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ABSTRACT OF THE DISSERTATION

Designing Personal Health Technologies: An Ecological Approach

by

Laura R. Pina

Doctor of Philosophy in Computer Science (Computer Engineering)

University of California, San Diego, 2015

Professor Willian G. Griswold, Chair
Professor Gillian R. Hayes, Co-Chair

The increasing capabilities of sensing and mobile technology are enabling to us

gather more health data than ever. This data helps us understand personal health, reveals

factors that affect personal health, and informs the design of personal health tracking

systems that tackle health concerns. The reliability of personal health technologies has

allowed for deployments outside of the lab and in uncontrolled environments. Users can

track their health with these tracking systems as part of their daily life. These deployments

reveal that sustainable and long-term use is currently difficult and that users are struggling

to track and reach their health goals using these systems. This dissertation posits that the

xiv



current design lens is too narrow. The current design lens solely focuses on addressing the

health concern and excludes the context where health concerns and activities that affect

our health take place and where tracking is performed. To address these shortcomings

this dissertation demonstrates how widening the design lens to consider the relationships

between the user, the health concern, and the social and physical context in which the

health concern takes place allows designing for more sustainable use. This dissertation

explains and demonstrates how using an ecological framework reveals interactions and

relationships between all the different aspects that affect a given health concern, tracking

it, and how to design to considering the ecology the user is part of and where the health

concern takes place. To demonstrate the importance of taking an ecological approach to

designing personal health tracking systems insight from four studies are presented. Based

on the insights from these studies, this dissertation closes with takeaways that inform the

design of future personal health technologies that will lead to more sustainable, long-term

use.
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Chapter 1

Introduction

1.1 Motivation

The importance of physical activity, diet, sleep, and mental health is well doc-

umented [28, 99, 185]. Recent research has shed light on the rise of chronic ailments

such as, weight-gain, diabetes, cardiovascular diseases, and stress [67, 173]. The costs

for these diseases in terms of human life and medical expenses are staggering. In 1998

it was estimated that 9.1% of all US medical expenses, $78.5 billion dollars, was spent

on overweight/obesity attributed expenses [117]. At the root of many of these ailments,

especially the physiological ones, is the fact that a growing proportion of people increas-

ingly live sedentary lifestyles in conjunction with consuming calorically dense meal

[28, 99, 153, 185].

While there is no single solution that addresses these chronic ailments, the

conventional wisdom suggests that people can avoid them by changing their day to day

habits. In other words, if people were to eat less and exercise more, it is possible that they

could live healthier lives. The key questions then become: how do people change their

habits and how can we design tools to help them do it? In the abstract, tackling health

related concerns and changing behavior requires people to understand their current habits,

reflect on them, and then identify areas of improvement [44],[62], [74], [177]. This

1
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approach, called self-monitoring, is useful in many health concerns, such as, weight-loss,

diabetes, and mental health understanding [192, 213]. Given that many chronic health

conditions can be avoided by getting people to change their daily habits, and given that

self-monitoring is a key to behavior change, it stands to reason that creating tools that

increase the efficacy of self monitoring can help people (and society at large) avoid many

future problems.

1.2 Designing for self-monitoring

Self-monitoring helps with people be mindful of their habits. It helps them

recognize what needs improving on and what behaviors have improved. Successful

self-monitoring requires people to explicitly keep records (i.e., recording every instance

related to the health habit in a physical diary) and not rely on mental tallies. Keeping

mental tallies is insufficient because peoples memory recall and autobiographical memory

is imprecise [79, 192]. As a result, if people only rely on their memories when tracking

their activities, they run the risk of misestimating important behaviors. In particular,

people often over estimate how many calories they expended during exercise and under

estimate how many calories they have consumed [27, 98, 55]. Thus, without explicit self-

monitoring, weight-loss efforts could turn futile. Additionally, explicit self-monitoring

helps people to reflect on their progress and focus their attention on moments of improve-

ments. Creating opportunities to objectively reflect on improved behavior is important

because our memory – as an evolutionary survival mechanism – remembers negative

experiences better than positive ones [79].

That said, self-monitoring is difficult and those attempting to do so face two sets

of challenges. First, being able to record and capture detailed information with precision

is difficult to do [27, 192]. Second, identifying which strategies to use in order to improve

ones behavior and when to use them is also very difficult. These challenges, and the
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advocated solutions, have led researchers to explore how to leverage different types of

technologies to assist with health self-monitoring [27, 192].

Self-monitoring are common across health concerns from mental health, to

medication adherence, to diet monitoring [192]. To explain these barriers, let us look

at self-monitoring for weight-loss. Before the era for wearable and mobile technology,

physical diaries were used to record all activities related to diet and exercise [28], [196].

The diary’s physical form made it cumbersome to take everywhere. Additionally, it was

difficult to find information of the variety of ingredients and meals consumed right after

consuming a meal. The learning curve was extremely steep, at the beginning every item

had to be thoroughly researched. Once a representative list of items had been recorded,

an additional hurdle came from having to make mental calculations to estimate caloric

value of portion consumed compared to caloric value of serving size found. This required

a lot of mental comparisons and calculations (or take in addition to a diary, a calculator).

A key to capturing health habits accurately, such as diet, is to record an eating

episode as soon as it occurs. However, because of the physicality of the weight-loss

journal, the diary was not taken everywhere. In fact, there is a high tendency to record

every eating and physical activity episode at the end of the day—all at once [28]. Conse-

quently, journaling an entire day worth of activities at the end of the day led to inaccurate

self-monitoring, especially when relying on memory to recall portion size of foods con-

sumed [28, 27, 192]. This approach to self-monitoring is extremely cumbersome and

puts a huge burden on the person to know how and when to record habits. Thus, despite

the benefits of self-monitoring, there are many barriers using a physical diary to record

habits.
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1.3 Leveraging mobile and wearable technology to
improve self-monitoring

Motivated by the growing capabilities of mobile smart phones and wearable

sensors, researchers in the HCI and Ubicomp community are exploring how to make self

monitoring easier for users by offloading some of the burden of self-monitoring from the

user and toward technology. For example, mobile phones can store a food and physical

activity database with their representative caloric values. This feature means users will

not have to scour for information to find the caloric value of common physical activities

and food items; creating a mobile phone application for tracking means that users do not

need to carry an additional tool only good for record keeping (i.e. a physical diary). In

this new form, tracking is available at users fingertips. Users can now focus on actually

tracking and assessing behavior as opposed to researching and estimating their caloric

consumption or expenditure.

The above postulate has led to a rich and growing body of research exploring

how to leverage personal, wearable mobile and sensing technologies to assist with self-

monitoring. The evolution of these tracking technologies can be described through four

archetypes that build on each other. These archetypes are: (1) user-driven tracking; (2)

sensor-driven tracking; (3) Ecological Momentary Assessment (EMA); and (4) Ecological

Momentary Intervention (EMI).

Broadly speaking, user-driven tracking facilitates tracking by leveraging the

capabilities of smart mobile phones while still relying on the user to record any activity.

Sensor-driven tools relieves the user from tracking regularly occurring habits by using

wearable sensors (e.g. accelerometers) to infer the users particular behaviors. User-driven

and sensor-driven technologies are primarily passive forms of tracking; they live in the

background and rely on the user to take action. In the case of user-driven tools, the user
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needs to access the tool and enter information; Sensor-driven tools track unobtrusively

in the background without much user input. Tracking technologies evolved and have

become more proactive. EMA and EMI systems send reminders and interventions to

users throughout the day, requiring a response from them. The following subsections

give an overview of each of the four archetypes.

1.3.1 User-Driven tracking

User-driven systems focus on assisting users to track any health aspect about

themselves. As its name implies, these system archetype relies on the user to record

his or her habits of interest. Much like physical diaries, user-driven systems require

users to initiate the tracking process and record their activities. Unlike physical diaries,

user-driven systems tend to have databases of information that eliminates (or largely

reduces) the need for users to spend time researching and quantifying their tracked

activities. The fact that user-driven systems store a user’s data digitally means that it is

now easier for these systems to create charts, visualizations, and summaries of the user’s

activities. Additionally, the mobile nature and the double purpose of the device – now

being a phone and a tracking tool – made tracking more accessible.

User-driven tracking has explored how to assist with smoking cessation [178,

187, 192], understanding awake habits that affect sleeping habits [17], physical activity

[109], dieting for weight-loss or diabetes [46, 47, 127, 203], and for emotional awareness

and mental health [132]. Even though the motivation and purpose for each of these

systems is different, the end-goal is the same: these systems aim to facilitate awareness

and self-reflection.

For example, ShutEye focuses on helping users to track their habits during waking

hours that can affect their quality of sleep. Users track habits that are known to affect

sleep quality such as: caffeine consumption or amount of physical activity [17]. With
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respect to tracking diet, there is a wide range of intentions and approaches to designing

user-driven tracking systems. Some of them focus on having a populated database with

rich options [7, 212], others such as DECAF and MAHI use photos to track eating habits

[46, 127].

Before the rise of digital tracking, it was painstakingly difficult for users to

create charts and summarizations. Many of these systems can now offload the task of

creating charts and summarizations and automatically create them for the end user. One

such system, PONDS, summarizes food intake by visually highlighting foods by fiber,

vegetable, fruit, and protein [8]. On the visualization front, ShutEye also contains a

peripheral display on users’ phone’s wallpaper. This wallpaper provided a summary of

the activities that were tracked and overlapped them with the sleep and wake times of the

end user. This overview of the tracked data helped trackers get a bird’s eye view of the

relationship between their sleeping patterns and tracked sleep-related habits [17], making

it easier for users to focus on reflecting and self-monitoring.

The strength of user-driven tools is that they help users understand their current

habits and reinforce moments of self-reflection throughout the day. Even though this

approach heavily relies on the user, the act of recording can create moments of self-

awareness throughout the day; in many instances these moments are very powerful on

their own and crucial to improving a user’s health concerns [213, 28, 208]. On the

other hand, some behaviors are simply difficult to track on a regular basis and can lead

to tracking fatigue. In short, user driven technologies can provide users with valuable

opportunities for self awareness and reflection, but only when users are not overly fatigued

from using them.
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1.3.2 Sensor-Driven tracking

Sensor-driven technologies seek to relieve users from the burden of tracking and

allow them to review and reflect on the inferred habits to then identify what are the next

steps to take.

In its most pure form, sensor-driven tracking takes the load of tracking completely

off of the user. In this approach a user wears a single, or a set of, wearable sensor

[134, 135, 117, 115, 124]. Data from sensors are then used by these systems to detect

and infer habits and behaviors of the end user. This approach alleviates the burden of

constantly tracking and can assist users to capture behaviors that are less visible (e.g.

mental health).

A great amount of work has been done to infer the physical activity of users

by using a myriad of sensors, sensor such as wearable cameras and accelerometers

[117, 118, 195, 197, 198]. Systems that can infer the physical activities of users have

diverse uses. They can assist users with their personal health [115] or help elderly people

by detecting when they have fallen down [122]. One of the most representative systems

in the space of physical activity inference is the Ubifit system [45]. Ubifit used a wearable

multi-sensor device to detect whether users were walking, running, cycling, using an

elliptical trainer, or using a stair machine [45]. Lester et al. took this work further by

estimating the caloric expenditure of inferred activities [117].

Sensor-driven tools are also used to track sleep and the factors that affect it.

Lullaby focused on sensing attributes of the bedroom environment by using sensors to

capture data related to it temperature, light, and movement to provide a comprehensive

overview of the end user’s sleep hygiene indicators [104]. Another system by Abdullah

et al. sought out to use phone usage patterns, such as times of phone interactions, to infer

sleep duration, and other factors related to sleep and circadian rhythm [3].
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It is important to mention that these four archetypes build on top of each other

and most of them are hybrids of the four archetypes. In fact, one of the strongest design

guidelines that are highlighted in many of these systems is that sensor-driven tracking

should offload some of burden of tracking one’s behavior. However, relying on pure

sensor-driven tracking will make the system fall short of its purpose as people have

diverse habits and ways to go about life. To address this restriction and important design

guideline is to allow improving and complementing habits inferred from sensor-data with

user-driven tracking information [43].

Both user-driven and sensor-driven tools call for users to understand the data that

has been collected and reflect on them. To that end, a great deal of work has focused

on exploring how to summarize and visualize the data that has been collected by these

systems. For example the Ubi-Fit Garden, which was an important component of UbiFit,

used a garden metaphor to visualize users physical activities[45]. In the garden, each

type of flower represented the stage of a physical activity goal and its size represented

how well that goal was being met. Another approach learned that data visualizations are

useful to users for information seeking, and that the abstract visualization of the same

data are preferred for peripheral awareness and public display purposes [60].

There are common lessons learned from the deployments of user-driven and

sensor-driven systems. One such lesson is that trackers often struggle to remember to

track, assess their current state, and identify when to activate their set of behavioral

strategies when faced with an undesirable behavior.

Additionally, there are many health concerns that require users to put into action

a set of behavioral strategies. Doing this requires users to both recall a set of behavioral

strategies and identify when to use them. For example, people with mental health

disorders such as severe anxiety or depression are taught a set of coping mechanisms.

These coping mechanism are to be put into action when the person recognizes a potential



9

trigger event. Using coping strategies is difficult because people have to remember which

strategies are available and then identify which strategy is appropriate for a given time

or place. These challenges remain present even if users are using tracking tools aimed

at helping them be aware of such events. These set of steps are extremely difficult, and

adherence is low [192].

When users struggle to identify when to use the correct behavioral strategy, then

tracking may fall short of its potential; assessing users’ current state is part of the tracking

process. But assessing is not always straightforward. In the case of mental health, when

treatment and support needs to be determined by a specialist, self-assessment is based

on global, retrospective self-reports that occur during a clinical visit. But as explained

previously, this is not well suited to address behavior over time, across different settings,

and in the real world as it limits the ability to accurately characterize and understand

user’s behavior on a day-to-day setting. One of the benefits of tracking behavior is that

instead of relying on general, retrospective reports we can understand our behaviors

within the dynamic of our real world. However, user-driven and sensor-driven tracking

can fall short of fulfilling these needs because self-assessment and tracking can be difficult

for many health habits.

Furthermore, there are habits and activities that are difficult to capture through

sensor-data. In these instances, systems rely on mediating the tracking by assessing,

or experience sampling, the current behavior. This approach allows for leveraging the

strength of sensors but mediating the results through momentary assessments. To address

these needs, the next version of systems focused on exploring features that proactively

assess and support users while they go about their daily lives.
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1.3.3 Ecological Momentary Assessment (EMA)

EMA, also known as Experience Sampling Method (ESM), evolved from user-

driven and sensor-driven tracking as these two systems heavily relied on the end user to

remember to track. EMA evolved as a need to improve the accuracy and frequency of

self-monitoring. With EMA systems, the load of remembering to track is offloaded to the

system. The hypothesis here being that if EMA systems prompt users with a particular

question, then the answer can be captured immediately [192]. This guarantees an imme-

diate and systematic record about a particular habit (or experience, such as, an anxiety

trigger event) [192]. Compared to user-driven tracking tools, which facilitates tracking,

but relies on users to initiate (i.e., user-driven), EMA’s proactive approach seeks to: (1)

make tracking more consistent by reducing user forgetfulness and inconsistency; and

(2) make tracking more accurate by reducing the reliance on the user’s autobiographical

memory to recall a particular event [187, 192].

EMA systems interact with users by reminding them to track a given behavior

or by asking users about their current state. The ecological aspect of EMA refers to

the fact that these systems prompt for – and receive – information about users during

their day to day lives, and not during clinical visits or via retrospective memory recall

[192, 213]. The momentary aspect aims at avoiding tracking error and biases associated

with retrospection by delivering a short question and have trackers reply in situ (e.g.,

during the activity of interest or real situations) [75, 187]. The prompting mechanism

is also considered momentary because of the quick response nature of the questions,

thus gathering data without much disruption to the end user’s life. Last, the assessment

aspect comes from the end user’s self-report that is gathered from the delivered question

[192]. Self-assessment prompts could be the only form of tracking in a system, or it can

complement and inform user-driven or sensor-driven approaches.



11

Assessments can be delivered to users in four ways: (1) sampling on a fixed

interval schedule, such as every 30 minutes; (2) sampling on a random interval schedule;

and (3) sampling in response to user initiative — where the user is told to make a data

entry whenever performing a particular activity.

The types of assessment also vary, they can consist of: (1) set of questions; (2)

Likert scale to measure the dimension of perceived situation (e.g., affect, motivation,

concentration); (3) or just a prompt to track a particular habit [192, 187]. Both the type

of delivery mechanism and the type of assessment are selected based on the research

question of interest.

Excessively prompting users can become a nuisance for users and thus cause

tracking fatigue. To address this limitation, Klansja et al., Froehlich et al., and many

others, sought out to determine the optimal number of prompts that balances the accuracy

of reports against the annoyance of receiving multiple prompts [41, 72, 96, 110]. These

researchers found that increasing the frequency of prompts increased both accuracy and

user annoyance. They determined that 5 to 8 prompts per day strikes the right balance

between accuracy and annoyance [110].

Looking specifically at how EMA has been used to improve health tracking, EMA

has been used to study pain, mood, anxiety and anxiety disorders, eating, sleep, gastroin-

testinal disorders, smoking cessation, and alcohol consumption [54, 75, 81, 133, 146, 147,

186, 192]. In the space of mental health, EMA systems have helped users become more

aware of their stress levels, and the reminders of strategies helped users increase how

often they practiced relaxation techniques throughout the day [146]. Looking specifically

at reminders to track, Bentley and Koblar compared tracking frequency between users

receiving reminders to track and users not receiving reminders [19]. In They found that

reminders increased food logging from 12% to 63%; other health indicators, such as,

mood increased as well [19, 20]. A similar outcome came about when children with
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high-risk asthma received text to remind them of their asthma triggers [216]. In this

case children who received text messages had higher adherence rates to their medication

regimes than the treatment group, and they took more preventive measures to avoid severe

asthma attacks [216].

1.3.4 Ecological Momentary Intervention (EMI)

The next step from assessing in situ is to offer support in situ (i.e., during detected

moments of needs). These types of systems are called Ecological Momentary Intervention

(EMI). In principle, EMI is an extension of EMA and they share the same definitions

with respect to ecological and momentary apply. The key difference is that instead

of momentary assessments, EMI systems offer momentary interventions. Usually, the

intervention is delivered during detected moments of needs, or opportune moments

[87, 163], based on historical user-driven tracked data or sensor-driven data. The key

feature of EMI systems is that it provides assistance as people go about their day (i.e., in

real-time), and in their natural setting (i.e., real-world) [87, 163].

EMI can take many forms; the intervention can be based on previously tracked

data or through real-time sensing inference of behaviors. For example, delivering relax-

ation techniques when a cardiac rehabilitation patient is stressed, or delivering coping

strategies to alleviate depression [29, 160]. Mobilize! and MobileHeartHealth used data

from the user’s heart rate and phone interactions to determine when the user was under

duress and to delivered relaxation techniques when needed by the user [29, 144].

The growing number of sensors, data aggregators, and capacity of mobile phones,

is moving from straightforward tracking and assessments to also intervention. For

example, devices like GoogleGlass 1, in connection with biosensors, can potentially infer

affective states and deliver interventions through the lenses of the glass [86]. Being the

1https://www.google.com/glass/start/
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most recent evolution of tracking, there is much more to be done. That said the potential

of helping people practice new behaviors and skills during their day-to-day experience is

showing potential [163].

1.4 The need for an ecological design

All four of the archetypes presented above seek to enable tracking by making it

more frequent, occur ubiquitously throughout the day, and be present in users’ natural

setting (i.e. not in a laboratory setting). Now, more than ever, people have access to and

are interacting with tracking technologies; they do so while they work, while commuting,

through digital social networks, and at home [22].

To summarize, the motivations underlying the aforementioned archetypes are

twofold. First, they seek to make it easier for users to track in order to increase their level

of self awareness. Second, they explore how to leverage and repurpose existing wearable

technologies (e.g. smart phones, wearable sensors etc.) in order to make tracking systems

more usable and effective for users. The implicit hypothesis underlying these studies

is that as these systems become more user-friendly, then users will increasingly and

naturally incorporate tracking and self awareness into their lives. This, in turn, will

enable trackers to address their health concerns.

This hypothesis has at least three implicit assumptions on how these tools will be

used in real-world settings. First, it assumes that access is the main barrier to tracking: by

making it easier to track, users will use these systems more often. Second, it assumes that

when reminders and interventions are delivered in-situ users will be able to act in-situ.

And last, it assumes trackers will be able to address and improve their health by using the

feedback and insights these wearable tracking systems offer.

With these assumptions in hand, immense progress has been made in creating

tracking tools. Deployments in the wild have contributed to our understanding of how to
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design tracking technologies to address health concerns. Yet, significant issues around

sustainable adoption remain. Two such shortcomings of these studies are that the unit of

analysis is too narrow (i.e. the user and the tool) and that they do not consider users’ real

world lives and settings.

The unit of analysis in the extant literature is the user and the tracking technology.

This design lens shies away from considering how the tracking technology fits into users

lives as well as how tracking interactions occur throughout a user’s day. For example, it

does not consider how users traverse through different environments throughout the day

(e.g., between work and home) and that every environment has particular characteristics

that may constrain, or enable, how users attend to their health, or how they can respond

or act on feedback from these tracking systems. Second, it does not consider how inter-

actions with other people, such as, family and coworkers, affect tracking. Furthermore,

given that people use and own multiple devices (e.g., mobile phone, ipad, laptop) the use

of a tracking technology should not be examined without considering its interconnections

with other tools and technologies used by an individual [51, 157, 156]. There are many

ways to expand the unit of analysis and without a framework to define what aspect of

users’ lives should be considered when designing tracking technologies, the choices of

what to focus on could be unlimited. In order to constrain the seemingly endless number

of design considerations, we now turn our attention to the concept of ecologies.

1.5 Designing for Ecologies

These potential external factors and the interactions between users and their envi-

ronment can be more formally analyzed and understood using an ecological perspective.

Broadly speaking, ecology views an individual as part of a complex network, or intercon-

nected system, that includes other individuals as well as their physical surroundings [2].

In HCI, ecology (or ecosystem) broadens the unit of analysis to examine how multiple fac-
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tors including cultural, social (e.g., other people), and physical and digital artifacts (e.g.,

tools, devices) interact with each other and with users [148, 68, 92, 90, 103, 22, 23, 48].

In HCI, an ecological framework has been used as a way of understanding users’

interactions with artifacts or with multi-artifact systems. In other words, we cannot

fully evaluate how users use artifacts without considering how artifacts fit into a larger

ecosystem [189]. An ecological framework makes visible the dependencies, interactions,

and interplay between the environment, artifacts, users, and information [168]. This

concept allows us to make the unit of analysis as broad as desired but, depending

on what element of the ecosystem is placed at its center, different relationships and

dependencies will become more prominent. By placing different elements at the center of

the ecosystem, several perspectives on ecologies have come to fruition [148, 68, 103, 22,

23, 15, 92, 90, 48]. We will focus on ecological frameworks that are related to designing

tracking technologies that assist users with their health concerns. In particular, I focus on

ecological frameworks that center the design lens on people in social-technical settings.

These ecologies are: information ecologies [148], product ecologies [68], personal

ecology of interactive artifacts artifact and its derivatives [103, 22, 23],and distributed

cognition [92, 90].

In the case of information ecology (Figure 1.1, Nardi and O’Day put human ac-

tivity at the center, where human activity is served by technological services [148]. They

define information ecology as a “system of people, practices, values, and technologies

in a particular environment” [148]. They sought out to move the design lens of a single

person and her interaction with technology to capture the notion of that information is ob-

tained based on the relationship between people, artifacts, and the particular environment

in which interactions take place [148].

Forlizzis product ecology centered the design lens on the product, or artifact,

to explore the social experience of a group of people interacting with a single product,
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Figure 1.1. Information Ecology

whether it be together or one person at a time in a public setting [68] (Figure 1.2). This

point of view brought to the surface how users and artifacts mutually adapt when they

are interacting in a particular local environment [68]. There are three interesting design

insights we can take from this work. First, it sees the environment as a place containing

artifacts that shape roles, social norms, human behavior, and other devices are used

and exist in this environment [68]. Second, environments affect how artifacts are used

and in turn, using artifacts changes individuals and the context of use as a result [68].

And third, people may adopt artifacts more readily when social attributes are part of

the artifacts design by reducing the level of stigma users may feel when using certain

artifacts publicly[68].

A different ecological lens places the user at the center of the ecology as part of a

network of connected digital artifacts. Jung et al’s ecological framework focused on how

a person uses several technologies and devices to complete a particular task [103] (Figure

1.3). A Personal ecology of interactive artifacts is defined as the set of all artifacts, with

some level of interactivity, that the a user owns, has access to, and uses [103]. Bødker
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Figure 1.2. Product Ecology

and Klokmose extend this concept by looking at how people perceive and incorporate

artifacts to their existing ecology [22, 23]. This design lens centers on the individual and

also offers important insights. First, it reminds us that the current design lens needs to

incorporate mutual influences between artifacts and macro-level factors such as social or

cultural ecosystems [103]. Second, it is important to allow for users’ interactions with

the artifact to be flexible such that they can be used in tandem with existing artifacts

[103]. Third, to consider these ecosystems to be dynamic as the set of artifacts changes

when new artifacts are introduced and others are eliminated. Fourth to consider how

these artifacts will be used over time, and not for a particular, restricted set of tasks as

the constant interplay between artifacts changes depending on users are tracking part in

[22, 23].

Bardram and Hutchins center the lens on the collaboration among people and

artifacts. They study how interactive artifacts and physical space are organized to

support collaboration [13, 14, 92]. Instead of designing for individual responsibilities
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Figure 1.3. Personal Ecology

in a collaborative ecosystem, Bardram designed technological systems based on the

collaborative activity [13, 14]. His intention was to allow members of an ecosystem to

be able to roam through a physical space and be able to switch and change devices, but

still have access to the same information, regardless of where they were or what tool they

were using to access the information [13, 14].

