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ABSTRACT OF THE DISSERTATION

Towards Multi-Device Ecosystems for Personal and Family Health Tracking
By
Lucas M. Silva
Doctor of Philosophy in Informatics
University of California, Irvine, 2024

Assistant Professor Daniel A. Epstein, Co-Chair
Robert A. and Barbara L. Kleist Professor Gillian R. Hayes, Co-Chair

The increasing ubiquity of personal devices and technologies, such as home displays, smart-
speakers, and wearables, has created new opportunities for individuals and families to mon-
itor and manage their health and wellbeing. However, personal and family informatics
systems have not kept up with such increased ubiquity, leading to a missed opportunity in
making health informatics more convenient, connected, and meaningful. Many continue to
struggle to effectively incorporate tracking into their daily lives and leverage the multiple
technologies they have contact with. In my dissertation, I investigate how the design of
multi-device health informatics systems can better support individuals in their self-tracking
practices and facilitate collaboration within families for collective wellbeing. By leveraging
the diverse capabilities of smartphones, smartwatches, smart-speakers, and more, I demon-
strate how informatics tools can be designed to accommodate the varied needs and contexts

of everyday life, both for individual use and for family collaboration.

Towards self-tracking, I demonstrate how multi-device, multimodal systems can provide
flexibility and redundancy of options for rich data capture and help individuals overcome
situational barriers to tracking. Through the design and evaluation of the ModEat system,

I show how supporting food journaling across smartphones, computers, and voice assistants

XV



with various input modalities can accommodate people’s goals, preferences, and contexts.

Examining how to help families collaborate towards health and wellbeing management, I ex-
plore the design of multi-device systems to facilitate family co-regulation practices. My eval-
uation of the CoolTaco deployment demonstrates that a smartwatch-based system can me-
diate shared awareness and remote collaboration between parents and children with ADHD
around behavioral regulation. Through a co-design study, I reveal opportunities for in-home
displays to integrate family data and guide productive discussions around each member’s
regulation needs relating to moods, exercise, and goals. Building on these insights, my de-
sign and evaluation of FamilyBloom showcases how integrating personal and shared devices
can support diverse co-regulation practices, enabling reflection and mutual care in the face

of varied routines and individual preferences within families.

Through these studies, my dissertation demonstrates that multi-device, multimodal health
informatics can support the needs of individuals and families in their everyday practices sur-
rounding tracking, reflecting, and acting for self and co-regulation of health and wellbeing
needs. I suggest that leveraging device ecosystems and designing for varied levels of engage-
ment and collaboration can result in more available and useful tools. Through empirical
findings and novel systems, my dissertation contributes to understanding of how to create

effective tools for personal and family health tracking in everyday life.
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Chapter 1

Introduction

Health tracking technologies offer the potential for people to manage various aspects of their
health and wellbeing, from physical activity and nutrition to mood and daily goals. The
prevalence of phone apps to help health tracking has grown substantially in recent years,
with estimates indicating over 40% of U.S. adults engage with some self-tracking [7], in
contrast to 21% in 2013 [8]. These technologies, also known as personal informatics systems
(PI) [74, 132, 195], focus on helping individuals collect and reflect on personal data for the
purpose of self-knowledge and self-improvement. In everyday life, practicing PI takes several
steps that follow an ongoing process of selecting tools, collecting, integrating, and reflecting
on data to take self-care actions [74]. When systems are designed for integrated health
tracking between multiple family members beyond simple sharing through data export, these

systems can also be viewed as family informatics (FI) [176].

Despite the potential benefits of personal informatics technologies, in practice many abandon
their use before reaping benefits [51, 127, 74, 55]. Studies have shown that a significant
proportion of users drop out of self-tracking soon after initial experimentation or within the

first three months of use [215, 151]. One of the reasons is that, when tracking, people might



often encounter situations where their device may not be present or the data collected is
limited and not useful for their current or evolving needs [74, 127, 70]. This might lead to
inconsistencies of self-tracking across everyday life and lead to gradual disengagement from
the tracking process [55]. As a result, people may find it increasingly difficult to maintain

their commitment and interest in personal informatics [51, 74].

A key limitation of current personal informatics systems is their failure to leverage the full
potential of people’s increasingly rich and interconnected personal technology ecosystems and
the diverse data modalities different devices might afford. Instead, most personal informatics
systems rely on a limited set of data types and are often confined to a single device, typically
a smartphone. This narrow approach fails to capitalize on the opportunities presented by the
widespread adoption of smartphones, wearables, smart home devices, and other interactive
technologies with which people now have contact with throughout their day and across
various contexts. As a result, current personal informatics tools limit the situations in which
people can track data and the scope of available data, further reducing the value and utility of
these systems for tracking under everyday life circumstances. Consequently, this can lead to
disjointed user experiences and missed opportunities for engaging with personal informatics,

making it difficult for users to fully benefit from these technologies.

Another challenge is the important need of supporting collaborative tracking and sense-
making practices within families and social groups [176, 159, 57]. Systems have the potential
of helping families gain awareness of each member’s health needs and take collective action to
improve wellbeing [176]. Many health behaviors and challenges are shaped by family dynam-
ics and shared environments [160, 229, 205], with health management being interconnected
between each family member. When family members are all engaged, families are more likely
to gain and maintain healthy behavior practices [89, 176]. Yet, personal and family informat-
ics systems have mostly failed to account for collaboration needs in everyday circumstances

and opportunities for more ubiquitous connection mediated by their technology ecosystems.



For example, the work in this area often is on a single device (e.g., [202, 206]), typically a
parent’s phone, and with limited modality interaction options. By enabling family members
to easily collect, share, and reflect on family data across their devices, there is an opportunity

to foster greater awareness, communication, and mutual support around health needs.

My dissertation advances multi-device, multimodal personal and family informatics systems
to explore opportunities for making health tracking more collaborative and useful. In con-
trast to traditional device-centric approaches, I argue that the next generation of health
informatics tools should leverage the diverse features of people’s everyday device ecosystems
to enable more flexible, contextually-appropriate, and collaborative forms of data collection,
integration, and reflection. By allowing people to track and engage with data across smart-
phones, wearables, smart-speakers, home displays, and other devices, these systems can align
with people’s natural technology usage patterns throughout the day. At the same time, by
providing multiple input and output data modalities — such as automated sensing, glanceable
displays, and voice interfaces — these systems can support a wider range of user preferences
and contexts of use. Finally, by creating shared, cross-device interfaces for tracking and dis-
cussing data, these systems can help scaffold family communication and collaboration about

health and wellness needs.

1.1 Thesis Statement

My thesis statement is as follows:

Health tracking systems that leverage multiple devices and data modalities can better support

(T1) individual needs in everyday life and (T2) collaboration needs within families.

I use Lee et al.’s definition of modality as “a single independent channel of sensory input

or output between a computer and a person” [131]. Therefore, I use modality to refer to a



format, type, or representation of data (e.g., picture, voice recording, data representation)
as well as the interface interaction itself. For example, voice modality can refer to both the
format of the tracked data as well as a user’s interaction via conversations. I similarly use

design and systems to reference digital technologies for personal and family informatics.

1.2 Thesis Overview

I detail four user studies that examine the role of multimodal and multi-device health infor-
matics systems to support self-tracking needs for individuals (T1) and collaborative needs
within families (T2). In these studies, I employed a mixed-methods approach involving field
deployments of novel multi-device systems for people to evaluate in their everyday lives, and

participatory methods to understand people’s desires and expectations for future designs.

My dissertation investigates how to integrate technology ecosystems with social ecosystems
to support personal and family informatics needs. Considering multiple stakeholders and
technologies introduces complexity, so my work explores this integration through case studies
that gradually incorporate devices and people as users for stages in health tracking (detailed
in Chapter 2). Table 1.1 outlines the overall structure of my dissertation, aligning each

chapter with the corresponding research question that contribute to my thesis claims.

In Chapter 2, I review the relevant literature on personal and family informatics, focusing on
key concepts, theoretical models, and empirical findings that inform my work. I discuss the
benefits and limitations of current personal informatics approaches and identify gaps in our
understanding of how these systems can better support health tracking and management in
everyday life and in collaborative settings. I also discuss prior research on health tracking

with different device platforms.

In Chapter 3, I evaluate how multi-device systems might support the collection stage of



Table 1.1: Thesis Organization

Research Question

Addressed in

RQ1: How might multi-device,
multimodal  systems facilitate
data collection for self-tracking?

Chapter 3: through the evaluative deployment of
ModEat, a multi-device, multimodal food tracking
system.

RQ2: How might multi-device
systems facilitate caregiving in
families via tracking while apart?

Chapter 4: through the evaluative deployment
of CoolTaco, a multi-device system for family co-
regulation centered on children.

RQ3: How might multi-device
systems facilitate family collabo-

Chapter 5: through a formative co-design of joint
family use of shared tracked data about every family

ration via joint reflection with

. ber.
tracking? fmember

Chapter 6: through the evaluative deployment of
FamilyBloom, a system that allows family tracking
and reflecting on smartwatch and home displays de-
vices.

RQ4: How might systems facili-
tate self and collaborative tracking
and reflection across devices?

with multimodal data. I report on the deployment and evaluation of ModEat, a multi-
device, multi-modal food tracking system to support capture of data relevant to goals around
eating. Through a mixed-methods analysis of food journal entries and participant interviews,
I contribute insights into how different data modalities and device form factors shape people’s
tracking experiences and preferences in everyday life. I also identify design opportunities for
developing more convenient tracking systems that support people in their shifting contexts

and goals considering automation and involvement of other people during self-tracking.

