualisation are data graphics such as graphs, maps and 

charts, these are usually static visual elements. Data visualisation is seen as more dynamic, 

involving interaction, change and movement. As the digital age results in an ever-increasing 

flow of quantitative information (Wurman, 1990), the number and nature of these artefacts 

has subsequently also increased. Ten years ago it was noted that every year some 900 

billion images of statistical graphics are printed (Tufte, 2001). A pertinent theory of how 

these artefacts could be read involves the terms ‘pattern perception’ and ‘table lookup’ 

(Cleveland, 1993). Pattern perception refers to an immediately comprehensive trend in 

the data as represented visually, for example month-on-month rising sales as shown in 

a bar chart. Table lookup requires a more detailed analysis of content (Visocky O’Grady 

and Visocky O’Grady, 2008) and is often a finer grained examination of the information 

presented, such as a single month in a sales chart or a single products’ sales.

Existing research into sleep data visualisation is exclusively within the clinical environment 

(e.g. Vivaldi and Bassi, 2006; Gerla et al, 2009) and covers a variety of polysomnographic 

(PSG) data analysis tools. Polysomnography is a multi-parametric test, usually in a clinical or 

laboratory environment, that aims to measure sleep. The Hypnos Graphic Interface (Oliveira 

et al, 1999) is a sleep analysis tool with three main elements: an interface for visualisation, 

a distributed file system, and a computer scripting language. However, It is not intended 

for the non professional physician and leaves room for an examination of similar needs in 

mediating tools for home use.
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Other research examines similar mechanisms of sleep data visualisation (e.g. Vivaldi 

and Bassi, 2006) and concentrates on pattern manifestation techniques such as density 

diagrams, scatter plots, and time series line graphs. Again the research is highly specialised, 

is not concerned with the home self-tracker, and falls within the field of laboratory-based 

biomedical signal interpretation. 

I have given a brief general overview of existing literature and practice in information 

visualisation, specifically visualisation related to sleep data. The setting of my research is  

the private space of the bedroom and not in a scientific laboratory as normally understood. 

I propose therefore that existing models of sleep visualisation should be adapted to this 

context, and that there is room for new research in this area.

2.1 DATA VISUALISATION AND INTERACTION

It is only through our emotions that we unravel problems, as the human emotional system is 

intertwined with our cognitive abilities .

(Norman, 2004, p. 17).

The ability to interact, (through direct manipulation in a digital environment), with data across 

a variety of devices, is a recent development. As personal digital devices have become more 

widespread and portable, networked computing instruments such as Zeo have reached 

the bedside. The corresponding models of interaction may be developed to provide rich, 

immersive and meaningful experiences. I describe below some past and current trends in 

interaction theory and practice as they relate to information visualisation and well being.

Compared to the long history of information design and data visualisation - one author, 

Tufte (1997) traces the field back to at least the 10th Century - interactivity in the context 

of data visualisation and interpretation has received relatively little critical attention. Some 

of the classic texts relating to interaction design date back no further than 1995 (Cooper et 

al, 2007) although the field of human factors has long been concerned with the efficiency 

of human-machine interaction in critical systems (see Wickens and Hollands, 1999). The 
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elements of interaction have been identified as a varied interplay of motion, space, time, 

appearance, texture and sound (Saffer, 2007). These elements are arranged in a way 

intended to facilitate human interaction with screen based artefacts (Proctor and Vu, 2005), 

products (Moggridge, 2007) and services (Stickdorn and Schneider et al, 2010). 

Interaction in information visualisation has been examined from various angles. HCI places 

emphasis on affordances, actions and interactions (Cawthon and Vande Moere, 2006). 

This approach suggests that information visualisation design should take account of media 

convergence, and implement some of the qualities present in other time-based media, such 

as cinema or dance, with a view to incorporating user needs and common behaviours from 

other fields. For example, the ability of information visualisation to gradually reveal patterns 

over time and allow instinctive navigation by growing, diminishing and changing colours. 

The use of narrative and metaphor allows both familiarity and experience to enhance 

cognitive amplification or to increase understanding through emotional engagement 

(Bartram, 1997). Intrigue and ambiguity also play important parts in nurturing the interpretive 

relationship with design artefacts (Gaver et al, 2003). The challenge for information 

designers remains the authoring of novel design metaphors that expose relevant meaning 

without overloading density (Cawthon and Vande Moere, 2006). 

Interaction in information visualisation has also been examined in the field of health care 

information (e.g. Powsner and Tufte 1994; Plaisant et al, 1998). Computerisation of medical 

records has been underway for over forty years (Rodgers and Haring, 1979) and remains a 

popular subject for information design and dynamic information visualisation (see figure 2, 

top). Tufte and Powsner (1994) propose a process of narrativisation of the patient record as 

a means to clearer communication. For example, the representation of information changing 

over time as treatment develops during a progressive illness, can be shown visually using 

individual scaling of selective data and graphical arrangement.  Showing medical data 

on timelines is an essential part of the Lifelines (Plaisant et al, 1998) project (see figure 2, 

middle) which provides a general digital visualisation environment for personal medical 

histories. Individual data elements such as diagnoses, allergies or lab results are shown 

in a relational display using stacked and expandable horizontal lines. The implications of 

this approach for personal data collection and self-measurement are not addressed in the 

Lifelines project however.

In a recent Wired magazine article by Leckart (2010), blood test result sheets are redesigned 

to be directly readable by the patient (see Figure 2, bottom). The theoretical, aesthetic, and 
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graphical approach of this project, as well as implications for interaction and usability, are 

much closer to what I have been discussing here. My own research is concerned more with 

behaviour change than data presentation, and more specifically with sleep data.

2.2 TIME SERIES

Time series data is analyzed in order to discover the underlying processes, to identify 

trends, and to predict future developments. (Alexa et al, 2001) 

All sleep data visualisation techniques are time series designs, showing varying sleep states 

as they change over a night of sleep. In this section I look at the structure and function of 

time series visualisations from the viewpoint of my research. The section includes reference 

to a current debate about the relative merits of literal versus abstract data representation.

Data represented as time series is the most common form of graphic design (Tufte, 

2004). Multivariate displays of time series data show evolving measures over time of a 

number of variables - for example, temperature, humidity, wind speed, and precipitation in 

meteorological data. Tufte goes on to explain how adding a spatial dimension to time series 

visualisation can enhance explanatory power by depicting data moving through space as 

well as time. Ways to represent sleep data spatially present an intriguing challenge; currently 

Zeo employs the mechanism of the small multiple as shown in a bar chart (see Figure 3). 

Small multiples are repeated small images that allow direct comparison between data sets 

through proximity in graphical space. 

Few (2009) identifies six basic patterns useful when analysing data through time. These 

patterns are; overall trend, variability (the average degree of change from one point in time 

to the next), rate of change between values (often expressed as a percentage), co-variation 

(the comparison of two time series), cycles (commonly using circular representations of 

time), and exceptions (values which fall outside the norm). A complex interaction of these 

patterns comprise most useful time series visualisations. A flexible approach to time series 

offers an ability to switch from highly granular views (hourly) to longer-term (yearly or even 

millennial where there is sufficient data). However, there is a risk that the viewer can be 

seduced into misleading conclusions by viewing data from too close or too far away, and 
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understanding is best achieved by having the possibility of switching views (Few, 2009). 

While sleep data is not significantly multivariate, it does have the potential to generate 

large datasets over time. Existing approaches to the visualisation of large datasets are 

insufficiently suited to supporting people in discovering underlying structures (Alexa et al. 

2001), because they prevent comparison and limit understanding.

Controlled sleep laboratories produce PSG data visualisations, usually line graphs, resulting 

from controlled measurement.  Patients with sleep disorders will spend a night in a sleep 

laboratory observed by doctors and technicians who monitor the patient with a variety of 

instruments, including EEG which measures the electrical activity of the brain, pulse and 

respiration (Choe et al, 2011). A sleep physician interprets the resulting graphs and reaches 

conclusions about sleep behaviour that aid diagnosis and subsequent treatment. The ability 

to reach useful and meaningful conclusions from these visualisations depends on a high 

degree of specialised knowledge and medical training not usually available to the self-

tracker, that creates the need for a more approachable way of visualising sleep data.

Abstract versus literal representation

Some recent research examines whether data visualisation is less conducive to personal 

behaviour change than more expressive or abstract data representation (Rogers et al, 2010) 

that does not attempt to show quantitative data in bars, lines or plot points. The projects 

that engage with this idea implement physical manifestations of data such as lights that dim 

and brighten as in Hello.Wall 
24

, water that ripples shown in the work ambientRoom 
25

, 

or kinetic sculpture such as Live Wire 
26

. These installations react in response to external 

stimuli such as changes in traffic flow or currency fluctuations. 

There is an established body of thought related to information display and behaviour 

change, much of it concerned with health care and informatics (Thaler and Sunstein, 

2009; Blamey et al, 1995; Fogg, 2010). There is a lack of research, however, not only in 

how technology mediates personal experience in the context of sleep, as seen above, but 

also in how data representation is experienced in personal and private spaces such as the 

bedroom.

24. Hello. Wall, http://thehellowall.com. 25. ambientRoom, http://tangible.media.mit.edu/project/82.
26. Live Wire, http://tech90s.walkerart.org/nj/transcript/nj_04.html. 
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Chapter 3
RESEARCH QUESTIONS

As a result of the above analysis, there are a number of unresolved issues surrounding the 

topic that include: How does technology mediate self-perception and behaviour? Using self-

tracking of sleep data as a case study, does self observation and access to personal data 

elicit behaviour change? How do new understandings arise from using technology in the 

context of every day activity?

Sub-questions include: what kinds of new behaviours does the interaction result in? How 

does the user interpret the resulting data? What changes in perception are brought about by 

introducing a digital device into the physical sleep environment? How does the ecology of 

understanding around sleep adapt to mediating technology?

The methodology used in my research is social constructionism. More precisely I use an 

approach grounded in activity theory to analyse discrete actions to be carried out in order to 

realise user goals within the broader framework of self measurement. In the section below I 

expain some of the relevant background to social constructionism.
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Chapter 4
THEORETICAL BACKGROUND

“The primary human reality is persons in conversation”

(Rom Harré, 1983 p. 58)

In this section I outline two related perspectives about social constructivism. The two 

thinkers, although in some ways distinct, are closely related. Jean Piaget (1896-1980) and 

Seymour Papert (1928 -) are chosen as examples of the way that knowledge is constructed 

in the context of my research.

4.0 CONSTRUCTIVISM

Constructivism emphasises human agency and asserts that reality is socially and 

psychologically constructed. It proposes an interactional view of human behaviour that 

assumes intricate connections exist between people and social environments, and that the 

interpersonal, social and psychological are intertwined (Franklin, 1995). Mahoney, (1988, P. 

3) defines the idea further by saying ‘it is impossible to receive an exact replica of objective 

reality in the mind without structuring it according to one’s cognitive structures, linguistic 

meanings or unique social experiences’. Meanings are believed to arise in particular settings 

or traditions; so cultures, communities and institutions are seen as  influencing the way we 

see the world (Gergen, 1985). Social norms influence both the sleep environment and sleep 

quality itself, for example, in cultures where chidren sleep with their parents and other family 

members and where many people sleep together in one room.
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Constructivism proposes that humans construct meaning over time and try to reach 

equilibrium with their environment. Piaget examined how learners engage in discourse 

with artefacts, how these discourses boost self-directed learning and how they facilitate 

the construction of new knowledge (Ackermann, 2001). Knowledge is understood to be 

mediated through physical or psychological tools in the form of media and cultural artefacts, 

and to be actively constructed in interactions with these things. Zeo therefore can be seen 

as actively contributing to the construction of knowledge and understanding about sleep.