In the case of distributed cognition, the ecological framework centers attention on

how knowledge is distributed between people and artifacts [92] (Figure 1.4. In distributed

cognition, members of the ecosystem have a different set of skills as well as different

responsibilities, but together they collaborate around a shared activity [92]. Furthermore,

it also it highlights how artifacts also contain knowledge–implicitly or explicitly [92].

In other words, distributed cognition considers knowledge as an internal and external

behavior shared between artifacts and people working together to complete a particular

task [92]. This entire ecology creates a cognitive ecosystem [92].
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Figure 1.4. Distributed Cognition

This design lens offers three relevant insights. First, artifacts contain informa-

tion used by more than one user, and as such, artifacts need to be flexible enough to

allow people to arrange, integrate, and align the artifact based on their activity [90, 92].

Second, a single interaction is part of a broader interdependent system of people and

artifacts[90, 92]. And third, this ecological point of view highlights how collaboration is

an activity occurring between people and artifacts in a dynamic way, such that there is

time dependency between past activities and completing current activities [90, 92]. As

we will discuss in future sections, this ecological point of view is particularly useful in

complex collaborative systems involving multiple people and artifacts (e.g., families).

Moving from a broad HCI and design perspective to focus on health, Honari et al.

have focused on discussing health from an ecological perspective. Honari defined health

ecology as an ecology that examines the health of individuals and of communities at the

intersection of the environment, the physical and social space, and the social and technical

conditions at a micro and macro level–all occurring in a dynamic way [24]. Taking the

perspective of Honari’s health ecology and reviewing the body of work discussed at the
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beginning of this chapter, we can see that the an ecological approach to designing health

technologies is lacking.

As discussed at the beginning of this chapter, the current unit of analysis is too

narrow; it has solely focused on improving tracking and adherence to tracking. Looking

at the definitions of EMA and EMI discussed earlier in the chapter, Shiffmans et al.,

Heron’s et al., and Patrick’s et al. points of view on ecology provide assessment and

interventions in everyday settings [87, 163, 187]. Although these are important and valid

starting points towards designing health technologies, it falls short in considering all the

interplays and interactions discussed above.

1.6 Taking an ecological approach to the design of
tracking technologies

Now that we have laid the groundwork for an ecological analysis, let us look at

the current body of work of health related tracking from this new perspective. Overall, the

current body of work falls short of considering the physical, social, or the current mental

load of the user and just focuses on improving the ability to track. This approach faces

two risks. First, it runs the risk of offering ineffective support and interventions by not

taking into account the user’s ecology and the constraints it creates. Second, the support

might be delivered to one of the ecologies the user is part of, but not one related to the

health concern. By narrowly focusing on how to provide support without considering

users’ ecologies, we risk designing systems that are insensitive to users’ needs. The

potentially seamless use of tracking technologies may result in further complicating

users’ lives. This issue becomes even more poignant with in situ systems (i.e., EMA and

EMI). The reason is that these systems initiate the interaction with users, and thus, they

insert themselves into users’ lives without notice.

In fact, in some of their work, Grimes and Kientz highlight how the design of
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systems addressing health issues need to consider other stakeholders besides the person

of concern [76, 107]. Grimes and Kientz call for designing technologies with a more

holistic point of view, instead of just focusing on the user and the tracking system as the

principal components to addressing health concerns.

The new ecological perspective broadens the unit of analysis and allows exam-

ining what are other factors that undermine the frequent use of these health tracking

systems. This perspective opens the discussion to asks questions around issues not

accounted for before, such as: how does the physical environment constrain how people

can attend to their health? Are all contexts the same or are there ones where people

can attend to their health better than others? Are there socio-cultural norms that affect

or make it difficult to track or respond to reminders or interventions? Do the health

concerns go beyond the individual? Are there common or mutual health impacts between

an individual and other people in her social network (e.g., family)?

This new ecological perspective also allows us to examine and ask these same

questions in the other direction: how can we leverage all of these design factors to

improve health, awareness, and tracking? Can these factors be leveraged such that

tracking becomes easier? Are there affordances in the physical or socio-cultural contexts

that we can leverage to lower the barrier of tracking even more? If family members

depend on each other, can we design these systems around the family as a unit rather than

focusing on each family member individually (one at a time)? How can family members

help each other track and lower the burden on relying on one person to do everything?

The new framework brings to the surface all these other aspects not accounted for with

the original, narrow unit of analysis discussed at the beginning of this chapter.
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1.7 Thesis Claim

Now that we have reviewed the wider lens an ecological framework offers, we

can create a more general definition to guide us through the rest of the dissertation. In

general, we can view ecology as a social setting where individuals interact with others

and/or as a physical setting bounded by roles, rules, and responsibilities. Furthermore,

there is a mutual relationship between health habits and the ecology in which they take

place.

I claim that addressing health concerns using an ecological framework helps

creating tracking systems adequate to the user’s environment conditions and social

settings. Considering the ecology in which the health concern and the act of tracking take

place will create the conditions for long-term, sustainable tracking. In this dissertation

I demonstrate the importance of considering internal and external factors, such as,

cognitive, physical, social, and cultural dynamics in the design of health tracking systems

improves the understanding of the space. Furthermore, I claim that analyzing the results

of a health tracking deployment from an ecological perspective offers rich insights that

will improve the design of future systems.

1.8 Overview of Dissertation

This dissertation focuses on exploring users’ ecology as part of the design of

different types of health tracking systems. In particular, we focus on four different types

of ecologies: (1) young adults and weight-loss during college life; (2) health concerns

for office workers; (3) the family as a collaborative ecosystem; and (4) in situ support for

families in the setting of their home.

Chapter two analyzes the results of a two-year deployment of an EMA user-driven

tracking system. The focus of the study was to assist young adults who are transitioning
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from living with their parents to living independently. We positioned the student at the

center of the ecology bounded by the practices, cognitive skills, and social norms during

college. In particular, identify challenges of tracking aspects of weight-loss, such as, diet

and exercise, during student-life. These results highlight that users need more than just

reminders in order to track, they also need help with time management, planning and

social-cultural norms that constrain when and how students are able to track.

Chapter three explains ecologically driven design for sensor-driven EMA. This

chapter presents the process of designing in-situ support to decrease sedentary bouts in

the workplace. To design for the workplace environment, we centered the design lens on

the office worker where the worker was constrained by the practices and socio-cultural

norms of the workplace. Designing for this settings requires us to address and balance the

tension between work priorities and health concerns. This chapter shows that reminding

users throughout the day to take short breaks from sitting is insufficient. Instead, we must

take into account their current pattern of work, understand when are the good times to

take breaks, and how often users take breaks on their own. Systems seeking to decrease

sedentary bouts in the workplace must always allow the focus and attention to be on

their work and not insert suggestions for breaks over focused work. Additionally, this

chapter highlights the benefits of leveraging existing artifacts in the workplace rather

than adding other artifacts to deliver information. Leveraging used artifacts, such as the

user’s computer monitor, allows systems to deliver support to where the user’s point of

focus resides instead of adding additional steps to receive reminders.

Chapter four moves the design lens from an individual in her local environment to

a collective of individuals in a collaborative setting (e.g., families). In the case of families,

the health of children is related to the health of parents and vice-versa. This relationship is

reinforced in family-based behavioral training that address the challenges of children with

neuro-developmental impairments, such as, ADHD (acro). There is growing evidence
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on the long-term benefits and impact of addressing a child’s neurodevelopmental needs

from a family perspective rather than just focusing on child behavioral support. To

understand how to design for family-based behavioral training, we placed the distributed

cognition between family members and the artifacts used for behavioral tracking at the

center of the ecology. This ecology is bounbed by the practices, skills, and familial roles

in families. This chapter presents insights on how to design for collaborative tracking,

specifically highlighting how the act of tracking occurs in a set of smaller tracking tasks

distributed across time, space, and family members (each with different roles and levels

of understanding of the program).

Chapter five dives further on the topic of designing for families to tackle one

of the issues uncovered in the previous empirical chapter. Specifically, we focused on

the challenges of maintaining behavioral strategies parents experience during moments

of tension with their children. During moments of tension, parents struggle to diffuse

the tension and simultaneously maintain consistency in the strategies and behaviors

learned. In the design process of this system we centered the ecology on moments of

duress in the household to consider the multiple spaces (e.g., bedroom, living room)

these moments of duress take place. We focused on designing for the home because it

offers particular restrictions with respect to the multiple rooms and locations where these

moments of tension take place and how each calls for delivering a behavioral intervention

in a different form. This study serves as an example of designing in situ support for

parents helping their children and looking at the home as a collaborative place.

1.9 Contributions

The final chapter presents a reflection on the dissertation claim with respect

to each of the empirical chapters. This chapter closes with a discussion on insights

and lessons learn from using an ecological framework for designing health tracking
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technologies.

This dissertation presents and discusses the wide array of factors that become

visible when taking an ecological approach to designing health tracking technologies.

In addition to providing support for the dissertation claim, we identify a set of factors

considered to be critical in the future design of tracking systems. These are:

• the act of tracking actually decomposes into four activities distributed across time

• these four activities can occur in different contexts and tracking technologies must

meld themselves to the different settings in which these small tracking activities

take place

• the act of tracking can be distributed across a collective, where each member of

the collective has particular roles and skills to add their contribution to a single

tracking moment



Chapter 2

Social-Mobile Approach to Reduce
WeighT (SMART)

2.1 Introduction

Crucial steps to losing weight are improving diet and increasing physical activity

[28, 99, 185]. However, relying on our capacity to recall and mentally monitor diet and

exercise leads to overestimating caloric expenditure [55] and underestimating caloric

intake [201]. Not only are our recall and estimation skills weak, but also there are

awareness and reflection aspects that are strengthened by taking a moment to annotate

and review our behaviors [28, 213]. Therefore, accurate tracking calls for more than

relying on our mental abilities, we need a way to log and track our habits.

Until recently, the means to accurately track were paper-based. However, paper-

based tracking is fraught with challenges. Paper-based tracking is cumbersome to

transport, requires multiple steps (e.g., doing constant arithmetic to estimate caloric

intake compared to caloric expenditure), and given that the data is in paper-form creating

summarizations and charts is extremely time consuming and difficult.

On the other hand, the growing capabilities of wearable and mobile technology

has led to exploring how to leverage the affordances of digital technology to ease the

process of tracking. For the case of tracking, the capacity of mobile technologies allows

26
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users to have access to: a database where user can add foods and exercises with their

corresponding caloric value to reuse as needed, to create a list of most tracked items for

easy access, and last, summarizations and visualizations become easier to create and are

part of the technology rather than heavily relying on the tracker to create them. These

affordances relieve trackers from the onerous steps of tracking through paper-form and

allow trackers to focus on the act of tracking, and hopefully, achieve weight-loss. These

promising tracking technologies have flooded the marketplace, yet little is known on how

these technologies are adopted and integrated to people’s lives.

2.1.1 Early Work in Technology-Assisted Tracking

Technology-assisted tracking, ease the process of tracking but still rely on users to

enter and track behaviors. While one could posit that automated, system-driven tracking

lessens the efforts to track, automatic tracking, especially of caloric intake, remains to be

improved [18, 197]. Furthermore, relying on automatic tracking decreased the moments

of self-awareness and reflection that come through user-driven tracking.

To inform the design of tracking technologies, two approaches have been taken.

The first employs interviews and surveys. This approach teaches us about the weaknesses

and strengths of current user-driven tracking technologies and sets the roadmap for the

next design issues to address. The second approach builds and deploys tracking tools

to test whether the tool improves tracking and helps improve a specific health problem.

Each of these approaches provides valuable insights, and our work builds on them.

Survey and Interview Studies. Four separate studies examined the state of

tracking and the barriers to successful tracking for the purpose of building design guide-

lines for tracking technologies [35, 47, 119, 180]. To do so, the authors interviewed

and surveyed individuals with various motivations to track and using various tracking

technologies. Overall, these studies found that participants struggle with: remembering
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to track, merging and organizing multiple sources of tracking, and reflecting on their

behavior based on data tracked [35, 46, 119, 180]. Looking specifically at diet tracking,

Cordeiro calls attention to the difficulties users face when tracking homemade meals

or meals in a social gathering [46]. Furthermore, Li’s set of trackers were interested in

tracking multiple behaviors at once and because of that their tracking interests would

change, however, the current tracking infrastructure was not equipped to adapt to these

changes [119].

With the exception of Cordeiro, the participants in these were either extreme

trackers (i.e., very advanced trackers with lots of time invested on making the tools work

for their tracking needs) or were technologically savvy people with a curiosity to tinker.

With the exception of participants in Cordeiro’s work focusing on diet, the rest of the

participants tracked other aspects of their life, such as, work productivity or financial

behavior [46, 180]. The variety of tracking needs and interest led to the use of a variety of

tracking tools, including spreadsheets or tools running in the background of a computer

to log number of applications in use and amount of time they are used while open.

Putting all these studies together creates a set of general design guidelines for

tracking technologies. Our study, rather than focusing on heterogeneity to create general-

izable design guidelines narrows the question to focus on designing tracking technologies

for weight-loss. Moreover, we look at the design implications for long-term tracking use.

Our contribution lies in discussing qualitatively and quantitatively a set of people with

similar experiences and weight-loss motivations employ user-driven technologies to lose

weight over a two-year period. That said we our study has overlapping results and we

revisit and expand on these results in later sections of this paper.

Design-and-deploy studies. Our study evaluates the use of tracking technologies

over time. Several projects before ours have performed controlled, longitudinal studies

to test if a tracking tool assisted with a particular health goal. These studies evaluated a
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novel approach to tracking or repurposed an existing technology, such as, texting, to test

if it can be used to deliver behavioral interventions or as a mechanism for tracking.

PONDS was a mobile application that sought to reduce the effort and time it

took users to track their caloric consumption [9]. Instead of tracking the how many

calories were consumed, PONDS instead tracked food elements (e.g., grains, fruit, and

vegetables). In a lab study of PONDS with 24 participants, the authors focused on testing

likes and dislikes of PONDS, as well as the time it took to enter and search for food

elements. Participants found the macro-level overview of food they consumed helpful

and that this format would encourage them lean to towards foods with more whole grain

and fiber. However, they found it mentally taxing to discern which food category to track,

especially when the meal had multiple ingredients [9].

Three studies, Chick Clique, Houston, and Fish N’ Steps used pedometers and a

mobile application to track users’ step counts and encourage users to achieve their step

count goals [42, 124, 200]. Overall, their results show the potential for pedometers and

mobile tracking applications to increase daily physical activity. The longest of these

studies was Fish N’ Steps with 19 participants [124]. This system was deployed for

14 weeks (4 weeks of baseline data collection, 6 weeks of groups competing with each

other based on daily step count, and 4 weeks where participants were not competing

against each other but still using the pedometer)[124]. During the 4 weeks of competition,

the fascination of the competition subsided after the first two weeks. That said, 14 of

the 19 participants increased their daily step count between the baseline phase and the

competition phase and maintained their new daily step count during the 4 weeks after the

group competition [124]. These findings show the potential for pedometers and mobile

phones to improve tracking and increase physical activity.

Other studies have investigated text messaging as a mechanism for tracking

and supporting behavior-change [39, 165, 216]. Looking specifically at weight-loss,
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a 16-week randomized control trial with 65 participants evaluated whether tailored

text messages could assist with weight-loss [165]. This study consisted of delivering

behavioral interventions and tracking reminders through text messages. Participants were

sent timely weight-loss information and were asked to report their weight, exercise, and

dietary goals on a weekly basis. At the end of the study, the intervention group lost

3.16% more weight than the control [165]. While the weight-loss is modest, this study

shows the potential of a weight-loss program assisted through text messages reminders.

Nonetheless, it remains unknown if this intervention led to long-lasting changes [165].

Looking at designing for diet tracking, photo-journaling represents an alternative

to tracking one’s caloric consumption. Two mobile application-based systems, MAHI

and DECAF, were deployed using this approach [46, 127]. MAHI focused on helping

newly diagnosed diabetes patients adjust to a new health lifestyle [127]. Being diagnosed

with diabetes call for: learning new eating habits, the relationship between food and

glucose, and how to track glucose. At the end of the study, both DECAF and MAHI

users reported they would forget to use the mobile application to track-an issue we

also return to [46, 127]. That said, MAHI users achieved more diet-related goals and

had a stronger sense of control over their new lifestyle compared to a control group

[127]. Furthermore, participants with calorie tracking experience reported DECAF made

tracking foods easier, and it lessened their feelings of failure and judgment [46]. Looking

specifically at changes in weight, MAHI and DECAF did not focus on weight-loss and

therefore, weight-loss was not assessed. Participants using DECAF for weight-loss

purposes though, were unsure if photo-journaling would fulfill their needs [46].

With the exception of Patrick et al., and by design, these study do not examine

the long-term impact of user-driven tracking technologies, especially with respect to

weight-loss [165]. Furthermore, these studies lasted at most 4 months. Thus, user-driven

tracking technologies remain to be evaluated in a long-term, naturalistic setting. Our
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study, takes the first step on mapping the uncharted territory of long-term use of tracking

technologies. We specifically look at the experience of user-driven tracking technologies

in a long-term weight-loss study.

2.1.2 Open Questions: Use of tracking technologies in the long-
term

Building from the above insights we explore the following questions. First, do

mobile tracking applications help users lose weight in the long-term? Second, do trackers

use these mobile applications in the long-term? If so, how do they leverage these tools?

To answer these questions we ran a two-year randomized control trial to examine whether

user-driven technologies can lead to weight-loss. With respect to the first question.

Preliminary results found that the treatment group did not lose weight by the end of the

two-year study. Our paper tackles the remaining question but from a different angle. In

particular, we look at why these tracking technologies did not assist with weight-loss,

where these tools assisted with tracking and where they were ineffective in assisting with

tracking.

Our insights are based quantitative and qualitative data gathered from interviewing

19 intervention and 18 control participants, as well as surveying 40 intervention and 35

control. These participants were part of a two-year randomized control trial with 404

subjects. The following sections introduce the study, explain methods for collecting data

and our analysis, and close with results and discussion.

For our interviews, we interviewed both treatment and control. Interestingly,

we learned two things. First, that both the treatment participants, and especially the

control participants, were using tracking tools not part of the study. In hindsight, it

makes sense that the control group sought out their own resources to track and lose

weight-they were as motivated as treatment participants to lose weight. Furthermore,
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during our qualitative analysis we discovered similar themes and patterns between the

treatment and the control. Given the similar experiences of the two groups our qualitative

insights and discussion present insights of the analysis of the two groups merged together.

By merging the raw data we hope to find stronger findings that address our questions

about understanding what were the barriers participants experienced in using tracking

technologies in a long-term, naturalistic setting.

2.2 Overview of Longitudinal Study

2.2.1 Motivation

Young adults undergo a number of life-transitions and must learn to adopt and

adapt through a series of social transformations. The typical college student transitions

from adolescence to young adult while in college. During this life-transition is when risky

health behaviors are shaped, including physical inactivity and poor diet habits. Prevalence

estimates of health-risk behaviors among adults 18 to 24 years in 2003 demonstrate that

43.2% reported insufficient or no physical activity and 78.4% of respondents reported

suboptimal daily fruit and vegetable intake [136]. A recent survey of 3,200 undergraduate

and graduate students demonstrated strong associations between overweight and obesity

and insufficient physical activity, poor dietary habits, and poor stress management

[149]. Furthermore, in the past decades prevalence of obesity has increased substantially

among young adults independent of sex, age, educational level, racio-ethnic status, and

geographic location [53]. Current estimates of overweight and obesity in the young

adult population is at a prevalence of 40% [136]. Despite that alarming number little

research has been performed to evaluate the relationship between these common young

adult transitions and weight status; however, available data suggests that the interaction

is dynamic and reciprocal. The issues with weight-gain in turn leads to increased risk of
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cardiovascular disease, diabetes, and other health issues [40, 111, 66, 138]. These issues

though, take decades to fully manifest themselves, thus, they are not in the peripheral

vision of a young adult. We posit that intervening during the adolescent-adult transition

on these recognized, modifiable health-risk behaviors may be crucial for preventing

chronic disease.

2.2.2 Social-Mobile Approach to Reduce WeighT (SMART)

While there is consensus on the promise of these technologies for behavior

change, further research is needed on how mobile technologies can be used to overcome

the challenges listed above and to improve health outcomes [162, 59]. We sought out

to address these issues through user-driven technologies. Given the high use of mobile

applications among young adults [112] and the growing capabilities of smart mobile

phones we sought to explore how can user-driven tracking through mobile applications.

The results presented are based on SMART: a technology-based two-year randomized

control study of 404 college students. Students participating in the study were recruited

from 3 universities in Southern California from the undergraduate and graduate student

body.

Participants were randomized in two groups. The control group had access to a

static website with basic health and nutritional facts. The intervention group received

support through several channels. The channels include a Facebook page and a blog

connected to it with information posted by a health coach, mobile applications in con-

junction with text messages, and occasional meetings a health coach if participant was

gaining weight. Each channel had a specific purpose and focused on specific on ad-

dressing specific theories of weight-loss and behavior-change. Our paper focuses on the

particulars of the mobile technologies, which include: text messaging, pedometer, digital

scale, and web browser-based mobile phone applications. For more information on other
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components of the study see Patrick et al. [164] and Merchant et al. [139].

2.2.3 Participants

Participants were recruited from three southern California universities. To be

eligible participants had to meet the following criteria: a) age 18 to 35 years, b) Facebook

user or willingness to begin, c) owns a personal computer, d) owns a mobile phone

and uses text-messaging, e) body mass index (BMI) between 25 and 34.9 kg/m2, and

(f) willing to attend required research measurement visits in every 6 months for two

years [164]. The study had a rolling start date; participants were recruited and entered

approximately in cohorts.

2.3 Methodology for our Sub-Study

After a year, both treatment and control reached their recruitment numbers (i.e.

each group had 202 participants). We interviewed intervention and control participants

to maintain a balance approach. On the intervention side, we wanted to learn how

intervention participants were going about integrating tracking, health, and weight-loss

efforts into their day-to-day activities. On the control side, we were interested in learning

how members of this group were going about their health and weight-loss, especially,

since they were as motivated as treatment participants at the beginning of the study.

Specifically for our sub-study, participants were intercepted at the end of one of

their measurement visits and those who agreed to be interviewed were given a $25 Target

gift card for their time. Additionally, researchers attempted to reach a broad pool of

participants by interviewing participants from two of the university campuses in the study.

The total interviews were 19 intervention and 18 control. We interviewed participants

at various time points of their tenure in the study. That is at: the year mark, year and a

half mark, and end of the study. On average, the control interviews lasted 35 minutes
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and the treatment interviews lasted 60 minutes. The interviews from the control group

were shorter because we did not ask all the specific questions regarding the intervention

tracking tools.

The interviews were conducted in a semi-structured format. Researchers had a

set of open-ended questions but dived further into topics depending on participants’ expe-

riences with tracking technologies. The questions of the interview covered: motivation to

join the study, previous experiences with weight-loss, how they stay motivated now, how

and when do they use the tools, and how they seek social support. The questions to the

control group were similar to the interventions’ questions but there was no mention of

the intervention tools deployed as part of the study.

In addition to the in person interviews, we sent two sets of surveys with similar

questions (one for the treatment and another for the control) to reach out to more

participants than the ones that had a greed to speak to us in person. From this, we

gathered 40 responses from the treatment and 35 responses from the control. Participants

were reimbursed for their time responding to the survey by being added to a raffle to win

$20 gift card from target. We awarded twenty gift cards to each group, and we selected

the winner randomly.

2.3.1 Analysis Approach

We took an iterative approach to the qualitative analysis. In the first round,

treatment and control interviews and surveys were analyzed separately as it was assumed

they had different experiences based on the setup of the study. At the end of this first

around of analysis, the authors identified overlapping themes across groups and similar

experiences regardless of the group the participants were part of. For example, the control

group also used commercially available mobile applications that focus on tracking and

weight-loss. Furthermore, in terms of weight-loss, a similar pattern emerged at the end
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of study, there was no significant difference between the treatment and control group.

Our original research questions were around understanding the experience of

the intervention group fitting in tracking into their daily lives. After identifying similar

experiences in both groups, our research goal changed to understanding the underlying

mechanisms that led to participants struggling to use tracking tools to fulfill their needs.

In the remaining iterations of the qualitative analysis, we merged the raw data from

both groups. By merging the raw data we hoped to find stronger findings that address

our questions about understanding what were the barriers participants experienced in

attempting to lose weight and track their health longitudinally over two years. All rounds

of analysis were led by one of the authors and at least two other authors were involved in

the discussion process at every iteration of the analysis.

With respect to the interventions data, our analysis used data examined the use of

the tracking tools. We do not have access to data from the commercially available tools

participants used during the study.

2.4 SMART Applications and Usage

All applications were built for mobile and desktop browsers. Taking the browser

approach allowed us to make the application platform independent and stable for a longi-

tudinal study. This decision was especially crucial at the time of development because at

the time, the start of the art of mobile technology was not at the state of handling rich

interactions as it is today in 2015. On the mobile browser version, we created shortcuts

on users’ home screen to simulate the appearance of a native application. All interven-

tion participants installed the applications during their first assessment. Although there

were four mobile applications deployed, we focus on the three most used: GoalGetter,

BeHealthy Challenges, and TrendSetter.