In Chapter 4, I evaluate how multi-device systems can integrate tracking and collaboration
from family members around goals for behavior regulation centered on a child with Attention
Deficit Hyperactivity Disorder (ADHD). Through a field deployment and user interviews
involving ADHD children and their parents, I explore how a phone and smartwatch-based
tracking system can facilitate collaboration and shared awareness of behavioral goals. I
contribute design opportunities and a novel system that demonstrates how multi-device
tracking can scaffold family communication and collaboration towards behavior regulation

action considering children’s independence and parental involvement.



In Chapter 5, I extend the investigation of family informatics systems by engaging families
in co-designing shared tracking from multiple family members for joint reflection and action.
Through a series of participatory design sessions, [ elicit families’” perspectives and needs for
integrating family data from multiple devices towards collaborative uses. I identify key design
considerations for data displays in the home to support collective needs and opportunities
for supporting parents and children individually, taking into account particular caregiving

goals and children’s contribution to the home.

In Chapter 6, I integrate the insights and design principles from the previous chapters into
the development and evaluation of FamilyBloom, a novel multi-device, multi-modal system
for collaborative tracking and reflection on moods and goals across devices. Through a field
deployment study with families, I assess the feasibility, and impact of self-tracking and view-
ing family data both on smartwatches and shared home displays for family communication

and collaborative support involving every family member.

In Chapter 7, I conclude the dissertation by summarizing the key contributions and insights
from my research. I revisit my thesis statement and discuss how the findings from each
chapter support my overall argument for multi-device, multimodal personal and family in-
formatics systems. I discuss the broader implications of my work for the design of ubiquitous

computing technologies and challenges to support health and wellbeing with this approach.

As is common in research, my dissertation work was conducted in collaboration with others.
To ensure clarity and attribution, I have described my own contributions and the contribu-
tions of my collaborators within each chapter. Collaboration was essential to my dissertation
work, as the complexity of recruitment, deployment logistics, health domains, and the in-

volvement of family groups required careful coordination and shared efforts [219].



Chapter 2

Related Work and Background

Concepts

My dissertation research is informed by prior work in personal informatics, family infor-
matics, and device ecologies. In this chapter, I explain these concepts and research areas,
highlighting theories and the key concepts that inform my approach to designing multi-device

ecosystems for personal and family health.

I first provide an overview of personal informatics, a field of research that examines how
individuals use personal data for the purposes of self-knowledge and self-improvement. I
discuss the stage-based model of personal informatics proposed by Li et al. [132], as well as
subsequent critiques and extensions of this framework. I then focus on the specific domain
of digital food journaling, as it is a particular self-tracking domain that might benefit from
multi-device support. Next, I introduce the concept of family informatics [176] and discuss
how personal informatics takes on new practices and challenges in the context of family
collaboration and shared health tracking. I pay particular attention to how technology can

support the unique needs of families coping with Attention Deficit Hyperactivity Disorder



(ADHD). I review prior work on technological interventions for supporting children with
ADHD and their caregivers, including systems for co-regulation and behavior monitoring.
Finally, I examine the literature on device ecologies and multi-device interaction, highlighting
opportunities for leveraging the diverse affordances of smartwatches, smartphones, and other

technologies to support personal and family health tracking in everyday life.

2.1 Personal Informatics

Apps to help people monitor health parameters have increasingly become available and
adopted [7], such as to track physical activity and sleep. People now have more access to
personally generated data that can reflect their health-related behaviors [80]. Personal data
can be in various shapes and forms such as numbers or more visual representations, such
as pictures and videos, subjective memos, etc. Research in personal tracking has sought
to investigate how systems can better support the collection and use of data for improving

one’s self [132, 69].

Li et al. [132] define self-tracking systems as personal informatics systems and that have
the intention to “help people collect personally relevant information for the purpose of self-
reflection and gaining self-knowledge.” Based on a user study and a behavior-change perspec-
tive, they proposed the Stage-Based Model (Figure 2.1) to represent the process of people’s
generation and use of personal data. The model is composed of five stages: preparation,

collection, integration, reflection, and action.

The preparation stage is characterized by people’s motivations for collecting data about
themselves and determining what information and with what tools they will collect. In
the collection stage, people actively capture granular data on behaviors and events across

different timeframes (e.g., daily, weekly). The next stage is integration, in which raw data



PREPARATION = COLLECTION | INTEGRATION = REFLECTION = ACTION

Figure 2.1: The stage-based personal informatics model proposed by Li et al. [132]. Tt
describes the relationship between the five stages people experience when engaging with self-
tracking systems: preparation, collection, integration, reflection, and action. Barriers faced
in stages cascade to subsequent stages.

is manipulated to prepare it for interpretation. Data integration is highly dependent on the
format and affordances of tracking tools. People then reflect on their data to understand
their behaviors. Lastly, there is an action stage, where people may act upon their insights

to make changes, such as adapting behaviors to meet specific goals.

In Li et al.’s Stage-Based Model [132], each stage presents barriers to tracking that can
cascade to subsequent stages. For example, the unavailability of a tool can prevent users
from collecting data and reflecting on their behaviors. Complex data stored in different
locations and formats can also pose integration challenges, making it difficult for users to

reflect on and respond to data to achieve their goals.

The Stage-Based Model has shaped over a decade of work in self-tracking research [69],
but has limitations in representing people’s actual lived experiences with personal tracking
[195]. Rooksby et al. [195] has pointed out that it is unrealistic to expect people to act as
rational data scientists who act only after carefully analyzing data and following sequentially
structured stages. Instead, people’s tracking strategies fluctuate, as in actuality they make

and go back on choices about goals and technologies as they build meaning. This fluctuation



is often driven by emotion and passion, as people focus on the future and gain benefit from

the act of tracking itself instead of, or in addition to, looking at past data.

Influenced by the new understandings of self-tracking embedded in everyday life and for
goals beyond behavior change, Epstein et al. [74] proposed the Lived Informatics Model of
personal informatics (Figure 2.2). This model extends Li et al.’s model and adjusts how
stages are associated to reflect a deeper understanding of real-world self-tracking behaviors
and motivations. The Lived Informatics Model proposes the separation of the preparation
stage into two new stages called deciding and selecting to specify the process of choosing
what to track and how to track. Furthermore, Epstein et al.’s model accommodates the
simultaneous nature of collecting, integrating, and reflecting on personal information as a
continuous process of tracking and acting instead of sequential steps. Finally, the model
accounts for people’s life and motivational changes that lead to lapsing, resuming, or aban-
doning self-tracking altogether. This model has aligned the personal informatics perspective
more pragmatically with people’s real-life behaviors, capturing the messiness and non-linear

decisions around life events and motivation fluctuations.

Both the Stage-Based Model and the Lived Informatics Model have been useful for guiding
research and system designs to support different steps of people’s self-tracking and personally
influenced my approach for designing my studies. However, they have limitations represent-
ing social aspects and the intersection of tracking several domains together (i.e., multifaceted
tracking), such as emotions alongside physical activity or tracking goals [57, 159]. Nonethe-
less, they inspired future work on designing systems that are collaborative and target different

health domains [69].
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Figure 2.2: The lived informatics model of personal informatics [74]. This model extends
the stage-based model to account for people’s lived experiences of self-tracking, highlighting
the simultaneous nature of some stages and the various circumstances under which people
might stop or go back to tracking.

2.1.1 Personal Food Tracking

Food journaling, or keeping track of the food one eats, is among the most widely used
personal informatics domains [79]. Journaling in any domain is typically viewed as a high-
burden form of tracking. Choe et al. [43] describe a continuum from fully manual (e.g.,
journaling) to fully automated tracking (e.g., passive sensing), suggesting that fully manual
tracking requires substantial effort. Journaling requires the person to remember to log,

disengage from other activities, and match their experiences with available options [43].

Although generally burdensome, tracking food intake can allow people to be more aware of
their food choices and change their behaviors [97]. Clinicians often use food journals in their
care practices, recommending that patients use them as part of their health management
[257, 188, 238]. Research continues to examine technology-driven strategies for food jour-
naling, supporting weight loss [97], diabetes management [60], irritable bowel management

[216], allergies [94], and more. Digital food journaling enables patients to monitor their diet
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while being mindful and engaging through recording and reflection. Motivations for tracking
also include curiosity, having a record, and behavior change [195]. Within behavior change
for healthy eating, goals range from quantitative and specific to more hedonic [163]. This
range is often classified into metrics-driven goals like calorie counting [14, 108, 243, 182, 4]
and mindfulness or awareness-driven goals [54, 71, 20]. Prior research has indicated that
offering flexibility for data collection may better support individual tracking needs [118, 17].
Although people consider their personal goals and needs when identifying tracking tools, they
are often influenced by the popularity of apps, recommendations, aesthetics, and presence

of other features (e.g., social features, privacy preservation) [92, 74, 117, 44].

Digital food journaling typically have been supported through commercial systems and in
research by making available one or two data capture modalities at a time. Apps in this space
are typically on phones and support inputs with entry styles that might include database

lookups, barcode scanning, voice logs, and photos.

Database lookups enable people to search through a food database. This method closely
aligns with how experts approach making sense of paper food journals [209, 257] by looking
up the food item within large data sets, such as the Nutrition Data System for Research
(NSDR) [5]. Database lookups require that people find the correct description of the food
they are looking up with in the database and estimate the portion size they consumed
[108], but may face challenges with finding foods from non-Western cultures [55], or being

susceptible to entry errors, such as confusing multiple similar types of a product [108].