Piaget emphasises the idea of self-organisation and the development of individual 

knowledge through direct experience of the world. Knowledge construction, according to 

Piaget, is incremental over time, (just as activity theory, described below, views actions as 

developing in dialogue with mediating tools over time.) Context is an important aspect of 

constuctivism; Piaget proposes that knowledge is developed in the immediate context of 

the learner, and that the surrounding psychological and physical environment shapes the 

process of internalisation. If the surrounding environment is taken to comprise not only sleep 

understanding and knowledge but also the physical sleep space, my research proposes that 

personal digital devices can mediate or filter these perceptions while being grounded both 

in environment and in activity. 

4.1 SEYMOUR PAPERT AND COMPUTER LEARNING

“Only rarely does some exceptional event lead people to reorganise their intellectual self-

image in such a way as to open up new perspectives on what is learnable” 

Papert, 1980 p. 23

Seymour Papert places greater emphasis on doing or making than Piaget. Learners’ 

dialogue with their own favourite representations, artefacts or objects-to-think-with are 

forms of self-expression (Ackermann 2004). Self-expression allows people to develop their 

own tools and mediations in an incremental process of self-directed learning. Zeo permits 

this process by providing tools for self-analysis and observation.

Papert’s work is often described as more grounded or pragmatic than Piaget’s 

constructivism because he does not prioritise abstract or removed thinking and proposes 
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that the immediate experience of action mediated through artefacts is equally important. 

He points towards fragility, contextuality and flexibility as key components of knowledge 

as opposed to the stable internal cognitive structures Piaget described. While Piaget was 

first and foremost a psychologist, Papert sees himself explicitly as an educationalist and 

his work explores ways and tools of learning, always understood in context; specifically 

the context of the digital world. Papert’s work can be seen as an explicitly pedagogical 

implementation of constructivism

Papert believes the computer can concretise and personalise the formal (Papert 1980). 

This insight has implications both for HCI, and for activity theory as explored below. For 

my research the implications point to the way in which a personal digital device such as 

Zeo, when used in the private setting of the bedroom, can reveal sleep data through visual 

feedback and so provoke reflection.

4.2 ACTIVITY THEORY

My research adopts the perspective of activity theory to examine elements of HCI in the 

context of sleep. Activity theory emerged from Soviet psychology of the 1920s and 30s 

(Vygotsky, 1978; Leontiev 1982). Two central ideas came to dominate the new theory: Firstly, 

that human beings develop consciousness through interaction with the world around them - 

i.e. the mind is implicitly structured to experience its immediate context; secondly, the mind 

is social in its very nature (Kaptelinin and Nardi, 2006). 

HCI has three broad strands of thought (Kuutti, 1995). Firstly, the so-called ergonomics or 

human-factors approach concentrates on human perceptual abilities and emerged from the 

cognitive tradition in psychology. Secondly, the conceptual approach, which has dominated 

HCI thinking and is concerned with information-processing skills and mechanisms, and is 

also closely related to psychology. The third approach is typified by activity theory and can 

be thought of as an attempt to deal with the complex interplay of the previous two strands 

with lived experience, human activity and real-world contexts. Activity theory in HCI is a 

conceptual framework that offers some ways of addressing the interaction of human actors 

with, for example, software structures and other digital environments.
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Vygotsky (1896-1934) attempted to integrate some of the disparate views among 

psychologists of the early Soviet period. Vygotsky held that the acquisition of knowledge 

about the world was done as part of a social body. The social precedes the self, and 

knowledge is embodied through the generations as defining and framing cultural context 

(Ackermann, 2004). Within this social context, learning can take place. ‘Vygotsky maintained 

that culture and society are not external factors influencing the mind but rather generative 

forces directly involved in the very production of mind’ (Kaptelinin  and Nardi 2006 p. 7). 

Vygotsky identified cultural artefacts as the tools through which learning is mediated.

Vygotsky’s tools develop from the physical and external (map, diagram, plan) to the 

mental or symbolic (writing, speech) through a process he called internalisation. Externally 

mediated functions become internally mediated (Kaptelinin and Nardi 2006) as the ‘higher 

functions’ of the mind take over from using physical tools. In other words, Vygotsky 

proposed that engaging in activity which employs tools in real world situations, necessarily 

framed by cultural context, is a personality shaping enterprise. The artefacts that humans 

act upon are themselves products and reflections of context and culture. For example, the 

wide variety in the design of domestic architecture around the world is a result of different 

social and physical circumstances. 

Activity theory places emphasis on socially/culturally constructed activity as a unit of 

analysis. The activity (for example, using Zeo to track sleep) is defined as a purposeful 

interaction of the subject with the world (Kaptelinin and Nardi. 2006). Development, or 

change over time, is a result of purposeful participation in activities. Activity theory attempts 

to relate the social context of the human mind to the object (sleeping better) of activity; it 

does not see culture as an external factor influencing the mind, but rather development of 

mind and culture are intertwined processes, co-dependent and inextricable from each other. 

Activity theory has been used to explore various categories of human behaviour and culture 

including mobile learning (Uden, 2007.); learning environments (Jonassen, Rohrer-Murony 

1999); and work and the workplace (Engestrom 2000); and has been used widely in the 

field of HCI. In the context of how technology mediates sleep awareness and behaviour, I 

am interested in ways that activity theory can help us think about self-measurement and 

interpretation.  
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Kuutti (1995) identifies ways in which activity theory can be useful in HCI. Activity theory 

addresses ‘multi-levelness’, or the highly fragmented nature, of HCI studies by focussing on 

activity across domains and modes - for example, both sleep routines and digital capture. 

Activity theory is considered suitable for studying contextually-embedded interactions 

(Kuutti, 1995) such as the domestic and personal, and also dealing with how activity and 

behaviour evolve over time - for example, sleep understanding and practices may evolve 

throughout a period of personal measurement. Assimilation and internalisation of new 

artefacts can solve old problems (Kaptelinin,1995). Activity theory emphasises this dynamic 

relationship between subjects, artefacts and objects.

4.2.1 MAIN STRUCTURAL ELEMENTS OF ACTIVITY THEORY

There is no activity without an object, that is, activity is always purposeful.

(Hasan,1999 p.14). 

Activity theorists place great emphasis on mediation.  Activity theory encourages interplay 

between categories and levels of analysis and takes the processes of internalisation and 

externalisation as central concepts. I define some of the elements of activity theory as 

relevant to my research below.

Hierarchy

A central principle of activity theory is the concept of hierarchy within activity. An activity 

(using Zeo for example) is the long-term transformation process of an object (Li and Landay, 

2008) towards a motive - for example improving personal sleep quality or viewing personal 

data. This activity is carried out by performing conscious actions (e.g. wearing the sensor), 

each focused on attaining an immediate goal (monitoring sleep). Actions can be further 

devided into lower-level units called operations which are often subconscious (Li and 

Landay, 2008), for example sleeping, or viewing a website. 

Activities (e.g. using Zeo) are always related to motives (e.g. sleeping better) whereas 

actions (e.g. wearing the sensor) are always related to goals (e.g. monitoring sleep) 

(Hasan1999). Actions are usually conscious and operations subconscious. These 

categories are not mutually exclusive, and it is often difficult to define their precise position 
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in the mechanism of analysing activities. Activity theory deliberately emphasises this 

interdependence (Kuutti, 1995) and places great importance on the individual and specific 

circumstances of particular activities. 

Tool mediation

Activity theory proposes that activity cannot be understood without understanding the 

role of artefacts (or tools) in everyday existence (Nardi, 1991). Activity theory is therefore 

concerned with practices that involve tools (Zinchenko, 1986 in Nardi, 1991). Ideas get 

formed and transformed when expressed through different media, when actualised in 

particular contexts (Nardi, 1995). 

The relationship between subject, tool and object is highly dynamic, with each influencing 

the other. Activities are always studied in situ, taking into account the political, economic, 

social and cultural contexts (Hasan, 1999). In this case, these might be related to the 

purchase price of the Zeo, how easy it is to operate, bed partners, family situation, work 

stress or general health condition. 

An activity always contains various artefacts such as instruments, signs, procedures, 

machines and methods (Kuutti, 1995). Depth of use may vary, (i.e. novice or expert user), 

and mediation may take many forms, e.g. increasing ability and skill, facilitating awareness, 

or enabling task fulfilment. In the case of my research, I am interested in how mediation 

changes perception and awareness of sleep. 

Artefacts have no meaning in isolation; they are given meaning only through their 

incorporation into social praxis (Bannon and Boedker, 1991). From the point of view of 

self-measurement and sleep, this has particular resonance in that Zeo demands some new 

behaviours, such as wearing a digital device while sleeping. Tools influence their developers, 

who in turn adapt their tools to new goals. For example, sleep data visualisation can 

influence how individuals understand themselves and in what context the tool developers 

frame their intentions. In the case of Zeo, although the tool and the behaviours (or actions 

and operations) it facilitates are novel, they nevertheless embody decades-long practice in 

interface and product design. 
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Internalisation

Carrying out activities or actions mediated by artefacts is seen as way of internalising 

knowledge. The process of internalisation is described as ‘the human ability to perform 

manipulations with an internal representation of external objects before starting actions 

with these objects in reality’ (Kaptelinin 1995 P. 77). By interacting with external artefacts 

(virtual or physical), internal representations are constructed over time in embodied context 

(Dourish, 2004). 

The significance of this process in personal sleep measurement is in the fact that we can 

neither directly observe nor perceptually experience our own sleep, nor more specifically 

mark the passing of the different sleep phases. Most of us, however do have an internal 

representation of our own sleep quality (‘I slept very badly last night’, ‘I was awake in the 

night a lot’, etc.) While sleep is an external (to the mind at least) biological phenomenon, we 

appear able to construct understandings of our own and others sleep (Meadows, 2005). We 

have to rely on external representations such as graphs or charts in order to gain detailed 

information about ourselves and make decisions, so creating new internalised knowledge 

that is often externalised as behaviour or attitude change.

Activity theory sees the process of internalisation as highly iterative. New unconscious 

operations are formed from previous conscious actions, but also, totally new actions are 

invented, experimented with and adapted as responses to new situations, (Kuutti, 1995). 

For example, as sleep measurement results in the formation of new personal knowledge, 

sleep habits and practices may adapt to this knowledge, bringing about new operations and 

actions such as drinking less alcohol or going to bed earlier. 

I have defined three main features of activity theory: hierarchy, mediation and internalisation, 

and have related them to my own research question which is about self-measurement of 

sleep. In the next chapter I explain how I have carried out the research and ways in which 

my selected method research has been appropriate. 
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4.2.2 THE CHECKLIST

Activity theory offers an analytical tool in the form of the so called ‘Activity Checklist’ 

(Kaptelinin et al, 1999). The checklist (See Appendix 1) is intended to be used as a way of 

drawing the researcher’s attention to actions and operations, against a defined context 

of activity. Two versions of the checklist have been developed, one for evaluating existing 

designs and one for aiding the design of new artefacts. As Zeo is a preexisting system I 

used the evaluation version of the checklist. The concept of ‘drilling down’ is central to the 

activity checklist and it is designed to permit a general search for areas of interest followed 

by a more precise and in depth examination of these areas. There are four main categories 

of enquiry which reflect the central principles of activity theory:

Means and ends

* How the technology affects the attainment of goals (sleeping better). 