Mobile tracking applications were specifically built for this study; their design
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was driven by theories of behavior-change and weight-loss [164]. These principles

include: self-monitoring, intention formation, goal setting and goal review, feedback

on performance, and self-efficacy [164]. Other components of SMART, addressed

other principles of creating healthy habits. The Facebook page assisted with problem-

solving and social support. Through SMART’s Facebook page participants could discuss

struggles and get feedback from each other participants as well as from the health

coach organizing the information on the page. For more information on the Facebook

component of SMART see Merchant et al. [139].

Below, we compare and contrast the applications with respect to:

• Granularity of tracking: This dimension classifies the application based on the

detail of tracking. Fine tracking involves tracking quantitative, continuous values,

such as, calories consumed or expended. On the other hand, coarse grain track-

ing involves tracking healthy habits and corresponding accomplishments but not

specific health indicator values.

• Frequency: This dimension is based on the frequency of tracking, such as: daily,

weekly, while others require once a month tracking.

• Modes of tracking: In our study, there were three tracking modalities: mobile or

desktop browser version of the application, and text messages.

Table 2.1 summarizes each application with respect to the above dimensions and

the behavioral strategies that drove its design.
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Figure 2.1 shows the usage of TrendSetter, GoalGetter, and BeHealthy through

the two-year study. In particular, this figure shows the average use of the application per

month in the study. Our study had a rolling start date, in this graph though, participants’

data is aligned to match all their interactions to their first day in the study.

Figure 2.1. Average application use per month

GoalGetter focused on helping users set, maintain, and review goals. Participants

could set any type of behavioral goal, such as, exercising threes times a week. Setting

a goal included selecting: start-date, end-date, and intermediate steps to track towards

completing the goal. There were some recommended goals at the beginning of the study

but every tracking event was user-initiated: participants had to set the goal and remember

to update it. Participants could update as frequently as they set the intermediate tracking

steps to be. The recommended frequency of tracking was three times a week or weekly.

Furthermore, on average participants selected to achieve a goal per month. Since the
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focus of GoalGetter was to log activities but not caloric values, this application is a form

of coarse grain tracking.

After participants set a goal with its corresponding duration and intermediate

steps, to track progress towards the goal participants would go to GoalGetter and mark

as completed each intermediate step. Figure 2.1 shows the average intermediate steps

accomplished. Looking at this figure we see that participants on average set and accom-

plished approximately 5 steps towards a goal the first month and approximately 8 in the

second. At the end of the first six months of the study though, tracking goals decreased,

and participants rarely accomplished goals from there on.

BeHealthy Challenges focused on intention formation. Through this application

participants were exposed to short-term or low-effort activities around food and exercise.

Examples of activities were: taking the stairs instead of the elevator for a day, or adding

a bowl of lentil soup to one of the meals of the day for a week. Through BeHealthy,

participants are introduced to small changes that could then be turned into goals to

complete through GoalGetter. The intention was to introduce small activities that if

turned into daily habits have long-term health benefits. In addition to accessing the

challenges through the application, announcement of the challenges were made through

on SMART’s Facebook page-which served as a reminder. The frequency of tracking

depended the on the challenge, they could be: daily, weekly, or monthly. Tracking

consisted of marking the challenge as complete, and thus, it was a type of coarse tracking.

As seen in Figure 2.1, of all three applications, BeHealthy was used the least.

BeHealthy reached its usage peak at the second month of the study where participants

on average used the applications 3 times during the month. Use declined steadily from

there on, by the six-month mark, the average use dropped to 2 times per month. After a

year, the usage dropped to a single use per month and a times zero. In our next section

we explain the low interaction rate of this application.
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One an important note to make is that some of the challenges turned into extended

events called campaigns on Facebook. These campaigns were longer-term challenges and

were usually around times of the year that lead to unhealthy habits. Examples of these

events are: not eating candy for an entire month before Halloween, or increasing step

count beginning of the New Year. The intention was to guide and engage participants to

use the applications through these campaigns, especially BeHealthy. We learned that the

interactions through Facebook stayed confined to Facebook. In other words, participants

were interacting in these campaigns but not using BeHealthy to track it. Instead, they

just used the Facebook announcements to participate and track these campaigns. Despite

the lack of translation from interaction from Facebook to using the tracking tools, the

Facebook page was successful in engaging participants within that space, for more

information on how these campaigns engaged participants see Merchant et al. [139].

TrendSetter focused on self-monitoring. Participants could track any type of

indicator. At minimum though, participants were encouraged to track weight, step count,

and calories consumed. To make tracking easier, all treatment participants were given

a pedometer and a scale at the beginning of the study. This was the only application

that sent participants explicit reminders to track. These reminders were sent as a text

message. Participants received three, separate weekly reminders on different days to

track their weight, steps, and calories. In addition to being able to track through the

application, participants could track by replying to the text message reminder with the

corresponding information. This means, TrendSetter was the only application with

an additional modality to track: tracking through text message. To view charts and

summarizations of the health indicators that were being tracked (in TrendSetter called

trends), participants had to view it through TrendSetters page. This application is the

only fine grain tracking application as it focuses on tracking numeric values including

weight, calories, and steps.
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As 2.1 shows, TrendSetter was the most used. During the first month, participants

on average were tracking 15 times a month. In the second month, the average increased to

20 times per month. At the six-month mark though, participants were using TrendSetter

less than 10 times per month and by the end of the study, at two years, tracking averaged

closer to 5 times per month.

Interestingly, though, when we focus on weight, step count, and calories and

analyze each trend, a different tracking pattern emerges. Looking at 2.2 we see that

weight, on average, was the most tracked of the three health indicators. Step count was

tracked less than once a month at the 12-month mark but then it began to increase, and

by the end of the study, on average, participants were tracking their steps at least twice a

month. Last, we see that calories were the least tracked; tracking calories consumed was

close to zero every month.

Figure 2.2. Average use of tracking through TrendSetter divided by Steps, Weight, and
Calories
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It is important to note for all three trends participants received weekly reminders

but all the reminders did not start at the same time. The only reminder that was sent from

the start of the study until the end was for tracking weight. The reminders to track steps

and calories, though, began halfway through the study. It is important to note though,

that the reminders did improve the tracking of steps but not for calories. One could ask,

why is there such a difference between tracking steps and tracking calories? One reason

is the number of steps required to track calories compared to steps. In the case of steps,

participants had a personal pedometer. Therefore, when they received the reminder, if

they were wearing the pedometer and wanted to track it, the only step required is to view

the number of steps on the pedometer and reply through the reminder to track. However,

counting calories is not straightforward, counting calories takes place every time a food

is consumed. Additionally, our participants did not have a device to directly estimate

calories as pedometers estimate steps. Furthermore, our applications were built before the

avalanche of mobile applications with rich databases with caloric values for ingredients

and foods. Thus, in order to track, participants had to keep a list of the food they ate, then

search online for their caloric value, then do arithmetic to calculate portion consumed

and sum of all meal calories, and then enter the sum value in TrendSetter or by replying

to the text message. Clearly, the flow of tracking calories is cumbersome compared to

reading one’s weight off of a scale or step-count off of a pedometer. We hypothesize that

there would have been a higher rate of calorie tracking if participants had access to a

detailed food database.

On the other hand, tracking steps did increase when participants began receiving

reminders and it continued to increase all the way to the end of the study. One of the

reasons the step increased was because one of the Facebook campaigns was to focus

on tracking steps for a month. The increase in steps, confirms what previous work had

highlighted, reminders help with tracking. That said, it is also important to note that
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although participants received reminders to track their weight and tracked it throughout

the entire study, the rate of tracking did decrease over time. Participants went from

tracking their weight on average 4 times a month to less than 2 times a month by the end

of the study. In our next section we discuss issues around tracking weight that came to

the surface during our qualitative analysis.

Looking at these applications together, if our study had lasted 4 months like the

longest in our related work - we could say that TrendSetter was used on average 7 times

a month, GoalGetter 4 times a month, and BeHealthy twice a month. At the 6-month

mark interactions begin to decline and it is also at this point where weight-loss begins to

stagger [CITE GODINO POSTER]. By the 24-month mark interactions vastly decreased

and the treatment group had regained the weight. These results reflect the reality of

weight-loss: it is very difficult and there is a tendency to regain the weight lost [21], [56].

By the 24-month TrendSetter was being used on average 5 times a month, while

GoalGetter and BeHealthy were used less than once a month. Of course, the lack of

weight-loss by the treatment group and the decline in use of these tools does not necessar-

ily imply that user-driven tracking technologies will never support weight-loss. As our

ensuing analysis from participant interviews will show, our subjects encountered signifi-

cant challenges with technology-assisted tracking, some of which may be surmountable.

Furthermore, it leads us to explore why the use these tools decreased and what aspects of

their design model were not helping participants track towards their weight-loss goals.

2.5 Barriers Fitting Tracking into Daily Life

Our original research question was to gain insight on how people utilize user-

driven mobile tracking technology to lose weight and how do they go about fitting in

tracking into their daily life. As we completed our quantitative it became clear that

tracking was not sustained and that weight-loss was not maintained. Due to the modest
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quantitative outcomes of the study, it became apparent that we needed to understand

the failure to integrate these technologies into their lives and where they fell short in

assisting in the arduous process of weight-loss. Additionally, through our qualitative

work we learned that both control and treatment participants were utilizing non-study

tracking tools for weight-loss while the study was taking place. Therefore, given that

both conditions made use of tracking applications, that both maintained weight, and that

both struggled with tracking we decided to treat both groups as one during our qualitative

analysis.

In the ensuing analysis, we identified seven significant challenges that participants

encountered in integrating mobile tracking technologies into their daily lives. In this

section we introduce each one and in the next section, we take a broader perspective.

2.5.1 Balancing engagement and long-term goals

The intention of BeHealthy was to expose participants to simple habits as a

form of intention formation. In general, participants found these challenge entertaining.

However, the spontaneity of these challenges made them difficult for participants to

incorporate them in their pre-established daily routines.

I would look at them and then sometimes I will accidentally log on in the
morning and say oh try eating this for today. And then I will think about
it and say probably I cannot.

<T1 >

Several of our participants were not focusing on changing and tracking exercise

and diets behaviors at the same time. The participants we interviewed focused on the

aspect of their health they were most comfortable and confident about tracking. In the

case of T2, at the time we interviewed him, he was focusing on physical activity, thus, if

the challenges were focused on diet he was not interested in participating.
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I liked the physical activities one just because they were easy for me to
do it ... Some of the food ones ... I would have to go out of my way to
get those groceries sometimes I was less willing to do that. Some people
might like cooking and trying all kinds of different things that way and
other people like to exercise and play sports so I heavily leaned toward
that.

<T2 >

Furthermore, participants we interviewed struggled to make a connection between

the short-lived activities and their long-term weight-loss benefits.

When I read them and stuff it’s like random. No structure. If they had
a week or a two-week challenge with exercise, like challenge yourself
to walk this many steps. Like an ongoing challenge versus just focus on
eating healthy once or like logging your steps for the next week.

<T3 >

Thus, these serial challenges were counter to habit formation and increased the overhead

of tracking. Instead, participants were looking for a guided plan to help them lose

weight. A possible alternative to explore is suggesting and presenting challenges based

on trends identified in the tracked data. In other words, not present unrelated challenges

spontaneously, instead, suggest activities based on current habits.

2.5.2 Desire to simplify accurate tracking leads to undesired
outcomes, such as, eating packaged food

Our study was built and deployed before mobile applications had the capabilities

to support rich interactions and before commercial tracking applications were readily

available. As the study progressed, participants motivated to lose weight used commercial

applications to track and apply concepts learned in the study. Interestingly though, despite

these applications containing databases with wide variety of exercises and foods choices,

participants still struggled to track.
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The first barrier was around tracking homemade meals. Homemade meals are

highly encouraged when it comes to weight-loss and general health. First, because

the amount, type, and healthfulness of ingredients can be controlled, and consequently,

preparing a dish at home is healthier compared to its frozen or restaurant equivalent

[31]. However, participants struggled to identify which ingredients in the meal required

tracking and how to quantify the amount consumed for each ingredient in one sitting. For

example, in chicken stew, in addition to tracking the chicken, participants wondered how

important it was to exactly track other ingredients, such as, tomato sauce, vegetables, oil

and potatoes.

T4: I had to start like counting some rough estimates because it wouldn’t
give me the exact counts ... Sometimes, it wouldn’t have all the foods
[ingredients] or sometimes, it would have similar foods [ingredients] but
I wouldn’t know if it was exactly the same.

<T4 >

Second, participants were overwhelmed by the multiple choices for a single

ingredient. For example, participants had to find the specific brand of bread they were

eating in their sandwich because each brand of bread had a different caloric value.

This problem was even more prominent, when users were tracking a generic meal or

ingredient. This led to participants being overwhelmed from having to select from the

multiple choices for a single item.

Second, participants were overwhelmed by the multiple choices for a single

ingredient. For example, participants had to find the specific brand of bread they were

eating in their sandwich because each brand of bread had a different caloric value.

This problem was even more prominent, when users were tracking a generic meal or

ingredient. This led to participants being overwhelmed from having to select from the

multiple choices for a single item.
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Like it would list sometimes brand names or just different things and I
would just kind of get confused about whether or not it was the actual
thing that I ate ... there’s just a lot of different variations on some kind of
food. I would just like, I just wanted something that would be kind of like
a quick library that would show rough calorie counts of certain foods and
then maybe a way to help estimate how much you had so that way you’re
not ... it’s my goal to have one cup of this or half-a-cup of that.

<T4 >

The current state of tracking is based on counting every food item and the amount.

Tracking at that level of specificity added more complications to participants’ lives, and

outweighed the benefits of tracking.

I just feel like that’s too complicated for me and my life is already hectic
enough that ... I don’t want to be on my phone putting in I had a bag of
baby carrots. It’s only four not five [carrots].

<T5 >

This exact level of tracking discouraged participants to track. From an interaction

perspective, exact tracking requires multiple steps. Cognitively, users have to do arith-

metic to match the portion size consumed to the portion size available on the application.

Then, find a way, through multiple clicks, to enter the amount consumed with respect

to the portion size available on the application. From a tracking perspective, this design

model is not rewarding healthy habits. Certainly, tracking the exact amount of certain

foods, such as a muffin, is important but for baby carrots it is not. The capability of these

technologies is not being leveraged so that based on the item being tracked the granularity

of tracking adapts. These tracking technologies could have different tracking rules and

guide users through tracking. For example, when entering an item like a muffin the

tracking technology could request portion consumed but for baby carrots the tool would

not request any additional information. That way, the process of tracking is rewarding

healthy habits: leaning towards healthier foods requires less tracking.
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Otherwise, there will be undesired consequence of tracking. In our study, when

the efforts to track outweighed the benefits of tracking participants struggled to continu-

ously track and slowly ceased to track. Furthermore, in the desire to track exactly our

participants began to consumed packaged foods.

I didn’t like how time consuming it was. I found myself trying to eat
packaged meals more often just because it was easier to see what the
calories were. Then what I liked it was pretty easy to figure out if you had
the time what you had eaten and how healthy it was.

<C1 >

Packaged foods make tracking viable for two reasons. First, they contain food

labels, which make exact tracking straightforward. Second, many of these meals are

contained in the databases of commercially available tracking applications. However,

consuming packaged foods contradicts one of the highly encouraged steps we mentioned

at the beginning of this section, consuming homemade meals.

2.5.3 The rigidity of current tracking applications does not sup-
port the diverse needs of users

The participants we interviewed had a wide range of experiences and knowledge

around tracking. Half of the participants had gone through a weight-loss program or

had tracking experience before our study. The experiences range from weight-watchers

weight-loss program to maintaining and tracking a daily 1200 caloric intake. The other

half of our participants did not have any previous experience around tracking. Surprisingly

though, regardless of experience level, all of the participants we interviewed struggled to

track.

I think simple basic stuff like how to use dumbbells, like a little workout
like the butterfly or something. There are ones that are basic. OK, who
doesn’t know how to use the treadmill? That one is just basically on time.
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But maybe on the StairMaster if you want to do something like, ”OK, go
to level 7 for a minute.” And you do the different levels to get your heart
rate beating. If you do that you burn more calories. Maybe stuff like that,
how to use certain equipment.

<T6 >

Participants with no previous tracking experience struggled because they needed

guidance. These participants needed help identifying what to focus on changing in their

diet, or what workout routines were adequate for their current fitness level. On the other

hand, participants with tracking experience were seeking assistance in making sense of

the data they were tracking. These participants wanted to identify how to improve their

exercise or diet based on the information they were tracking.

At some points it felt like it was just the same thing that I’ve been doing
before the study ... Maybe if there were someone else that could be, okay
so ... To analyze your data. There’s nothing there, okay you have all these
numbers here, what can I do? Needs to be going up or is it going down?

<C2 >

Participants like C2, understood the strength of reflecting on one’s habits but had

reached a point where tracking was not offering new insights. This participant struggled

to identify, based on his tracking, what were habits worth maintaining and what aspects

of his diet or exercise needed to change and how to change them.

Novice and experienced trackers struggling to use these applications means that

these tools do not address the learning curve around tracking. For novices, learning

how and what to track is as important as tracking itself. Seasoned trackers, on the other

hand, are seeking to get insights from the tracked data. The current design model of

these mobile technologies, however, is rigid. These tools are not equipped to address the

different needs our participants had around tracking.
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Another example of the rigidity of the current design is the assumption that users

will always track. Our longitudinal study sheds light to how participants struggle to

balance tracking and other life priorities. Despite the motivation to lose weight, tracking

becomes a low priority in several occasions. For example, T6 is an undergraduate senior

struggling to balance classes, exams, and taking the necessary steps for life after college.

Balancing all these responsibilities and the stress that comes with it, like participants like

her to put her health on hold.

And then finals week, and then you would be studying late. My eating
habits were really bad. I was just looking for something that would change
my lifestyle of what I ate, maybe finding time, even if it’s just 20 minutes,
to workout. Picking up little good habits. Maybe I had a little bit, but I
would contradict all of that by doing something really bad. I work out,
but then I’m pigging out and eating chips and ice cream.

<T6 >

Clearly, there are times when people will fall of the wagon. Yet, the model

expects constant tracking and when people are ready to reprioritize tracking, these tools

are indifferent to users’ state. The interactions and tracking options are the same as when

the user ceased tracking. These tools are not aware of this context or equipped to adjust

to users’ lack of motivation to track or their confidence in their ability to resume tracking.

These tensions highlight how the current state of user-driven tracking technologies is

one-size-fits all. These tools are not able to identify differences in tracking needs, such

as, tracking experience or how to adjust to the ups and downs of life that affect tracking.

2.5.4 Health coach can facilitate and maintain tracking

As mentioned previously, since the focus was evaluating user-driven tracking

technologies for weight-loss, the intervention did not include meeting with a health coach

regularly.
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I just felt like I was really overweight and I needed help. I realize since
the study though that I need someone helping me, not just all by myself.

<T7 >

Even though no regular meetings took place, treatment participants met with

the health coach behind the SMART Facebook page if they were struggling with their

weight. Five of the nineteen treatment participants we interviewed interacted with the

health coach in person and others interacted with her through the Facebook page. They

all found these interactions worthwhile and insightful.

It was nice because I could ask a question if I needed to you could email
and say ”I’m not losing weight anymore,” which I did a couple of months
ago and got feedback from that. The good things is that I could ask the
question and ask it easily without having to make an appointment with the
health center or a nutritionist on campus or something and wait several
weeks for that. I could just send a quick email and I would get one back
within a day.

<T2 >

In our study, the only information the health coach had access to was the weight

and general habits based on surveys completed. The participants using mobile tracking

applications with a database with a wide variety of richer foods and exercises to choose

from wished the health coach had access to this information.

It would be cool if the health coach could monitor that and see and then
give you suggestions about your eating habits and what you can improve
on

<T7 >

These participants wanted help from an expert to make sense of the data they were

tracking. In other words, fine grain tracking for these participants ceases to offer benefits
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if they cannot gain new insights from the behaviors they are tracking. Although this is a

small sample size, the positive experiences that came from presenting the information

being tracked to the health coach highlights the potential of improving user-driven

tracking technologies through interactions with a health coach.

As presented here and in the previous section, participants struggled to track alone,

and needed help making sense of their data. While there is a potential to detect patterns

in the data to offer improvement suggestions, health coaches posses the knowledge

to address data interpretation hurdles. The combination of user-driven tracking and

a health coach would maintain the strength of user-driven tracking technologies, that

is, self-awareness and ease of tracking, and leverage the health coach to identify areas

of improvement and habits to maintain. Future work should evaluate if user-driven

technologies mediated by a health coach leads to better outcomes compared to an

intervention focused solely on participants tracking through user-driven technologies.

2.5.5 Psychological deterrents of tracking weight

On average, participants tracked weight the most. That said by the one-year mark,

participants were tracking their weight, on average, twice a month and this is the same

time point when treatment participants’ weight started to stagger. From this point on,

weight tracking continued to decrease and participants slowly regained the weight they

had lost during the first six months of the study. From the participants we interviewed, we

learned that the lack of weight-loss led them to evaluate their overall efforts as failures.

Thus, they were discouraged from tracking their weight.

Weight only gets you so far. Sometimes you’re losing inches and not
weight. I would try to weigh myself once a week, but then I would also
try to get away from the weight scale. Sometimes when you don’t see
results on the scale you get discouraged. So I was trying to get away from
that.
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<T6 >

I dont like the weekly weigh-ins. I can see how it helps, but it only helps
if youre doing better. If youre sliding back, yeah, its good. Oh, I got to
get back into it. If youre really sliding back then it just further reminds
you how much you suck.

<T8 >

Just because the scale kind of... I don’t know. I don’t like the scale.

<T9 >

For many, tracking their weight was discouraging. As the study progressed, they

were looking for other ways to evaluate their effort and successes rather than making

weight-loss the only significant outcome. One of our participants began to rock climb.

She noticed a change in her body composition but preferred not to weigh herself. She

preferred to focus on her exercise and overall sense of well-being.

I feel I’d rather judge my health by my feeling and if I’m, in terms
of weight loss, how my clothes are fitting or am I able to perform my
activities better or that kind of stuff. Which is maybe more qualitative,
but I don’t know. Some people get in touch with the number. I don’t want
to put myself in a situation like that.

<C3 >

Except for one of the control participants we interviewed that lost 25 lbs. during

the study, the rest of the participants we interviewed expressed their dislike for tracking

their weight. Furthermore, participants understood that there are many contributions that

lead to weight fluctuati [21], [56]. Second, they also understand that weight was not the

only representation of physical wellbeing. Given participants’ hesitation to track weight,

future research should explore what are other outcomes that can be tracked that correlate
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with the benefits of weight-loss. Having other outcomes to track aside from weight would

give trackers the flexibility to chose which outcome they feel comfortable tracking.

2.5.6 Tracking reminders are useful, sometimes

In our related work, Cordeiro et al. discusses how people forget to track, and

that consequently, tracking not only decreases but also becomes inaccurate [47]. Further-

more, the work done by Patrick et al. demonstrated how participants receiving tracking

reminders lost more weight than the ones that did not receive reminders [165].

Our study confirms that reminders are crucial. As discussed in Section 2.4,

TrendSetter was the only application sending reminders to track and had the highest

usage. Furthermore, our qualitative findings confirm that reminders help participants be

consistent with tracking.

I think it’s helped me a lot more with keeping up logging things in because
when they send me that [reminder], I’m like, ”Oh yeah, I have to log all
this other stuff in too because I forget. So it’s been really helpful.

<T7 >

I really like the text messages [reminders]. Those really keep you on track.
They remind you to record your weight and how many steps you take
with the pedometer.

<T10 >

The reminders offloads the cognitive load of remembering to track to the tech-

nology. Reminders assist users with tracking, and therefore, help users to focus on the

strength of user-driven tracking, self-awareness. We also learned that the time of the

reminders also matters when it comes to helping users fit tracking into their lives. For

example, for pedometers, participants wanted a reminder at the beginning of the day to

remind them to wear the pedometer.
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On the other hand, for tracking calories consumed, participants needed more

frequent reminders. As we saw in Section 2.4, calories was the least tracked trend. One

of the reasons, already discussed was how tracking calories is vastly more difficult than

tracking steps or weightthere are devices that estimate these two outcomes. The second

reason is that because we consume calories multiple times in the day, more than one

reminder is needed. As participants discovered this weakness in our own tools they found

other tools with the capability to send more than one reminder per day. Three of the

participants we interviewed, found commercially available applications that were starting

to support timely reminders.

It’s usually either right before or right after I’ve eaten. It’s helped me
keep track on my calories and then allowed me to understand, “Okay, this
really is a lot of calories and this isn’t,” or how many calories am I taking
in per day and understanding that. Because one thing that I’ve learned in
the whole process too is that it’s more about your diet.

<T11 >

Careful attention though, must be paid to the timing and the amount of reminders.

Oh, for things like tracker step, unless I actually wore it. Well usually I
will get the text in the middle of the day and then I will already forget to
wear my pedometer so it wouldn’t make sense for me to wear it at that
moment and track the rest of the day.

<T1 >

As mentioned in the previous section when participants were struggling with

weight-loss, reminders to track and tracking was discouraging. This tension not only

happened with tracking weight but also came to the surface when receiving reminders to

track steps or calories when participants were struggling to track.

Yeah. It just made me feel bad and they text you [reminder to track]. They
text you and they’re like, “How much have you walked this week or how
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many minutes of exercise?” It’s like I haven’t been working out, so I just
do not respond because it’s nothing. They’re like, “Your total this week
was zero.” Thank you.

<T8 >

Sending reminders when participants were struggling to track or other life pri-

orities were causing stress created a negative reaction. In our replies to the reminders

we even received replies that expressed frustration about the reminders. Participants we

interviewed expressed that these reminders heighten their sense of frustration and failure

when they were struggling to track or their habits were unhealthy as cause of balancing

personal and academic responsibilities.