Scanning of barcodes allows people to scan packaged foods such as frozen, canned, or pre-
pared foods. They have been implemented in research tools such as Barcode Ed [217] and
are widely used in commercial apps to facilitate food lookups [217]. However, Cordeiro et al.
[55] highlight that barcode-based journaling can nudge people away from eating fresh foods
like fruits and vegetables, which are less likely to have barcodes, in favor of store-bought or

packaged foods.
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Photo capture and voice logs allow for more descriptive food monitoring and have recently
become available in some commercial apps, such as Ate [1]. Evaluations of food journaling
systems suggest that photo and voice-based journals can help support mindful goals and
normalize some burden of journaling foods that might not have barcodes or be present in
food databases [144, 55, 139, 26, 184]. Also, Luo et al. found that the speech input modality
in FoodScrap allowed for quick and flexible detailed food descriptions [139]. Unlike other
modalities, photo-based entries typically require in-the-moment entry to capture what the
person has consumed, which may not be possible or preferable if eating while socializing
or when photo capture is unavailable [54, 55]. Text input enables open-ended and flexible
food description, and has typically been incorporated in conjunction with photo-based food
entries [54, 71, 155, 46]. Research has also examined using natural language processing to

mine nutrient information from websites [241, 158].

Researchers continue to examine how sensors can passively detect eating moments [23, 22,
45, 237], identify what and how much a person has eaten [108], and improve the accuracy
of approaches. Passive collection reduces the manual burden of tracking, but presents other
challenges such as accuracy, physical, and privacy concerns. Choe et al. [43] argue that
passive data collection removes opportunity for reflection, which is integral to people under-

standing their habits (e.g., being mindful of food choices) and potentially changing them.

Most food journaling research systems have been designed or developed exclusively for mobile
devices, though some commercial mobile apps additionally allow journaling through a web-
site. Expanding food journaling opportunities across multiple modalities and devices could
perhaps support people’s goals and journaling practices. For instance, computers might be
situationally more available when being used for another task while eating (i.e., desktop
dining [98]), and voice assistants could allow for multitasking while preparing food or doing

other activities [180, 137].

Research in Personal Informatics has recognized the importance of the social and collabo-
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rative nature of personal tracking. For example, research on self-tracking of meals, mental
health, and fertility care has shown how personal tracking is tied with one’s relationships
and sociocultural contexts [57, 159, 138]. In truth, health management in general is rarely
done in isolation, instead involving others in a support circle. Thus, more recent work has

expanded to leverage family, friends, and others for health tracking [176, 69].

2.2 Family Informatics

Pina et al. [176] expanded on the personal informatics field by exploring health tracking in
the family setting, coining the term family informatics. With a focus on families composed
of children and parents living together, their study highlights that health management is
collaborative and interconnected between each family member. Another interesting insight
is that typically healthy families focus on tracking for preventive health and doing healthy
activities together, while those with children with a chronic condition structure tracking
around the child’s needs. An important contribution of family informatics is the notion that
children can also participate in tracking and collaborating with parents towards their unified
health goals. Such practice can result in more sustainable tracking practices by “sharing the
load” with children and lowering some burdens that often fall only on the parents. If family

members are all engaged, families are more likely to maintain their healthy practices [176].

A shift to family informatics has particular implications for each of the stages of personal
informatics in light of the family context, such as differences in motivation between family
members for what, why, and how to monitor health. These differences can be challenging
to balance and be supported at each stage. Examples include making sense of too much
data from different individuals, different goals between family members, privacy concerns,
tracking tools being adequate for both parent and children to use, supporting both individual

and family reflection levels, and coordination actions for better health outcomes [176].
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Family informatics research extends beyond the coining of the term by Pina et al. [176] and
the modeling of personal informatics. Despite not always using such terms, much research is
around supporting families monitor and manage health together and/or of each other [204].
Many studies focus on specific conditions, such as diabetes management [240, 114, 183],
cancer [100, 99], and autism [145, 21]. Much effort has also been about general family health
and wellbeing, such as increasing physical activity [201, 170], healthy eating [89, 206], better

sleep routines [226, 175, 154], and monitoring child’s general growth [116, 224].

Research in family informatics typically is about data collected from children and often
involves collaboration but can vary in who is the focus of the technological support. Some
works focus on parent’s role and work in tracking and managing family health (e.g., [114,
169]) while a few address both parent and child participation (e.g., [240, 175, 99, 170]), and
still some seek children’s perspective on health tracking (e.g., [255, 181]). Taken together,
HCIT studies highlight the benefits, tensions, challenges, and opportunities of family health

monitoring for reflecting and managing health and wellbeing.

While family informatics has provided a new way of thinking and designing health tracking,
there is much to uncover about how systems can support the complexities of family dynamics
and the particular health needs members might be going through, especially for those with

specific heath conditions like neurodivergent characteristics and other chronic conditions.

2.2.1 ADHD and Co-Regulation

Attention Deficit Hyperactivity Disorder (ADHD) is characterized by challenges with at-
tention, organization, and impulsivity inconsistent with the child’s developmental age [52].
It is one of the most common childhood mental health diagnoses [173, 253], with reports
indicating that about 1 in 10 children in the United States is affected by ADHD [30, 59], and
between 5.29% [179] and 7.2% [236] worldwide. Challenges associated with ADHD affect how
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children manage their behaviors in their daily routines and adapt to different environments.

Self-regulation refers to the ability to moderate one’s emotions, impulses, thoughts, and
behaviors to maintain control and focus, override automatic reactions, resist undesirable
distractions, and ultimately achieve desired goals or mental states [150, 172]. It serves
as a fundamental mechanism for adaptive developmental tasks across all life stages [150],
but typically develops in early childhood [121, 34] and continues to develop throughout
adolescence [150]. Given that ADHD is characterized by behaviors of inattention and/or
hyperactivity that are more frequent, intense, and evidenced in different settings than their
neurotypical peers [50, 16], children with ADHD might have intensified challenges with self-
regulation. ADHD can pose hurdles to planning and achieving goals as children may face
increased distractions and struggle with self-monitoring skills to assess the progress of their
efforts [214, 52]. These difficulties contribute to social obstacles, with ADHD children being
more susceptible to stress and fatigue that could be externalized and perceived as aggressive
and rule-breaking [102, 37]. Such obstacles can lead to anxiety, depression, and difficulties

in managing emotions, affecting their wellbeing [67] and quality of life [68, 232].

To support ADHD children who experience significant self-regulation challenges, caregivers
(e.g., parents, clinicians, teachers, etc.) can collaborate with children’s regulation (i.e.,
co-regulate) by helping them self-monitor, manage tasks and goals, set boundaries, stay
motivated, refocus, and much more [160, 239]. As caregivers, parents are also important role
models that help children regulate behaviors and emotions [90, 205]. Effective co-regulation
strategies in the family can empower children with ADHD to move from co-regulation to
self-regulation, and can enhance their confidence and parent-child bonding [85]. However,
parent’s might struggle with self-regulation too, especially in giving support to their children,
when having challenges with mental health or being overburdened with work and family
obligations [205]. ADHD is highly hereditary [77], hence many ADHD children have ADHD

parents who are coping with their own self-regulation challenges.

16



Within HCI, research has sought to improve self-regulation for children with ADHD through
digital interventions [47], such as through training with serious games [36, 225, 123| or
structuring routines [246, 226], sometimes involving parents. For example, systems such
as TangiPlan [246] have proposed the use of tangible objects representing tasks to help
ADHD children plan and organize morning routines. Similarly, gamification techniques
like storytelling and playfulness of self-regulation practices have been used to help children
regulate stress and practice organizational skills, such as in Chillfish [225] and Plan-it [36].
Research has also sought to support ADHD children’s learning in school settings, such as
using wearables to encourage refocus when inattention is sensed [227], or cooperative positive

behaviors through an ambient display of student’s behavioral performance [148].

Recently, some work has started to involve ADHD families. For example, the MOBERO
mobile system [226] supported children with ADHD and their parents in structuring morn-
ing and bedtime routines alongside the use of tokens and rewards. However, such digital
interventions are typically instructive and fall short of offering support for tracking, reflect-
ing, and guiding regulation based on family’s lived experiences. There is growing recognition
that technologies need to involve children’s care networks [229] in managing and promoting
regulation while empowering children’s expressions of experiences and reflection in order to
promote communication beyond symptom tracking alone [230]. Thus, there is still much
room to investigate family-focused systems for data-driven behavior regulation that target
family’s specific needs, struggles, and strengths, such as leveraging self-tracking [47] and

involving the whole family [176] and their technology ecosystem.

2.3 Device Ecologies and Multimodal Systems

People’s device ecosystems continue to grow, enabling a plethora of interaction options people

114

can conveniently engage with throughout their day. Lee et al. define a modality as “a
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single independent channel of sensory input or output between a computer and a person”
[131]. Modality can denote both the interaction itself (e.g., visual, listening) and the type of
information represented by a particular sensory stimulus (e.g., image, audio). People often
have access to an array of devices supporting multiple modalities including mobile phones,
voice assistants, desktops, and smartwatches. Multimodal toolkits often focus on supporting
browsing and searching, using devices collaboratively in real-time or in rapid succession
[161, 162, 42]. In O’Leary et al.’s characterization of device roles in multi-device systems,

self-tracking is a task where devices play the role of a collector of data [165].

People often choose to use multiple devices and modalities simultaneously or in combination.
Research on designing multi-device-ecologies emphasize that systems should support task
continuity, allowing for easy synchronization of data and the ability to transition from one
device to the next to complete an activity [106, 63]. This work suggests the importance
of leveraging the strengths of different devices, such as convenience or physical affordances
[106, 112]. Though people may have a preference for a specific device depending on context,
habit, and current task [106, 112], they often find support for multi-device interactions and
simultaneous use lacking, in part due to limited design toolkits and platform standards

(64, 165, 175].