* How the technology provokes or resolves conflict between different goals. (sleeping 

better, viewing data, feeling rested, being more productive)

• 

Social and physical aspects of the environment

* The relationship between immediate physical environment (the bedroom, the bed, 

the lighting and temperature conditions) and the wider social context (bed partner, 

relationships, productivity at work)

• 

Learning, cognition and articulation

* How easy the technology is to use and set up. 

* How it informs and helps learning and cognition 

* Internalisation (how the device is understood) and externalisation (what effect this 

understanding has) of the technological artefact.

• 

Development

* How do changes over time affect initial user goals and transform actions into 

operations? 

* As the technology is used, knowledge about sleep is internalised, subsequent forms of 

externalisation include changed perceptions, mental representations and the responses 

of participants in interviews and drawings.
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The checklist can show which qualitative data are most relevant to goals

and tasks, and therefore where the researcher should focus attention. Furthermore, it is

a holistic system designed to be used across categories, not read linearly down the

columns. Finally, the activity checklist is iterative and can be referred to at various stages

of a research project, aiding reflexivity as research progresses and new insights are

gathered.
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Chapter 5
RESEARCH DESIGN

5.0 METHODS AND METHODOLOGY

The preceding theoretical perspective informs my research design, as activity theory 

provides a methodological framework and an analytical tool. Methods include innovative 

visual response forms, a clinically validated questionnaire and post-activity interviews. 

Analysis is done using the activity checklist which offers a way of understanding participant 

behaviour from the point of view of motives, goals and actions. I aim to reach understanding 

about how people measuring their own sleep relate to a particular form of mediating 

technology. The study has some distinct methodological challenges that will be addressed 

by evoking the practices of social science research.  This section describes md explains and 

sample, methods and procedure.

As Robson (2011, p. 277) says: ‘To find out what people do in private, use interviews 

or questionnaires’... To find out what they think, feel and/or believe, use interviews, 

questionnaires or attitude scales’. All three of these methods have been used in this 

research to explore what people do in private and what they think about their activity.  
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5.0.1 SAMPLING STRATEGY

Seven participants were recruited, four through the Quantified Self (QS) group in London. 

The group was identified as a place to recruit research informants, as it is focused on 

the mechanisms behind self-tracking, and therefore likely to yield potential participants 

predisposed to engaging with self-measurement of sleep. The London QS group meets 

informally once a month, with no preconditions or entry price for admittance. 

At a number of these meetings the project was discussed, many people showed interest 

and expressed their wish to participate. Further announcements were made on the group 

message forum to formalise participation and start the ethical requirements process. Other 

individuals expressed interest after attending events when the project was presented in early 

stages, such as at the Study Day of MRes Information Enviroments at the London College 

of Communication in July 2011. The sample was therefore mixed: self-trackers and non 

self-trackers, and an acknowledged ilmitation of the mixed sample is the prior awareness of 

sleep that self-trackers may have.

 It must further be acknowledged that research informants are to a large degree self-

selected and expectations for generalisation of results accordingly adjusted. Informants 

were aged between 22 and 42, all urban dwellers and either students or professionals. Three 

out of seven (42%) are married and only four (57%) have English as a first language. Six 

different nationalities are represented, with 3 female and 4 male informants.
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5.0.2 ISI

The Insomnia Severity Index (ISI) is a questionnaire with seven questions. Answers are 

scored from 0 to 4, and resulting scores from all seven items added up to reach a final 

figure. This figure gives a guideline for scoring/interpretation, with four ranges. The ISI 

was developed by Charles M. Morin Ph.D, professor of psychology and director of the 

Sleep Research Center at the Université Laval in Quebec City. The ISI has received clinical 

validation (Bastien at al,  2001). The validation report concludes:  

The use of questionnaires is a well-established practice in clinical settings related to sleep 

(e.g. Epworth scale, General Sleep Assessment Questionnaire (GSAQ), Pittsburgh Sleep 

Quality Index (PDQI)); they are commonly used to establish a baseline of sleep quality 

as perceived by the subject. The purpose of the ISI is similar, used as a brief screening 

measure of insomnia. My research is not a clinical study and the informants do not represent 

a clinical population with any kind of acknowledged insomnia or other sleep disorder 

however. Using an established and clinically validated measure for perceived sleep quality is 

recognised good practice in the area of sleep-related research.

The ISI enables comparison with other sleep studies, and allows for a recognised measure 

to validate results. All other research materials are designed specifically for this study and 

cannot provide the same kind of external validity as the ISI. The questionnaire is used 

here as a secondary data source to be included with interviews and other materials as 

part of a whole ‘thick description’ (Geertz, 1973) picture of personal sleep measurement. 

Disadvantages of questionnaires should be acknowledged: for example, the social 

desirability response bias – people responding in a way that shows them in a good light, and 

the possibility for misunderstandings in survey questions to go undetected .
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5.0.3 SEMI-STRUCTURED INTERVIEW

The final method used is the semi-structured interview. Semi-structured interviews are 

a recognised means of gathering qualitative data in research contexts. They allow the 

interviewee a high degree of flexibility, and lend themselves well to combination with 

other methods in a multi-method approach (Robson 2011). ‘An experiment could often 

usefully incorporate a short post-intervention interview to help incorporate the participant’s 

perspectives into the findings, possibly helping to explain them’ (Robson 2011 P. 89). This is 

the way interviews have been used in this study. 

I found it more useful to design a loose, flexible structure with open questions focused on 

activity oriented to artefact (i.e. self-measurement using Zeo), for example, spending varying 

amounts of time on each question and changing wording according to each participant’s 

English ability. Explicit permission was sought to record the interviews. Limitations include: 

language problems and the difficulty in ruling out bias. One other major limitation of these 

interviews was that many of them were conducted via Skype in which bandwidth can be a 

problem with calls dropped and having to restart. This limitation was however balanced by 

the convenience offered by remote interviewing.
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5.1 PROCEDURE

Prior to the data collection period, contact with informants was maintained through email, 

providing regular updates and explanations as the project progressed. University research 

ethics regarding personal data collection procedures were followed. Informants received 

a detailed explanation of the aims and intentions of the project (Appendix 3) and of any 

potential risks and benefits of the Zeo technology with which they would be expected to 

engage. Along with this information a consent form was included (Apendix 4) outlining the 

responsibilities of the researcher in handling research material, anonymising any identifying 

features (e.g., names and addresses) and providing an opportunity for withdrawal from the 

project at any time. 

After returning the signed consent forms, participants were sent a response package 

consisting of two copies of the ISI questionnaire and material for recording different types 

of response over the week of data capture (Appendix 3). The week of Zeo use was followed 

up by personal interviews with each informant, all but one carried out online via Skype. 

The final element of the study was a second administration of the ISI, intended to measure 

whether perceptions of sleep quality had been affected by personal measurement with Zeo. 

Over the week of data collection, participants were asked to complete a different paper-

based response sheet every day. These sheets (Appendix 2) range from open-ended 

requests such as ‘draw a picture of your sleep’ an entirely qualitative measure to the more 

structured and quantitative form of the Likert scale. Research response materials were 

designed to operate at different scales of engagement (ticking a box compared to writing 

about personal sleep perception) to take account of the busy lives of informants and to 

optimise usefulness of results.  Account for individual modal preferences was provided by 

including visual and written responses, and also by mitigating the short collection period 
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and implementing a diaristic rhythm built up over a week. The diary form is a recognised 

approach in qualitative research (Masten and Plowman, 2003) and is often seen as a way to 

develop a more complete and textured view of human activity and perceptions.

An interview structure was developed containing a set of questions, suggestions for 

prompts and a proposed sequence to the questions from specific to general, following the 

sequence presented in other material. Interviews started with questions about behaviours 

specific to the Zeo and how it works, which buttons to press etc., and developed into a 

general discussion about self measurement, visualisation and sleep data. This structure 

helped to guide the interview process and provide a framework for exploration of the topic. 

As the interviews in this case were about behaviour, a degree of flexibility was necessary to 

adapt to changing answers over the course of the interview. 
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Chapter 6
RESULTS

Once we have achieved a symbolic representation of the world through the application of 

methods, we impute the structure of the symbol system to the real world. 

(Jordan, 1996 p. 35)

6.0 OVERVIEW OF RESULTS

In this section I present and analyse the results obtained from the seven participants whi 

used Zeo for a week. I use the activity checklist to assess whether the technology (Zeo) 

was appropriate and successful. I received responses from all participants, consisting of 

nine paper sheets per person with written and drawn elements as well spoken interviews. 

Overall, findings showed that personal measurement of sleep and viewing of sleep data 

did increase awareness of sleep quality and that these changes in perception can lead to 

positive behaviour change. The data are presented according to the relevant sections of the 

activity checklist, the sections are highlighted in Appendix 2.

In the following discussion, names have been changed to preserve anonymity.

All partipants were urban dwellers, working outside the home. Participants did not engage 

with all elements of the Zeo system, most preferring the simple feedback of a daily 

numerical score. There was a marked difference between those participants who had 

carried out some form of self-measurement prior to the study and those who were new-

comers to the idea, with experienced self-trackers more likely to implement changes in 

their sleep habits and behaviour. Technology mediated self-measurement was not seen as 

intrusive or innappropriate, with Zeo integrating well into personal spaces and domestic 
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contexts. All participants expressed initial excitement using the technology that diminished 

towards the end of the measurement period. In some cases the technology interrupted 

sleep and did not record accurately, and all participants acknowledged that the one week 

measurement period was not sufficient to draw long-term conclusions.

The ISI questionnaire did not reflect significant change in sleep perception over the week of 

data collection. The ISI was administered twice, at the beginning and end of the week, to 

measure whether opinions about sleep quality had altered through using the technology. For 

most participants (71.4%) both ISI sheets showed the same results how this was in direct 

contradiction to other qualitative research materials. Responses on other forms showed that 

perceptions changed ‘very much’ or ‘a lot’. Perthaps the nature of the questions in the ISI, 

i.e. ‘how worried are you about your sleep problem?’ framed sleep awareness negatively 

rather than seeing perceptions of sleep as a subject in itself. 

6.1 MEANS AND ENDS

Means and ends refer to the extent to which the technology helps fulfill goals, and how 

it can create or resolve conflicts between goals. Goals in my research include measuring 

sleep, gaining knowledge about personal sleep, improving sleep quality, and making 

changes that improve sleep quality or knowledge about sleep. 