Furthermore, flooding participants with reminders desensitized them to the re-

minders. When participants received reminders out of context, reminders turned into

a nuisance. One approach to address this tension is to view reminders as means to

habituate participants to track. Therefore, once users are tracking regularly the reminders

could decrease, and they could return when users’ rate of tracking has decreased below a

desired threshold.

2.5.7 Tracking food is antisocial

As mentioned before, there are benefits of tracking homemade meals and eating

at restaurants is highly recommended to avoid. For our participants this translated into

being strict about where to consume foods. The participants we interviewed following a

strict plan, made them feel restricted.

C1. There was a period of time I really did keep track of my weight and
then tried to lose weight, and I think, right now I’m 186, I got down to
173, which was exciting. Then I realized that quality of life was really
low because I was restricting myself a lot.

<C1 >
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Participants like C1, felt they were restricting themselves because she was trying

to only eat foods with low caloric value. They considered their quality of life low because

their diet restricted them from enjoying foods in social gatherings, such as, eating out

with friends. Other participants, like B4, struggled to track in social settings because he

considered tracking in the middle of a social interaction to be against social etiquette.

The idea of I’m sitting at dinner and I’m having a conversation and I have
to interrupt a conversation because I remember crap, I forgot to scan that
can and you tossed it into the trash. Let’s dig it out before I forget. It’s a
nuisance and I realize that these are some of the issues that came up the
first time I used it.

<C4 >

Many of the participants we interviewed felt uncomfortable tracking in public.

The ones that noted they were struggling with their weight felt uncomfortable tracking

publicly.

2.6 Discussion

Our qualitative results shed light to the reasons behind the lack of consistent

tracking by our study participants. Our result bring to light issues to tackle now that

tracking is ubiquitous, wearable, and mobile. The pervasiveness of tracking technology

means that tracking is not an activity done in isolation, but rather, it intersects, affects, and

depends on other aspects of life. Thus, the design considerations become twofold. First,

we must continue to design tracking to simplify tracking process as much as possible and

second, we must also design tracking technologies considering the larger ecology they

are becoming part of. In this section we discuss the second type of design consideration.

Trackers need help integrating tracking into daily life. Tracking adds another

task to attend to in addition to all the other daily responsibilities that people juggle. Thus,
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the struggle to remember to track clearly fits into the pattern of struggling to multitask and

how we cannot rely on our memory to help us attend to a task at the right time and place

[152]. Furthermore, tracking is especially difficult to integrate into daily life as it requires

remembering to track multiple times during the day, not just once. Therefore, it makes

sense that offloading the task of remembering to track increases tracking. Offloading the

reminder aspect of tracking leverages the strength of these technologies, the ability to

process information, while retaining the strength of user-driven tracking—users’ ability

to reflect, be self-aware, and make decisions.

That said careful attention must be paid to the timing of the reminders, and the

frequency of reminders. Looking deeper into how reminders helped, we saw how even

though participants received reminders to track their calories, tracking calories was close

to nonexistent. As discussed, tracking calories is much more complicated than tracking

steps or weight. Thus, if the subject of tracking is difficult to estimate and the interface

requires precise tracking, then reminders do not help users sustain tracking. Furthermore,

our results indicate that the timing and the quantity of reminders also matter. The timing

of the reminders must be close and related to an event that requires tracking, otherwise

they are out of context and irrelevant. With respect to the quantity of the reminders, the

amount must be carefully chosen to avoid desensitizing users to reminders.

Trackers need help developing healthy habits. Despite the growing capabili-

ties of mobile-tracking technology, tracking mastery is not easily attainable. The strength

of these technologies comes in their capability to send reminders, have a growing set

of nutritional and exercise options to chose from to track, and store data. However,

these tools fall short in their ability to guide and help users learn how to track, but more

importantly, how to create sustainable healthy habits.

The current model that drives tracking technologies focuses on pure caloric

counting. In simple terms, it focuses on tracking calories consumed and calories expended.
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However, this approach falls short of considering broader healthy living behaviors, such

as, learning about portion-size control and the benefits of consuming 5 to 6 small portion

meals compared to three large meals and then snacking along the way [126]. Similarly,

for physical activity, while intense, focused exercise that includes cardiovascular and

weight training is important, the increasing sedentary lifestyle the modern workplace

has created has its own consequences [130]. Thus, in addition to emphasizing caloric

expenditure from focused exercise these tools should help users incorporate short, low-

effort physical activity such as, walks. This way, trackers can decreased prolonged

sedentary bouts, increase movement but do not disrupt the workday. These changes,

might not translate immediately to weight-loss but it could mediate the stresses and

anxieties of having novice trackers jump immediately on the calorie counting wagon.

Furthermore, in the current model all calories are equal, but research is showing

that protein, fiber, and healthy fats are good sources of calories compared to others

[58], [174]. Rather than focusing on pure caloric counting, the strength of these digital

tracking tools should be leveraged to create suggestions on types of foods and activities

to incorporate that lean towards the above types of nutrients based on current habits being

tracked. Being able to identify these caloric sources is where the strength of these tools

can be leveraged. The affordances of these tools, compared to paper-form tracking, is

that they can be design to provide immediate feedback and provide suggestions on what

types of foods users can explore based on their current patterns. Again, one could argue

that these approaches do not lead to immediate weight-loss. They could at least be a

starting point towards making healthier choices and a healthier sustainable lifestyle.

A health coach can mediate user-driven tracking. In addition to the struggle

novices experienced, the proficient trackers encountered another barrier. In their case,

these trackers reached a point where they were not gaining new insights from reflecting

on their tracked habits. The current state of the art of tracking technologies creates
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summarizing charts that give an overview of current behaviors. However, currently, these

tools lack of the capability to interpret the data to offer suggestions and identify next

steps to take.

In the meantime, if automatically detecting patterns and areas of improvements

is difficult, our result suggests a health coach could perform this function. A health

coach can mediate user-driven tracking by addressing the particular needs users have,

especially when there is a variety of tracking expertise. So far, we have explored tracking

through mobile and wearable technology as an individualistic and isolated endeavor.

Now that tracking and the data tracked are ubiquitously available, the barriers for a health

coach to view data tracked comes at much lower cost than previously possible. Until

recently, health coaches relied on paper diaries and surveys from their patients to assess

habits, tracking, and next steps to take. We posit it is worth exploring the role a health

coach can play to mediate personal tracking. Taking this perspective, trackers leverage

the affordances of using user-driven technologies to maintain health consistency and be

self-aware and a health coach can help trackers make sense of the rich data being tracked

and identify the habits that need to be modified.

Tracking technology must consider everyday constraints. Tracking technol-

ogy’s ability to ubiquitously allow tracking throughout the day motivated our study. This

ability though, brings to light everyday tracking constraints. We learned that if there is

lack of improvement tracking brings negative feelings that dissuade from tracking. In

particular, we saw how participants disliked tracking their weight as the numeric value

of weight could fall short of reflecting efforts made. With respect to calories, some

participants shied away from tracking because tracking calories made them feel they

were creating an unhealthy relationship to food. The hesitation to track indicators such as

weight and calories, leads to thinking about how to handle failure track and how can we

design tracking technologies around failure rather than the assuming successful, constant
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tracking.

Similarly, we learned how tracking infringes on socializing, as many social events

involve food. Many participants decreased tracking or ceased tracking altogether because,

for them, tracking affected their ability to socialize and therefore, their sense of overall

wellbeing. User-driven tracking tools focus on facilitating the mechanics of tracking,

however, we still need to explore how these technologies integrate themselves to a greater

sense of wellbeing. Furthermore, it also suggests letting users change which indicators

they choose to focus on and track. Identifying other indicators, metaphors, or models,

such as, the ones we have discussed in this section, might give the opportunity to those

uncomfortable with tracking aspects of weight-loss to continue working on creating

healthier habits.

Furthermore, the lack of weight-loss or weight maintenance after the first six

months of the study in conjunction with the decline of tracking through the applications

also leaves us to ponder if there should be two types of design guidelines of tracking

technologies: one to support weight-loss and another to support weight maintenance.

Creating tracking tools that allow making tracking part of daily life means tracking

becomes another task to juggle and attend to throughout the day. The implication of

tracking becoming a regular, daily task means that it will have phases where tracking

will: fall to the background, become low priority, or lead to tracking fatigue. While it is

difficult to tackle these issues, future work will need to address these issues.

2.7 Limitations

Further studies using applications leveraging the potential of the current state of

the art is needed. Our applications were built before Android and iPhones could handle

rich tracking. The fact that the treatment and the control behaved similarly calls for

future attention not only how to design the studies but also explore how to create different
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design that avoid the weakness that this study experienced, where the control was using

mobile tracking applications.
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Chapter 3

Unbound

3.1 Introduction

Those living in developed countries in part as a result of the modernization of the

workplace spend up to 15 hours a day taking part in some form of sedentary behavior

without counting sleep time [78]. Although regular physical activity reduces health

risks, sedentary behavior is a distinct and independent predictor of health [158]. It is

associated with increasing risks of type II diabetes, cardiovascular disease, weight gain

and cancer [167]. Fortunately, decreasing sedentary bouts by increasing the frequency of

short breaks improves metabolic markers and cardiovascular health [83].

Sensing technologies enable tracking and monitoring of health behaviors (e.g.,

[118]) as well as reflecting on and changing of behavior (e.g., [1]). However, these

devices are often used within the workplace, a context that is not deeply considered in

their design and implementation.

In this work, we were focused on the design and use of personal health technolo-

gies within collaborative settings, in this case the workplace. Because of the high rate

of sedentary work in modern offices, we chose reduction of sedentary behavior as the

motivating case for this exploration. Office workers may have particular difficulty in

taking breaks [84, 142, 182]. In part, concerns about interruptions [6, 49, 128] or lack of

64
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productivity may prohibit workers from feeling comfortable taking breaks. Switching

between mental tasks-regardless of their length or cognitive load are costly and cause

stress and frustration [128]. On the other hand, inserting breakswhich involve switching

from mental to physical tasks rather than between mental tasksthroughout the workday

improves productivity and creativity and reduces error rate, and skipping breaks can lead

to stress and exhaustion [10, 167, 202].

To explore how to address these challenges, we first conducted focus groups and

interviews to understand potential barriers to the use of technologies to reduce sedentary

behavior in the workplace. The findings from this initial work informed the design of a

technology probe [12], Unbound, an office-appropriate, context-aware tool to encourage

breaks, which we then deployed for a month with five users.

The results of this work indicate that personal health tools in the office can

enable workers to turn a general awareness of health concerns into actionable behavior

change, support overcoming social stigma, balance short and long-term goals, and provide

appropriate quantity and quality of information. However, the unique constraints of the

collaborative office setting mean that particular care must be taken in the design and use

of these technologies within the organizational context.

3.2 Related Work

Successful pilot interventions to reduce sedentary behavior in the office have

often focused on modifying the physical layout of the office space. These strategies

include introducing personal cycling ergometers [26] and standing workstations [73].

However, the acceptability of these interventions remains unknown [32, 159]. They

require retrofitting the office with expensive equipment, which may be cost prohibitive.

These changes also represent a stark departure from the traditional workplace look and

feel, leaving open research questions for accomplishing similar success with minimalist
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adaptations to the built environment.

Related research in persuasive computing [65] and behavior change [44, 140] lay

the groundwork for an approach that does not require medication to the built environment.

Our work builds on this research by seeking to understand personal behavior change

within a collaborative work context. For example, we use strategies suggested in the

literature on behavior change, including facilitation of social change, reminders of specific

behaviors to be performed, and building on small successes towards a larger goal [140].

Many of these same strategies have been deployed by other technological approaches.

However, their number is too large to detail here. Rather, in this section, we describe

some of the most related projects within the overall space of technology for behavior

change.

Interventions using pedometers to increase activity are well documented and

indicate that use of this simple tool statistically increases step count [26, 32, 77, 83,

199]. However, increasing active behavior is not necessarily the same thing as reducing

sedentary behavior, the issue at hand in this work.

Additionally, users may begin to ignore advice from these systems once they

recognize the advice does not always apply to their current situation [57, 142]. Context-

aware technologies can support this kind of proactive engagement by taking into account

the events, places, and people that affect behavior change [121].

One context-sensitive tool that holds promise for workplace use is the concept of

glanceable displays [1, 44]. Because these displays can be made to visualize information

in a way only understandable to the owner and can be used on personal devices, like

mobile phones, they can be quite private. At the same time, shared glanceable displays

that encourage workplace appropriate behavior change [123, 124] can render the need for

activity legible to the entire office, thereby supporting efforts to facilitate social change

within a collaborative space [143]. However, this social sharing must be done carefully
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to avoid concerns about professionalism within the office environment [123]. While

these visualizations can improve awareness and reflection, which are key components to

behavior change [38], they run the risk of their signals being lost by their passive nature.

Thus, in this work, we were interested in understanding how the elements of glanceable

displays that are salient and useful for workplace behavior change might be adapted to

support a more proactive approach from the technology.

Other researchers have examined platforms for awareness that are subtler [97,

143]. For example, in Breakaway, prolonged sitting is indicated by a slouching sculpture

whereas an erect structure indicates recent activity [97]. SuperBreak, took a more active

but less visible approach, by inserting 20-second micro-breaks of hands-free interaction

if the user was typing or using the mouse for more than 5 minutes to prevent repetitive

stress injury [143].

These projects had limited user studiesBreakaway deployed with only one userand

do not fully address the concerns of both prolonged sitting and the need for relatively

invisible reminders. Two projects that did focus on these issues, SitCoach [50] and

WalkMinder [89], both used mobile phones to provide reminders. However, their results

show that users still had trouble increasing physical activity during the workday and that

the phones was not the appropriate communication modality for the workplace the goals

did not align with constraints in the workplace.

In this work, we seek to fill in these gaps, using what is known about behavior

change and about workplace interventions to support a relatively invisible, workplace

appropriate technology. We chose taking breaks as a study case to identify the underpin-

nings of creating personal health tools capable of melding personal health habits into

social environments, such as the workplace.
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3.3 Methods

We took a multi-method approach to understand the needs of the various stake-

holders, the context in which they work, and the design opportunities and challenges.

We first conducted focus group and individual interviews with 12 people over a period

of 3 weeks. We then developed Unbound, a technology probe [94] that enabled us to

further explore the potential designs for a personal health technology for use in the office.

Finally, we deployed Unbound with 5 participants for 4 weeks to further unpack the

issues at play when creating and using a personal health technology in a collaborative

environment. In this section, we outline each of these methods.

3.3.1 Interviews

We interviewed 12 full-time office workers (10 female), between the ages of

20 and 40, holding administrative, clerical, or managerial positions. These interviews

focused on how people go about their day at work, the cultural and social norms in the

office space, and their perceptions about taking breaks during the workday. Interviews

were semi-structured, allowing participants to lead the discussion to those issues most

salient to their own experiences.

Interviews lasted approximately 60 minutes. They were conducted individually

(n=6) or as part of two separate groups (n=6, 3 in each). At the close of each interview, we

shared a variety of design concepts to seed discussion on how personal health tools could

be used in the workplace to increase breaks. All interviews were audio-recorded with note

taking tagged to the audio for analysis. Interview data was analyzed systematically using

open exploratory thematic analysis [3]. In the findings section we refer to participants of

the interview session as I1-I6 and focus group members as FG1 and FG2.
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3.3.2 Iterative Design, Development, and Deployment

Following the initial interviews and focus groups, we conducted a series of coop-

erative design activities with potential users to build the Unbound prototype, described in

the next section. We then deployed Unbound with 5 Fitbit 1 users (1 female) for 4 weeks,

during which time we continued to iterate on the design based usage and discussions

with participants. All participants worked full-time in an office environment. The mean

self-reported time spent sitting at work was 7 hours per day (sd = 1hr). Of all work-related

activities, all participants reported ‘sitting at work doing computer work’ as the most

time consuming. In the findings section we refer to theses user as P1-P5.

We recruited Fitbit users for three reasons. First, it allows to infer prolonged

sitting by translating physical activity data in real-time. Second, it eliminates the novelty

effect of using a physical activity-tracking device and allows participants to focus on

their reactions to receiving in situ cues in the workplace. Third, we wanted to learn how

people that are interested in being healthy use these systems in their work routines, which

is a basic step in the process of changing behavior [175].

During the first visit of the pilot study, we installed Unbound on each participants’

work laptop (n=3) or desktop (n=2) computer. We also conducted the first of 4 weekly

semi-structured interviews. This interview focused on current work routines and breaks,

use of similar software or programs, perceptions of sedentary behavior, and understanding

of the health consequences of prolonged sitting and demographics. At the end we offered

training on what constitutes as a break as we learned from the first phase that participants

confused short breaks, such as, talking in person to co-workers or taking the stairs instead

of the elevator, with 30 minutes of low-intensity physical activity. Lastly, participants

were given an overview of how Unbound functioned.

During the remaining three weekly interviews we discussed experiences and
1https://www.fitbit.com
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reviewed charts of the logs collected by Unbound to dive into what were the inhibitors

and what was supportive. The data discussed together was of their sitting bouts, times

when they received a reminder, and times when our data shows they moved away based

on the prompt or when they took breaks on their own.

Deploying a live prototype of Unbound allowed us to uncover additional tensions

that did not come to surface during our interviews. Having participants use Unbound for

4 weeks gave them real experiences to reflect upon and discuss with us.

3.3.3 Analysis

The survey, interview, and log data were analyzed collectively to get a general

sense of system use. We then iteratively analyzed the data deductively by comparing

them with themes uncovered in Phase I. Specifically, we conducted close readings of the

interview transcripts, and developing theme labels to describe the phenomena we saw in

the data. We iteratively clustered related codes from across all of the phases of research

into higher-level thematic groupings. New design considerations emerged from these

higher-level themes.

By collecting data both formatively and through the deployment of a prototype

system, we were able to get at issues that neither approach alone would enable. In

what follows, we describe the resultant design for Unbound as well as our findings

from discussions with participants around both current practices and those that emerged

through the use of Unbound as a technology probe. Our discussion serves as a starting

point for design implications for personal health tools situated in the workplace.

3.4 Conceptualizing Unbound

The feedback on the prototype in Phase I led us to provide the nudge on the

computer’s screen (see Figure 3.1). Our goal was to leverage where the focus of the
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user is at work looking at their computer to create the awareness of sitting only during

detected prolonged continuous sitting. We wanted the nudge to fit into their work routine,

not create an additional barrier to working. Additionally, we kept the reminders personal

and subtle to avoid making users feel overwhelmed or judged by coworkers from obvious

cues.

Figure 3.1. Text-based version of Unbound. Appears at the bottom of the user’s monitor

Because there lacks consensus on the threshold of continuous sitting before it

becomes detrimental [83], the time for when to present reminders was informed by Phase

I interviews. Participants needed these reminders to work in tandem with their schedules

and routines, which evolve around an hourly cycle. The first reminder was sent at 45

minutes of detected continuous sitting. A second reminder would be sent at 60 minutes

only if we not detect movement within 15 minutes of the first reminder. The purpose

of the second nudge at 60 minutes interval of uninterrupted sitting came from the

discussion of a snooze metaphor in Phase I interviews.

As with the debate over how long is too long to sit, there is no strong definition

in the literature as to what constitutes a break [83]. Thus, Unbound considers anything

that involves a transition from sitting to standing and/or moving to be a break.

No other messages trigger regardless if the user moves after the second nudge.

We hypothesized, that if users did not respond to the second nudge they were too busy to

move away from their desk. A new message only appeared after another 45 minutes of

continuous sitting.
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Unbound’s server queries Fitbit’s server to retrieve physical activity data on behalf

of the user every 15 minutes. This allows us to run calculations after every query to

determine the interval of continuous sitting and detects the need for a new prompt based

on calculated sitting time.

The client side of Unbound triggers on the first Fitbit sync of the day in the office,

and from there on receives updates from Unbound’s server every 15 minutes until the

user logs off for the day. Based on sitting data aggregated by Unbound’s server, the

client sides triggers a in a form as a vertical bar at the bottom of the user’s screen when

its time to reminder the user about a break. We chose a bar to appear at the bottom of

their screens based on the prototype discussion in Phase I. Participants did not want the

reminder to appear in the middle of the screen. They wanted the reminder to appear on

the bottom and not stay permanently we chose 30 seconds for the duration of the display.

Based on the feedback during the deployment we made the bar more opaque, which

allows users to view icons at the bottom of their screen and manipulate them through the

display.

Based on related work and insights from Phase I, Unbound’s cues were made

of encouraging messages or concrete break suggestions appropriate for the workplace.

Iteratively designing based on user feedback we deployed a second version of Unbound

in the second half of the study. This version used color-coded messages in the place of

text. It included three types of color-coded messages: orange for the 45-minute mark,

red for the 60-minute mark, and green to acknowledge healthy behavior of sitting less

(see Figure 3.2).
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Figure 3.2. Text-based version of Unbound. Appears at the bottom of the user’s monitor

In the next section, we explain the motivation for the color-based version. We

piloted this version with the same participants.

3.5 Results

Despite a growing emphasis on health at the workplace-in part as a means for

controlling healthcare costs-changing sedentary work practices in the US is still a struggle,

particularly in collaborative office settings. When analyzed together, the results of our

interviews, collaborative design activities, and the deployment study indicate four key

issues surrounding the use of personal health tools in collaborative office environments.

3.5.1 Turning Awareness Into Action

All participants were aware of the health benefits of taking regular breaks and

how menacing prolonged sitting is to their health, however, this does not translate into

taking action. Except for one participant, all had tried taking breaks on their own

and failed. Additionally, passive reminders may not make people mindful enough

for behavior change. As one interviewee explained, paper-based tools posted in the

workplace cease to encourage behavior change fairly quickly and are not in the place of

workers attentionnamely, the computer screen.

I have this little sheet on my wall with desk stretches because I know
sitting is bad for you, but I don’t ever look at it anymore because I’m
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staring at the screen or stuff.

<-I5, an administrator in her 20s >

Turning awareness into action may require something more than a passive pam-

phlet. Interview and deployment participants alike described wanting relevant and

encouraging information at the point of decision. To influence the decisions, these

messages must provide actionable knowledge, such as encouraging text that provide

details about why breaks are important and suggestions for breaks appropriate for the

workplace. Text can be used as a persuasive tool to improve health behaviors right at the

moment of need [64]. These contextual messages can add salience compared to general

recommendations.

I agree that making sure that people understand why it’s important because
a lot of us tune it out or don’t realize it. [...] just having like facts of
something that explains to you how it would affect your life.

<FG1, librarian in her 20s >

These strategies, however, are still very much grounded in a model of behavior

change that focuses on the individual. To move awareness of healthy behaviors into

action with an organizational setting, such tools must be considered at an organizational

level. This reimagining could include a variety of approaches, such as gamification and

social media style encouragement of shared effort, strict behaviorism models of rewards

for performance, or implementation as part of an authoritarian mandate. Exactly how

they happen is not the point so much as the need to match the strategies used to the

organizational and leadership structure in place in the workplace. Just as other kinds

of organizational changes require careful adaptation given the personnel, positions, and

situations at hand, so do health related behavior changes and their associated technologies,

have to match these workplace contexts.
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3.5.2 Overcoming Social Stigma

Time is an incredibly scarce resource in the office workday. Office workers juggle

a wide variety of work-related tasks, and the addition of health tasks that are typically

thought of as the domain of leisure time only increases feelings of over-commitment

with limited resources. Additionally, people can be afraid to take breaks that are not

appreciated, supported, and understood by their co-workers and managers.

Interview participants were concerned that co-workers would think they were

not productive if they stepped away from their desk regularly even for five minutes. For

example, a female editor described admiring her supervisor for working at her desk

continuously:

You know what’s so hard? Some of the women who are at a higher
managerial level than I am, they work so much and they sit for so long
and I really admire them.

<I3, a grant editor in her 40s >

Despite the continual refrain in our initial interviews that being away from one’s

desk would be perceived as avoiding work and unproductive, during the deployment,

users never described any social judgment from co-workers. The unstructured nature

of Unbound’s break suggestions enabled participants to fit breaks seamlessly into their

work routines, such as by using the restroom, picking up items off a distant printer, or

other errands around the office. Additionally, because we had access to movement data if

a user had walked to and from a meeting no messages would be sent until a 45-minute of

sitting bout was detected.

In medium or large offices, people can actually leverage the work environment

to take breaks. Participants in both the interview and deployment studies described

taking the stairs to chat with a coworker face-to-face, making sure to refill water bottles
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frequently, and other strategies that turned office appropriate tasks into healthy physical

breaks. In some cases they even made changes in the environment to benefit not only

themselves but the work group, such as, placing the printer in another room. These

actions make break a legible component of work routines.

I’m the one that’s kind of forced people into the workgroup printer, be-
cause that makes people have to get up and go get their printouts, and
they’re resistant like you wouldn’t believe. So that’s the one thing that I
have that I’ve tried to build into my workday just so I have to get up from
my [work] desk every so often, but it’s not very far away.

<I1, a female staff at a university in her 50s >

A particularly challenging area for social stigma in the office is around meeting

times. These face-to-face engagements are some of the most collaborative work that

happens all day in the modern office, and so workers very much depend on each other

and a rhythm of work during these events. Unfortunately, meetings also tend to be seated

affairs at which either the convener of the meeting or the highest-ranking person in the

room dominates the timing of the event. This situation inherently makes taking physical

breaks on ones own schedule challenging for the average worker. As such, participants

described meetings as dead time for both productivity and for their health and noted

during the deployment that the messages from Unbound could not be addressed. It was

simply inappropriate to stand up in meetings, limiting the potential for a personal health

technology to enact any kind of change.

[..] when I’m in meetings it’s a bit annoying, because I can’t get up, and I
wish I could get up and walk around a little bit. It would just look weird if
I was sitting in a group and I stand up. Especially meetings here, normal
meetings are an hour, and your threshold is an hour, some of them are two
hours.