Although most journaling and tracking technology to date has leveraged mobile and desk-
top/laptop apps, researchers are increasingly exploring the utility of other technology for
supporting health and wellbeing practices, such as self-tracking. For example, conversational
agents, such as via smart speakers, SMS, or voice are increasingly being designed to promote
health care [125, 120]. Luo et al. explored multi-device tracking in TandemTrack, combin-
ing a smart speaker and mobile app to provide complimentary visual and voice feedback to
enrich people’s experience with physical exercise [141]. Similarly, in Data@Hand, Kim et al.
combine voice and touch input modalities in a mobile app to enable visual exploration of

personal health data [119]. These rare cases of multimodal research have showed directions
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for combining different sensory interactions can facilitate user experiences for certain tasks
with data. However, less work has developed understanding of how devices and modalities
can be combined for collecting, integrating and reflecting on self-tracking data. By leverag-
ing the different modalities and strengths of different device platforms, personal and family
informatics could make health tracking and data use more convenient. For example, lever-
aging smartwatches for tracking alongside glanceability of information for reflection, voice
assistants for multitasking while tracking, and home displays for situated and collaborative

reflection could provide more convenient contact with self-tracking practices and data uses.

2.3.1 Smartwatches for Self-Tracking and Wellbeing

Research has frequently examined smartwatches as a platform for implementing health and
wellbeing interventions [83, 48, 169], with sleep and physical activity tracking being partic-
ularly touted as main features in the commercial marketing of these devices. Smartwatches
have also been used for monitoring behaviors (e.g., scratching, eating) [189] and recently
acknowledged as a potential mediator for self and co-regulation [49]. Much of the smart-
watch’s potential lies in its convenient and always available nature, providing information at
a glance and, for example, less disruptive than taking a phone out of the pocket [39, 178].
Furthermore, the smartwatch’s body-mounted nature might be less demanding of care, and
less distracting or harder to lose than a phone. These affordances might be especially bene-
ficial for children as they rapidly shifting contexts (e.g., from home to school, outdoors) and

can have self-regulation challenges.

In family informatics, wrist-worn devices have more often been used as a means to capture
data automatically (e.g., physical activity and sleep [201, 175, 153]) rather than a space for
interactions around subjective data collection and reflection. Parents are often the drivers

of smartwatch adoption by children in expectation that it will help instill a healthy lifestyle
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[169, 170]. However, most smartwatches used in research are still dependent on a parent’s
phone [178, 207] and Oygiir et al. [169] have highlighted how this linkage can add invisible
work for parents, such as for configuration and maintenance, which can undermine their
original goal of facilitating parenting. Smartwatches also have limited battery life [189],

which can require further regulation for maintenance or increased parental involvement.

Despite these challenges, smartwatches have the potential to support self-monitoring and
delivery of interventions by leveraging their always available nature. They can also support
in-the-moment reflection through glanceable visualizations [27, 87]. This has greatly mo-
tivated my work towards integrating smartwatch’s use for personal and family informatics
with other devices, such as to facilitate multimodal tracking and collaboration in shared

tracking with others.

2.3.2 Situated Displays for Reviewing Tracked Data

Home displays are dedicated devices situating visualization in the home environment, typ-
ically as a tablet mounted on a wall or counter for convenient view [33, 249, 247]. These
devices are persistently available and have facilitated reflection centered on the self and for
understanding of personal tracked mood [222, 104], physical activity [76], and behaviors for
health recovery [107] as people navigate their home. By positioning data review into phys-
ical environments, situated visualization can conveniently afford tracking and reflection in
the context of daily living spaces and routines [33, 156]. Given how health management is
rarely done in isolation, situated displays can be expanded to involve sharing of tracked data

between others in the home and integrate data from multiple sources.

While most family informatics research has focused on dashboards on a parent’s phone or
computer, persistent and situated displays in the home are an opportunistic means of in-

teracting with family data given the inherent ties between the living space and the data
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of those that inhabit it [249, 156]. Some prior family informatics works employ situated
displays and have suggested it is as a way of increasing family awareness about each other’s
behaviors in some specific domains, with a few involving children. For example, Dream-
Catcher [175] displayed daily and weekly sleep tracking on a shared tablet in the bathroom,
helping families track sleep habits together with greater involvement of children and pro-
moting reflection on each other’s sleep patterns. Similarly, situated displays have been used
to foster family connection by tracking and sharing location information [35] or memories
captured in photographs [86], leading to increased social touch and family bonding. Situated
displays have also improved awareness of distributed tasks in the home through tracking and
displaying household chores, such as Choreflect [191], an ambient display system showing
household tasks by adult members. Choreflect was suggested to increase awareness of chores
that otherwise could have gone invisible [191]. These systems demonstrate the potential of
situated displays to provide a centralized interface for equal access and interaction for family

members, facilitating the sharing of data within the home environment.

Generally, prior research in shared displays point to the opportunities for situated sharing of
data about tracked behaviors. Home displays are a potential means of increasing awareness
between people living together in a household. Questions remain on what sort of data
and guidance families would want in a situated in-home display involving family data. In
my work, I engage with children and parents to understand families’ needs, values, and

preferences for how such systems could support their health and wellbeing.

2.3.3 Voice Assistants’ Potential for Health Tracking

Voice assistants (VAs), or voice-based conversational agents, have become increasingly part
of personal and family’s technology ecosystems, with some applications around health. VAs

like Amazon Alexa, Google Assistant, and Apple Siri are available on shared smart speakers
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in homes as well as personal devices like phones and smartwatches. Recently, these systems
have being designed to promote health care [120, 125]. Uses of VAs for health range from

providing information and education to supporting therapy or monitoring patients [125].

The hands-free, voice-based interaction of VAs enables new possibilities for multitasking
and can complement the capabilities of screen-based devices [180]. For example, VAs can
be used to quickly set reminders or look up information while performing other tasks [24].
However, the conversational nature of VAs also introduces challenges, such as managing
user expectations, handling breakdowns in understanding, and addressing privacy concerns

101, 126, 251, 25].

In homes, VAs have also been observed to affect family dynamics. VAs are typically em-
bedded in the home environment and often intertwined with family activities [251, 25]. For
example, prior work has identified that family members may work together to formulate
requests, resolve misunderstandings, and decide on appropriate uses collaboratively [24, 82].
Ideally, VAs should be able to adapt to the preferences and roles of different family members
(142, 171].

While VAs have the potential to play a unique role in device ecologies for health tracking,
they also face limitations in their ability to understand context and engage in truly natural
conversation [251]. As VAs continue to evolve, it will be important to consider how they can
effectively complement other devices and support people’s needs across personal and family

informatics stages.

2.4 Summary

Prior research has made significant progress in understanding how individuals and fami-

lies engage with tools for health tracking and management. The Stage-Based and Lived
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Informatics models have provided valuable frameworks for examining the challenges and op-
portunities in self-tracking, while family informatics has highlighted the collaborative and
interconnected nature of health management. Studies have also explored the affordances and
potential uses of different devices, including smartwatches, smartphones, voice assistants,
and situated displays, to support health. However, despite these advancements, people of-
ten struggle to consistently capture and derive value from their personal data and connect
in support networks. Existing systems often fail to fully support the needs of families for

seamless integration and collaborative use across multiple devices and contexts.

The opportunities and limitations identified in prior work motivate my research on design-
ing multi-device ecosystems that explore how to provide convenient and connected health
tracking and management. By leveraging the diverse affordances of different technologies
and designing with the needs of individuals and families in mind, there is an opportunity to
create ubiquitous tools for health tracking and co-regulation. In the next chapters, I grad-
ually showcase how incrementing multiple devices and users in systems helps us understand

how to support personal and collaborative health tracking in everyday life.
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Chapter 3

Investigating Multi-Device

Opportunities for Data Collection

3.1 Introduction

In this chapter, I investigate how multi-device, multimodal systems can better support the
data collection stage of tracking, specifically in the context of food journaling. Food tracking
is among the most popular forms of personal informatics, with 42% of U.S. adults having
used a mobile app to keep track of their diet or nutrition as of 2017 [2], and over 165
million people worldwide using MyFitnessPal to journal their food intake as of 2016 [3].
However, despite the potential benefits of food journaling for various health-related goals
(e.g., weight management [38, 243], mindful eating [168, 133]), most people struggle to
consistently track their food intake due to the burdensome and challenging nature of the

practice [51, 54, 72, 127, 71].

To explore how multi-device, multimodal systems can address common difficulties in food

tracking, I designed and evaluated ModEat, a mid-fidelity food journaling prototype that
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supports data capture across various devices (mobile phone, computer, voice assistant) and
input modalities (database search, text description, voice log, photo, barcode scan, URL).
Through a two-week field deployment study with 15 participants, I sought to answer the

following research question:
RQ1: How might multi-device, multimodal systems facilitate data collection for self-tracking?

Towards my thesis claim T1, the findings from my ModEat study demonstrated that peo-
ple’s goals, prior experiences, and affinities to certain devices and modalities drive a default
preference for how and with which device to journal. It also demonstrated that multi-device
journaling can provide flexibility and redundancy of options for data capture and help in-
dividuals overcome situational barriers to tracking, making the practice more convenient
under different everyday contexts people navigate. Furthermore, the findings indicate that
using semi-automation of food interpretation across modalities can be a way to integrate

multimodal tracking for later uses, like reflecting on personal goals.

In regards to my thesis claim T2, this study revealed that the presence of other people
during data collection can influence people’s self-tracking preferences and practices. Some
participants expressed a desire to use certain modalities to collaborate with others in making
entries together, while others preferred modalities that offered less disturbance to ongoing
social interactions. Based on these insights, I discuss design implications and opportunities
for future multi-device, multimodal food journaling systems, emphasizing the importance of

balancing flexibility with supporting journaling goals.

This chapter makes several contributions to the design of health tracking and indicates oppor-
tunities for involving families in co-construction of tracking data. First, it provides empirical
insights into how individuals use and perceive multi-device, multimodal food journaling sys-
tems in their everyday lives. Second, it identifies key design considerations and challenges

for such systems considering people’s variance in journaling practices and goals. Finally, it
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demonstrates the value of a multi-device approach in supporting self-tracking practices and

addressing some limitations of current single-device, single-modality tools.