Motivation

Simon, a 35-year-old (non-native English speaking) male, noted ‘My interest in improving 

sleep is health-related and performance-related. I know how important sleep is in driver (sic) 

optimum performance and improve [sic] health’. Measuring sleep is therefore shown to have 

clearly defined his goals, taking in health and performance.  Simon said that his primary 

interest was in what he perceived to be ‘the critical (restorative) part of sleep’ (deep sleep) 

and that Zeo allowed him to measure this in fine detail. Another participant, Anna, a 25-year-

old female, was also interested only in the ‘deep sleep’ part of the data, as ‘it shows the real 

time when I’m resting completely’ even while admitting that ‘I didn’t now what is this [sic] 

deep sleep’. Robert, a 38-year-old male, further reinforced this impression by writing ‘I have 

the notion (not sure if it’s correct), that deep sleep is ‘better’ than light sleep’.  
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Ease of use

Marie, a 30-year-old female, drew attention to technical problems by noting that she felt 

more informed about her sleep ‘only when it [Zeo] works’ and this brings up the notion of 

trust in the technology. Technical breakdowns were seen to lead directly to breakdowns in 

trust ‘I’m not sure I trust it!’ being a comment related to how informed Zeo helped users 

feel about their sleep. This is a common result in technology evaluations, with technical 

faults compromising belief in the technology. Users self measuring sleep bring their own 

understandings to the process, i.e. that deep sleep is the most important, that sleep is 

important for health and productivity, and Zeo either challenges or confirms these prior 

understandings.

Operating the technology

Few problems were encountered operating the device, with five out of seven participants 

using Zeo straight out of the box. ‘I found it really easy to set up’ (Marie). ‘The out of the box 

experience was only not trivial because I had doubts that it was so simple’ (William, a 30 

year old male). ‘It’s very easy, the instructions are great’ (Tina, a 22-year-old-female). It must 

be acknowledged that the participants were generally familiar with digital technology - ‘I 

sleep normally with my iPhone and laptop by my bed’ - (Anna) and they viewed themselves 

as well able to operate unfamiliar devices ‘I think I’m pretty good with technology’ (Tina).

Time was shown to be a factor in learning how to operate the technology ‘There were some 

features I only found after a few days’ (Simon) it should be noted that time limitations form a 

background to all research findings. Although a very limited and perhaps not representative 

sample, four out of seven (57%) participants were non-native English speakers, and could 

have been expected therefore to encounter some barriers to setting Zeo up correctly. The 

technology was seen to support sub-goals, and set further sub-goals as well as facilitating 

decomosition of target goals into subgoals (using previous knowledge, using the technology 

successfully, interpreting data, measuring sleep sufficiently accurately, taking action). 

Trust

Trust in the data was seen as important (71.5% viewed accurate data as very important 

important, 14.2% moderately); the value of feedback mechanisms and internalisation of 

results are dependent on belief in the technology. In two cases (28.5%) a lack of trust in 

the technology led directly to disturbed sleep. ‘I am not sure I trust the machine, I keep 

checking to see whether it thinks I am awake or asleep and whether it is correct - this is 

clearly not productive and affects my attempts to switch off and get to sleep!’ (Marie) ‘I’m 
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conscious I’m wearing the headband so I do wake up at night and check it, put it back on’ 

(Tina, a 24 year old female).  In all cases (100%), measuring sleep and viewing personal 

sleep data led to increased understanding and a feeling of being more informed. Therefore 

trust in the accuracy of measurement is important for reaching target goals.

Conflicts

This increase in understanding and change in perception did not necessarily lead to 

behaviour change, however. Anna noted ‘seeing I have woken several times or only had five 

hours sleep isn’t that positive, nor can I think of how knowing this would help to change my 

sleep’. Furthermore, there are only specific elements of the technology that proved useful 

in meeting target goals. This is identified as an area of potential conflict between goals and 

sub-goals. 
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6.2 ENVIRONMENT

Environment refers to integration of the target technology with the wider environment of use. 

In the case of my research this includes the bedroom space, other measuring tools, and the 

social regulations governing sleep. How the technology (Zeo) interacts with these external 

influences was highly variable between participants.

Online integration

In six cases (85.7%), participants did not engage with the online data environment, 

preferring the simple daily numerical score provided by Zeo. Integration with the internet, 

personal computers or other mobile devices, the default visualisation, and other physical 

elements of the system (the memory card and USB reader) did not take place at all for the 

following reasons. On visiting the personal section of the online information environment, 

Anna gave the following response: ‘It’s too much, I kinda look at it and I don’t know where 

to look, there’s too much detail, this is gonna cause me more stress somehow to try and 

work my way through this and I’d rather just get a good nights’ sleep’. Robert noted there 

was a ‘chasm’ between the bedside unit and the website, and the motivation to connect to 

the website was not integrated with higher-level goals.

Sleep score

Marie gave a similar response to the question, comparing seeing a single number and 

seeing the detailed graph: ‘It’s really good when you see it in the numbers not in the graph. 

She made the further observation ‘There was clearly a lot of information there, it felt too 

complicated, it was too involved. For me it would need to be more incremental’. The 

highly granular data visualisation was not therefore very useful, perhaps an argument for 

implementation of progressive disclosure (Spillers, 2004) whereby information is sequenced 
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over time so as not to overwhelm the user. Most participants found the Zeo sleep score 

represented as a single number more meaningful than the interactive graph. Simon: ‘Good 

to see numerical summary, makes me feel I want [to] ‘beat my score’ on subsequent nights’.

Physical space

The immediate physical infrastructire necessary to use the technology were universally 

available, i.e. access to electricity and an internet connection. Robert noted that distribution 

of electrical outlets in the bedroom limited placement and prevented direct visual contact 

with the device, but this did not affect his sense of connection. ‘For me there’s no 

relationship between distance and connection’. This is in direct contrast to all other users 

(85.7%) who kept the visual interface in direct view, sometimes to the detriment of sleep 

quality (see above). Physical placement was an issue for another participant (Joseph) who 

experienced discontinuous interaction due to having to pack the unit up for travel. Simon 

noted ‘I’ve always kept a good bedroom environment (ie one conducive to sleep)’ and 

therefore that using Zeo did not provoke changes in his case.

Time and tools

Temporal organisation (time to bed and to wake) was not affected by the technology until 

later in the measurement period, when some specific behavioural changes were noted after 

viewing the data; these are described below. Use of tools other than Zeo was also limited. 

Two participants (28.5%) had measured sleep using different technologies - SleepCycle and 

WakeMate. SleepCycle is a wearable wrist band that measures sleep movements. Robert 

noted that the experience with it was unsatisfactory as the wristband did not work and 

became faulty after two weeks of use. Participants observed there were very few alternative 

ways to attain target goals through lower-level actions such as note taking, mental models, 

diary keeping etc. Comparing manual data capture through note taking with passive digital 

capture, Anna noted “This kind of information [manual notes] will be different because it will 

be what you think, not what is in the brain [sic], it’s different. I can’t compare this activities 

(sic), it’s something external when you wear this [the Zeo headband]. It’s like when you go 

to test blood. ‘The fact that you just grab that thing, stick it on your head and then snap it 

on and the data’s there, I think is incomparable with diary keeping’ (Joseph, a 28-year-old 

male).
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Interaction and norms

Wearing the Zeo headband while sleeping did not prove to be in contradiction with sleep 

norms and expectations. ‘It’s nice, it’s like a band for your hair’ - (Tina). ‘I was really 

surprised how little that (the headband) bothered me’ - (Marie). One participant claimed to 

have detected some electrical noises or ‘feelings’ from the headband, and Simon said he 

had removed all other radio-wave emitting devices from the bedroom. ‘I’ve got slight issues 

about having so much radio waves around when I’m sleeping’ and ‘That [Zeo] is the only 

piece of elctronic technology I have in the bedroom’.

The presence of a digital capture device next to the bed did not appear to intrude on 

sleeping habits, partly due the form factor of the unit ‘It seems like an alarm clock and it 

looks good’ - (Tina). Temporal integration is further reflected in the observation by Anna of 

interest in ‘time during which I fell asleep and how many times I woke up’ This can be seen 

as showing engagement with personal norms and understandings about sleep and will be 

examined further in the next section. The requirements of both the device and its internal 

regulations, i.e. wearing the headband, charging the sensor and using the interface to scroll 

through sleep results, were seen to be well integrated with target goals. The exception was 

shown to be the mental, behavioural and perceptual distance between the bedside unit and 

the website. 
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6.3 LEARNING, COGNITION AND ARTICULATION

Learning, cognition and articulation refers to the internal versus external components of 

activity, and how they are transformed by the technology, including how the data affects 

perception and vice versa, and how the internal components of activity are confirmed and 

challenged by the technology.

Body

Body awareness was raised by one participant with regard to menstrual cycle. Marie had 

discovered prior to this research that her body temperature is raised at specific times during 

her personal cycle, and she had used this information to adjust the sleep environment. 

Mental models in general provide a background context for internalised prior awareness of 

sleep. ‘Sleep seems like a natural biological function, it seems like you don’t actively do it. It 

seems like a passive function. I can’t use that (technology) to make it different’ - (Marie). In 

this case the internal representation of sleep proved to be a barrier to behaviour change and 

engagement with the technology.

Revelation

Four participants (71.4%) expressed surprise at what the data revealed to them. ‘Even if 

it seems to me that I never wake up during the night the device can display two, three or 

more [sic]’ (Tina).  ‘If I wake and see I have got a good Zeo score it at least makes me feel 

reasonably OK, even though I still never seem to wake and not feel tired’ - (Marie). ‘What 

I now know about my sleep is that it’s very broken and not much deep sleep’ - (Robert). 

Some of participants’ own visual representations of sleep also reflect this change in 

peception, transforming from a continuous line to a series of peaks over the measurement 

period (Figure 5). 
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Figure 5a. Sleep diagram before using Zeo.

Figure 5b. Sleep diagram after using Zeo for a week.

The component actions (putting on the headband, charging and syncing the sensor, 

and pressing the right buttons) were easily internalised - with time and effort limited to a 

few minutes in most cases. This may reflect the composition of the participant group as 

technologically confident, rather than any quality of the technology. Self-monitoring and 

reflection are essential higher-level components of the activity (using Zeo) and can be seen 

as related to the stage based model of personal informatics discussed above. 

Information and change

All participants said that they felt ‘very much’ or ‘a lot more’ informed after measuring and 

seeing their own sleep data, but not necessarily that sleep quality was directly affected. 

This suggests that while a week may be enough time to internalise some components 

of the activity and goals (such as gaining better understanding), more time is needed to 

externalise this information and change behaviour. Additional information was also identified 

as necessary. 



50

A specific problem of accumulation of data without any meaningful way to correlate to 

other everyday behaviour was pointed out. While most (85.7%) participants agreed that 

viewing distinct phases of their sleep changed ‘very much’ or ‘a lot’ how they perceive 

their sleep  “The issue is I don’t know how to act or react on the data/graph” (Robert). One 

participant noted the data is always the same and would need to be able to predict far into 

the future to be useful “If I have some issue it will appear in maybe ten years and you can’t 

see the changes now” (Anna). Anna wanted a response from the technology such as “if you 

(will) sleep like this (now), in ten years time it will be this problems this problems and this 

problems” (sic). 

Mental models

All participants provided their own visual representations of their sleep as being dream 

dominated, whole or interrupted etc, which were found in many cases (57%) to transform 

over the week of Zeo use. The transformation commonly went from a perception of sleep 

as singular or whole to variable and detailed, showing how the technology supports 

mutual transformation of internal and external components - in this case mental models. 

While this section of the activity checklist emphasises sharing and group understandings, 

Zeo is designed to be used by an individual, in spaces commonly not shared with many 

other people (in the cultural context of my research anyway). The checklist may therefore 

reflect the use of activty theory in examining workplace activities and other collabotrative 

environments.
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6.4 DEVELOPMENT

The development part of the activity checklist explores how changes take place over time 

as goals are redefined and adapted to context. Development also refers to how attitudes 

may change over time and what effect implementation of the technology has on the target 

actions. Using Zeo is a highly iterative activity - it is repeated every night for the period of 

measurement (in the case of my research, a week) and this section looks at how perceptions 

evolve over time. 