<P5, a 48 year-old program manager >
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These findings indicate that when possible, personal health technologies in col-

laborative spaces should make suggestions that are appropriate for the current context.

For example, if the user is detected to be seated at a desk with no appointments upcoming

on the calendar, getting a drink of water or using a far away printer might be the best

suggestion. If, on the other hand, the system recognizes the user to be in a meeting that

has been going on for an extended period of time, a suggestion to drop a pen that needs

to be picked up might be a subtle way to make a movement without interrupting the

meeting unduly.

Offices are inherently social spaces. Despite concerns about sharing health related

information in the workplace [123, 124], social support has been shown in other work to

encourage behavior change [106]. In the office, purposeful social breaks already support

organizational goals by strengthening social ties and improving collaboration [207].

I have a friend who will drag me out in the afternoon and we’ll run out
and get a soda or take a walk. It’s about, the Peet’s is really close so it
doesn’t seem like it’s intrusive on the workday to run over there and get
something.

<I2, a female staff at a university in her 40s >

As noted by this participant’s remark, the combination of being friendly with

a co-worker and having nearby options for a quick break can turn these into socially

appropriate options for taking breaks. This finding indicates that personal health tools

can be configured according to the social norms in an office.

3.5.3 Balancing Short and Long Term Benefits

Although maintaining a healthy lifestyle benefits productivity over the long-term,

the daily demands at work often take precedent. Despite knowing this information,

participants still equated breaks with lost productivity, because for many, sitting was

equivalent to working.
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I have allowed my office system to take control of me so I don’t go out at
lunch I have breakfast at work as soon as I get to work, 99% of the time I
have lunch at my desk and I leave at 4:30 pm.

<FG1, female secretary in her 40s >

Neither innate awareness nor a tool like Unbound confirming how long a person

sits can overcome the feeling of needing to work constantly. For example, participants in

the deployment commented on the struggles of balancing accomplishing their work tasks

and maintaining their wellbeing in the moment they received a cue.

Generally, it’s ‘ok, I feel like I understand the principle’ but I also under-
stand all the tradeoffs and so forth I’m making in whatever, so it’s just not
that simple just to right now get up and take a break.

<P2 a 66 year-old male administrator >

The choice to take a break-or not-can depend on the priority of the work task at

the time a break is needed. For example, in our deployment, when participants engaged in

low priority work tasks, they tended to take breaks in response to Unbound’s prompts. On

the other hand, during high priority work tasks, particularly those with close deadlines;

they reported needing at least two reminders to take a break - more times than not

determining that now is not an appropriate time to break.

[...] our database server isn’t running and our customers can’t reach it
and place order and it’s affecting our business and we’re working hard to
resolve that. And yeah, it would be nice to get away or do something else
for a little bit but this is a serious issue and we need to address this.

<P1, a 39 year old data security engineer >

During these times of high stress, people may need breaks even more than during

times of low stress, an issue that participants in our studies recognized. However, our
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pilot study confirmed that participant ignore their health needs in these stressful situations.

Ignoring Unbound in these situations fitted in with their high stress behaviors.

... in the intense situations I ignore a lot of things that I should do to keep
myself better for my health, it goes well beyond getting up and walking
around. It’s what I’m eating, how I sleep, everything is off.

<P2 a 66 year-old male administrator >

Likewise, when being sedentary is actually an indicator of work productivity,

Unbound’s information had no effect in decreasing sitting time.

In my work-life when I can actually get on my butt in front of that screen
and stay there, its important to get into flow and stay there. Usually,
everyone’s interrupting me. So, if I can get to a quiet spot, it’s important
to stay still.

<P5, 48 a year-old program manager >

The goals of proactive personal health tools can be in conflict with work goals, or

at least the perceived implementation of working towards each of these goals. People

may simply be unable to recognize and change their behavior, in the moment, due to their

focus on work and not health. Likewise, the economic model that emphasizes short-term

gains, so dominant in the US, filters down into the everyday experience of workers

[38], making it impossible for them to emphasize long-term goals, such as increases

in productivity from improved health and wellbeing. Thus, companies hoping to make

health-related behavior change at the enterprise level must work to ensure that support is

in place to encourage long-term thinking about health. Likewise, management incentives

must be tied to not only the traditional work goals of their teams but also other goals

[155], such as healthier behavior. On the other hand, personal health tools to be used

in the workplace without enterprise support must be customizable to enable workers to

balance these short and long-term expectations themselves.
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Unexpectedly, participants appropriated Unbound to evaluate their workday

automatically. The multiple reminder nature of Unbound had the surprising benefit of

helping users time and structure their work tasks. For example, P1 always struggled at

the end of the day deciding between completing a task and creating a break-point so that

he could go home.

It was nice I did like the idea of being able to see and towards the end of
the evening that a project that I had thought would take a certain amount
of time was taking me longer. At the end of the day here in this office
when there’s no windows. And a fake door, you don’t have the time,
there’s not external time for what time a day it is.

<P1, a 39 year old data security engineer >

Additionally, participants leveraged the in situ cue in a small meeting setting.

This allowed participants to keep meetings on schedule, enabling them to balance work

and their health.

[...] it’s not so imposing that when I show someone how to do something
that it takes over the entire scree, ‘oh whats that red? It means I’ve been
talking to you for too long.’

<P1, a 39 year old data security engineer >

Changing the culture of the office to support health habits, such as, taking breaks,

and using visible in situ cues can enable breaks to be accessible to all workers viewing it,

not just the individual using the personal health technology.

Users’ prime concern was that the cue be subtle, private, and unobtrusive. Inline

with this, we did not explore auditory prompts; participants were concerned this would be

disruptive for themselves or for co-workers in shared offices. That being said, participants

acknowledged that the computer screen was the appropriate communication modality for

the workplace. Mobile phones are unsuitable for this setting given that participants place
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them in drawers or silent mode, and receive enormous amount of notifications with no

time to read and sift through them.

I get quite a bit of activity of my phone, and another one saying: ’hey it’s
time to move around,’ it would just be a little bit extra noise I think.

<P3, a 33-year old developer >

3.5.4 Ensuring Appropriate Quantity and Quality of Information

All participants in the deployment were aware of their sedentary practices and

wanted to reduce it. However, when actually confronted with the Unbound system,

participants struggled with their dual needs of persuasive and instructive information and

the ability to interpret that information quickly and easily without a major cognitive task

switch [128]. For example, based on our formative design work, we initially provided

break suggestions. However, the lack of contextual understanding by the system coupled

with its “orders” to act, frustrated many participants.

I don’t think it knows enough about my life yet in order to give me
something that I would take, I don’t take what it has to say too seriously.

<P2, a 66 year-old male administrator >

Over time, the general visual cue became sufficient, rendering the text itself irrel-

evant. Participants recognized the need for simpler reminders that could be understood

quickly, particularly when in the midst of another on-screen task.

I’m totally not reading the text, the motion is the meaning. [...] noticing
the motion that’s kind of what’s prompting me to move. [...] I’m not
going to look at it closely. I’m not going to learn much from the text.
Aside from, ‘oh its time to get up.’

<P5, a 48 year-old program manager >
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The hectic onscreen environment of an office worker presents a variety of design

challenges for persuasive interfaces. They must be minimal enough not to distract from

the primary work tasks while being clearly understood. This understanding comes with

the requirement for varying levels of information, such as the timespan of the messages:

I’m totally not reading the text, the motion is the meaning. [...] noticing
the motion that’s kind of what’s prompting me to move. [...] I’m not
going to look at it closely. I’m not going to learn much from the text.
Aside from, ‘oh it’s time to get up.’

<P4, a 50-year old female publications coordinator >

Based on this concern, in the second half of the deployment, we replaced the text

in Unbound with color-coded messages as a means of sharing time-based information.

The colors used mapped to commonly understood levels of severity in the US, where this

study was conducted (other colors might be more appropriate in other cultural settings).

At 45 minutes of uninterrupted sitting users received an orange bar, a red at 60 minutes,

and a green immediately after the user returned from a break to acknowledge the healthy

behavior (see Figure 2).

Colors gave participants a sense of time progression and conveyed ramping

urgency missing in the text version.

I have felt a bit more of a ramping urgency in the ramping colors, the
orange to red. Ive only seen red a few times. So that will get me up to go
to the bathroom.

<P5, a 48 year-old program manager >

In addition to color conveying escalation, participants preferred the ambiguous

information provided by the colors. Text-based messages even though supportive, were

perceived as judgmental.
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There’s less judgment [with the color version]. This thing wasn’t trying to
get me do stuff. It was more like information. It’s just colors. It’s a status
of my activity versus the text trying to be encouraging and for me, there
[was] no mental processing. It was completely neutral, and that’s nice.

<P3, a 33 year-old developer >

Even though Unbound had the ability to acknowledge positive behavior, users

found it unnecessary.

I don’t think I need to know when I’m doing well. I just want to be
corrected when I’ve forgotten, basically.

<P5, a 48 year-old program manager >

Because people may consider acknowledgement of activity immediately after

taking action redundant, positive reinforcement could instead be integrated into reflective

summaries of overall behavior [44], [140]. On the other hand, positive feedback served

an important role in our deployment to ensure users that the system was functioning

properly.

I mean green messages is good in that it lets you know that it’s working.
Because, there was a day or two that I wasn’t getting many messages. I
thought: ‘huh that’s interesting’ and then the green came, I knew it was
listening.

<P3, a 33 year-old developer >

Positive and negative reinforcement each have their roles to serve in behavior

change. In our work, participants viewed these elements in ways that are somewhat pre-

dictable of personal health technologies. However, the collaborative office environment

also plays a key role here in that on-screen color indicators can be viewed by others in

the office, as described in the previous section. Thus, subtle information that can be
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interpreted by those “in the know” provides users with a mutually intelligible excuse

to end a long-running meeting or continue the discussion on a walk while preventing

too strong a statement to be made to someone not familiar with the system-such as an

external client.

3.6 Discussion

The sheer amount of time modern office workers spend in the workplace means

that healthy habits and routines, including the use of health-related technologies, must

take place in the office. However, personal health technologies have thus far largely

been developed devoid of the expectations of the workplace. We propose to move

personal health technologies from solely personal isolated tools to socially situated

ones concerned with and designed for organizational contexts. The multiple methods

used in this study allowed us to uncover issues surrounding the use of personal health

technologies in the workplace. These issues emerge when individuals must balance

personal and organizational goals, as well as short and long-term interests.

Care must be taken in both the design and deployment of individual technolo-

gies within collaborative environments. In our example, individual technologies are

tools designed to meet personal health goals surrounding sedentary behavior, and the

collaborative environment is a shared office space. CSCW has long concerned itself

with collaborative tools in both collaborative and personal environments, enabling the

application of this long history to the use of personal tools in collaborative environ-

ments. In particular, designers of personal technologies to be used in the workplace

must consider how to balance the sometimes competing goals of the individual and the

organization, just as has been done in work-based systems like knowledge management

and communication tools [77].

Changing health-related behaviors, such as being sedentary, takes more than
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personal will and knowledge of the problems and solutions available. For offices workers

in particular, behavior change takes place within the context of the workplace-an issue

considered by organizations scholars (e.g., [169, 209]) but somewhat neglected within the

persuasive computing and personal health literature. Personal health technologies have

the potential to hide or disguise their engagement with the user when such engagement is

inappropriate and to make legible certain activities, such as standing up in the middle of

a meeting that might otherwise be deemed inappropriate. These dual capabilities open

a range of possibilities for their use in the workplace not only for personal health but

also for team building, productivity management, and other important organizational and

personal goals.

3.7 Conclusions and Future Work

This paper describes the results of a multi-method project focused on the use of

personal health technologies in collaborative workspaces. Our results provide important

considerations for the creation and understanding of other persuasive applications and

personal informatics tools that overspill into the workplace.

Our empirical studies reveal that in situ health cues must work in tandem with

the concurrent demands, norms, and context of the office. In some cases, alleviating the

tensions that arise with the use of these technologies may require changing the office

culture. However, carefully designed technologies can enable delivery of information and

that is appropriately (in)visible for the office environment and prompting of strategies that

support personal behavior change within the context of the collaborative organization.

The continual interplay between re-prioritizing of work and wellbeing imply we

cannot assume that in situ cues inspire users to take action immediately or at all. Thus,

public health officials and researchers must engage with personal health informatics

designers and researchers to design organization or nationwide policies and campaigns
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alongside their technological tools. Similarly, organizations wishing to implement

enterprise-wide health-related behavior change, should consider a suite of tools in their

approach, including technologies, policies, and incentives structures. Finally, tools should

be designed with these kind of larger scopes in mind, bearing in mind that users are not

always-and often cannot be-acting with full agency, freedom, and control when working

in collaborative organizations.

The opportunities for future designs are immense in this area. For example, in an

enterprise-wide deployment, integration with calendars alongside custom user configura-

tion or learning algorithms could enable behavior change technologies to predict when

meetings might inhibit taking of breaks and encourage additional activity before and after

the meetings while remaining silent during the meetings. Likewise, peripheral displays

in the office could be developed to share health-related information with officemates,

while maintaining the personal, private and unintrusive aspects that were found to be

requirements for work environments. We leave open for future work both these potential

novel technological approaches and larger scale clinical trials of their effectiveness in the

workplace.
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Chapter 4

Designing for Family-based Behavioral
Training

4.1 Introduction

Family-based behavioral interventions can be used to support a variety of men-

tal health issues for children in the home [4, 5]. However, an examination of existing

research in interactive health technologies for addressing individual health needs (e.g.,

[35, 43, 119]) as well as work focused on family health (e.g.,[33, 76, 82, 81, 108]) clearly

indicates that families require special considerations. In this work, we were interested

in understanding how to design technologies to support family-based therapies, includ-

ing Behavioral Parent Training and Social Skills Training, for children with Attention

Deficit/Hyperactivity Disorder (ADHD).

ADHD is one of the most frequently occurring mental health disability [205].

Although usually detected during childhood, it poses lifelong challenges for individuals

with ADHD and their families and communities [12, 80]. People with ADHD struggle

with maintaining focus on a task, have poor impulse control, and struggle with decision-

making [16], Zylowska2009. These challenges stem from core differences in skills

collectively called “executive functions.” These include organization, planning, emotional

self-regulation and self-monitoring, and are intrinsic to a wide variety of daily living,

87
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social, and professional skills.

Parenting a child with ADHD is extremely challenging [30, 193], and the struggle

parents experience has immediate and long-term negative consequences [141, 211]. The

task difficulty is further compounded by the likelihood that one or both parents have

ADHD [61]. Times that are stressful for all families can border on chaos and catastrophe

for families coping with ADHD. For example, at dinner, a child with ADHD may struggle

to focus on his meal. His crying baby sister may increase his distractibility and may

elevate his frustration and likely reduce his ability to regulate the noise level of his own

voice: screaming for something else to eat, for his sister to stop crying, and for his

parents to pay attention to him. The screaming and crying triggers an already stressed

mother to yell at both children, further escalating the cycle of crying and yelling and

triggering an exhausted father to throw his plate in the sink and walk out of the room. In

a family without ADHD, at least one parentand sometimes even a childcan often calm

these stressful family situations. However, parents of children with ADHD often cannot

easily perform this role, and need other means to cope with the situation at hand.

Cognitive behavioral interventions can provide parents and their children training

to improve their executive functioning skills and thereby improve the functioning of the

family unit [101, 102, 114, 204]. In particular, these programs can help children and their

parents cope with the symptoms of ADHD through tailored training for both parties that

build on each other [184]. However, adherence to these interventionsand therefore their

effectsoften decline over time [214, 215], leaving open major health research questions

about how to support long-term adherence to training. In this work, we explored the

opportunities and challenges for the design of collaborative, persuasive technologies for

family-based behavior change.
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4.2 Related Work

Although personal health informatics is ostensibly about the individual, even

the quantified “self” movement has begun to consider the quantified “us,” [131] and the

issues and goals of these movements often apply well to group or family-based health.

In particular, we consider how technologies must connect health strategies, actions, and

progress towards goals [145]. Likewise, designs should collect data in ways that offer

insights to users, are descriptive and understandable [43]. Finally, behavior change,

whether of an individual or a group, is cyclic and iterative, and health technologies must

allow for these stages, detect them, and support them [119] while putting physiological

data in context of environmental and activity based data [120]. Moving beyond these

issues, however, there are open considerations for how to design personal health technolo-

gies that are collective, particularly in relation to mental health and family functioning as

in this work.

ADHD in particular tends to accompany other challenges for people in their

relationships, communication styles, and social interactions. The behaviors to be changed

and the data to be tracked are inherently for and about multiple people. Thus, we turn

now to the related literature on family based interventions. Grimes et al. highlight the

potential for designing around families rather than individuals [76]. Because families

often share food and eat together, recalling food intake and tracking diet is easier as a

family rather than individuals. One family member can fill in the gaps for the other [76].

Similarly, Neustaedter et al. found that coordinating, scheduling, and calendaring are

crucial activities in families that call for different types of calendar views, such as: public

and accessible or at-a-glance awareness with multiple access points [150].

Given that parents are the primary decision makers in the home, it is perhaps

unsurprising that one solution seen in the literature is to focus on parents when designing
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for families (e.g., [81]). Specifically, within the ADHD research space, ParentGuardian

used wearable sensors to detect when a parent was under duress and deliver behavioral

strategies to help parents cope with stressful situations [170]. However, parents often

struggle to track, aggregate, and present their child’s health information to doctors

[107, 125].

Taken together, this related work indicates that technologies can be used to sup-

port collective health monitoring for families but require special design considerations in

their development. This work also leaves open research questions around the underlying

mechanisms by which this support could work, particularly for long-term adherence.

Thus, in this work we focused on understanding how families currently work to imple-

ment their lessons from cognitive behavioral training several weeks after completing

training and how these practices might be leveraged and supported through innovative

technologies.

4.3 Background on Behavioral Family-based Training

Parent training is an evidence-based treatment for children with ADHD [36,

37, 95, 166], but has challenges with long-term adherence [211]. The MTA Study

(Multimodal Treatment of ADHD) parent training focused on psychoeducation, build-

ing effective home discipline programs and collaborating with schools [211]. The

CUIDAR Project (CHOC-UCI Initiative for the Development of Attention and Readi-

ness) [113, 114, 194] focuses on identification of behavioral difficulties and ADHD

before children reach school age as well as both short and long-term intervention. Simi-

larly, Positive Assertive Cooperative Kids (PACK) [184], is a twelve-week program that

uses a combination of behavioral parent training and child social skills training built on

the MTA and CUIDAR models and adds in the element of human-animal therapy through

canine companions.
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4.3.1 PACK Training Overview

Although PACK is a multimodal treatment that evolved over several years, we

here briefly describe the elements most relevant to parent training and our research

questions around long-term adherence for families. During PACK, parents meet on

a weekly basis for 2 hours in groups of six families, and children attend social skills

training twice a week for a total of 4.5 hours per week. Parents receive training on

traditional behavior modification principles and techniques to address children’s specific

problematic behaviors through the use of positive reinforcement (e.g., positive attention),

nonphysical discipline (e.g., losing privileges, time-outs), contingency systems (e.g.,

token economy and behavior charts), effective communication (e.g., giving directions),

and problem-solving. In addition to these traditional BPT intervention techniques, the

PACK parent curriculum also addresses common parenting challenges associated with

raising a child with ADHD (e.g., problems with self-regulation, organization, motivation,

and persistence). Parent sessions are led by a specifically trained parent educator and

include didactic instruction, goal setting, role-playing, and homework assignments using

standard manuals and protocols. Preliminary results have shown reductions in parent-

rated severity of children’s ADHD symptoms during the course of treatment as well as

pre-to post-treatment improvements on measures of children’s social skills, pro-social

behaviors, and competing problematic behaviors [184].

Because PACK explicitly considers a dyadic relationship (parent and child) to be

involved in the behavior change process, it served as a basis to broadly study how personal

health technologies can and should be adapted or reconsidered in light of collective

needs-in our case, family needs. In particular, we were interested in understanding

how behavioral training that involves one child and one (occasionally but rarely two)

parent(s) is implemented after the training phase. In particular, we were interested in
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understanding how families coped long-term with the addition of other actors-including

additional parents (e.g., spouses, step-parents), caregivers (e.g., grandparents, teachers),

and children (e.g., siblings, friends)-while attempting to maintain the training they

received.

4.3.2 Implementing PACK in the Home

numerous potential interventions, and the PACK intervention itself was complex

and involved multiple diverse types of lessons and tools. In our work, however, four

primary tools were reported as being used by research participants dramatically more

than the other elements of the training. Thus, we focus on those examples here to provide

some indication or how PACK tools and exercises help the parent-child dyad reinforce

the skills being taught on a weekly basis [184]:

• PACK Good Sport Bucks: a token economy used by parents to “catch” and reinforce

positive behaviors and the specific “social skill of the week.”

• PACK Lingo: a shared “language” between parents and children consisting of short,

direct, and neutral verbal and nonverbal prompts for appropriate behavior (e.g.,

“calm hands/body” for fidgeting). Children were conditioned to respond to from

the regular use in their social skill lessons (see Table 4.1).

• Behavior Charts: visual representations of contingency systems in which“earned”

rewards are contingent upon targeted behaviors, typically placed in the child’s

room or on a shared wall and reviewed by parents with their children at least once

per day (see Figure 4.2).

• Checklists: visual representations of specific, multi-step routines and tasks (e.g.,

going to bed, getting dressed in the morning) that guide them through a sequence

of steps to facilitate self-initiated task completion (see Figure 4.1).
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Table 4.1. Example of PACK phrases

Phrase When to use

No extra words Child not showing accepting,
negotiating, talking back

Laser eye contact When you want your child to
look at you or someone who is speaking

Bubble Space Child is invading personal space,
too close to others

Quiet Coyote Sign Hand sign that means its time
to be quiet, not talking and eyes on speaker

1-minute warning Give one minute before transitioning
to the next activity, task, or event

Redo Option to redo something s/he
did the wrong or inappropriate way

Freeze! Call to attention, should immediately
stop what s/he is doing and redo the action
(e.g., ignoring a greeting)

Figure 4.1. Example of PACK’s weekly behavioral chart
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Figure 4.2. Example of PACK’s weekly behavioral chart

In addition to these four key elements, other worksheets and tools were introduced

in each session of the weekly training, such as creating contingency plans for potential

problematic events and situations, problem-solving techniques, and steps for effective

time-outs. Taken together, these materials served as common ground for the children and

their parents as well as individual specific training for each. However, rather than just

translate these materials into digital form, we sought in this work to truly understand how

these materials-and others homemade by parents or adapted from school and clinical

settings-are used in the home and how additional digital tools might be created with the

same goals as the training programs in mind.
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4.4 Methods

We conducted an interview study targeting long-term adherence and implementa-

tion of behavioral strategies taught through the PACK intervention. In this section, we

detail the participants in this study, data collection techniques, and analysis used.

4.4.1 Participants

All parents interviewed completed the 12-week PACK intervention and had

consented to be contacted for additional research studies (n=44, 2 fathers). Parents

had completed the training between 3 months to 18 months prior to the interview.

All responding parents (n=26, 1 father) with the exception of the father reported

to be the primary caregiver during the PACK intervention. Primary caregiver is the

parent responsible for attending the weekly parent training sessions, completing weekly

homework assignments, and completing the questionnaires and outcome measures.

Over the course of a year, we interviewed 20 of the 26 parents who responded

(see Table II insert). The remaining six parents, including the only father to respond,

expressed interest but we were not able to finalize a convenient meeting time for them.

Two of the mothers interviewed were divorced from the fathers of their children.

In one divorced family, both parents attended the parent sessions, whereas in the second

divorced family, only the mother participated. Three of the mothers identified as single

parent households. The remaining 15 were dual parenting households. Of the children

whose parents were interviewed, 14 were boys and 6 were girls.

4.4.2 Interviews and Home Visits

We conducted semi-structured interviews with each parent participant. On aver-

age, the interviews lasted 60 minutes, with the shortest lasting 34 minutes and the longest

110 minutes. Seven interviews took place at homes of the families; five took place in
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person outside of the home including at a school for children with ADHD, and eight

were conducted by phone.

During the interviews that took place in homes, we also conducted a tour of the

home. Parents shared artifacts related to implementing the training. Additionally, we

asked parents to show us locations in the home that tended to be the sites of problematic

behaviors. We took photographs in the homes but not of the family members themselves

and included these photographs and any collected artifacts in the analysis. For the other

five parents we interviewed in person but not at home, we still reviewed the materials

they used to maintain PACK and included these in our analysis.

4.4.3 Analysis

Our analysis focused on the complex ecosystem of care present in PACK, in-

cluding multiple family members, behavioral tools, language, information, and times

and locations of care. In particular, we were interested in understanding how cognitive

behavioral training is a distributed process. Thus, we conducted a distributed cognition

analysis of this ecosystem with a particular consideration for how technological tools

might be used to support the various ways the work of behavior change is distributed.

Distributed cognition looks at understanding: (a) the representation of knowledge

internally in individuals and externally by off-loading some of the cognitive load to

tools and artifacts in the environment [151]; (b) the interactions and propagation of

knowledge between individuals and artifacts [93], [91], and (c) the transformations

external structures undergo when operated on by individuals and artifacts [63]. As

such, distributed cognition goes beyond understanding individuals in isolation to look

at how a collection of individuals and artifacts perform a task across time and place

[63]. Furthermore, distributed cognition helps understand how to map such distributed

activities to functionality in the design of interactive systems [90]. This framework has
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been used to distill needs in networked work environments [179], software teams [63],

and teamwork errors in the trauma resuscitation at a hospital [183].