The study of the ModEat deployment was published! in DIS 2021 and MobileHCI 2023 with
co-authors Elizabeth A. Ankrah, Yuqi Huai, and Daniel A. Epstein. Development of ModEat
was done in collaboration with Kimberly Flores, Yuqi Huai, and Daniel A. Epstein. I led

participant recruitment, platform deployments, interviews, analysis, and paper writing.

3.2 Methods

To understand how people perceive and experience multi-device support for food journaling,
I created and deployed the ModEat prototype, a multimodal and multi-device system for
food tracking. Fifteen participants used the system for two weeks, and I describe ModEat’s

supported modalities and study participant demographics.

3.2.1 ModEat Design and Implementation

ModEat is a multimodal and multi-device journaling prototype designed to capture people’s
desired strategies for food description practices. ModEat is comprised of apps for phone,
computer, Amazon Alexa, and Google Assistant. ModEat’s input modalities are informed
by features in commercial apps and previous research on journaling food. It is intentionally
flexible and does not incorporate suggestions for what or how to journal. The deployment
focused on the collection stage of journaling [132, 74] and de-emphasized the feedback that an
app might provide. Therefore, database searches and barcode lookups are simulated, with
participants being instructed to suspend belief about feedback and journal as if receiving

expected results (see Figure 3.1b for an example). Each device and modality have unique

!This study has been published in DIS and MobileHCI: [143, 220)
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interaction characteristics and with varying affordances, effort of use, and sensory stimuli.
For example, photos might be quick and provide visual nuances, whereas a text or voice input
might take longer but offer flexible description. Likewise, the database search could provide
detailed nutritional information, but might require effort in describing the right search items.

Table 3.1 summarizes input modalities supported on ModEat.

o start food journal
+ Description || + Database Search | + Image Cancel | Save
Welcome to the Food Journal Application.

journal peanut butter sandwich

Are you sure about recording peanut butter
sandwich

(example)

Calories: = B
*

Sugar:
Sodium:

Thank you. peanut butter sandwich has been
recorded.

|
Last time you logged the following
information: peanut butter sandwich

(a) Phone. (b) Computer. (c) Voice Assistant.

Figure 3.1: ModEat supported food journaling across modalities and devices, including (a)
mobile, (b) computer, and (¢) Amazon Alexa. ModEat’s mobile and computer apps allow
multiple modality inputs in an entry, such as photos and text descriptions. The VAs support
open-ended voice description.

Table 3.1: ModEat’s Supported Modalities Per Platform (* indicates simulated results)

ModEat Platform Database Lookup* Barcode* Voice Log Photos URL Text Description

Mobile v v v v v v
Computer v v v v v v
Voice Assistant v

ModEat mobile supports six different input modalities including open-ended text descrip-
tion and simulated database lookup, with a person able to choose what input modality or
modalities to include with no limit on how many (e.g., Figure 3.1a). The computer version
of ModEat is designed to support any device larger than a phone (e.g., desktop, laptop,

tablet), and supports creating new entries with multiple modalities (Figure 3.1b). ModEat

27



on the VAs Google Assistant and Amazon Alexa support open-ended voice input with the

command “journal [food]” (Figure 3.1c).

3.2.2 Participants & Study Procedures

I recruited 15 participants who had various food journaling experiences and goals. Partic-
ipants used ModEat for two weeks (mean 14.7 days, min 14 max 16), similar to deploy-
ments of other food journaling systems, which typically last between one and three weeks
(106, 140, 254, 256, 244, 71, 105]. Table 3.2 describes participant demographics. Participant’s
food journaling goals were distinct, but can be classified under two general categories, quan-
titative or awareness. Some participants’ goals related to maintaining daily calorie budget,
or making sure they were eating a set amount protein or certain macro or micronutrients,
thus focusing on the quantitative information. Others had goals related to general eating
habits (e.g., amount of snacking, eating more plant-based meals, general healthy eating), and
focused on awareness of their food consumption. Participants’ life stages and routines also
varied, with some being married living with partner and kids, and others living with their
parents or housemate; and some in collage while others had established careers. To ensure
participants had access to a range of devices, they were required to own a smartphone, own
a smart speaker device supporting Amazon Alexa or Google Assistant, and have access to a
computer. 4 participants who did not own a smart speaker were lent a Google Home Mini

or an Amazon Echo Dot via contactless drop-off [219].

I introduced ModEat to participants as a tool to help researchers reflect on benefits, short-
comings, and possible future designs for journaling with multiple modalities and devices,
and positioned the participants as valuable collaborators in exploring ways for facilitating
food tracking and lowering burden. Participants were instructed to journal with whatever

modality and device they preferred and made sense for their personal goals and daily lived
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Table 3.2: Summary of Participant Information in the CoolTaco Study.

ID Gender Occupation Age Journaling Experience Prior Journaling Tools Journaling Goal
P1  Female  Designer 36 4 years Calendar Awareness
P2 Female  Massage Therapist 35 2.5 years Paper, Loselt, MyFitnessPal — Quantitative
P3  Male Civil Engineer 33 2.5 months Spreadsheet Awareness
P4 Male Engineering Manager 38 1 month Paper Awareness
P5 Female  Student 28 3 years MyFitnessPal, Self-made app Quantitative
P6  Female  Student 25 10 months Cronometer Quantitative
P7  Female Retail 30 3 months Paper Awareness
P8  Female  Accounting Clerk 27 1 month Spreadsheet Awareness
P9 Male Engineer 31 None None Awareness
P10 Male Student 28 2 years MyFitnessPal Quantitative
P11 Female  Researcher 50 2 months FitDay Awareness
P12 Male Engineer 43 “On and off” MyFitnessPal Quantitative
P13 Female  Academic Librarian 44 2 years MyFitnessPal Awareness
P14 Woman  Student 33 3 years MyFitnessPal Quantitative
P15 Male Drafting Design 31 2 months MyFitnessPal Quantitative

situations, and to think critically about these choices.

At the end of each day, participants answered a short survey to describe the journaling
context of each of their food entries. The survey included questions about time of journaling
relative to eating moment, presence of others, classification of eating occasions (e.g., meal,
snack, other), why they chose the a particular modality and device, and an open field to
provide any further details, suggestions, or critiques. After the deployment, I interviewed
participants about their modality choices and what about their situations and contexts
influenced those choices, if at all. Participants were also asked to reflect on their experience
with ModEat and envision ideal features and interactions that would better support them.

Participants were compensated $30.

3.2.3 Data Analysis

I analyzed transcriptions of interviews inspired by Braun and Clarke’s reflexive thematic
analysis [31, 32]. My analysis approach was primarily inductive, but employed a semantic
analysis of participants underlying goals, beliefs, and motivations for food journaling. A

critical realist approach was also used to understand how participants made choices about
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food journaling in light of contextual everyday life situations and constraints. Following
Braun and Clarke’s six phases of thematic analysis, along with research team I first sought
to familiarize with the data by reviewing each participant’s journaling goals, and more deeply
discussing two interview transcripts. Then, each author independently coded two transcripts.
The team met weekly to discuss codes and patterns in the data to iterate on a codebook.
After reaching a final codebook, me and another researcher recoded all interviews. I then
used the codebook and coded data to build a thematic map to visually highlight the main
themes and subthemes, their interconnections, and associated representative quotes. The
resulting thematic map had three higher-level themes related to modality and device choices
and preferences: factors which motivated default device and modality choice, factors which
motivated deviation from defaults, and combining modalities. These had 12 sub-themes, that
in turn had 68 sub-items in total. For example, the parent theme “combining modalities”
had three sub-themes: complementing information, one is enough, and increased effort; and
a sub-theme “device choice” had 13 items, such as portability, familiarity, multitasking or
hands-free, presence of others. The thematic map became the basis of the findings here

reported. I quote participants with P#.

I also analyzed each journal entry to understand how people might choose to describe foods
per modality and under less constraints for accuracy. All journal entries were separated by
input (e.g., text description, barcode, photo), resulting in 1008 individual inputs. T used
thematic analysis again with another researcher to code and derive themes about food de-
scriptions in logs. After refining definitions and coding criteria, the final codebook contained
39 codes in 12 categories, such as how many food items were present in a log, how specif-
ically foods were described, and if and how logs described food amounts. For example,
the code category amount had the subcodes numeric scale, numeric only, broad, compara-
tive/reference, non-standard, and non-quantified. To understand how participant’s preferred
methods of food journaling aligned with traditional approaches to food recognition, I ran

participant’s logs through commercially-available recognition services. I submitted database
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search, text, and voice input descriptions to commercially-available Natural Language Pro-
cessing (NLP) services (Nutritionix [, Edamam [], and Spoonacular []). These automation
services attempt to interpret foods in these open-ended modalities and also provide estimated
nutritional information feedback. I also used commercially-available image classification ser-
vices to understand opportunities for improving recognition of the pictures people used to
represent their foods. We chose three popular services regarded in top service lists: Clarifai
[], Google CloudVision [|, and Amazon Rekognition []. These services attempt to interpret

foods in images, similar to the NLP services.

With the help of a collaborator, we quantitatively analyzed the metadata of journal entry
logs and associated survey answers to evaluate how device and modality engagement differed
by journaling goal and surveyed contextual factors. Metadata consisted of the modality,
device, and eating context (e.g., eating with others, journaling before eating) associated
with each ModEat entry. We used logistic regression models, treating each metadata as
binary responses. We treated participant IDs as random effects to account for personal
device and modality preferences. We corrected for multiple comparisons in post-hoc tests

with Tukey corrections.

3.2.4 Limitations

Most participants’ deployment period took place between the end of 2019 and Spring of
2020, intersecting with stay-at-home orders due to the COVID-19 pandemic. This impacted
people’s general routines, movements, and, to some extent, foods eaten and journaled. For
example, participants who would often eat at a variety of different places (e.g., at work, at
restaurants) overwhelmingly ate at home, which likely influenced their device and modality
choices. Despite this limitation, our data represents people’s use of journaling tools in

everyday situations that can include challenging life events. I further discuss implications
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on modality and device choice.