Attitude

Five participants (71.4%) reported that the headband became more unobtrusive over time 

but, also pointed out how the initial excitement of using Zeo diminished ‘I was seeing what I 

already saw’ (Marie). ‘The first times were amazing, but then what can I do with this device?, 

it’s always the same’ (Marie). ‘I must look for correlations myself, without that, data is just 

data, it is meaningless’ (Robert). ‘if I used it more I would develop a finer grained interest in 

it’ (Tina). Again the limitations of time must be acknowledged, this was repeateadly pointed 

out by participants and it is perhaps optimistic for significant transformations to have taken 

place over such a short time span. ‘I think it’s got potential to be much more effective in the 

long term’ (Simon). 

Seeing detalied data about how specific sleep states are distributed through the night was 

also seen as eliciting a change in perception: ‘If I wake up in the middle of the night and 

can’t get back to sleep, knowing that I’ve had all of my deep sleep earlier in the evening 

makes me feel better’ - Simon. There was also a desire for more direct recommendation 

from Zeo - ‘If you’ve got this pattern why don’t you try doing this’ (William a 35-year-old 

male), and consequent acknowledgement from participants that the system would need 



52

more time to be able to provide detailed feedback. The perception that technology in 

general is unable to affect sleep was also seen as a function of the limited opportunity for 

more in-depth engagement with the technology. 

Definition and improvisation

The structure of target actions (putting on headband, charging and downloading data) are 

very well defined by Zeo and do not leave much room for ambiguity. All participants found 

the actions straightforward to implement, but technical failures were certainly observed 

when the bedside unit failed to record any data or recorded erroneous data ‘I’ve had a few 

nights of incomplete data and have definitely experienced it recording me as being in REM 

sleep when I am eyes open, looking at it and clearly awake’ (Marie). In sleep science this is 

seen as a common problem, and REM brain measurements are often confused with awake 

measurements, even under laboratory conditions. One of the reasons is related to the 

similarly intense nature of brain activity in these two states. Sleep is often thought of quite 

wrongly as a state of passive inactivity, and participant responses confirm this perception. 

Zeo is in this sense an inaccurate tool, and research findings should be viewed in this light. 

Those responses reporting changes in perception that depend directly on the technology’s 

accuracy, although the minority, should be viewed as subjective. These technical failures do 

however point to conflict between target actions and higher-level goals.

Habits

Higher level goals that became attainable after Zeo had been used included changing sleep 

habits such as ‘Trying to get to bed earlier’ - (Robert), ‘more likely to stay in bed later or nap 

in day if night sleep score is low’- (Simon), and ‘trialing a different pillow’ - (William). Simon, 

reported ‘Overall I’ve seen how my lifestyle choices affect my sleep in ways that I wasn’t 

able to perceive before and that tangible connection has motivated me to make changes 

to my lifestyle’. ‘I’ve been correlating my daytime activity with my sleep quality and taking 

more notice of the food I eat and how much I drink’ - (Joseph). The higher-level goals of 

improving sleep quality and sleeping better are all mediated by technology, but also through 

lower-level goals such as gaining a more detailed understanding of sleep. Behaviour change 

is notoriously difficult to measure, and perhaps more targeted measurement as well as more 

time would be recommended.



53

Chapter 7
DISCUSSION

Overall findings show that there is a place for sensing technology in intimate personal 

settings, where they are able to contribute to understanding and perception. Participants 

had prior awareness of their own body processes, specifically sleep, and brought these 

perceptions to the measurement. The technology was found to be well adapted to this 

difference, but also to have extraneous elements, such as the interactive graph on the 

website, that could be better integrated into everyday activity and behaviour. Next I revisit 

each of the research questions in light of the results.

How does technology mediate self-perception and behaviour?

Mediation happens through an interconnected process of contextual understanding, 

internalisation of new knowledge, adaptation to new goals, and the evolution of motives. 

Technology influences motives by revealing new uses and new behaviours, while adapting 

goals to the rules and regulations of the technology. ‘It is necessary to comply with the 

regime and I will try to do it in the future’ - (Anna). Technology also transforms mental 

models by displaying visual representations and providing other forms of feedback. In this 

way perceptions are challenged and shaped to new information environments. 

Does self observation and access to personal data elicit behaviour change? 

Behaviour change does take place as a result of having access to personal data, but 

the degree and significance of change depends on previous levels of understanding 

and experience. Dedicated self-trackers are much more likely to infer useful conclusions 

about themselves from the data, partly because they know how to relate feedback from 

digital sensing technology to everyday activity. ‘It became apparent that I should sleep an 

hour more or so per night’ (William). Self-observation alone does not lead to meaningful 

behaviour change, beyond the immediate new operations elicited by the technology, such 

as wearing a sensor, or logging-on to a website.
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How do new understandings arise from the use of technology in the context of 

everyday activity?

New understandings emerge over time as the technology is used, and the context of use 

gives a supporting framework to both the form of the technology (‘it’s like an alarm clock’) 

and to the resulting data (‘I’ve started to notice correlations with my daytime activity’). The 

rhythms of everyday activity form the backdrop to behaviour, and technology should be 

designed to complement or reveal these rhythms (time to bed, time spent in sleep phases). 

New understandings arise because old understandings are challenged or because new 

contexts evolve.

What kinds of new behaviours does the interaction result in?

Using the technology resulted in some new behaviours: those specified by the device itself, 

such as wearing a headband while sleeping; and those provoked or elicited by the device, 

such as correlating daytime activity with sleep quality. The technology must be carefully 

designed to be ‘convivial’ and familiar, (the comments about the headband feeling like a 

hairband or how the device resembles an alarm clock, show how Zeo handles this). Without 

this element of conviviality the barriers to engagement would be much greater. Participants 

found the technology easy to operate and comfortable to use. ‘I was surprised at how easy 

it was to set up and how comfortable the headband was’ - (Marie).

How does the user interpret the resulting data? 

How to interpret the data depends on prior experience, and on the configuration or 

information architecture of the system. Experienced self-trackers found ways to relate 

the data to everyday life, and therefore found it easier to implement change; ‘good to see 

numerical summary - makes me want to beat my score on subsequent nights’ - William. 

Those who were new to the practice of self-tracking had difficulty making sense of the 

information, and found the information environment overwhelming and confusing. Perhaps 

the principle of progressive disclosure is a solution to this problem, i.e. start with the daily 

numerical score, and over time reveal more in-depth interactions to the user. Another way to 

do this would be to integrate the personal score with the sleep phase chart on the bedside 

unit itself (see Appendix 5).
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What changes in perception are brought about by introducing a digital device into the 

physical sleep environment? 

Changes in perception were noted by all participants in relation to perceptions of sleep. 

‘Zeo taught me that I was getting low quality sleep - not enough restorative sleep’ - (Robert).

These changes were not brought about by introducing technology into the physical sleep 

environment per se, but were highly contextualised and specific, in other words changes 

in perception of sleep were brought about by introducing a personal sleep measurement 

technology into the bedroom. The physical sleep environment has been a place for 

digital technology for many decades (i.e. bedside digital clocks) and an existing context 

for personal digital devices in the sleep environment is therefore pre-existing; ‘it was OK 

because I sleep with my laptop and iPhone by the bed too’ - (William). New devices such 

as smartphones and sensing devices promise to update this context with a generation of 

digital technologies that demand greater comittment but also offer richer and more revealing 

experiences.

How does the ecology of understanding around sleep adapt to mediating technology? 

Understandings of sleep adapted significantly, but these adaptations were focused on 

internalisation of new knowledge as revealed by the technology, rather than an adaptation 

to the technology; ‘That tangible connection has motivated me to make changes to my 

lifestyle so as to improve my sleep score’ - (Simon). Participants were all comfortable 

with the technology, and did not find it necessary to adapt their understandings of sleep 

to technological mediation. They all benefited from this mediation to different degrees, 

suggesting that meaning making is graded by prior experience, dependent on existing 

mental models and sited in personal context. Piaget’s theories of constructed learning 

reflect this finding as explored earlier. 
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Chapter 8
CONCLUSIONS

My research set out to discover how technology mediates perception and behavior in 

the context of sleep self-measurement. In the fields of HCI and data visualisation, there 

has been little attention paid to sleep technology, with existing research limited to clinical 

settings and laboratory testing. HCI research is usually done in the framework of cognitive 

science and software engineering, with less work done in domestic settings and in the 

context of real world behaviour. A mutual relationship between HCI research and user-

centred design (UCD) has existed for some decades, with HCI outcomes finding their 

way into systems design and product development. My research relates HCI to personal 

behaviour in private settings, and examines what role technology has to play in mediating 

understanding and changing behaviour, specifically as related to sleep awareness, a novel 

direction for HCI research.

Although all participants did engage fully with the research and all responses were 

completed and returned, the limitations of my research are dictated by time and sample 

size. The measurement period of a week was seen by participants (and researcher) as 

not long enough for trends to develop, or for many new behaviours to emerge. Perhaps a 

longitudinal study would reveal more meaningful results. A sample size of seven participants 

is also a limiting factor.

As technology increasingly permeates everyday life there is an growing need for more sited 

understanding of how technology is used, and what it might imply for personal meaning-

making. Activity theory has been used to explore technology mediation in the workplace, 

in education, and in HCI, but not so far in the context of body processes and personal 

home spaces. Activity theory emphasises the internalisation of unconscious operations, 

but has not engaged with sensing technology and private domestic environments. As new 
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technologies emerge and settle into physical and mental contexts, activity theory offers a 

way of examining how these technologies relate to everyday human motives and goals.

Body sensing, self-tracking and behaviour change will continue to be mediated by new 

technologies, and my research suggests a way of grounding these activities in the everyday 

and in personal contexts. By relating technological development to people and behaviour, 

design can contribute to an technological ecosystem in harmony with the individual and 

society. In conclusion, my research uses an established field of enquiry, HCI, and a defined 

theoretical perspective, activity theory, and applies them to a new subject area. 
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Chapter 9
FUTURE DIRECTIONS

My conclusions are drawn as a result of the specific circumstances, informants and the 

design of my research. I have focused on self-measurement of sleep as mediated by the 

Zeo system, but there are not only many other systems that measure sleep (as described 

in the literature and practice review) but also many other areas of self-measurement using 

technology. Tracking caloric intake, exercise, productivity, attention and medication are 

just a few of the wide variety of activities undertaken by dedicated self-trackers. Most use 

mediating technology, often smartphones, and thinking about how different technologies 

mediate understanding at different levels of detail could be a fruitful area for future research.

The wider applicability of conclusions drawn to other spheres of everyday life mediated 

by technology, such as education or transport, remains to be proved, and my research is 

placed within a broader tradition of techno-social enquiry. I leave it to other researchers 

to carry out similar studies to ascertain whether the conclusions I have drawn resonate in 

different areas. Three main directions for future research suggest themselves as worthwhile 

as result of my experiences carrying out this project. Next I outline each one and suggest 

how they could be usefully brought together.
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9.1 INTERACTION

We need to think more about mining our own output to extract patterns that turn our raw 

personal datastream into predictive, actionable information. All of us would benefit if the 

idea of personal data mining were to enter popular discourse.