Throughout the qualitative analysis process, we organized the data based on the

three dimensions of distributed cognition: people, artifacts, and time. In an iterative

process, we examined emergent themes within each dimension by which the work of

family functioning is distributed. The lead author drafted memos for discussion to be

shared among the research team as well as with a larger group of related researchers. Over

several months, we refined our insights, returning to the data to look for corroborating and

contradicting examples in both the interview transcripts and other materials. Finally, we

brought on board the clinical researchers who had initially explained the PACK training

to us, reflecting our findings to them and drawing on their insights into the research

participants’ experiences and the details of the PACK training.

4.5 Findings

Family-based behavioral training, like the program in the PACK intervention,

takes place within the very pragmatic constraints of parenting. In most families, attending

any type of training is difficult if one or both parents work and there are multiple

children in the household-each with different schedules. Therefore, even though all

caregivers in the family are invited, typically only one parent attends. This situation

naturally, if not intentionally, sets up a dyadic relationship between the parent and the

child attending the behavioral training. Throughout PACK training, responsibilities are

divided between the parent and child; each working towards the goal of an improved

relationship. Parents in our interviews described targeting and monitoring their children’s

behaviors, completing take-home exercises, maintaining charts and checklists, practicing

using learned communication tools, and implementing each week’s behavioral techniques.

In turn, they described their children as applying each week’s social skill with the goal of
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earning incentives for targeted behaviors (e.g., compliance, work productivity).

Outside of training, particularly over the long term, we see an even more complex

ecology of actors: additional parents, grandparents, and other caregivers play key roles in

improving family dynamics, even when they do not attend the training. Likewise, other

children in the household become subject to the strategies and tools parents learned in

PACK training. Although necessary, this situation challenges long-term adherence. In

this more complex view, children and caregivers hold each other accountable and rely on

each other to: communicate using the PACK lingo as learned in training, maintain the

token economy (good sports bucks), maintain the behavioral charts, and give out rewards

for improvements in behaviors.

In this section, we unpack these results in relation to each of the ways in which

this work is distributed: across people, within and outside the family; through and around

various artifacts both digital and not; and across time. This approach gives insights on

the properties that arise from collaboration among family members and tools and how

they occur over time.

4.5.1 Working as a collective: interactions mediated through
behavioral training

Achieving behavioral improvements during and following intense behavioral

training goes beyond the child and parent attending the training: it takes the entire family.

In particular, we find that training must be understood and technologically supported

considering as an enterprise involving the entire family. Technologies need to consider

caregivers and siblings that did not participate in PACK because they play a role in

maintaining the intervention. The following sections highlight how communication and

coordination within the family and around PACK need to be considered.
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Dynamics of maintaining behavioral training as a family

As described in 4.3.1, PACK includes a two-way complementary training. One

of these complementary components was the ‘PACK lingo.’ This shared language helps

families communicate clearly, concretely, and quickly in a neutral manner without falling

back on ineffective methods of communication (e.g., scolding, lecturing). The two-

way complementary curriculum draws attention to the ways in which the knowledge is

distributed across members and how tools need to consider the distributed nature PACK

creates.

The ‘stop, look, and listen’ [...] It’s the perfect thing of what we need
to say. [...] It just tunes her in that she needs to stop and look at me [...]
Oftentimes we just see her grabbing at things and fidgeting and so ‘calm
body’ just gives us the perfect words that we needed to describe.

<P16 >

Additionally, we also learned parents used the ‘PACK lingo’ with their other

children, even if they were not trained.

My younger son, I also make him go through PACK program. I taught
him the [PACK lingo] ... We do everything together, it’s an easier way to
do and it works.

<P15 >

On the caregivers’ side, often only one parent-and no grandparents, aunts, or

uncles-attended the training. In those few families in which both parents were active

contributors, PACK provided a foundation from which to draw from even when the

individual approaches were inherently different.

The fact that we have this common ground now, that we can encourage
each other toward, I feel like our marriage is really strong ... I know how
rare that is. I just feel incredibly thankful for it. To be able to just use the
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same words and to encourage each other in the same techniques has had a
huge impact on helping us really be on the same page.

<P16 >

He [stepfather] went to most of them [training] we kind of bounce stuff
back and forth between each other, when sometimes we differ on how
we should handle it you know, that was kind of a struggle too. Because
even though we’ve both been through the training he may see it one way
and I see it different way, and we have to come to that median... But it’s
constant, you know. Trying to get everybody on board is a struggle, yeah.

<P8 >

Similarly, the token economy (Good Sport Bucks) explained in Section 3, set

clear standards for rewards, and keeps everyone in the family operating on the same

system for rewarding appropriate behaviors. This reward system allows families to define

and understand what is appropriate and what is not, which behavior will be rewarded and

which will not.

We just have a jar for each girl and we’re just putting poker chips in when
they earn ... We have different color poker chips ... I think just the act of
catching the positives is the most important.

<P16 >

The families that maintained a contingency system after the intervention ended

did so with all children who are close in age, and not just with the one who attended

PACK. Additionally, beyond simply implementing the parent-driven strategies across all

children, families with older children often described creating opportunities for the older

sibling to have a more assistive, parental role:

And we do stuff like the ‘family cooperation jar’ where the big brother is
babysitting, they all cooperate and they earn points as a group and as a
group they get to go to do something. And then they (the other siblings)
can buy toys too.
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<P13 >

This type of family integration highlights how supporting a family-based be-

havioral intervention requires designing tools that support the entire family, including

siblings and caregivers who did not participate in the training program.

Family members collaborated around maintaining the behavioral chart. Children

not only cooperated by focusing on improving the targeted behaviors of the week, but

also reminded parents to update the behavior and reward charts.

The girls just fill in a check or a mark on the three things we’re working
on. ... The girls are motivated because when they get their points that
day, they get a daily reward to pick from. They actually are the ones that
help me keep it up, because they’re always asking to do their chart. ... I
really think that if they weren’t reminding me all the time to do it, and
they weren’t motivated by it, then I probably wouldn’t be able to keep it
up. That really helps.

<P16 >

In the current paper-based system, all charts live at home and every child has their

own. The current system makes it difficult to track improvements outside of the home.

When behavioral improvements occurred outside the household, all parents described

struggling to remember to update the chart. Parents who were able to maintain their

charts relied on their children to remind them to update the chart once they were home.

I say ‘You need to help remind mommy so when I tell you that you’ve
earned something, if I don’t mark it down remind me later.’ In the moment
you’re not going to go ‘Oh you earned your reward.’ Then I’m going to
go write it down on the chart from where they got it. I’m busy with my
other kid, homework, getting them to church, you know what I mean?

<20 >

Relying on each other, and allowing children to be active participants highlights

to consider all members involved when designing technologies for the family setting.
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Moments of tensions highlight how other caregivers participate, benefit, and learn

about PACK even if they did not participate directly in its training. In this case, when one

parent is struggling, the other can dynamically step in and reminds the parent struggling

of strategies to handle the current tension.

My husband in particular is having a really hard time, because he just
is like, ”I’m just going to make her comply.” [] He wants to have the
power and control so he starts becoming super stern, and then she just
wants to fight that. We know that she does not respond well to just the
authoritarian, we’re trying to just remind each other, ”Remember, this
didn’t play out well last time.” He’s working on some of that, and then I
think he’s ... I’m trying to remind him some more of that stuff. He’s been
trying to remind me of some more of the consistency stuff.

<P16 >

As P16 expressed, each caregiver has different struggles, but they can learn

from, and lean on, each other for support even if they have varying levels of expertise

and experience with the behavior training. Likewise, when designing technologies

that support a parent in coping with their own mental health challenges (or provide

parents mechanisms to support their children), we should consider the entire family to be

receiving and implementing the therapeutic and educational interventions-not just the

single parent-child dyad.

The insights in this section highlight how PACK maintenance is distributed among

the parent-child dyad and other family members. Having siblings and other caregivers

participate in maintaining PACK underlines the need for technologies to support different

types of users and roles; some members will be fully versed in PACK and others will

learn along the way.
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Maintaining training with different family dynamics

There are not always clear lines delineating the boundaries of the family unit.

Inclusion of other caregivers, such as grandparents or hired childcare creates additional

challenges for families and additional design considerations for technology researchers.

For example, when and how should information about a child-rewards earned, discipline

required, strategies to engage, and so on-be shared with other caregivers? Just as handoffs

in healthcare can interfere with transfer of knowledge about a patient [5], handoffs in the

childcare process can limit the consistency and effectiveness of behavioral interventions.

Thus depending on the context, individuals normally not considered part of the family

ecosystem, such as teachers, become part of it.

These blurry family boundaries are also present when parents are divorced. In

“split parenting,” the secondary caregiver could have substantially different engagements

with the training compared to the primary caregiver and the children.

My situation is different than the other parents in the class because mine
is a divorced family. So my son goes between my house and his father’s
house, and our parenting styles are different. The environment is different.
It’s hard to implement something here and then he switches to another
environment that’s different there ... I don’t have any control over there.
My son tells me it’s very stressful at his dad’s.

<P20 >

These “split parenting” situations might lead to inconsistency in maintaining

behavioral programs like PACK, and these family types must be accounted for when

designing for family behavioral support. Tools for this setting must be adaptable and

configurable for a variety of family dynamics-an issue that may seem obvious, but not

well accounted for in existing tools and technologies.

The results of this entire section highlight two points. First, tools need to address

non-trained family members and offer additional guidance, suggestions and insights com-
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pared to tools designed solely for the parent-child dyad that attended the training. Second,

technologies need to accommodate for the shared accountability and coordination across

family members, chronicle it, and highlight opportunities for this type of engagement

and contribution.

4.5.2 Behavioral interactions mediated through artifacts

Physical artifacts, such as charts and rewards, can decrease the cognitive load of

mentally tracking behaviors and rewards. They worked so well for many families, in fact,

that they often chosen to implement them for all of their children-a decision that then

added to the complexity of maintenance of these artifacts. In this section, we describe

the opportunities and challenges seen in delegating a portion of family functioning and

parenting into these tools, depending on users and other context.

Making tools visible and accessible

Families set targeted behaviors to track on the behavioral chart at the beginning

of the week, ideally based on a family discussion about behavioral goals and rewards to

be earned. However, all families struggled to find the time and place to update the chart

and reflect with their children in a way that fits into the fabric of their daily routine.

It was like we had it downstairs, by the kitchen table so we could see
it while we ate. We put it on a bulletin board we’d put it here [living
room] and nothing really worked because we kept forgetting to sum it
up. I literally have it taped to the wall in each of their rooms with a pen
hanging next to it so before they go to bed, it’s the last thing I see when I
turn off the light and so I can’t really miss it.

<P18 >

Parents who succeeded in updating their charts over long periods of time following

the training, like P18, placed the charts in locations where they spent one-on-one time
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with their children. Displaying visible behavior tools in these contextual locations allows

family members to collectively reflect on children’s behavioral progress. However, a wide

variety of behaviors occur outside the home, such as in social gatherings, sports events,

after-school programs, in the car, in restaurants, and so on. In response, parents described

using a variety of approaches to make information accessible in various contexts. One

mother relied on her son to remind her to update the charts when they arrived home;

another mother created her own checklist for her mobile phone.

don’t have it sticking on my refrigerator anymore. Our life is too busy for
me to sit here and do that. I have it on my phone, I keep a little chart on
my own phone that says what things he’s earned for the day.

<P20 >

Having behavioral charts only accessible to the main caregiver weakens the parent-

child collaboration. An individualized, single viewpoint denies children the benefit of

viewing their behaviors and rewards on the large, visual wall chart. Secondly, a chart only

available to a single member decreases the desired group awareness and the opportunity

for other caregivers to collaborate.

Furthermore, even though families were given handouts to help children refresh

their acquired social skills, all parents indicated it was difficult for their children to review

the material. Similarly to the experience of their parents, children did not have the means

to review their training outside of the home. The inability of children to review at a level

that speaks to them, especially as they mature, led to children’s decline of the behavioral

maintenance.

We could put, he could put in, what reward he is trying to earn that week
and then he could look at it. But, just to keep it fresh in his mind. Oh
yeah, I’m trying to earn this week.

<P10 >
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For [my son], I think his hardest thing, but sometimes he’ll say “I don’t
remember anything I learned at PACK.” So I still will throw in the termi-
nology he still remembers it because I still use it. But, I think a lot of the
concepts got lost.

<P9 >

The above barriers call for a more comprehensive ecosystem, one that includes

tools targeting the needs of children as active participants in the data gathering, editing,

and reviewing process.

Making tools customizable

Because multiple family members assist behavior management, the artifacts

mediating this process must be appropriate for different types of users. In the current

paper-based system, however, it is difficult to translate information across environments

(e.g. school and home) as well as across people (e.g., child and parent) using paper-based

tools.

Half of the parents interviewed stated teachers were interested in maintaining

PACK during school time. However, transferring and re-representing behavioral data

depending on the type of caregiver is currently not possible. For example, a school

related goal with home implications calls for parents to track data in a form that is useful

for teachers. Likewise, home goals that have implications at school require teachers

to track information differently for parents than for school purposes. In both cases,

having information on a desired behavior from a different environment can be helpful for

understanding current behavior.

[His teacher] would have also other rewards for him if he were able to
sustain something for a longer period of time. She would want me to
track it for her. [...] It was almost like she wanted to have a record and
she wanted to be able to point to some improvement.
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<P19 >

Likewise, children benefit from understanding data tracked about them-and possi-

bly even tracking it themselves. Enabling children to become more accountable for their

actions is highly encouraged in PACK. Currently, however, the current ecosystem lacks

tools that engage children. Consequently, children tend to forget behaviors and rewards

because they have no means of view their information.

If he had a chart to keep track of himself ... he could put in, you know,
what reward he is trying to earn that week and then he could look at it.
But, just to keep it fresh in his mind. ‘Oh yeah, I’m trying to earn this
week.’

<P10 >

These results indicate that a balance must be struck between the visibility of

information and its accessibility: there is a need for different interfaces for different

situations, intentions, and user roles. Additionally, data needs to be accessible across

environments, and those who do the work of collecting it should benefit from its existence,

echoing canonical work by [77]. However, the method for summarization, reflection,

and understanding of the data differ depending on the type of caregiver (i.e. firsthand

PACK learner vs. secondhand PACK learner, baby sitter, teacher) and the age of child.

Thus, the tools used to implement strategies, track behaviors and rewards, must work

around supporting these activities at a variety of levels for end-goal, comprehension, and

knowledge of PACK.

4.5.3 Mediating behavioral interactions over time

Given the acute and episodic nature of parenting a child with ADHD, and the

specific focus on mindfulness inherent in the parent training [188], supporting moments
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of tension is an unsurprising need for families. Considering how and when delivering

support, however, raises some interesting issues.

Supporting members based on context

Similar work by Pina and colleagues [170], parents described wanting and needing

just-in-time support during moments of stress and chaos. In our study, we learned an

additional detail; in situations occurring at home, parents wanted other family members

to be made aware. One parent described: “it’s like taking an emotional room temperature”

(P16). In PACK, the parent-child dyad attending learned how to empathize with the

struggles of the other. Building on this progress, parents expressed they wanted to

strengthen that awareness in difficult moments by explicitly translating emotions during

moments of tension to encourage family members to help each other. A second approach

for creating group awareness is to make other caregivers in the near vicinity aware so

that they can assist the parent involved in the moment of tension with their child.

More interesting, however, our results indicate that parents need support during

other distinct times. So-called downtime was a particularly salient concept for parents,

which is also discussed in related work [170]. More specific, parents discussed wanting

to review training materials and strategies during idle moments of the day, especially if

they were related to their children, such as sitting in the waiting room during a doctor’s

appointment or waiting in the car before school pickup.
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Like I am waiting in the waiting room and I’ll be looking some things up,
or texting, or, things of that nature. [...] if I had access to that and I was
needing that information, it’s just more accessible than having it in a book
at home.

<P1 >

Thinking about designing around downtime points towards exploring other mo-

ments of the day not normally thought of when supporting parents during moments of

need. Aside from assisting with events related to with charts, behaviors, and language,

there are opportunities to learn and reinforce the program. Exploring how to support

moments, like “downtime,” is worth exploring with respect to engaging secondhand

PACK learners. These opportunistic moments could be used to show progress and what

are opportunities for secondhand PACK learners to support behavioral improvements.

Additionally, a distributed cognition analysis highlights how even “in the mo-

ment;; support is not just delivered in the moment, but requires substantial planning

beforehand and reflection after. In the next section, we describe the ways in which

“real-time” support is distributed across time.

Reorganizing information based on context

PACK helps parents to design contingency plans to deal with potential triggers of

undesired behaviors. Contingency plans support emotional regulation and consistency

for the entire family. Creating and implementing contingency plans is the second most

common hurdle PACK parents struggle with.

Parents were generally aware of the events or tasks that could trigger undesired

behavior in themselves and their children. In principle, this knowledge can help parents

prepare in order to avoid these conflicts.

You know when your kids get a trigger. You know when you are going to
have a fight with your child. I could tell you probably the time, the date,
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every single week that I know I’m going to fight with my child because
they are my kids. When I know that, then I can go and seek an ultimate
way to say something in a better and then try it.

<P14 >

However, most families struggle to create and implement appropriate contingency

plans.

I feel like I was given so many of the tools. I just think a lot of times I
don’t take the time or give myself the space to think about what I need to
be doing as a parent. I think being proactive is a huge piece of it and not
just being reactive.

<P16 >

As a part of PACKs training, parents were taught how to create contingency

plans. This process required parents to: (a) break down the problematic event; (b) work

backwards to identify its starting point; and (c) consider what steps to follow to avoid

reaching the undesired boiling point. Given the high proportion of parents who are also

struggling with their own executive functioning capabilities and high reactivity, parents

need step-by-step instructions that they can easily recall–in the moment–during stressful

situations.

I find that it’s difficult to remember what to do when you’re in the middle
of it. Because the child’s acting out, you feel like everybody’s staring at
you like ‘do something, your kids out of control’ ... I can’t even think.
You know? And you want to yell as your first reaction, you go, ‘you can’t
do that.’ That’s not going to help. What was I supposed to say again? ... if
you had like something that could trigger, you know, even like flowcharts
or something that you can glance at.

<P1 >

Most parents reported being able to remember the “first rule” of the training:

“do not engage.” However, only two parents, P1 and P18, reported being able to follow
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this rule and created a mechanism to support themselves during these stressful periods.

P18 carried reminders of her child’s rewards and would remind potential upcoming

rewards in an attempt to shift her child’s attention towards positive behavior; P1 would

review photographs of the paper-based course materials on her phone while disengaging.

The small number of parents who described successfully disengaging indicates that

technological support even to just let parents know when a good time to step away is

(such as is suggested by [170]) might be a substantial improvement.

Because parenting is unpredictable, parents described struggling to create a con-

tingency plan for every potential triggering event and its associated undesired behavior. In

practice, this requires parents to connect an appropriate strategy (from a set of strategies)

to a particular situation they are likely to face, and to execute this plan very quickly in

the heat of the moment.

I remember her [clinician] telling us you know, write down what you’re
going to do when they don’t listen. So you have to, right now, you have
to do x and I put an arrow, you’re direction right now is to do x. Then
another arrow, if you choose not to follow my direction, your consequence
is y. Right now, your consequence is y. So that I don’t forget it because
otherwise it’s not that I don’t want to, I can’t think of it.

<P1 >

He [child] needs to work on ‘accepting’ now, like I can click on accepting
and read about accepting. And maybe come up with some other ideas of
how to deal with it.

<P10 >

This reality suggests an opportunity to create an infrastructure to support parents

by reorganizing PACK information and presenting it according to the situation at hand.
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Designing for reflection

Family-based behavioral training programs, such as PACK, often require families

to reflect on behavioral incidents in relation to their weekly behavioral goals. These

periods of reflection give families a sense of progress, helping them to identify what

has improved and what has not. However paper based charts, such as those described

in Section 3, do not highlight behavioral progress, which areas to improve on, and what

strategies and rewards were effective in the past.

Parents used a variety of tools-from extensive paper charts to sophisticated

spreadsheets-to support this kind of tracking and reflection, with varying degrees of

success. For example, one parent described the elaborate system for tracking a variety of

data points in a spreadsheet:

Yeah, I basically have an Excel spreadsheet. I look at whatever it is that I
did for last week. I make a copy of the spreadsheet, make a new tab and
then update it for the next week. It gets a little old. ... Like if it was just a
simple web based form that I could just route that also give me some sort
of tracking mechanism, it would be really lovely.

<P18 >

This same parent, however, lamented that simply tracking and recording data was

not enough.

For us, it’s not just remembering to check off the charts and say, ‘Hey,
you earn this checkmark’ or whatever. If you’d been coming up with the
charts on a weekly basis and remembering to really re-think are these
behaviors that we want the kids to work on this week or do we feel like
they did it?

<P18 >

The biggest hurdle we identified throughout this study was the inability of parents

to quickly review and reflect upon their children’s behavior. Even the mother using
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Microsoft Excel could not gleam and review historical data to offer insights on current

behaviors.

I really don’t remember what he did a month ago. Once he had it, I don’t
want to keep extra pieces of paper with all the checkmarks on it once it’s
done. At the same time, I want to remember, hey, ‘we had a problem’ ...
Then it will be a month later where his thought would slip again and I go,
‘Oh okay well, I should probably come back to this’ but how long ago did
we really have this as a priority? Was it a week ago? ... is this something
that I should be more consistent about and keep on longer?

<P18 >

These results indicate that successfully responding to current undesired behaviors

requires reflection about past behaviors. Current tools are unable to help families in

this regard, as they are currently designed to aid in tracking the current, present state of

affairs.

4.6 Discussion

ADHD is a neurodevelopmental disorder that is typically first evidenced during

childhood but can cause impairment across the lifespan. Behavioral interventions aimed

at mitigating the effects of ADHD on children and families focus on improving the

relationship between a child with ADHD and his/her caregivers. Although these behav-

ioral interventions are impactful, they are elaborate and can be challenging for families

to implement and maintain. This complexity provides opportunities to envision how

information and communication technologies might play a role in long-term behavior

change and maintenance.

In particular, by examining the ways in which behavior-change is distributed

across people, artifacts, and time, we see substantial differences in the potential for

tools to support behavior during training as opposed to the weeks and months following
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training. As a necessary step to reduce the complexity of the behavior program for easy

instruction and initial implementation, the training activities tend to treat the parent and

child as a dyad. This dyad, in turn, uses their newly acquired social skills, strategies,

and behavioral tools to manage ADHD and improve their relationship. Long-term

implementation, however, requires evolution of activities and involvement of additional

people, places, and tools.

The ecosystem surrounding long-term behavioral maintenance has two general

characteristics. First, as in initial program implementation, the parent-child dyad strongly

relies on each other and holds each other accountable. In this stronger tie, the child moved

from practicing skills to actively participating in maintaining the behavioral charts-with

parental consent. Second, the new ecosystem includes a larger set of people as part of the

family structure, with more than one caregiver supporting the interventions, and more

than one child being subject to the intervention.

The new ecosystem has multiple members-each with distinct roles. Each member

interacts with one another (parents interact with other parents, children interact with

other children, and parents interact with children). The number of relationships grows

quickly with the addition or more people (two people have only one relationship to worry

about and three people three relationships, but four people have six relationships, and

six people have 16 relationships to maintain!). At the same time, each family member

interacts with behavioral charts and other artifacts across different timeframes and spatial

locations.

Addressing the needs of this ecosystem means technologies should offer different

types of support for different types of users. For example, technologies should be

designed for people who directly received the training as well as those who did not.

Families are complex structures with spoken and unspoken norms, power struc-

tures, and other organizational considerations [154]. Thus, technological tools for support
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must include notions of varying privileges for acting on and views of data. Additionally,

individual family members will likely have varying levels of knowledge and under-

standing about the behavioral intervention, as well as varying levels of motivation and

capabilities to implement it. Thus, technologies must support and encourage consistency

through education and training as well as incentive structures and rules.

4.7 Conclusions

Shared knowledge, transmission of knowledge, distributed problem-solving, and

the use of behavioral tools all help families manage ADHD. Using a distributed cognition

framework to analyze design opportunities for family-based behavioral training, we see

how these shared cognitive activities are distributed across people, artifacts, and time in

the current system, highlighting opportunities for collaborative, mobile, and intelligent

technological supports.

By making the unit of analysis the family, we identify the ways in which the

quantified family differs from and is similar to the quantified self and even the larger

quantified us. This work contributes to a growing literature that speaks to designing

for a collaborative ecosystem of “users.” In particular, this paper moves the perspective

of personal health to one where family and individual health needs are the product of

family members working together. As clinical, psychological, and educational inter-

ventions increasingly connect members of a household, technologies must support this

interconnected and interdependent approach.
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Chapter 5

Designing to Deliver Parenting Strate-
gies In Situ

5.1 Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a hyperkinetic psychiatric

condition. It is one of the most diagnosed in school-age children with an estimated

prevalence of up to 11% [206]. Children with ADHD experience challenges in maintain-

ing attention, forming and holding goals, and cognitive control [16]. One of the most

promising treatments to help children with ADHD is Parental Behavioral Therapy (PBT).

PBT gives parents the skills to manage and teach their children behavioral strategies that

focus on self-control. It is an approach that includes both parents and children as part of

the behavior-change process.

118
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Figure 5.1. Behavioral strategy on phone and peripheral display

Additionally, it reduces parental stress and increases parental confidence. How-

ever, the barrier to its success is adherence, primarily for two reasons [217]. First, ADHD

is hereditary, which means parents could be struggling with ADHD themselvesmost

likely undiagnosed [69]. Second, parents of children with ADHD experience higher rates

of anxiety, depression, and stress, which affect their ability to regularly practice PBT

strategies [171].

There is an opportunity for technology to increase adherence to PBT. This work

explores how to detect when parents are experiencing high levels of stress to provide

contextually situated PBT strategies. To detect stress, we used Electrodermal Activity

(EDA) as a proxy because changes in EDA represent physiological expressions of

arousal. We focused on in situ support due to its potential to have long-term behavior-

change benefits [116]. To understand familial needs and usage in real-world settings, we

developed ParentGuardian, a working prototype deployed with 10 families over 14 days.