While the number of participants is similar to past deployments of food journaling systems
(243, 162, 105, 109, 254, 256], a larger and more representative sample is likely to uncover
further influences on modality and device preferences. Although the sample is relatively
diverse in participant’s gender and occupation, the findings might not generalize to older
or younger participants, complex family settings, and different communities and countries.
For example, cultural differences might influence social norms and personal goals around
journaling preferences [136]. Also, while P4 mentioned previously journaling food to identify
intolerances, none of the participants had a disease diagnosis or management goal, although

it is a commonly-studied motivation for food journaling [109, 94, 257, 209].

3.3 Findings

Participants made a total of 659 entries using ModEat with 1008 modality inputs, averaging
2.98 entries per day (min 1.07, max 4.26). Participants used a range of modalities (average
3.80, min 1, max 6) and devices (average 2.47, min 1, max 3) for their entries. All participants
but one explored using two or more modalities (Figure 3.2a), and all but two used two or
more devices for their journaling (Figure 3.2b; P12 used voice input on the phone app for all
entries, P14 used only database and voice descriptions on phone). Most participants opted
to use phones for most of their entries (40.6%-100% of entries per person, 62.5% of entries
in total). However, participants frequently differed between choosing the computer interface
and the voice assistant. 5/15 participants (33%) chose to not use the voice assistant at all,
while 4/15 (27%) used it for a third of entries or more. Similarly, 3/15 (20%) participants
did not use the computer interface, while 4/15 (27%) used it for at least a third of their

entries. Figure 3.2 shows (a) modality and (b) device breakdown by participant.
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Figure 3.2: Distribution of (a) modality and (b) device choice. In each graph, participants
on the left group had food awareness goals, while the right had quantitative nutritional goals.
Participants with awareness goals used text and descriptions at a higher rate, while those
with quantitative goals used database searches at a marginally higher rate. The phone was
used for the majority of food entries and participants varied in using the computer or voice
assistant.
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While participants chose to use the phone version of ModEat most often, various routine
shifts in circumstances often led them to choose different devices and use different modalities,
which I detail in my findings. I found that participants often had a default device and
modality preference, motivated by their food journaling goals, prior experiences, and personal
affinities. Nonetheless, circumstantial factors frequently led them to deviate from default
preferences in exchange of more convenient journaling or situational constraints, such as
contexts which influenced availability, efficiency, and emotion. I also noted high variability
in how participants described or captured their foods, sometimes combining modalities and

often journaling in ways not completely aligned with their original goals.

3.3.1 Default Motivational Factors

Participants reported that their default motivations for choosing modalities and devices were
based on their personal goals and influenced by how they might have previously journaled.
Participants expressed two default motivations for defining their primary strategies for jour-

naling: (1) journaling goal, and (2) affinities for or aversions to specific devices or modalities.
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Participants with quantitative goals often preferred modalities which supported lookup of
nutritional information, while participants with awareness goals varied more in modality use.
Participant’s choices were often also influenced by their familiarity and prior experiences with
each device. Nonetheless, goals can fluctuate over time, and changes can influence default

preferences for modalities.

Journaling Goal Drives Preferences and Choices

Participants described their journaling goal as being most influential in deciding what modal-
ities to use. Participants with quantitative goals typically preferred database search and bar-
code modalities because they would support learning nutritional information. Participants
with quantitative goals used database searches at a marginally higher rate (Z=1.78, p=0.07,
95% CI 0.38x lower — 4.45x higher), though I observed no statistical difference in their rate
of using barcodes (p=0.551). For instance, P14 explained that she mostly chose to create
entries with database searches because “at the end of the day, calorie count is the most
important thing.” P14 elaborated that if she used more descriptive modalities like taking
a picture, “/I] wouldn’t be getting the information I want out of it, which is the calories.”
Some participants with quantitative goals imagined that the voice modality would implicitly

run a database search. For example, P2 described:

“I would imagine with the voice command of being able to tell it, ‘32 grams grilled
chicken breast,’ like it would just populate it onto the software ‘This is, according
to the Internet, x many fats and proteins and whatever are in grilled chicken

breast”’.

And P12 added:

“f MyFitnessPal had the ability for me to speak into it and it knew from my
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frequent foods database or whatever and it would accurately pull nutrition up, I
would use that all the time. They don’t have that feature, and I assumed that

your application did.”

These examples illustrate that perspectives on a modality’s usefulness were influenced by food
journaling motivation, with people desiring support in monitoring and measuring progress

towards specific goals.

Having food awareness goals may make using multiple modalities more appealing due to
having less requirements for nutritional information. All participants with awareness goals
tried at least three modalities during the study. P8 described her preferences as “I just like

”

having the different options.” Participants with awareness goals tended to prefer the text
and voice description modalities, using text description at a higher rate than participants
with quantitative goals (Z=2.51, p<0.05, 95% CI 0.46-4.42x higher) though no noticeable

difference in use of voice description (p=0.54).

Some participants reported that their journaling goals might change in the future and re-
flected on how their modality preferences might change if that were to occur. P3 said he liked
using ModEat to journal with description and images but considered that if he wanted to
lose weight he would need to “get even more serious about it, it would be more quantitative.”
P13 currently wished to be mindful of her eating but had previously focused on nutrient
information: “If I'm just trying to be more cognizant of what I'm eating or how much, then
likely I would be fine with the simpler [tracking] version. If I’'m actually going to be doing my
weight training, then I'm going to want the more granular,” she also pondered that this goal
shift was related to the current pandemic situation: “if it was a better time, I would be doing
a much better job of keeping track of my carbs, but the fact that we are in this [pandemic/
situation, means that you shop for groceries differently, healthier attitudes or healthier beliefs

are out of the window.” Other participants with quantitative goals mentioned they might
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shift to an awareness style of tracking after they learned the nutrient information of foods
they commonly ate. For instance, P10 said, “I would use the database search in the begin-
ning when I was less aware of the protein content and then as I got a good sense of how
much protein was in particular meals, then I would start using descriptive [modalities] so it
was easier to reconstruct.” Despite participants having clear food goals during the study
deployment, they indicated that life events or new perspectives could lead to new goals and

modify how they journaled.

Affinities and Aversions

People may prioritize journaling with devices with which they have more prior experience.
When participants journaled their foods with ModEat, they often preferred devices they
used more frequently for other purposes, and perhaps avoided others with which they were
less comfortable or experienced. Also, prior experience with journaling on mobile apps may
influence people to continue to journal on mobile. P3 described journaling on the ModEat
phone app as “really similar to what I'm used to.” P8 agreed, “the phone is just easier and
through apps, I just think I'm so used to using apps.” Participant’s familiarity with their
phones enabled easy use and maintenance, suggesting that extensive experience with devices

and designs can influence user’s journaling affinities and choices.

A few participants explained that they chose not to use some devices due to some level of
aversion for the platform, at least for food tracking. P12 considered using his Google Home
to make journal entries but described it as “a prime example of just a complete break in
intent” and “Just so jarring a juxtaposition between where you’re at mentally, where you
have to go to be talking to a robot.” Instead, he made all of his entries as voice inputs on his

A

phone because it takes “just three seconds and I'm done,” not requiring the conversational
steps to interact with the VA. P15 said that using VA “was kind of too slow” and P9 agreed

that it required “a lot of care” and “patience” because “[lyou/ run through the three or four
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verbal steps to kind of make that entry.” Even participants who frequently used VAs for
journaling reported concern that VAs would misunderstand or not interpret what they said.
Misunderstandings could be due to some amount of accent — e.q., “it doesn’t understand me
because of my accent” (P5) —but “even in English, she [VA] has a hard time understanding
some words” (P15). Similarly, P3 did not use his VA because he did not feel comfortable
with it, but considered that this might change in the future: “I’'m really not comfortable.
Just, I'm not really used to using it [VA] to the point where it’s second nature to me. I
think I would only use it when I'm more comfortable using it, if using the voice assistant was
more integrated into my daily life.” Therefore, perceptions of a platform’s characteristics
and a lack of experience with it can create an aversion to the device. For some participants,

these elements combined with a need to learn and manage a new technology can deter from

choosing them as default journaling options.

Similar to VAs, perceptions on the tasks computers intend to support may make them less
appropriate for food journaling. While most participants said they enjoyed the practicality
of tracking on their computers when already using it for other activities (e.g., while working),
other participants disregarded this platform. For P2, the computer was exclusively for school
activities: “/The computer is] not a preference at all. Once I'm done with schoolwork, the

”

computer’s closed down.” PT described only minimally using her computer, and therefore

tended not to consider it for journaling: “I do have a Chromebook, but I don’t use it all,
especially since I'm not a student anymore. So, I don’t really see the need for it [to journall.”

People may not want to use a particular device for food journaling due to beliefs about other

tasks some technology were originally intended for, even if they own and regularly use it.
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3.3.2 Factors Which Motivated Deviation from Defaults

Situational factors such as what, where, when, how, and with whom a person eats can
influence them to deviate from their preferred journaling devices and modalities, in much
the same way that context has been shown to influence other interaction modality choices
(e.g., using voice and audio for interacting with recipes while cooking [12]). In analyzing
participant’s experiences with ModEat, I identified six situational factors that may lead to
deviations: (1) availability of devices and information, (2) efficiency and speed, (3) device
affordances, (4) modality’s perceived affordances, (5) presence of others, and (6) emotions
and cognition. Participants described their locations and food choices as influencing which
devices and modalities were most present or practical. Likewise, they described certain
circumstances as leading to quicker and less detailed entries. Participant’s choices were
sometimes influenced by device capabilities and the data types that modalities provided,

and participants had varied perspectives of how to approach journaling in social contexts.