Rowan, 2011

I have touched briefly on interaction and personal data as they relate to visualisation in my 

research. Digital-age behaviour generates siginificant amounts of personal data. One of the 

ways to extract meaning from the data is by interrogating it interactively, i.e., by clicking 

on screen elements that reveal further detail or more profound depth. Current interaction 

patterns are well-developed for online applications and for standalone desktop software, 

but relatively unexplored in the context of personal data production and meaning-making. 

Some of the interaction knowledge built into task fulfillment (in the business and financial 

data environments) and the information architecture done by large online companies such 

as Amazon or Google, could apply to personal meaning making and individual data mining. 

Exploring the implications of self-measurement and body sensing presents a future research 

challenge.
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9.2 AWARENESS AND PERCEPTION

Telemedicine - the ability of physicians to observe patients from afar in the comfort of their 

own homes - is growing in importance to health care providers. Current practice in sleep 

science uses this principle by enabling the physician to download PSG data remotely. 

People’s ability to measure themselves physically (i.e., blood pressure) and mentally (i.e., 

productivity) in ever-greater detail and with finer-grained frequency is also expanding rapidly. 

Just as Zeo reveals otherwise unobservable phenomenon, so technology has the ability 

for further revelation of hidden processes such as liver function or natural immunity. The 

cognitive and perceptual tools needed to make sense of these revelations and implement 

change remain an area for future exploration. 
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9.3 TECHNOLOGY

Like Zeo, future sensing technologies could reveal the body as a true information 

environment. Whether ingestible nanotechnology will be roaming our blood, eliminating 

disease on a molecular level, remains to be seen, but gathering real-time networked 

information about people happens constantly online. As we click around the internet, 

crawlbots record precise details about where we go, what we look at, and how long we 

spend there. Physical computing promises to do the same thing for body processes. Non-

invasive home sensing environments could measure sleep without the need any physical 

sensors, making changes to sound levels or lighting as we progress through sleep phases.

Privacy and the control of personal data will continue to be significant concerns as 

technology expands its presence into personal domestic settings.

The physical and virtual form factors of current technology reflect the social and cultural 

conditions under which they are developed. Largely initiated by engineers and scientists 

they often appear to deny their own context of use and fit awkwardly into every day life 

(such as the necessity to wear a sensor headband while sleeping). New questions could 

include; What new behaviours might result from new technologies? How can design 

thinking, informed by social science, help bring about a synthesis of technology and 

behaviour? As a field of enquiry related to people, behaviour and design, there are many 

exciting directions for future research.

In summary, sleep measurement and body-sensing technology has the potential to change 

perceptions and challenge existing knowledge. As this technology spreads through society 

there is a need to adapt HCI critical approaches and design thinking to new contexts. My 

research anticipates an expanding field of design research concerned with the interaction 

between context, behaviour and technology.
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APPENDIX 2
Activity Checklist customised for sleep mediation research. Highlighted sections are those 

relevant to my research, i.e. Zeo is not a collaborative device, therefore that part of eth 

checklist has not been used.
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LEARNING/COGNITION/ARTICULATION

Components of target actions which are to be internalised
a) Operating the device
b) Representation of resulting data
c) Perceived patterns in the data
d) Process of understanding

Knowledge about target technology which resides in the environment 
and the way this knowledge is distributed and accessed
Knowledge about Zeo is widespread, use, operation, problems, troubleshooting etc.
Knowledge is aggregated online and publicly accessible to those with an internet connection

Time and effort necessary to master new operations
Some learning necessary. 3 to 4 instances of use to master operations

Self monitoring and reflection through externalisation
a) Data representation intends to facilitate this
b) Cognitive understanding evolves over time
c) Reflection with others is useful i.e. the Zeo community 
d) cross correlation with other actions and activities

Strategies and procedures of providing help to other
users of target technology
Knowledge is distributed online i.e. forum, community pages
helpdesk, telephone support and advice

Coordination of individual and group activities through
externalisation
Individual activities are coordinated through process of interaction with Zeo i.e. wearing 
headband, operating device, interpretation of data graphs, cross correlation with behaviour 
and other tools and actions

Use of shared representation to support collaborative
work
Website is accessible and standard to all. Shared understanding and collaboration doesn’t 
necessarily come from shared representation

Individual contributions to shared resources of a group 
or organisation
a) Sleep data is anonymised, aggregated and distributed by Zeo to further the aims of sleep 
research and for commercial development. Not too much benefit for the user

b) Individual response, externalisation, comment and data is made available to others

DEVELOPMENT

Use of target technology at various stages of target action
“life cycles” - from goal setting to outcomes
a) Highly iterative process, ie repeated every night
b) Data gains resolution with volume
c) Goals evolve in response to actions - mediated by Zeo

Effect of implementation of target technology
on the structure of target actions
a) Zeo imposes its own structure on actions by its internal operating design and system configuration
b) Actions are subject to change over time as knowledge is gained through Zeo 

New higher level goals which became attainable after 
the technology had been implemented
Did you change anything?
Did sleep quality improve?
Did self measurement help or inform?

Users’ attitudes toward technology (e.g. resistance) 
and how they change over time
Qualitative response to technology

Dynamics of potential conflicts between target 
actions and higher level goals 
Are actions configured so as to lead to attainment of goals
i.e. does sleep measurement improve sleep quality?

Anticipated changes in the environment and the level 
of activity they directly influence (operations, actions 
or activities)
a) What changes took place?
b) Was the activity abandoned? 
c) Different technology used?
d) Cognitive environment or physical environment?
e) Across all level of activity or focused on one or more levels?

MEANS/ENDS

People who use the target technology
Those interested in measuring their own sleep

Goals and subgoals of the target actions
a) Measure sleep 
b) Gain knowledge about personal sleep
c) Improve sleep quality

Criteria for success or failure of achieving target goals
a) Accurate and trustworthy data captured successfully
b) Data interpreted successfully
c) Outcome actions are implementable

Decomposition of target goals into subgoals
a) Measure sleep
 i) Use target technology successfully
 ii) Trust the resulting data
 iii) Use interpretations

b) Gain knowledge about personal sleep
 i) Improve self understanding
 ii) Gain awareness of sleep quality
 iii) Effect change

c) Improve sleep quality
 i) Improve health
 ii) Improve productivity
 iii) Improve wellbeing

Setting of goals or subgoals
a) Use previous knowledge
b) Use previous experience
c) Use group or collective advice

Potential conflicts between target goals
a) Measuring sleep doesn’t necessarily lead to gaining knowledge
b) Gaining knowledge doesn‘t necessarily lead to improving sleep quality

Potential conflicts between target goals and 
goals associated with other technologies and activities
a) Other goals could be related to increasing productivity by staying awake 
using say caffeine or drugs thereby reducing sleep quality

Resolution of conflicts between various goals
a) For the period of evaluation conflicting goals should be reconciled

Integration of individual target actions and other 
actions into higher level actions
a) Using the technology - leads to measurement
b) Sleep preparation - integrated as wearable sensor
c) Intention and attention towards the technology - leads to using the technology
d) Going to bed - preparation for technology use
c) Feeling tired - sub motive for preparation

Constraints imposed by higher level goals on the 
choice and use of target technology
Use of technology can be limited to measurement and other functions ignored
ie technology is flexible
Choice of technology is fixed for this study.

Alternative ways to attain target goals through lower 
level actions
Using other ways to gain knowledge about personal sleep
 i) Self observation
 ii) Other measurement
 iii) Reflective analysis
 iv) In discussion with physician

Support of mutual transformations between actions 
and operations
This is seen as a porous structural zone where different operations can inform 
new actions. i.e. interacting with data graph can evolve measurement requirements

ENVIRONMENT

Role of target technology in producing the 
outcomes of target actions
a) Does the technology yield trustworthy data?
b) Is it easy to use?
c) Is the data simple and logical to interpret?

Tools, other than target technology, 
available to users
a) Other similar technologies such as wakemate or sleepcycle etc
b) Note taking
c) Internalisation and mental models 
d) Conversation and discussion
e) Physician and clinical setting

 Integration of target technology with other tools
a) Integrated with computer
b) Integrated with internet
c) Integrated with other hardware i.e. USB drive
d) Integrated with visual tools and graphs

Access to tools and materials necessary to perform
target actions
a) Zeo is a coherent system, materials are integrated
c) Access to electricity and internet connection is required
b) Access to interpretive skills can vary

Tools and materials shared between several users
Zeo is a single person technology

Spatial layout and temporal organisation of
the work environment
Zeo is used in the personal space of the bedroom or other sleep location
Temporal organisation can vary ie. seasons and times of day.

Rules, norms and procedures regulating social 
interactions and coordination related to the use of
target technology
a) Personal behaviour before and during sleep is highly socially
conditioned. ie time to bed, time to rise for work etc

b) Bed sharing also results in social/behavioural structure such as not
to disturb partner while sleeping or priority between parents for sleep 
quality of primary child carer etc.

c) Sleep attire can also be highly regulated ie wearing headband 
while sleeping



77

LEARNING/COGNITION/ARTICULATION

Components of target actions which are to be internalised
a) Operating the device
b) Representation of resulting data
c) Perceived patterns in the data
d) Process of understanding

Knowledge about target technology which resides in the environment 
and the way this knowledge is distributed and accessed
Knowledge about Zeo is widespread, use, operation, problems, troubleshooting etc.
Knowledge is aggregated online and publicly accessible to those with an internet connection

Time and effort necessary to master new operations
Some learning necessary. 3 to 4 instances of use to master operations

Self monitoring and reflection through externalisation
a) Data representation intends to facilitate this
b) Cognitive understanding evolves over time
c) Reflection with others is useful i.e. the Zeo community 
d) cross correlation with other actions and activities

Strategies and procedures of providing help to other
users of target technology
Knowledge is distributed online i.e. forum, community pages
helpdesk, telephone support and advice

Coordination of individual and group activities through
externalisation
Individual activities are coordinated through process of interaction with Zeo i.e. wearing 
headband, operating device, interpretation of data graphs, cross correlation with behaviour 
and other tools and actions

Use of shared representation to support collaborative
work
Website is accessible and standard to all. Shared understanding and collaboration doesn’t 
necessarily come from shared representation

Individual contributions to shared resources of a group 
or organisation
a) Sleep data is anonymised, aggregated and distributed by Zeo to further the aims of sleep 
research and for commercial development. Not too much benefit for the user

b) Individual response, externalisation, comment and data is made available to others

DEVELOPMENT

Use of target technology at various stages of target action
“life cycles” - from goal setting to outcomes
a) Highly iterative process, ie repeated every night
b) Data gains resolution with volume
c) Goals evolve in response to actions - mediated by Zeo

Effect of implementation of target technology
on the structure of target actions
a) Zeo imposes its own structure on actions by its internal operating design and system configuration
b) Actions are subject to change over time as knowledge is gained through Zeo 

New higher level goals which became attainable after 
the technology had been implemented
Did you change anything?
Did sleep quality improve?
Did self measurement help or inform?

Users’ attitudes toward technology (e.g. resistance) 
and how they change over time
Qualitative response to technology

Dynamics of potential conflicts between target 
actions and higher level goals 
Are actions configured so as to lead to attainment of goals
i.e. does sleep measurement improve sleep quality?