This is the first study of in situ technological behavioral support for parents within the

ecosystem around the child and not behavioral support for the child itself.
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5.2 Related Work

5.2.1 Health sensing technologies

A variety of mobile and/or sensor-based technologies have focused on encourag-

ing and supporting healthy behaviors [1, 104]. In particular, in the mental health space,

research has focused on collecting rich data with the goal of monitoring, recollection,

self- and automatic assessment of valleys in mental health episodes [15, 115, 176]. These

systems have focused on easing the process of self-monitoring by automatically detecting

activity or behavior, with in situ feedback [176]. Our research explores detecting stressful

situations in the home to deliver PBT strategies to parents in moments of needs. Offering

in situ support in moments of needs allows us to explore the intersection of in situ

support and teachable moments [116] for families as an ecosystem. Our goal is to help

parents in stressful situations by presenting strategies in context that lead to long-term

behavior-change in the child.

In addition to exploring the concept of teachable moments in the context of

detecting stressful situations and provide coping strategies, our work is also grounded

on Ecological Momentary Intervention (EMI), where a system should be able to assess

and offer just-in-time prompting for behavior-change [163]. Mobile Heart Health and

Mobilize! explored how to offer mental health support when an undesired mental state

was detected [29, 144]. We contribute to this space in two ways. First, we explore how to

offer in situ PBT support based on a physiological proxy for stress, using Electro-Dermal

Activity data. Second, we examine a novel format for the delivery of such a strategy.
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5.2.2 Leveraging electrodermal activity as a physiological indica-
tor of stress

To detect stressful moments, we explored changes in EDA. Wearable EDA sensors

detect changes in skin conductance. The sensor provides a sensitive and convenient

way of measuring high physiological arousal associated with stress, as it can be worn

conveniently on the wrist [172].

The work using EDA has mainly focused on controlled experiments, pattern

recognition and understanding what representative features of different types of signal

should be used by machine learning algorithms to automatically detect changes in arousal

and therefore, mental state. The work by Hernandez et al. categorized different types of

calls with respect to the stress level manifested by the call center staff with the goal of

offering pertinent management techniques [85].

AffectAura explored how to monitor emotional wellbeing by visualizing emo-

tional states and allowing users to reflect and understand what circumstances led to

positive and negative affect. In this project, one of the sensors used as input to detect

stress was EDA [137]. Similarly, FEEL, a work-in-progress system, explored correlating

EDA readings with mobile-phone social interactions. The goal of FEEL is to offer insight

between users’ activities and their corresponding physiological responses [11]. We seek

to push this concept forward by using EDA to identify stressful situations and offer

support in situ. Additionally, we explore how PBT could help in the heat of the moment

with parents and their children.

5.3 Designing for ADHD Family Dynamics

Designing for families with ADHD is particularly challenging, because parents

need help the most when under duress. Consider the following scenario derived from our

data:



122

Melissa and Peter are parents of two children, and both children are in the early

grades of elementary school, one of them diagnosed with ADHD. The pressures of raising

children coupled with the struggles of coping with ADHD have led to increased stress and

depression for Melissa. By attending sessions with a behavioral therapist, both parents

and children were taught strategies for self-control, self-awareness, and positive and

effective communication. Melissa understands the benefits of practicing these strategies

with her children; however, she struggles to remember and be mindful of them. It is

especially difficult for her during her evening ‘rush hour’–the time she is simultaneously

helping her children with homework and extracurricular activities, preparing dinner, and

staying on schedule that leads to bedtime. Add to the hectic evening, a child struggling to

focus, loses patience quickly, and struggles to not fall off of the chair. Melissa struggles

to implement these strategies regularly. This sense of failure increases her stress. She

wishes there was a way to remind herself of these strategies in moments of need.

Addressing all the needs presented in this scenario is difficult. We therefore

focused on exploring how to deliver PBT strategies when a high level of stress was

detected from the parent. We developed ParentGuardian, a mobile/peripheral display

application designed to intervene with illustrative suggestions upon stress detection. The

following sections explain how we designed around the strategies and the components of

ParentGuardian.

5.3.1 Designing the interventions

We chosen the intervention strategies to use based on collaborations with psy-

chologists and behavioral therapists focusing on ADHD and PBT [114] (see Table 5.1

and 5.2). Strategies fell into two categories: heat-of-the-moment and reflective. Heat-

of-the-moment (Table 5.1) strategies suggest actions to take during moments of duress,

such as, pausing before re-engaging in an argument with the child. Thus, we chose to
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trigger these when negative affect is detected in parents. The goal behind these strategies

is to help parents become more mindful, resist negative emotional reaction, communicate

effectively, and help teach self-control by example.

Table 5.1. Heat of the Moment Strategies

Heat of the moment strategies

Fill your lungs with air: Take three full, deep breaths
Silently count down from 5. Imagine each number changing colors.
Do you need a cool out? Disengage, walk away, take a 5 minute break.
You are your child’s role mode. What do you want to teach?
Is my child pushing my buttons right now? How can I respond in a different way?
Stop, Look, and Listen.
Stay focused on the present, here and now, task at hand.
Choose self-control, over out of control.

Reflective strategies (Table 5.2) can be practiced at any time, and come in the

form of reminders rather than actions. For instance, a reflective strategy might remind a

parent to acknowledge the child’s good behavior when the moment arises.

Illustrations are paired with the text of the strategy to create bidirectional asso-

ciative links between ‘seeing’ and ‘doing’ over time [88]. Also, affect plays a role in

learning and emotional response [105]. Therefore, after repeated reminders of the images

linked to PBT strategies, it is possible to weaken the initial reaction and change the

rebound effect such that parents, instead of reacting negatively, are mindful of the coping

strategy to use [191]].

5.3.2 Designing in partnership with parents

Prior to the two-week deployment study, we met with parent participants to gain

feedback on the strategies selected, their representations, and design ideas. During these

sessions we discussed the combinations of the PBT intervention text and representative

images sketched by a graphical designer. This approach ensured that the abstract,
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graphical representation matched the text and could be supported in both a mobile

interface and a hands-free, peripheral display. We met with all ten parents individually,

with each session lasting one hour.

During these discussions, parents noted a preference for the representation of the

strategy without the text on the peripheral display. Therefore, we intentionally removed

the text from the version for the peripheral display. The phone application’s version

however, contained both, as this was considered the primary delivery channel.

For privacy concerns, parents did not want audio or video recorded, even if it

was just to detect features such as speech prosody for stress detection, not actual word

recognition. Thus, we relied solely on the wearable EDA bracelet to detect stress. Parents

were also debriefed on what data we would collect, how we would protect their privacy

and by whom (the experimenters), and how the data would be analyzed.

Due to the limits of a four-hour battery life for the system, we could only explore

a specific time of the day. Parents expressed there were two periods in the day that were

high stress with their children: during the morning routine of getting their kids to school

and the evening, which includes homework time, extracurricular activities, dinner, and

bedtime. We chose the latter for our study as it gave us a larger window of time to explore

interventions–6pm to 10 pm. In future work, we plan to explore other times of the day.

5.4 System Components

ParentGuardian is a four-part system: a mobile phone, a peripheral display, an

Electro-Dermal Activity (EDA) wristband sensor, and a cloud service for back-end data

analysis. The system was designed based on our goals and the needs expressed by our

participants. Figure 5.2 shows a diagram of the system.



126

Figure 5.2. Components of ParentGuardian

5.4.1 Two channels of strategy delivery

The EDA wearable sensing technology collects data but does not include a display.

Therefore, we chose two channels to deliver PBT strategies: the mobile phone and a

peripheral display. The following sections explain their functionality and purpose.

Mobile Phone Application

The mobile Microsoft Windows Phone 8 application allows parents to review

strategies at any time and place. Through this delivery channel parents view both reflective

and heat-of-the-moment strategies with accompanying text as often as desired (see Figure

5.3). First, the phone application prompts parents to report their emotions approximately

every 1.5-2 hrs (prompts can be ignored), and then to review both types of strategies. To

avoid predictability of the strategies, the strategies presented after self-reporting appear

in random order. Second, it connects to the EDA sensor via Bluetooth and streams data

to a cloud service for analysis. Third, it delivers a heat-of- the moment strategy when a

high level of negative arousal is detected.
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Figure 5.3. Examples of strategies on phone: heat of the moment (left), reflective strategy
(right)

We used the self-reports as ground truth for training our machine learning al-

gorithms. In this version, there was no relationship between the self-report and which

strategies appeared after self-reporting. In the future, we plan to explore leveraging

self-reports to present pertinent PBT strategies.

The self-reporting tool used is based on Russell’s Circumplex model, widely used

across the affective computing community [137, 181]. The emotion is represented as

two dimensions. The x-axis represents valence and the y-axis represents arousal. We

used Negative to Positive to describe valence (x-axis) and High Energy to Low Energy to

describe arousal (y-axis) as this was easier terminology for our users to understand.

Hands-Free Strategy Delivery

The peripheral display was built for Microsoft Surface RT tablet devices. The

peripheral display is a direct response to parent reports of the need for a form of strategy

delivery that could easily be viewed without having to look at their phones during the

evening “rush hour”. The idea was also grounded on the usefulness of glanceable displays

and findings on the typical distance between users and their phone [60, 161].

To follow the model explained in 5.3.2, the peripheral display presents the as-

sociated strategy illustration without the text. During idle moments it acts as a live

picture frame showing images of landscapes around the world. When stress is detected,



128

it delivers the same heat-of-the-moment strategy as the phone (see Figure 5.4). The

illustration appears for 20 minutes.

Figure 5.4. Examples of strategies on phone: heat of the moment (left), reflective strategy
(right)

5.4.2 Sensing valence as a proxy for stress

The Affectiva Q Sensor 1(see Figure 5.2), which measures EDA along with

accelerometer and body temperature , detects high states of arousal in parents using the

ParentGuardian system. Data streamed from the sensor to the phone is then forwarded

to a cloud service for analysis. The sampling rate was 8 Hz and features for machine

learning were calculated on a 15-minute moving window. For each window, the system

extracts multiple features: a count of data points, local min, max, mean, and the area of

the signal’s curve above the 75th, 90th, 95th, 99th percentile.

During this deployment, we used these features as input to an in house implemen-

tation of the Multiple Additive Regression Trees (MART) learning algorithm. MART

is an efficient implementation of the gradient tree boosting method for predictive data

mining (regression and classification) [70, 71]. The algorithm attempts to predict the

state of valence (positive or negative) if the user were to self-report at that instant of time.

In our current version, however, we cannot accurately predict the degree of valence, only

if it is positive or negative.
1http://qsensor-support.affectiva.com/
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Our MART algorithm was trained using EDA and self report data from a prior

study with a different set of users [129]. We used 10-fold cross validation with the

participant ID as a stratification key. When we first trained and tested this configuration,

it resulted in a 91% accuracy rate. However, that accuracy was due to the participants

from the previous study mainly self-reporting with positive valence (approximately 91%

of the time), which resulted in the algorithm predicting positive valence every time. We

tackled this weakness by balancing the data before using it to train. We balanced the

data by stratifying the self-reports into 5 buckets based on the degree of valence they

self-reported (x-axis of the 2x2 circumplex model). Taking the count of self-reports from

the largest bucket we randomly duplicated self-reports in each of the smaller buckets

until each bucket had the same number of self-reports. This process forced the learning

algorithm to find other ways to detect negative valence and resulted in an accuracy rating

of 78% using the 10-fold cross validation. We realize this is a weakness in our algorithm,

so before we run another longitudinal study of ParentGuardian, we plan to collect and

train on the parents’ data to improve our detection.

Using the model explained above, if the algorithm predicted that the user would

self-report as “negative valence” then our system sent an intervention to both the mobile

phone application and the peripheral display. To prevent redundant interventions we

restricted triggering interventions to only occur once every 20 minutes.

5.5 Two-Phase Study

The two-week deployment study was conducted in two phases, each lasting 7

days. During the first phase, parents used ParentGuardian without the sensor. This stage

focused on self-reporting and familiarization with the tool. In the second phase, parents

used the version of ParentGuardian with the wearable EDA sensor.
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5.5.1 Participants

Ten parents participated in the study, 8 of them were mothers, with an average age

of 38.4. For this study we focused on only one of the parents. All families were two-parent

homes, with, on average, two children per household, all in the k-12 grades. To recruit the

families, we used the ADHD assessment questionnaire [9]. Parents could complete the

questionnaire for as many of their children as they desired. The questionnaires assessed

the degree of ADHD behavior. The questionnaire included cut-off values by gender and

age for what is considered ADHD behavior. We lowered the cutoff values slightly for the

sake of the exploratory study. Participants were provided with three gratuities: one for

the first brainstorming meeting, a second at the end of phase 1, and a third at the end of

phase 2. Informed consent was collected.

5.5.2 Phase 1: Interventions without sensor

This phase allowed parents to familiarize themselves with the system and allowed

researchers to gain insights on sending a coping strategy hourly instead of using EDA data

to decide when to trigger an intervention. ParentGuardian consisted of the mobile phone

and the peripheral display. They used the mobile phone to self-report and review both

types of strategies during the day. The acts of self-reporting and gazing at intervention

suggestions only took about a minute.

In the evenings, a heat-of-the-moment strategy was delivered simultaneously to

the mobile application and peripheral display on an hourly basis from 6 pm to 10 pm.

The order of the strategies was chosen at random to keep the content fresh and interesting

(plus, one size never fits all).

At the start of week 1, we visited their homes for a tutorial on how to use the

application and what to expect when a heat of the moment strategy was delivered to both

the phone and the peripheral display. Parents were allowed to place the peripheral display



131

at a location that was convenient for viewing. They chose location where they spend

most of their evening hours, these were: the living room, kitchen, or family room.

5.5.3 Phase 2: Using EDA to detect stress

At the start of week 2, a home-interview took place to learn how our tool was

supporting the behavioral strategies. We also updated the application and trained parents

on how to wear the EDA sensor bracelet and to wear it between 6 pm and 10 pm.

In this phase, parents used the full version of ParentGuardian. Arousal data was

collected from the EDA sensor worn by one of the parents. This data was streamlined

and used by our machine learning algorithm to detect when to send an intervention. A

heat-of-the-moment strategy was delivered simultaneously to the mobile application and

the peripheral display based on detected need. Due to the novelty of the technology

there were moments when signal was lost. Therefore, we sent one heat-of-the-moment

strategy towards the end of the evening if no EDA readings were received throughout

the entire evening, that way parents could experience at least one peripheral intervention.

We randomly chose one of the nine interventions from Table 1.

Due to limited battery-life of both the phone and the sensor, the Bluetooth pairing

had to be done manually by the user. If the sensor disconnected for more than 10

minutes between 6 and 10 pm, a notification would appear on the phone as well as on the

peripheral display to remind parents to reconnect the phone with the EDA sensor. This

was a major limitation in our study and is a problem for any wearable sensor today, but

should be acknowledged. This did happen for some parents and it appeared in our logs.

At the end of week 2, a final interview took place to understand the feasibility

and usefulness of triggering interventions based on detected arousal.
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5.6 Results

We collected multiple types of data to help us understand the effectiveness and

usefulness of our system. We collected approximately 220 hours of EDA data, and 60

hours of data were lost due to technical failures. On average, our system delivered a

coping strategy twice per evening.

Due to the complexity and novelty of ParentGuardian, parent participants some-

times encountered false-positive prompting or were not prompted during moments of

duress with their children (false negatives). However, false positives tended to be re-

ported as “obvious” to parents and easily dismissed. Nonetheless, when ParentGuardian

triggered a true positive intervention, parents stated the in situ awareness was profound.

On average, parents self-reported 3 times per 4-hour session. Parents found the

self-reports inconvenient. Conversely, they also stated that it reminded them to be mindful

of their mood, something they would not ordinarily do before.

We collected qualitative data via semi-structured interviews, log data around

application use, and subjective data of users’ opinions and beliefs about the prototype.

Transcripts of the interview were analyzed using grounded theory techniques to allow for

themes to arise bottom up. The interviews took place in the home and included some

observations. The following sections discuss findings from both phases.

5.6.1 Subjective Ratings

Parents completed subjective questionnaires at the end of each phase (see Table 3

INSERT). In general, parents rated the usefulness of the reminders to enter their mood,

and the usefulness of the strategies and the display positively. Ratings at the end of phase

2 dropped, given that they had switched to automatic interventions based on EDA, but

usefulness of the strategies was rated more positively in the second week. This is an
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interesting finding in itself as it suggests that contextual in situ support is more useful

than hourly reminders.

With respect to the peripheral display, ratings of its usefulness went down the

second week (see Table 3 5.3). Parents described their growing dissatisfaction as being

related to the placement of the peripheral display, often not in the place most needed at

the time of the intervention. Despite these challenges, the peripheral display did help

parents recover from intervention cues missed on the phone. Thus, there is a need for

more research on the best means for delivery of strategies in the context of the home.

At the end of phase 2, we also asked parents about the overall experience of

using ParentGuardian. Using a scale of 1=not at all, 7=extremely), we asked them how

effective the application was in helping them cope in the heat of the moment, and their

response was positive (average=5.1). When asked how useful the strategies were, both in

general and when presented in the heat of the moment, (both averages=5.1), they were

equally positive.

Parents told us that they thought ParentGuardian was useful for learning coping

strategies (average=5.1). There was no significance difference in self-report mood ratings

between weeks 1 and 2.

5.7 Insights about Affect-Cued Interventions

In the following sections we highlight insights gained from the study. These

insights offer future design opportunities for situated cues for parental support within the

family ecosystem.

5.7.1 Benefits of Situated Support

Despite the need to increase our accuracy on detecting stress, parents found the

just-in-time interventions profound. The in situ cues made parents aware of their physical
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and mental state. This awareness helped them recover more swiftly from the situation

than otherwise.

I heard my phone “ding” and I was too busy to answer it but I knew what
it was and I visualized some of the prompts, mostly the “modeling” one
and I went about my business then Patricia who has little messes all over
the kitchen was asked to clean up after herself [...] well in this process of
her cleaning she somehow is creating more messes for me and in the past
I usually snap at her out of frustration but ... I didn’t!!! I calmly explained
how this makes more work for me and asked her to please focus on one
mess at a time and get them cleaned up. It was so well received by her
and I’m so proud of myself! Hopefully I can continue in this positive way.

<PG4, mother of two >

Parents also discussed how these situated cues have the potential to help them

identify their stress triggers with respect to their children. Additionally, they expressed

the potential to help them trace back their steps to learn how to avoid getting into the

same undesired situation of duress.

Like it made me aware of that I need to handle my stress differently. It
made me aware of exactly which steps I’m taking to get me to be really
stressed out, so it’s like self-awareness. If you’re stressed and you’re
screaming at people, you don’t understand what’s going on. You don’t
have time to understand what’s going on, but if you’re aware of the fact
that you’re stressed and first time it dings at you, you’re like, “Oh, okay, I
got it,” and the next time, like a couple times, you’re almost anticipating
it to happen. Then you’re controlling what you’re doing up to that point,
[...]

<PG6, mother of one >

These findings highlight the potential to further explore affect-based cues to

delivery PBT strategies designed in conjunction with behavior-change concepts such as

Ecological Momentary Interventions and Teachable Moments [20, 25]. Furthermore,

unlike this study, health sensing has focused on applying the concepts mentioned above
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to design technology through the lenses of the individual in need. There is potential to ex-

plore how to design for these concepts from the perspective of indispensable stakeholders

for behavior-change, in our case, the parents.

5.7.2 Trigger interventions earlier, during the escalation of stress

While real-time detection and prompting has the potential to improve adherence

to PBT, the timing of the cue is crucial.

It’s not that you’re stressed immediately, like you’re super calm sit and
drink your tea and then you’re stressed the next second. It just builds
up. Maybe a lot of people don’t make a conscious effort and obviously,
before I started paying attention to it, I wasn’t making a conscious effort
to control it. Maybe, if it’s possible, to be able to tell you that you’re
getting there slightly earlier [ ... ]”

<PG6, mother of one >

Parents expressed that, when prompted before detecting a full escalation of stress,

they were more receptive to the intervention strategy. Delivering a prompt at the peak of

negative affect is potentially too late to recover.

It was more like, when you’re really tired and you’re really grumpy, and
somebody says, ‘oh, somebody must be tired.’ So, I’m all upset trying
not to yell at my son, and my son’s throwing a little hissy-fit [... ] And my
husband walks in and shoves the cool down app in front of my face, and
I’m like, “[...], get that out of my face.”

<PG8, mother of three >

Detecting escalating stress levels is a technical challenge to explore in future work,

as it requires identifying features that identify a moderate increase in the physiological

signals instead of features that represent peaks of negative affect. The dynamics of stress

builds quickly over time, and then after a certain point, it is too late. It is key to intercede

while the level is increasing.
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5.7.3 Learning moments are different from training moments

Presenting strategies in detected moments of duress is not sufficient for learning

and instilling the connection between moment of need and the strategy. Even though

parents found situated interventions valuable, learning and reflecting on the strategies

should occur in different moments.

To be honest, when you are in the middle of that kind of rush hour in the
evening when I’m trying to get homework done [...], I just don’t have the
time at that rush, in that little hour to keep scrolling through the pages and
looking through them.

<PG5, mother of three >

Because ParentGuardian proactively reminded parents to review these strategies

regularly, parents used the in situ cue to quickly view the prompted coping strategy but

focus on coming back to a calm state to tackle the task at hand with their children.

Once you start reading through them and once you get to the point where
you’ve memorized them all, they are in the back of your head. It is kind of
always with you, but there has to be that physical reminder or something
that triggers it otherwise you might just forget.

<PG3, mother of three >

5.7.4 Finding training moments

There are times when parents are more able to familiarize themselves with both

types of strategies. For example, during idle times, such as in the early morning before the

kids are awake, sitting during the child’s extracurricular activities, or waiting in the car,

parents in this study took advantage of the free moment to glance through instructional

information.

Because that’s the time when your brain actually is free to think of other
things. When you’re racing against time during the evening stress hours,
it didn’t help as much.
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<PG5, mother of three >

Even though all parents considered the regular self-reporting mechanism to assess

mood and review strategies a nuisance after two weeks, the system’s regular reminders

simulated the concept of detecting idle moments. Parents benefited from these reminders

in two ways. First, they reminded parents to reflect and review the strategies when they

received them during idle moments. Second, if the self-report prompt appeared before

diving into a known stressful situation, it helped parents assess their mood and remind

them of the toolbox of strategies at their disposal.

Yeah, in the car, waiting for the kids to come out of school. I know that
David is going to be hyper, and I know he’s going to be on-edge, and
I know there’s going to be something negative that happened at school,
because these are givens with him. So, having the thing pop up and say,
‘can I help you?’ and me picking through them and saying, ‘OK, I’ll take
three deep breaths.’

<PG8, mother of three >

Interestingly, our data shows parents did not open the mobile application on

their own (i.e., without the prompt). There is an opportunity here to explore how to

provide situated cues that remind parents to self-assess their mood and remind them of

the strategies by expanding tools such as Place-Its or Dey’s work [52], [190]. Exploring

how to extend these tools in this manner could alleviate the nuisance of time-based

self-assessment.

5.8 Limitations of the Study

There are four major limitations of this work. First, wearable EDA sensors are

only capable of collecting and streaming data via Bluetooth. The sensors used in this

study do not provide visual feedback about the state of pairing. Thus, we lost data
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intermittently as parents struggled to understand when the phone and the device were

properly paired. Second, the sensor does not offer any form of user interaction. Therefore,

we delivered the intervention through ParentGuardians mobile phone application and

a peripheral display. In the future, we plan to explore the strengths and weaknesses

around delivering strategies through an interface on the wearable sensing device itself

and the two delivery channels we explored in this study. Third, after analyzing our data

we learned our users tended to self-report with a higher rate of negative valence than

the users we used to train our machine learning algorithm. Hence, parents reported that

our detection algorithm missed negative affect moments that could have resulted in an

intervention. In the future we need to train the algorithms with the actual users in order to

personalize the intervention timing. Fourth, we have since learned how to better analyze

EDA signals for stress detection. We plan to continue improving our detection methods

in future work. That being said, we believe the system served as a legitimate probe to

gain realistic insights on designing for the particular needs of parents under stress.

5.9 Conclusions

Parents are central to the education of their children, particularly when those

children have significant behavioral challenges. However, due to the likelihood of parents

living with neurodevelopmental disorders themselves and consequently elevated levels of

stress, adhering to behavioral therapy strategies is difficult. Grounded on concepts from

behavior-change and stress coping, this work focused on detecting high levels of stress in

order to deliver parental behavioral therapy strategies.

This work demonstrates that in situ cues, such as those offered by ParentGuardian,

can remind parents to implement these strategies during moments of need. However, the

timing of the cue is crucial. Thus, systems to support parents coping with stress must

detect peaks of negative valence as well as the escalation of a stressful situation.
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Despite the demonstration of both feasibility and the potential for efficacy in

this study, significant open questions remain. First, beyond in situ cues, there are other

teachable moments in the day that can and should be leveraged. Future work should

explore detecting idle moments for proactively prompting parents to reflect on and learn

PBT strategies. Second, detecting negative valence based on EDA signals accurately still

has a long way to go. Once the sensor suite and the algorithms are refined, a longer-term

study is called for.