Although participants generally reported appreciating having multiple device and modality
options to accommodate their circumstantial preferences, some felt that having to choose
between options increased the mental workload of journaling. For example, P2 mentioned
that “it was a little overwhelming having all the options. There was just a lot of different
ways of doing it.” Likewise, P6 said, “I am not good with choices, because if I can’t figure
out what is both efficient and perfect, it just drives me nuts. And having all those options
1s just like ‘which one works best for me right now?’ I could take the photo, but also the
barcode, I could do that. I was just like, ‘what do I do?”’ Still, participants reported that
with time and practice this decision effort might lower as “you learn the app after a while”
(P13). As described below, having multiple options was often useful to circumvent situational

constraints or better journal in the moment.
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Availability of Devices and Information

Participants found that the physical location of where they ate influenced whether differ-
ent devices were available for journaling at all. Some physical locations introduced clear
constraints, such as eating outdoors typically limiting participants to journaling on their
phones, their only available device. In contrast, VAs were used only at home. P2 described
that sometimes the VA was the only available option for journaling because she was in the
kitchen and the “phone is charging on a different docking station in a different part of the
house.” Participants recorded nearly all entries from home (91%) due to the pandemic, with
a few journaled while at work (3%) or other locations such as in a car, at a restaurant, or
somewhere else outdoors (6%). Unsurprisingly, mobile devices were used for journaling while
not at home more often than other devices (Z2=3.29, p<0.01, 95% CI 0.26-1.66x higher) and
VAs were used while at home marginally more often than other devices (Z2=2.09, p=0.06

95% CI 0.14x lower — 2.01x higher).

Participants described the phone’s portability as a factor for journaling a majority of entries
this device. P14 said that “I've got my phone with me constantly. It’s with me all the
time.” Likewise, P1 pondered, “Alexa is not always nearby me and my computer is not
always nearby, and the phone is in my pocket. It travels nice and it would be something

»

that will be more dependable upon.” The positioning of devices in respect to the body is
thus an important factor for availability, such as a phone in the pocket or a VA available

“everywhere” in the room.

Participants also considered what device they perceived as most available, even if multiple
options were nearby. P5 considered her computer available when “studying, doing something
on my PC and I want something to eat, so I might as well just start logging it.” Likewise,
P13 associated her workplace with journaling on computer, although being at home for most

of the study due to COVID-19: “I'm working away in my office and I need to log something,
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then more than likely I would use the [ModEat] web version. I could also use the mobile,
but sometimes when I'm at work, I'm trying to stay off my phone.” Participants generally
considered computers as stationary devices, only considering them for journaling when they
were nearby. For instance, P12 said “I'm not going to run all the way upstairs to get on
my laptop, type it all in, that’s obviously a huge interruption and inconvenience. It’s not
like I have my laptop next to me.” In general, the multi-device nature of ModEat often led
participants to ponder in-the-moment options and consider which one was more practically

available.

Participants’ modality choices were also influenced by the availability of what they ate rel-
ative to when they journaled, such as if journaling before preparing the food or long after
they ate. For example, barcode scanning required that foods be packaged, and particularly
that the package still be easily accessible. As P13 put it, she would “not particularly go
digging through my trash to go find the particular item that I had eaten three hours before.”
Participants described similar logic when taking pictures, needing to input the entry before
the meal is over. They were more likely to include images when journaling before or while
eating than after eating (Z=4.15, p<0.001, 95% CI 0.92x-2.52x more likely). P8 creatively
leveraged the image modality by searching online for pictures similar to her meal, especially
when it was from a restaurant (e.g., Figure 3.3c). P6 described difficulty journaling a food
someone else had prepared and she was unsure of: “I had no idea what was in the Ube
pudding. I couldn’t look up Ube pudding on a nutrition database and feel comfortable putting
that information in because it probably wouldn’t even be accurate. There are so many types
of Ube pudding.” P6’s experience echoes prior work in highlighting that database search can

be a challenging modality when facing foods with uncertain ingredients [55].
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Figure 3.3: Different ways P8 used image to journal food. (a) use of picture captured by
phone camera. (b) use of stock food image. (c) use of screenshot of restaurant’s menu.

Efficiency and Speed

Participants generally wanted to be able to journal quickly, and sometimes found themselves
in situations where they wanted to prioritize speed when journaling, choosing whatever
entry mechanism “is most convenient or whatever would be quickest” (P5). For example,
P8 had a limited lunchtime at work, and she “didn’t want to spend that much time with just
journaling. I wanted something really quick so just [journaled by] typing description.” For
five participants (P2, P3, P10, P11, P15), hurriedness meant preferring to journal by taking
a picture: “I was working late, I didn’t want to take a break to open the new tab and have
the different entries. So, the picture is going to be the fastest way” (P15). P10 similarly

suggested that “the other methods would require additional concentration and attention,”
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indicating that situational needs for quickness could influence device and modality as well

as level of detail provided in the food description.

Perception of each modality’s efficiency influenced which one they used when in need to make
quick entries. I found that participants saw database searches as detailed but not speedy,
requiring careful description of foods eaten. When under time pressure, P4 described wanting
to reduce the burden of using database searches by not recording some noncaloric items such
as onions. He said, “looking at every single ingredient of a meal is a huge pain in the butt.
So, we’ll often end up skipping things like vegetables, onions. The effort of looking it up is
not worth it.” Despite some participants’ perception of VAs requiring a lot of time, others
considered that using VA was timely because “it goes quickly to speak with [it]” (P5) and
being able to simultaneously do other activities. Overall, participants evaluated the balance
between amount of time it would take to make an entry and the utility of that entry for later

reflection or other needs.

Device Capabilities

Journaling may be better enabled by particular device features at particular times, such as
using the voice assistant for handsfree journaling or the ability to multitask. For example,
P10 had an Amazon Echo Dot in his room and enjoyed journaling with the VA “while
conducting my morning routine.” Compared to other modalities, VAs were more often used
for journaling entries before or while eating than after (Z=3.67, p<0.001, 95% CI 0.26x-
1.24x more often). About half of the participants (P1, P2, P4, P5, P9, P11, P13) had their
voice assistant located in the kitchen and found it useful to track while eating or preparing
meals. P1 said, “I would use it when I want to multitask. If it’s available right there and
I'm prepping or if I'm cooking, so I'll be like, ‘Alexa, journal blah blah blah’.” P5 considered
that using the VA to make an entry while preparing food would also improve accuracy and

avoid the risk of forgetting if done at a later moment:
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P5: “for accurate tracking [of] your food, if you want to have a specific calo-
rie limit to stay with them, then you have to actually remember everything you
eat. If you forget something then you’re going to fail your goal. So, using the
voice assistant while you’re doing the food [preparation] and while you’re actually
weighing it out, you can tell the voice assistant how much of this, so that way

you don’t forget.”

Participants mentioned leveraging the computer platform when their foods would be easier
to journal through a mouse and keyboard (P3, P4, P5, P6, P9, P10, P11, P15). For example,
P15 said, “it’s easier to type on the computer than on the phone. So, if I just have the phone
and my computer open, and if I'm eating right there, I would just use my computer, because
I don’t like texting [on phone] that much.” This was particularly useful when journaling
while doing meal planning and/or following online recipes “because if you browse the recipes
online, you could easily import that, copy-paste it” (P5) and because on phone “It’s too small
to see” (P2). Compared to other devices, participants used the computer to journal after

they ate more often (Z=2.87, p<0.01, 95% CI 0.09x-1.02x more often).

Modality’s Value for Future Reflection

Participants evaluated and compared modality’s usefulness for later recollection and reflect-
ing on their food choices when deciding which one(s) to use. However, they also considered

the characteristics of the food(s) and what modality would be more appropriate to record it.

A modality may not effectively support some reflection goals, but can still capture infor-
mation about foods that are circumstantially relevant. For example, participants expressed
that images would have limited support for quantitative goals, like calorie counting, by
themselves, because they are “not a searchable method” (P9) or could not return the desired

nutritional information — e.g. “I wouldn’t be getting the information I want out of it [image],
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which is the calories” (P14). P10 considered using the image modality as a last resort “if it
was difficult for me to get information on nutritional content of foods not commonly identi-
fied to a database [and not packaged], I would prefer to use description or took the photo.”
Overall, participants reported thinking about the limitations and advantages of using images
in respect to how it might or not be valuable to capture certain foods in comparison with

other modalities.

Open-ended modalities like voice or text input can support flexible aspects of record-keeping,
like social circumstances or memos, alongside journaling because “because it’s basically a
blank sheet” (P9). For instance, P4 used text description because “I wanted to have a
description of what I ate that included a general description. I mostly want to record what I
ate. I'm not terribly concerned about the quantity or having it be exact.” Interviewees also
considered this modality’s open-endedness as useful to journal meal contexts and related
information about specific situations. For example, P13 said she could use text description
to “make yourself a note that says, ‘Never buy this again”’ and P5 made a text entry
with a contextual note “dinner at friend’s house.” Participants were more likely to include
text descriptions when journaling after they ate (Z=2.02, p<0.05, 95% CI 0.02x-1.08x more
likely). The unstructured nature of open-ended modalities allowed for adaptation that might

be useful for future reflection or reminiscence.

Presence of Others

Eating with family members or guests at home or in social contexts had various impacts on
how participants decided to journal food. Most participants inevitably chose to journal long
after such situations, with the risk of forgetting or having less detailed entries due to relying
on memory. Participants had several reasons for postponing journaling in these situations,
such as not wanting to interrupt “other stuff going on” (P3), “stop listening to something

others said” (P10), “trigger unwanted thoughts for those who struggled in the past with eating
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disorders” (P14), or taking care of their kids during meal time (e.g., “kids are demanding,
I need to work around their needs”, P11). This also meant that some modalities would not
be available, such as scanning a barcode or taking a picture of the food. Nonetheless, five
participants (P1, P4, P6, P10, P13) pondered that in some social situations they would
evaluate picking the phone for a modality that was quick enough (e.g., a picture) to not
hinder social interactions: “I don’t want to interrupt social activities so in order to minimize
that, I would pick a modality that would be very quick to capture what I ate” (P10). Some
people feel journaling is stigmatized and avoid doing it around others [55]. Our findings
suggest that fast interactions may avoid these feelings, but people often instead postpone

journaling for later.