Anticipated changes in the environment and the level 
of activity they directly influence (operations, actions 
or activities)
a) What changes took place?
b) Was the activity abandoned? 
c) Different technology used?
d) Cognitive environment or physical environment?
e) Across all level of activity or focused on one or more levels?

MEANS/ENDS

People who use the target technology
Those interested in measuring their own sleep

Goals and subgoals of the target actions
a) Measure sleep 
b) Gain knowledge about personal sleep
c) Improve sleep quality

Criteria for success or failure of achieving target goals
a) Accurate and trustworthy data captured successfully
b) Data interpreted successfully
c) Outcome actions are implementable

Decomposition of target goals into subgoals
a) Measure sleep
 i) Use target technology successfully
 ii) Trust the resulting data
 iii) Use interpretations

b) Gain knowledge about personal sleep
 i) Improve self understanding
 ii) Gain awareness of sleep quality
 iii) Effect change

c) Improve sleep quality
 i) Improve health
 ii) Improve productivity
 iii) Improve wellbeing

Setting of goals or subgoals
a) Use previous knowledge
b) Use previous experience
c) Use group or collective advice

Potential conflicts between target goals
a) Measuring sleep doesn’t necessarily lead to gaining knowledge
b) Gaining knowledge doesn‘t necessarily lead to improving sleep quality

Potential conflicts between target goals and 
goals associated with other technologies and activities
a) Other goals could be related to increasing productivity by staying awake 
using say caffeine or drugs thereby reducing sleep quality

Resolution of conflicts between various goals
a) For the period of evaluation conflicting goals should be reconciled

Integration of individual target actions and other 
actions into higher level actions
a) Using the technology - leads to measurement
b) Sleep preparation - integrated as wearable sensor
c) Intention and attention towards the technology - leads to using the technology
d) Going to bed - preparation for technology use
c) Feeling tired - sub motive for preparation

Constraints imposed by higher level goals on the 
choice and use of target technology
Use of technology can be limited to measurement and other functions ignored
ie technology is flexible
Choice of technology is fixed for this study.

Alternative ways to attain target goals through lower 
level actions
Using other ways to gain knowledge about personal sleep
 i) Self observation
 ii) Other measurement
 iii) Reflective analysis
 iv) In discussion with physician

Support of mutual transformations between actions 
and operations
This is seen as a porous structural zone where different operations can inform 
new actions. i.e. interacting with data graph can evolve measurement requirements

ENVIRONMENT

Role of target technology in producing the 
outcomes of target actions
a) Does the technology yield trustworthy data?
b) Is it easy to use?
c) Is the data simple and logical to interpret?

Tools, other than target technology, 
available to users
a) Other similar technologies such as wakemate or sleepcycle etc
b) Note taking
c) Internalisation and mental models 
d) Conversation and discussion
e) Physician and clinical setting

 Integration of target technology with other tools
a) Integrated with computer
b) Integrated with internet
c) Integrated with other hardware i.e. USB drive
d) Integrated with visual tools and graphs

Access to tools and materials necessary to perform
target actions
a) Zeo is a coherent system, materials are integrated
c) Access to electricity and internet connection is required
b) Access to interpretive skills can vary

Tools and materials shared between several users
Zeo is a single person technology

Spatial layout and temporal organisation of
the work environment
Zeo is used in the personal space of the bedroom or other sleep location
Temporal organisation can vary ie. seasons and times of day.

Rules, norms and procedures regulating social 
interactions and coordination related to the use of
target technology
a) Personal behaviour before and during sleep is highly socially
conditioned. ie time to bed, time to rise for work etc

b) Bed sharing also results in social/behavioural structure such as not
to disturb partner while sleeping or priority between parents for sleep 
quality of primary child carer etc.

c) Sleep attire can also be highly regulated ie wearing headband 
while sleeping
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LEARNING/COGNITION/ARTICULATION

Components of target actions which are to be internalised
a) Operating the device
b) Representation of resulting data
c) Perceived patterns in the data
d) Process of understanding

Knowledge about target technology which resides in the environment 
and the way this knowledge is distributed and accessed
Knowledge about Zeo is widespread, use, operation, problems, troubleshooting etc.
Knowledge is aggregated online and publicly accessible to those with an internet connection

Time and effort necessary to master new operations
Some learning necessary. 3 to 4 instances of use to master operations

Self monitoring and reflection through externalisation
a) Data representation intends to facilitate this
b) Cognitive understanding evolves over time
c) Reflection with others is useful i.e. the Zeo community 
d) cross correlation with other actions and activities

Strategies and procedures of providing help to other
users of target technology
Knowledge is distributed online i.e. forum, community pages
helpdesk, telephone support and advice

Coordination of individual and group activities through
externalisation
Individual activities are coordinated through process of interaction with Zeo i.e. wearing 
headband, operating device, interpretation of data graphs, cross correlation with behaviour 
and other tools and actions

Use of shared representation to support collaborative
work
Website is accessible and standard to all. Shared understanding and collaboration doesn’t 
necessarily come from shared representation

Individual contributions to shared resources of a group 
or organisation
a) Sleep data is anonymised, aggregated and distributed by Zeo to further the aims of sleep 
research and for commercial development. Not too much benefit for the user

b) Individual response, externalisation, comment and data is made available to others

DEVELOPMENT

Use of target technology at various stages of target action
“life cycles” - from goal setting to outcomes
a) Highly iterative process, ie repeated every night
b) Data gains resolution with volume
c) Goals evolve in response to actions - mediated by Zeo

Effect of implementation of target technology
on the structure of target actions
a) Zeo imposes its own structure on actions by its internal operating design and system configuration
b) Actions are subject to change over time as knowledge is gained through Zeo 

New higher level goals which became attainable after 
the technology had been implemented
Did you change anything?
Did sleep quality improve?
Did self measurement help or inform?

Users’ attitudes toward technology (e.g. resistance) 
and how they change over time
Qualitative response to technology

Dynamics of potential conflicts between target 
actions and higher level goals 
Are actions configured so as to lead to attainment of goals
i.e. does sleep measurement improve sleep quality?

Anticipated changes in the environment and the level 
of activity they directly influence (operations, actions 
or activities)
a) What changes took place?
b) Was the activity abandoned? 
c) Different technology used?
d) Cognitive environment or physical environment?
e) Across all level of activity or focused on one or more levels?

MEANS/ENDS

People who use the target technology
Those interested in measuring their own sleep

Goals and subgoals of the target actions
a) Measure sleep 
b) Gain knowledge about personal sleep
c) Improve sleep quality

Criteria for success or failure of achieving target goals
a) Accurate and trustworthy data captured successfully
b) Data interpreted successfully
c) Outcome actions are implementable

Decomposition of target goals into subgoals
a) Measure sleep
 i) Use target technology successfully
 ii) Trust the resulting data
 iii) Use interpretations

b) Gain knowledge about personal sleep
 i) Improve self understanding
 ii) Gain awareness of sleep quality
 iii) Effect change

c) Improve sleep quality
 i) Improve health
 ii) Improve productivity
 iii) Improve wellbeing

Setting of goals or subgoals
a) Use previous knowledge
b) Use previous experience
c) Use group or collective advice

Potential conflicts between target goals
a) Measuring sleep doesn’t necessarily lead to gaining knowledge
b) Gaining knowledge doesn‘t necessarily lead to improving sleep quality

Potential conflicts between target goals and 
goals associated with other technologies and activities
a) Other goals could be related to increasing productivity by staying awake 
using say caffeine or drugs thereby reducing sleep quality

Resolution of conflicts between various goals
a) For the period of evaluation conflicting goals should be reconciled

Integration of individual target actions and other 
actions into higher level actions
a) Using the technology - leads to measurement
b) Sleep preparation - integrated as wearable sensor
c) Intention and attention towards the technology - leads to using the technology
d) Going to bed - preparation for technology use
c) Feeling tired - sub motive for preparation

Constraints imposed by higher level goals on the 
choice and use of target technology
Use of technology can be limited to measurement and other functions ignored
ie technology is flexible
Choice of technology is fixed for this study.

Alternative ways to attain target goals through lower 
level actions
Using other ways to gain knowledge about personal sleep
 i) Self observation
 ii) Other measurement
 iii) Reflective analysis
 iv) In discussion with physician

Support of mutual transformations between actions 
and operations
This is seen as a porous structural zone where different operations can inform 
new actions. i.e. interacting with data graph can evolve measurement requirements

ENVIRONMENT

Role of target technology in producing the 
outcomes of target actions
a) Does the technology yield trustworthy data?
b) Is it easy to use?
c) Is the data simple and logical to interpret?

Tools, other than target technology, 
available to users
a) Other similar technologies such as wakemate or sleepcycle etc
b) Note taking
c) Internalisation and mental models 
d) Conversation and discussion
e) Physician and clinical setting

 Integration of target technology with other tools
a) Integrated with computer
b) Integrated with internet
c) Integrated with other hardware i.e. USB drive
d) Integrated with visual tools and graphs

Access to tools and materials necessary to perform
target actions
a) Zeo is a coherent system, materials are integrated
c) Access to electricity and internet connection is required
b) Access to interpretive skills can vary

Tools and materials shared between several users
Zeo is a single person technology

Spatial layout and temporal organisation of
the work environment
Zeo is used in the personal space of the bedroom or other sleep location
Temporal organisation can vary ie. seasons and times of day.

Rules, norms and procedures regulating social 
interactions and coordination related to the use of
target technology
a) Personal behaviour before and during sleep is highly socially
conditioned. ie time to bed, time to rise for work etc

b) Bed sharing also results in social/behavioural structure such as not
to disturb partner while sleeping or priority between parents for sleep 
quality of primary child carer etc.

c) Sleep attire can also be highly regulated ie wearing headband 
while sleeping
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LEARNING/COGNITION/ARTICULATION

Components of target actions which are to be internalised
a) Operating the device
b) Representation of resulting data
c) Perceived patterns in the data
d) Process of understanding

Knowledge about target technology which resides in the environment 
and the way this knowledge is distributed and accessed
Knowledge about Zeo is widespread, use, operation, problems, troubleshooting etc.
Knowledge is aggregated online and publicly accessible to those with an internet connection

Time and effort necessary to master new operations
Some learning necessary. 3 to 4 instances of use to master operations

Self monitoring and reflection through externalisation
a) Data representation intends to facilitate this
b) Cognitive understanding evolves over time
c) Reflection with others is useful i.e. the Zeo community 
d) cross correlation with other actions and activities

Strategies and procedures of providing help to other
users of target technology
Knowledge is distributed online i.e. forum, community pages
helpdesk, telephone support and advice

Coordination of individual and group activities through
externalisation
Individual activities are coordinated through process of interaction with Zeo i.e. wearing 
headband, operating device, interpretation of data graphs, cross correlation with behaviour 
and other tools and actions

Use of shared representation to support collaborative
work
Website is accessible and standard to all. Shared understanding and collaboration doesn’t 
necessarily come from shared representation

Individual contributions to shared resources of a group 
or organisation
a) Sleep data is anonymised, aggregated and distributed by Zeo to further the aims of sleep 
research and for commercial development. Not too much benefit for the user

b) Individual response, externalisation, comment and data is made available to others

DEVELOPMENT

Use of target technology at various stages of target action
“life cycles” - from goal setting to outcomes
a) Highly iterative process, ie repeated every night
b) Data gains resolution with volume
c) Goals evolve in response to actions - mediated by Zeo

Effect of implementation of target technology
on the structure of target actions
a) Zeo imposes its own structure on actions by its internal operating design and system configuration
b) Actions are subject to change over time as knowledge is gained through Zeo 

New higher level goals which became attainable after 
the technology had been implemented
Did you change anything?
Did sleep quality improve?
Did self measurement help or inform?