This work and the novel design of ParentGuardian focused on an unexplored

component of the family ecosystem. We explored how to offer support to the parents in a

way that benefits both the parents and the children. Additionally, this work provides a

powerful case study for understanding how technology might support all of the members

of a family, whose mental and physical health are intimately linked.
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Chapter 6

Conclusions

In this dissertation we explored how an ecological approach can be used as a

framework for improving design analysis of health tracking systems. We investigated

the approach by discussing different health concerns through the ecology in which they

take place. Each chapter discussed a particular health concern, the ecological method

used to analyze the problem, and the insights gained from addressing the health concern

from an ecological perspective. These chapters have demonstrated the importance of

taking an ecological approach, how to designed for an ecology, and what we learned

from this approach. This closing chapter first presents a reflection and discussion with

respect to each chapter in ecological terms, second discusses ecological takeaways based

on insights from the four chapters collectively.

6.1 SMART: user-driven tracking for weight-loss

Chapter two discussed the results of a two-year deployment of an EMA user-

driven tracking system, called SMART. This study evaluated how college students used a

suite of mobile applications, including applications that reminded users to track, to attend

to their health. SMART represents one of the largest and longest running randomized

control studies on the impact of mobile technology applications and personal health.

Perhaps one of the key takeaways of SMART is that losing weight and then keeping it

141
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off remains difficult for most people, as evidenced by the fact that at the end of the two

year study, the average weight for individuals in both the treatment and control groups

did not change.

This chapter used an ecological perspective to analyze how participants used

user-driven tracking technologies with respect to their health practices, tracking skills,

knowledge about their own health and how to address their health concerns, and the

social norms of their daily lives.

Using this framework we learned the following. First, the efficacy of reminders is

related to when during the day they are sent: reminding participants to track their step

count at the end of the day, if they were not reminded at the beginning of the day to wear

the pedometer, is not useful.

Second, in terms of skills for tracking caloric intake and expenditure, we identified

that users need a requisite level of skill in order to track accurately. Furthermore,

participants require an even greater level of self-monitoring skill if they are to reflect on

their tracked habits and identify which steps to take next. This type of reflection is an

important aspect of self awareness and it seems as if the introduction of technology alone

does not reduce the learning curve that is associated with it.

Future systems can improve their performance if they can address the following

barriers users faced when using SMART applications: time management, planning,

transition users from coarse tracking to fine-grain caloric tracking, guidance on effective

exercises based on participant’s level of fitness. We found that if participants are not

familiar with all of the necessary events that need to occur before to the act of tracking,

then participants will not be able to track their habits.

Future systems can also improve their performance if they can design self-

monitoring systems that can help users throughout the tracking process. In particular,

systems can identify users level of experience and expertise in self-monitoring and ad-
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justing the systems tracking based on users knowledge and experience in self-monitoring.

Future research needs to explore how to customize tracking and integrate as part of the

process of tracking guidance on how to plan, rearrange, and re-prioritize the user’s life

such that she can create the conditions to eat healthier meals and exercise at the level she

feels confident doing.

6.2 Unbound: decreasing sedentary bouts at the work-
place

Chapter three focused on Unbound, a system designed to address problem of

sedentary behavior of office based employees. Office workers experience a tension

between attending to their health and attending to their job related duties, and we

incorporated this tension into Unbounds design. To do so, we centered the ecology on the

office worker and her practices, which are bounded by the socio-cultural norms and the

existing digital and physical artifacts of the workplace, a process discussed below. We

began by studying how office worker navigated this tension prior to the introduction of

Unbound. We examined the current practices office workers have around taking breaks

and the tools they used to assist them. We learned, for instance, that even though our

participants were aware of the benefits of taking short breaks, they struggled to remember

to do it on their own. Another finding was that office workers used purely time-based

artifacts to help them to take breaks; one of the shortcomings of these artifacts is that

they do not consider whether the user took a break on her own. We also learned that the

set of tools officer workers used tend were often disruptive to participants’ workflow and

a distraction to their coworkers. For example, some artifacts were noisy or they would

freeze participants’ computer screen thus making it difficult for users to productively

work. Finally, we learned that even though these participants own a smart mobile phone,

at work participants tend to turn the sound of their phone off and put away their phone in
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an office drawer; this behavior made it difficult to leverage participants’ smart phones

when designing a system.

After conducting this observational study, we created two important design

requirements. First, we wanted to create a system that was aware of participants’ move-

ments so that Unbound would only remind participants to take a walking break after it

detected a prolonged and continuous sedentary bout. This design requirement would

reduce the frequency of unnecessary prompts to the user. Second, it was important to

keep Unbound’s reminders from being overly disruptive, but they had to be disruptive

enough so that they were visible to the user. Based on these requirements we build an

EMI system that uses sensor-driven data from a digital pedometer. Unbound detected,

in real-time, continuous sedentary bouts and sent a reminder to take a walking break to

users if it detected a prolonged stretch of sedentary behavior. Unbound delivered the

intervention to participants’ monitor–where participants’ attention was already focused

on. The notification appeared as a small bar at the bottom of the monitor, for 15 seconds,

and then disappeared. This system was designed to minimize the number of unnecessary

reminders and to be visible, yet not disruptive, to both the user and her co-workers.

From Unbound’s initial deployment, we learned that the reminders were repur-

posed by users in a manner that was different from what we had hypothesized. Originally,

we thought that the first reminder – at 45 minutes of continuous sitting – would be the

nudge where participants would take action to take a break. Instead, participants used

the first reminder as a cue to finish their current task in order to take a break 15 minutes

later, when the second reminder arrived. Users also reported that taking walking breaks

helped them become more efficient with time management and productive. This was

in contrast to participants initial concern that Unbound would be distract from work.

Finally, participants were pleasantly surprised that despite the notifications appearing

on their screen, the notifications were very private: coworkers did not notice when they
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received the reminder or when they walked away for a short 5-minute walk. These

positive findings aside, there were two important barriers to use that we uncovered. First,

office works were worried about violating social-cultural norms in the office. These

norms affected their ability to reduce sedentary bouts because participants felt that they

could not stand or pacing during long group meetings, for example. Second, participants

ignored all reminders when they were working under tight deadlines.

6.3 Designing for family-based behavioral training

Chapter four focused on designing systems for families completing a behavioral

training program. This program teaches parents and children a set of skills that helps

them address challenges children (and parents) who have Attention Deficit Hyperactive

Disorder (ADHD) experience. In this intense, 3-month training, a parent and child dyad

participates twice a week group training sessions. During these sessions, both the parent

and child learn the same set of skills and strategies, but the lessons are tailored to each

differently. At the end of this program, both the parent and child are equipped with a

set of skills and behavioral strategies, but in practice they depend on each other to make

the program sustainable at home. When families attempt to implement these lessons

into their home, other caregivers and family members begin to play an important role in

implementing these skills, even though they were not explicitly trained to do so. In short,

despite all of the potential benefits of participating in this training program, families find

it difficult to maintain and adhere to it in the long term.

To uncover the barriers of maintaining such a program in the home, and to

understand how to appropriately design a tool to help implement this program, we

centered the ecology around the collaboration and cognition between family members

and existing cognitive artifacts used in maintaining this behavioral program.

In this study we learned that:
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• Parents do not track their childrens behavior all at once. Tracking actually occurs

in small steps over a period of time, and behaviors occur in variety of uncontrolled

and fast paced situations. Given that parents are often multi-tasking and that they

are often in the midst of a fast-paced environment, they only have time to make

a few quick annotations. These annotations serve as a reminder to complete the

tracking of a particular behavior later. Currently, these micro-tracking steps are

difficult to achieve. To address these needs future digital artifacts should support

these different types of tracking.

• Related to the above tension, we highlighted how different types of digital artifacts

have different affordances and should be not be used over the other. Smaller digital

artifacts, such as the mobile phone, should present the most important information

for a particular context; overviews and detailed views of all behavior data should

be presented in a similar artifact as used by families currently, like a wall-size

behavior chart.

• In order for this behavioral training to be successful, multiple caregivers and family

members need to collaborate with one another. This type of collaboration means

that family members are tracking data about themselves, in addition to tracking

behavior about other family members. However, family members have different

roles within the family and differing levels of expertise across many domains.

6.4 Designing for in situ support for families at home

Chapter five is an extension of the previous chapter as it focuses on situations

where parents, who are under a lot of stress, struggle with how to recall specific coping

mechanisms when they are in a moment of duress with their children. To design for

this particular issue, we focused the ecology on moments of duress between parents and
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children at home. To identify when to deliver a coping behavioral mechanism, we used

an ElectroDermal Activity sensor and built a sensor-driven EMI system to infer moments

of stress and then deliver interventions.

By placing moments of duress at the center of the ecology and defining the

borders of the ecology by the practices and locations of families at home, we identified

the key places where parents needed support and the type of system they required. Parents

needed a form of portable, mobile support, and a form of hands-free support for the

shared spaces such as the kitchen and the living room. To address this we delivered the

intervention in two ways: we delivered coping strategies to the parent’s phone and also

to a peripheral display that parents could place wherever they wanted. Additionally, even

though only one parent was wearing the sensor, we delivered the intervention to both

parents if they were interested. We supported this last option because some parents told

us that usually they rely on each other during moments of duress, but sometimes it is

difficult to communicate feelings during these moments.

In this study we learned that:

• Parents in this study needed support right before the peak of negative affect;

delivering the intervention during peak moments is too late.

• Parents preferred to learn about the strategies during idle moments of their day,

such as, when they are in the car waiting to pick up their children from school at

the end of the day. This indicates that systems need to take into account the users

broader schedule and make her idle moments more productive for learning.

6.5 Takeaways

These studies have put the act of tracking at the center of the ecology, though the

precise ecological lens differs by the problem at hand. From this perspective we can see
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that tracking is: a sequence of events over time, distributed through multiple contexts,

and bounded by social settings. To explore the key insights from this dissertation further,

we explore them from three different dimensions: temporal, social, and contextual. The

following sections discuss viewing tracking from these three dimensions.

6.5.1 Temporal dimension: Designing beyond the moment of
tracking

We observed that the act of tracking though is more than a singular activity.

Instead, it occurs in four steps over an extended period of time. These related steps are:

moments of learning, moments of enablement, moments of action, and moments of

reflection. Figure 6.1 shows the order of these four events.

Figure 6.1. Temporal relationship between different moments of interactions

To explain why the act of tracking decomposes into multiple steps that need to be

accounted for when designing systems, let us review some of the lessons learned from the

studies presented in this dissertation. With SMART, we learned that participants needed

help before and after tracking. In Unbound, we found that users used the systems first

reminder to take a break as a cue to prepare for their actual break which would take 15

minutes later. In the case of families with children with ADHD, and in particular when

parents are experiencing moments of duress, we found that parents needed support right
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before the moment of peak duress, and not during it.

These examples demonstrate how the act of tracking one’s behavior actually

consists of steps over time. The act of tracking contains multiple smaller events that lead

up to the moment of action and in fact, go beyond.

A moment of learning is one where users are able to learn or review the concepts

and strategies, concepts that are related to the behavior they wish to track, before they

need to put them into practice. In these moments, users are able to absorb the information

without having to make a particular decision or take some sort of action. In the case of

SMART, participants were interested in learning about which foods to favor and which

foods to avoid. With respect to exercise, participants wanted to learn what workout

routines were appropriate for their fitness level. In the case of ParentCoach and our

qualitative study on families, families wanted to review behavioral strategies before they

actually need to put them into practice with their kids. In the case of families, these

moments of learning, ideally, should occur in situations that are temporally connected to

their children, such as waiting at their child’s pediatrician’s waiting room.

A moment of enablement is one where a reminder or intervention is actually

delivered to a user; in the case of user-driven tracking, it is when the planning (or

preparation) for tracking occurs. The moment of support occurs before an action takes

place. Delivering support leading up to the moment of action rather than at the moment

of action can help the user prepare to take action before the crucial moment occurs.

In the case of Unbound and ParentCoach, the moment of enablement is when

the in situ support is delivered. Unbound’s first nudge served as an advance notice.

Unbound users use the time between the first and the second reminder to prepare to take

a break, then, when the second nudge appears users are either ready to take a break or

decide to wait another 45 minutes to receive a new reminder to take a break. In the case

of ParentCoach, parents desired that the coping strategy be delivered before the peak
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of negative affect. For our parent participants, delivering at the peak of negative affect

was too late: they were not at an aware state to digest the strategy and put the strategy

into action. Participants in the SMART study experienced a similar situation. These

participants were not able to track if they had not planned for the meal they were going

to consume. Participants needed help planning meals and help with selecting the foods

to buy and prepare at home. Additionally, they needed help with planning their workout

times and their workout routines.

A moment of action has been the target of most mobile tracking applications.

This moment occurs when the user tracks or acts on the reminder or intervention that was

delivered to her. In the case of Unbound, the second reminder was when participants took

a break, this was the actual moment of action. In the study of families, this is when they

would put into practice the strategy delivered or when they would track the particular

behavior of focus on the wall-chart, or reward a good deed with positive reinforcement.

A moment of reflection comes after the moment of action. Moments of reflection

are ones when the user reflects on previously tracked data. These moments of reflection

are enabled by the visualizations and summarizations created by these tracking systems.

During these moments, participants seek to identify what were areas of improvements and

what remains to be improved. Additionally, participants want to identify what the next

steps to take are in order to prepare to start the cycle of tracking all over again. Moments

of reflection have been explored in this space through visualizations and representations

of the data tracked, such as, Ubifit Garden [1], and Spark [60] (discussed in Chapter

1). Identifying the next steps to take is a place we identify still needs further research;

participants in our studies struggled to identify what are the next steps.

It is important to highlight that tracking is a long-term, cyclical process. The

timeline shown in Figure 6.1 repeats itself. This cross-sectional image repeats itself and

each of these steps represents multiple iterations on the same steps. For example, learning
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about healthier food options or about behavioral skills will take users multiple iterations

and therefore, there will be multiple moments of learning. Furthermore, as part of the

cyclical behavioral of tracking, selecting the next steps to tackle during the moment

of reflection is important as it defines what the material is to learn during moments of

learning, which also defines what will be delivered during moments of enablement and

what will be the focus during moments of action, and last, what will be reflected on

during the moments of reflection.

6.5.2 Context Dimension: Designing adaptively for different
contexts

Now that we see that tacking occurs over multiple steps over time, it further

becomes apparent that these smaller steps occur across a variety of contexts. Furthermore,

we can see that even one of these moments such as the moment of action (in user-driven

systems being the moment of tracking) decomposes into micro-tasks, or tasklet [25],

[100]. Micro-tasking describes a small portion of an activity undertaken in situations

characterized by limited available attention [2]. Furthermore, micro-tasking recognizes

how uses carry out short and intermittent tasks that together become a completed task

[100]. In this work, micro-tasking occurred in the form of micro-tracking, meaning that

one step of tracking could start in one context and then completed in a second, separate

context.

We observed there is a discontinuity that interrupts micro-tracking. In our analysis

in Chapter 4, we identified how family members did not have a behavioral tracking system

that is portable and accessible everywhere. Currently, their data resides statically on

a wall-chart at home. A small set of the parents would make notes on their phone in

one moment and then update the wall chart with this information when they arrived at

home. Making a phone note is a form of micro-tracking, though this micro-track does
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not transfer to the wall-size chart at home. This means that parents have to remember

to review their phone in order to update the wall-chart when they arrive home. This

can be cumbersome and time consuming as parents have to rewrite the information on

the wall-chart (and time is a valuable commodity for parents). That said, the form of

quick note taking that took place is appropriate for the fast-paced, on the go context

these parents regularly experience. A similar type of support can be thought of with

tracking for weight-loss (discussed in 2): users can use a simple form of tracking while in

transient situations and then transfer this information to a richer means of tracking when

they arrive home. This two-step activity demonstrates how a single act of tracking occurs

in more than one context, and that each micro-tracking activity can occur on a different

artifact appropriate for the context. As this dissertation demonstrates, the current set of

tools do not support micro-tasking.

One of the reasons people micro-task is because there are many situations where

their attention is limited [25]. Because users’ attention itself may be limited, the granular-

ity of information captured or presented also needs to be simple, focused, and on point.

As we discussed in Chapters 4 and 5, parents needed different levels of information

granularity depending on the context in which they were in. Outside of their homes,

parents needed a way to quickly review which strategies are appropriate for particular

settings or which behaviors they should focus on tracking. For these mobile, fast pace

circumstances parents wanted a simple, quick view of the behaviors they were focusing

on tracking or behavioral strategy to use at that moment. When parents are at home

(especially during the evening when they are helping their kids with homework, cooking,

or spending time together in the living room) they can handle a larger picture, bird’s

eye view of the data. At home, parents wanted to view their current state of tracking

with respect to the entire week or the entire month. Similarly, when delivering strategies

parents preferred the delivery to be through a hands-free form of interaction when they
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were at home.

Similarly, in Chapter 2 we saw how in social events participants wanted a simple

form of capturing information in a socially acceptable manner [47]. Afterwards, partici-

pants wanted a means to convert this high level of tracking to a detailed, caloric level

value. However, the current set of tools make it difficult for participants to translate an

image of food its caloric value.

Looking at all the steps and micro-tasks that together lead to tracking and self-

monitoring, future work needs to support these different types of mechanisms. Weiser’s

view of ubiquitous technology highlights exactly this point: depending on the context

and task, a different physical form factor should be supported [210].

6.5.3 Social Dimension: Designing adaptively for varying roles

In addition to tracking and self-monitoring occurring in multiple steps over time

or in different contexts, the steps and micro-tasks can also be distributed across people,

where a group of people collaborate on completing a particular self-monitoring task. In

this dissertation, this type of collaborative tracking was discussed in Chapters 4 and 5

with respect to family members supporting each other towards maintaining a behavioral

program.

In families, each parent and child had specific roles, skills, and knowledge. These

differences are especially visible in the case of the family-based behavioral training we

discussed in this dissertation. In our discussion, the parent and child that completed

the behavioral program obviously understood how to maintain the program better than

the family members (e.g, other caregivers, siblings) who did not attend training. When

the training transitioned from the classroom and toward maintenance at home, other

caregivers and siblings wanted to participate and contribute, but struggled to do so. In

the current state of the tools, collaboration was difficult for other caregivers and siblings
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because their artifacts were not prepared for secondhand learners. For example, the

untrained parent learning secondhand needed a different representation of the behavioral

data; this parent also contributed parental effort differently than the parent that attended

training. Similarly, child participation was encouraged and desired. Having children

contribute to the tracking process means that the tasks around tracking and capturing

behavior needed to be appropriate for the cognitive level of the child, as well as restricted

to the level of access parents desire.

Like in WIISARD where data from emergency situations was displayed differ-

ently depending on the type of medical emergency personnel (e.g., doctors, firefighters,

police) [34], different perspectives, interactions, views, and practices should be allowed

based on the type of family member. In other words, collaborating family members need

to share information, but view it from a different perspective. The same behavioral data

needs different views and forms of interactions with respect to the type of family member

(e.g. user). Furthermore, supporting the act of tracking as a set of smaller tasks that can

include multiple members will also address and improve the issues around transfer and

hand-off between caregivers– a similar problem that also occurs in hospitals [5].

6.5.4 Designing for Long-Term Evolution of the Tracking Ecology

So far, we have focused the ecology around the act of tracking and have demon-

strated that the act of tracking actually decomposes and is distributed across time, contexts,

and social settings. The discussion up to this point has focused on the day-to-day ecologi-

cal aspects around tracking. Changing the focus of the ecology from day-to-day tracking

to long-term tracking brings other issues to the surface. Addressing health concerns in the

long-term requires restructuring, reorganizing, and reprioritizing activities that address

the health concerns over other daily activities. Furthermore, self-monitoring and tracking

is an iterative learning process that will be refined and acquired as the user continues to
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self-monitor.

Reorganizing and restructuring means the user’s ecology will change. For ex-

ample, the user will need to manage her time differently, prioritize activities and tasks

related to her health concern, and change the setup of her environment. In tandem to

reorganizing there is a process of learning how to self-monitor and track. Learning how

to track means first, learning how to address the health concern, second, understand how

and what to track, and third, reflect on the behaviors captured to identify the next steps.

These changes with respect to both restructuring and learning occur in stages. As

the user navigates through the process of learning and restructuring, new challenges and

needs arise. To shed light on these longer-term ecological changes, we present vignettes

drawn from insights presented in this dissertation. We offer two vignettes, one from the

beginner’s perspective and another from a more experienced tracker. The first vignette is

based on insights from Chapter 2 and Chapter 3.

Meet Ana, she is interested in losing weight, owns a smart mobile phone and

finds mobile tracking applications appealing to help her track her weight, calories

consumed, and calories expended. She understands that she needs to track the meals

she is consuming as well as how much she exercises. The mobile application estimates

caloric values for each activity. Furthermore, based on information she received, she

understands that preparing meals at home is better than eating at restaurants. However,

she quickly begins to struggle. First, she notices how she has not made the time to prepare

home-made meals and that takeout makes it difficult identify how many calories she has

consumed. She wants to lean on homemade meals but when she tries to cook she notices

she needs to go to the grocery store and did not make time to go to the grocery store and

cook. Furthermore, when she cooks at home she still finds it difficult to track the portion

of all the ingredients she consumed compared to the portion of ingredients used for the

entire recipe. Even when she eats meals prepared at home, she is still unsure if she is
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eating the ingredients to maximize her allotted calories. With respect to exercise, she is

also struggling, she does not know how to maximize her exercise time or how to track

calories burned through exercise. With these challenges, more uncertainty comes. How

does she address each of these steps? Does she have to address them all at once? How

does she learn how to cook healthier recipes? Are all calories equal? Ana is feeling

overwhelmed, the tracking application is not helping her tackles all these issues that

precede the act of tracking.

The issues described in the above vignette represents the multiple obstacles that

need to be addressed before being able to track habits related to weight-loss, such as

food and exercise. Ana struggled to track because of issues indirectly related to tracking,

such as time management and not knowing how to cook meals that are healthy and

satisfying. However, the current tools are not designed considering these issues. Ana,

a tracking beginner, needs different support compared to a user that has found time to

exercise regularly and understands how to track homemade cooked meals. With the

issues presented, future work needs to address how to design for tracking beginners.

Furthermore, designing for tracking beginners is the first step, as Ana acquires the set

of indirect skills that will allow her to track she will then need help refining her skills

around exercise and diet. Therefore, these tracking artifacts will need to evolve with

Ana’s understanding of self-monitoring and tracking.

The next vignette is based on insights from Chapter 4 and Chapter 5. This vignette

discusses the experience of a user after tracking regularly. We used a different setting to

illustrate how, regardless of the health concern, similar barriers around skill refinement

and reorganizing occur.

Meet Carla, she is Allen’s mother. Carla and Allen attended 3-months of the

behavioral training. This program helped them improve their communication, taught

them to empathize with each other, and how to tackle together behavioral challenges Allen
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experiences. During the training phase the clinicians instructing the classes helped Carla

identify what are the behaviors to focus on and track. Every week Carla would apply

topics to track with respect to the behaviors she and Allen were focusing. Furthermore,

at the next session Carla would get feedback on how she was tracking and new topics

of tracking to focus on. When the program ended, Carla and Allen were motivated to

continue using all the tools and strategies at their disposal. A few months pass, they have

reached a plateau. They are trying to maintain the weekly and daily behavioral charts, as

well as the reward token system for good behavior but they are not gaining new insights.

After some time has passed, she is struggling, she is using the behavioral weekly and

daily charts, however, they have plateaued. Carla and Allen have been tracking the same

behaviors but they feel like they are not making progress. They are struggling to identify

from the all behaviors being tracked across charts what has improved and what remains

to be improved. Both Carla and Allen recognize it is time to focus on new behavioral

aspect and revamp the tools to tackle new behaviors, especially as Allen is maturing.

In the above vignette, Carla and Allen had overcome some of the beginner’s

tracking challenges describe in Ana’s story. Carla and Allen are now at the point that

they understand the basics of tracking, but they are struggling with refining their skills

and identifying what needs to be rearranged. The artifacts used by Carla and Allen are

not helping them identifying which are areas of improvements and which are not. In

addition to these artifacts not distilling information to highlight accomplishments and

behaviors that remained to be improved, Allen is maturing. As Allen mature issues he

had before fade away, and new ones come to the fore. This scenario demonstrates how

even though Carla and Allen are tracking, they have very different needs compared to

Ana and the stage of tracking she is in.

These two scenarios represent trackers at different stages of tracking. At each

stage there is a different need, a different level of expertise, and different set of challenges
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to overcome. To address the challenges at each stage, the user will (consciously or not)

modify her existing ecology. As the user adapts her ecology, tracking artifacts need to

adapt as well. At each stage, tracking systems need to support the user with respect

to the level of expertise and experience around tracking. Addressing these different

stages would help in two ways. First, it would help the user set reasonable expectations

for the particular stage she is in. Setting expectations is important as trackers tend to

experience failure because they set unattainable goals. Second, transitioning through

different phases means the user will want to track at different levels of granularity, and

the tracking artifacts will need to allow for more course, or fine, tracking granularity.

Creating tracking tracking artifcts that adapt to the user’s current stage will help make

tracking sustainable.

Last, these stages evolve and are cyclical, the moments of tracking discussed

in Section 6.5.1 and shown in Figure 6.1 will iteratively repeat themselves at every

stage–will the difference the the skills, needs, and goals will be different. During these

cyclical stages the user will struggle and will need support during setbacks. Designing

for setbacks is another form of adaptability, tracking systems will need to consider how

to support a user motivated but failing to track. Tracking systems will not only need to

adapt when the user is moving forward but also when she experiences setbacks. Future

work should explore how to design and address failure to track, and how to support users

reengaging with the system and tracking.

6.6 Concluding remarks

This dissertation has contributed to the space of Human-Computer Interaction by

examining how to design personal health technologies from a perspective that considers a

broader set of factors compared to previously work, which tends to focus on the relation-

ship between the user and the tracking technology. This dissertation has highlighted how
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sustainable use of personal health technologies to track and self-monitor factors such as,

knowledge, time, social environments, physical environments, and in general, the user’s

context must be considered. This dissertation contains design guidelines to consider in

future designs of personal tracking technologies.
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