Users’ attitudes toward technology (e.g. resistance) 
and how they change over time
Qualitative response to technology

Dynamics of potential conflicts between target 
actions and higher level goals 
Are actions configured so as to lead to attainment of goals
i.e. does sleep measurement improve sleep quality?

Anticipated changes in the environment and the level 
of activity they directly influence (operations, actions 
or activities)
a) What changes took place?
b) Was the activity abandoned? 
c) Different technology used?
d) Cognitive environment or physical environment?
e) Across all level of activity or focused on one or more levels?

MEANS/ENDS

People who use the target technology
Those interested in measuring their own sleep

Goals and subgoals of the target actions
a) Measure sleep 
b) Gain knowledge about personal sleep
c) Improve sleep quality

Criteria for success or failure of achieving target goals
a) Accurate and trustworthy data captured successfully
b) Data interpreted successfully
c) Outcome actions are implementable

Decomposition of target goals into subgoals
a) Measure sleep
 i) Use target technology successfully
 ii) Trust the resulting data
 iii) Use interpretations

b) Gain knowledge about personal sleep
 i) Improve self understanding
 ii) Gain awareness of sleep quality
 iii) Effect change

c) Improve sleep quality
 i) Improve health
 ii) Improve productivity
 iii) Improve wellbeing

Setting of goals or subgoals
a) Use previous knowledge
b) Use previous experience
c) Use group or collective advice

Potential conflicts between target goals
a) Measuring sleep doesn’t necessarily lead to gaining knowledge
b) Gaining knowledge doesn‘t necessarily lead to improving sleep quality

Potential conflicts between target goals and 
goals associated with other technologies and activities
a) Other goals could be related to increasing productivity by staying awake 
using say caffeine or drugs thereby reducing sleep quality

Resolution of conflicts between various goals
a) For the period of evaluation conflicting goals should be reconciled

Integration of individual target actions and other 
actions into higher level actions
a) Using the technology - leads to measurement
b) Sleep preparation - integrated as wearable sensor
c) Intention and attention towards the technology - leads to using the technology
d) Going to bed - preparation for technology use
c) Feeling tired - sub motive for preparation

Constraints imposed by higher level goals on the 
choice and use of target technology
Use of technology can be limited to measurement and other functions ignored
ie technology is flexible
Choice of technology is fixed for this study.

Alternative ways to attain target goals through lower 
level actions
Using other ways to gain knowledge about personal sleep
 i) Self observation
 ii) Other measurement
 iii) Reflective analysis
 iv) In discussion with physician

Support of mutual transformations between actions 
and operations
This is seen as a porous structural zone where different operations can inform 
new actions. i.e. interacting with data graph can evolve measurement requirements

ENVIRONMENT

Role of target technology in producing the 
outcomes of target actions
a) Does the technology yield trustworthy data?
b) Is it easy to use?
c) Is the data simple and logical to interpret?

Tools, other than target technology, 
available to users
a) Other similar technologies such as wakemate or sleepcycle etc
b) Note taking
c) Internalisation and mental models 
d) Conversation and discussion
e) Physician and clinical setting

 Integration of target technology with other tools
a) Integrated with computer
b) Integrated with internet
c) Integrated with other hardware i.e. USB drive
d) Integrated with visual tools and graphs

Access to tools and materials necessary to perform
target actions
a) Zeo is a coherent system, materials are integrated
c) Access to electricity and internet connection is required
b) Access to interpretive skills can vary

Tools and materials shared between several users
Zeo is a single person technology

Spatial layout and temporal organisation of
the work environment
Zeo is used in the personal space of the bedroom or other sleep location
Temporal organisation can vary ie. seasons and times of day.

Rules, norms and procedures regulating social 
interactions and coordination related to the use of
target technology
a) Personal behaviour before and during sleep is highly socially
conditioned. ie time to bed, time to rise for work etc

b) Bed sharing also results in social/behavioural structure such as not
to disturb partner while sleeping or priority between parents for sleep 
quality of primary child carer etc.

c) Sleep attire can also be highly regulated ie wearing headband 
while sleeping
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INFORMATION SHEET  

Sleep Data and Awareness 

You are being invited to take part in a research study. Before you decide whether or 

not to take part, it is important for you to understand why the research is being done 

and what it will involve. Please take time to read the following information carefully.

The purpose of the project is to assess how technology and self-measurement 

methods mediate experiences of sleep, and how access to personal sleep data 

might lead to greater awareness and understanding of the factors that affect sleep 

quality. The project will run for one week. The week consists of completing a one-

sheet questionnaire at the beginning and end of the week to asses perceptions of 

your own sleep quality, wearing a Zeo digital device every night while sleeping to 

generate accurate quantitative sleep measurement data and completing a feedback 

sheet each day. The aims of this research are to assess the impact of technology on 

sleep awareness, and to examine ways of visualising personal sleep data.

Why have I been invited to participate?

You have been invited to take part because you have expressed interest in the study, 

or because you are already measuring your personal sleep information. Up to 7 

other people will be asked to participate.

Do I have to take part?

It is entirely up to you to decide whether or not to take part. If you do decide to take 

part, you will be given this information sheet to keep, and be asked to sign a con-

sent form. If you decide to take part, you are still free to withdraw at any time and 

without giving a reason.
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What will happen to me if I take part? 

If you agree to take part, you will be asked to wear a Zeo headband while sleeping. 

You will also be asked to complete a series of feedback materials over the week. 

Lastly you will be asked to fill out a one-page questionnaire at the beginning and 

end of the week. Time involved will be limited to 15 minutes every day to complete 

feedback forms, and ten minutes to log in to your Zeo account and view your per-

sonal sleep graph. At the end of the week you will be also asked to take part in a 

thirty minute interview to discuss your thoughts, feeling and opinions of personal 

sleep measurement with Zeo.

What are the possible risks and benefits of taking part?

Possible risks of taking part in this project are the risk of sleep disturbance by wear-

ing an unaccustomed device while sleeping. Every appropriate measure will be 

taken to ensure your feedback remains anonymous and confined to the limits of the 

research project. Possible benefits to the individual include a greater understanding 

and awareness of your own sleep patterns. Benefits to society include an under-

standing of how self-measurement can prompt beneficial behaviour change. One of 

the aims of this research is to contribute to the fields of informatics and sleep hy-

giene in general.

Will what I say in this study be kept confidential?

All information collected about you will be kept strictly confidential (subject to legal 

limitations) and confidentiality, privacy and anonymity will be ensured in the collec-

tion, storage and publication of research material by removing any information that 

can identify you as the originator of the data. Data generated by the study will be re-

tained in accordance with the University of the Arts policy on Academic Integrity and 

ethics. The data generated in the course of the research must be kept securely in 

paper or electronic form for a period of ten years after the completion of a research 

project.

What should I do if I want to take part?

If you want to take part you should sign and return the attached consent form.

publication of the data.
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What will happen to the results of the research study?

The results of the research will be used in a Masters level thesis. The relevant degree 

is an MRes Information Environments. There is a chance the thesis or sections of 

it will be published at sometime in the future, and in such case, all attempts will be 

made to distribute copies of publications to participants and ensure their consent in 

publication of the data.

Who is organising and funding the research?

I am conducting the research as a student at University of the Arts London, Faculty 

of Design. I will be receiving support from Zeo to provide participants with sleep 

recording devices.

Who has reviewed the study?

The research has been approved by the course leader MRes Information Environ-

ments Dr Kevin Walker

Contact for Further Information

Please contact John Fass 07973169241 john.fass@gmail.com for any other informa-

tion related to this research project. If you have any concerns about the way in which 

the study has been conducted, you can contact the Chair of the University Research 

Ethics University Research Ethics Committee, University of the Arts London

Thank you

Thank you for taking time to read this information sheet, your participation is greatly 

appreciated and valued.

Date

10/07/11
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CONSENT FORM

Activity Consents 

I understand that I have given my consent for the following to take place: to partici-

pate in a group co-design activity, to complete a sleep diary, including wearing a 

Zeo headband while sleeping and completing a questionnaire and response materi-

als. I understand and have had explained to me the appropriate health and safety 

procedures for my part in this research. I understand and have had explained to me 

any risks associated with this activity.

Data Consents 

I understand that I have given approval for my anonymised responses including 

questionnaire and response materials to be exhibited in the final report and outcome 

of this project and that they may be used in future reports, outcomes and exhibi-

tions. I understand that my involvement in this study, and particular data from this 

research, will remain strictly confidential. My personal details will be anonymised by 

aggregating the data and removing personal identifiers such as names and contact 

details. Only the researchers involved in the study will have access to the data.  It 

has been explained to me what will happen to the data once the experimental pro-

gramme has been completed. 

Statements of Understanding 

I have read the information leaflet about the research project which I have been asked to 

take part in and have been given a copy of this information leaflet to keep. What is going to 

happen and why it is being done has been explained to me, and I have had the opportunity 

to discuss the details and ask questions.  
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Right of withdrawal 

Having given this consent I understand that I have the right to withdraw from the programme 

at any time without disadvantage to myself and without having to give any reason.

Statement of Consent 

I hereby fully and freely consent to participation in the study which has been fully explained 

to me.

Signatures 

Participant’s name (BLOCK CAPITALS): 

Participant’s signature:  

Date: 

Gatekeepers’ name (BLOCK CAPITALS):

Gatekeepers’ signature:  

Date: 

Principal staff/student 

investigator’s name (BLOCK CAPITALS):   

Principal staff/student

investigator’s signature:  

Date: 

Contact for Further Information

Please contact John Fass 07973169241 john.fass@gmail.com for any other information 

related to this research project. If you have any concerns about the way in which the study 

has been conducted, you can contact the Chair of the University Research Ethics University 

Research Ethics Committee, University of the Arts London
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APPENDIX 5

Design proposals

The following images directly address one of the issues raised by participants; the cognitive 

distance between the daily numerical score and the website with multiple levels of interaction. 

I have integrated sleep phase information with the numerical score removing the need for 

further mediation by an internet-connected computer or interaction with a complex online 

environment. The images are proposal sketches and should be seen as work in progress, 

they draw on some of the visualisation research presented in Chapter 2.
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LIGHT 20
AWAKE 90

REM 34

DEEP 38
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LIGHT 36
You were in light sleep for
25% of your sleep time. 

Light 36
You were in light sleep for
25% of your sleep time. 

You were in light sleep for
25% of your sleep time. 

LIGHT 36

AWAKE 27

REM 17DEEP 63
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LIGHT 36

AWAKE 27

REM 17

DEEP 63
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AWAKE 36
You were awake for 25% 
of your sleep time. 

23

79

REM 23
You were awake for 29% 
of your sleep time. 

DEEP 23
You were in deep sleep 
for 29% of your sleep time. 
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DEEP 63131

131

131

131

You were in deep sleep for
48% of your sleep time. 

REM 17

You were in deep sleep for
13% of your sleep time. 

AWAKE 27

You were in deep sleep for
21% of your sleep time. 

You were in deep sleep for
48% of your sleep time. 
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DEEP 53
You were in deep sleep for
37% of your sleep time. 
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