Although participants were generally comfortable journaling around others who lived with
them, the presence of housemates occasionally had implications for device and modality
choices. Participants found journaling with VA to be sensitive to the noise of other people
in the surrounding area or potentially disrupting other’s activities. P2 said, “/when my
boyfriend] does telemedicine or he’s listening to lectures from his program, the Alexa just
wasn’t a good fit,” while P11 added, “late at night, I don’t want to disturb other people by
using [the] voice assistant.” Participants also occasionally described privacy concerns around
journaling with a VA. P6 decided not to use her VA to journal because she considered that
her “family is a bunch of eavesdroppers and control freaks and I don’t want them hearing
what I'm doing” and if they heard her journaling, they “would start badgering me and trying

to dig into my life.”

P3 and P12 felt that journaling aloud with the VA in the presence of a partner could
seem awkward. P12 said, “I'm making lunch or dinner and my wife’s around, I wouldn’t
say it is embarrassing, but it’s a little awkward voicing it when someone else is around.”
However, other participants had different perspectives. Specifically, P1 and P5 are married

and mentioned helping each other track (including using the same VA device): “my wife
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can remind me to journal if ['ve forgotten, and I can do the same for her, so it ended up
being a good thing” (P5). P2 expressed interest in being able to track with and on behalf of
her boyfriend using the VA: “It would be nice if my boyfriend was also using the same food
journal, of being able to tell Alexa: ‘Share this meal with [boyfriend’s name] So having the
capability of sharing [entry/, that would have been nice.” Finally, P11 mentioned that due
to her accent, she would sometimes ask her partner or children to help journal with Alexa:
“Alexa does not recognize my voice well [...] talk slowly and clearly for VA to understand
you, do take effort even for native speaker [sic]. My sons and husband, [who are native
speakers], also tried.” These examples illustrate the potential collaborative advantages of
journaling with multiple devices, especially with the VA as it can be commonly situated in

communal spaces.

Emotion and Cognition

Emotional and cognitive states can impact journaling. Study participants described how
their general state of mind, impacted by events in in their everyday lives, could lead them
to journal in ways that did not align with their original goals. For example, P14 had a daily
calorie budget, and mostly used database search in order to provide her desired quantitative
data. However, she said, “I keep tracking even when I don’t feel like I'm on top of it and I
feel crappy about the whole thing. It would be useful to have something that counts for doing
effort, even if it’s just a text box. I can move forward with that.” Even when she did not feel
emotionally motivated to journal and reached the end of the day without making an entry,
she described it still being valuable to use a text description as a fallback to make an entry

about what she ate that day even if not fully supporting her original quantitative goal.

Beyond this more general influence, goals and tracking can also be influenced by state of mind
in situ surrounding a journal entry. For example, P2 described having the goal of tracking

macronutrients for her strength training, but found that she sometimes felt like choosing
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modalities which would not readily support tracking macronutrients: “choice sometimes
was on a whim, If I felt like taking a picture, I was going to take a picture. If I just felt like
typing it in, then I just typed it in.” Likewise, P6 felt that often her modality choices were
“maybe it’s associated with my [menstrual] cycle, it’s a lot of flur and it’s random. So that
also will determine [choice]. One time I just was not feeling it, I was not happy, so I just
took a photo.” Although P6 had a quantitative goal, her feeling in the moment led her to

select a different modality.

3.3.3 Combining Modalities and Devices

Although participants rarely used more than one modality and device per entry, their
thoughts on the utility of combining modalities varied. Eleven participants combined modal-
ities in a journal entry at least once (Figure 3.2a), consisting of 7.8% of all entries. Of these,
90% included text descriptions to complement other modalities. Participants typically ex-
pressed one of three perspectives on combining modalities: it offered little added value over
a single modality, it could be used in complimentary ways, or one modality could serve as a
placeholder for more detailed journaling later. Most participants did not combine modalities,
reporting that typically one would be enough to capture their foods. However, some partic-
ipants considered that in certain situations, multiple modalities could jointly leverage each
modality’s particular characteristics or serve to correct VA errors. Finally, some participants
initially used a modality that required less effort, later going back to add more detail to an

entry through other modalities in other devices.

Little Added Value

The vast majority of entries participants created used a single modality. Participants felt

that one modality was typically sufficient to satisfy their journaling intent and to “reconstruct
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what I ate” (P10) under most journaling situations, such as learning the nutrient information
when using a database search or having the visual feedback of a picture. For example, P7
said “So I think just choosing one option is good enough for me most of the time. I don’t feel
the need to have a picture, a description, and a barcode because 1’d be able to identify what
I ate based on the one method that I inputted it with.” Combining modalities also implied
more effort per entry and could go against a desire for “efficiency and to do as few steps
as possible.” (P6), therefore more often participants aimed to use a single input modality
because “I was aiming to make it as simple as possible” (P4) and “so I can do it in only

one step” (P6).

Complementing

Combining modalities could also be a means of capturing more food details and when “one
modality was insufficient” (P10). Four participants mentioned using pictures to convey
the amount they ate (e.g., Figure 3.4a), while using text description or database search to
“annotate the picture with what specific items are in it” (P9). P5 reserved database search
for food items that would contribute to her calorie total for the day, sometimes combining
database search with text description to add negligible calorie ingredients (e.g., Figure 3.4b):
“when you just do a handful of spinach or a handful of kale, that’s never really much, it’s
like four calories, seven calories, so it doesn’t really matter. That’s just a text description.”
P4 stated that the possibility of combining modalities was “the biggest thing I like about

7 Participants occasionally leveraged other devices

the mobile, or the web, over the Alexa.
to correct VA’s entry errors. P1 had once made a voice entry that was recorded as “care
o’clock bagel bacon and roasted tomatoes,” she noticed this as an error, and edited the entry

using her phone to the correct description “carrot lox bagel, bacon and roasted tomatoes.”

Similarly, P15 had made a voice entry recorded as “for eggs” and later corrected on phone

to “4 eggs”.
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Figure 3.4: Example of screens of modality combinations for a single entry. (a) P7 combining
text description and image. (b) P5 combining text description and database searches. (c)
P15 combining image and database searches. Images were used to capture portion sizes and
distinguish between similar foods, while text was used alongside database searches for items
which had negligible caloric value.

Platform: mobile
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Placeholder for Detailed Journaling

Participants with both awareness and quantitative goals occasionally used pictures for in-
the-moment journaling as a placeholder for later creating a more detailed journal entry.
Participants felt like doing so could help prevent skipping or forgetting to journal at all in
situations where they were time-constrained, serving as “a reminder to come back and log”

(P15) and preventing reliance on memory alone. For participants with awareness goals, this

strategy could help keep a more accurate record of their food. P3, described:
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“Say like, I've got three days’ worth of pictures of stuff that I ate, then I can
Just write down. For example, I got a picture of a bowl of pasta, then I can write
down that I got the pasta with the cheese on it. It will be nice to be able to bring
in more information later on so that you know that you properly logged what you

ate, and you’re not missing things. You’re not forgetting things.”

Participants with quantitative goals also used this strategy, but for later searching for a
food’s nutritional information. P2 considered a variation of this strategy when eating out by
taking a photo and later “going online and pulling up their restaurant menu and having the
macros put in that way,” she also imagined that a future food journal could “on a day that
you just took a photo of getting an alert later in the evening of, ‘Did you want to add detail
to your meal?”’ P15 imagined a cross-platform approach could be useful, taking a picture
with his phone and later editing on his computer to add detail (e.g., Figure 3.4c). He said,
“Like when I go onto the web, go back in and edit the items that I ate. I would use the image
[from phone] one then the database one. So, I'll just take a picture, and then I'll come back
and I'll add the items later.” These experiences indicate that combining modalities through
the use of placeholders can increase the opportunity to provide more useful and accurate

entries when there is a better or less constrained moment in their routine.

3.3.4 High Variance in Food Description and Capture

Our analysis of food logs surfaced high variance in how people prefer to describe what they
eat, both between individuals based on goals and among individuals based on their foods and
circumstances. Food descriptions varied in granularity and specificity, occasionally captured
contextual information, and indicated amounts using measurement scales or numeric values
alongside subjective measures, but entries were occasionally ambiguous or unclear. Similarly,

participants varied in how they used images to depict their food, such as arranging foods
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for aesthetics and clear amount compositions, use of stock images, and packages. This
input variability had consequences for the recognition and performance of commercially-
available NLP and image classification ML models, with some styles of entry more accurately

interpreted than others.

Granularity: I observed that participants varied in how granular they described foods in
logs (i.e., quantity of food items per input). Input granularity was either of single food
item, a single item decomposed into its requisite ingredients, or aggregated foods. Most food
entries were composed of a single item (62.9% e.g., “1 cup blueberry”, “fajitas”). However,
participants occasionally described single foods with decomposed ingredient descriptions,
such as the ingredients in a sandwich or a salad (8.2% of inputs). Some of these inputs had
a food’s common name followed by its composition (e.g., “breakfast burrito with a whole
wheat tortilla, two eggs, bacon...”, P14), while others described the ingredients without
indicating a common name (e.g., “2 tortilla with butter and honey”, P6). Participants also
regularly aggregated distinct food items into a single input (28.9% of descriptive modalities),

averaging 3.09 foods per input when they aggregated (min 2, max 9).

Input modality tended to influence the granularity with which participants entered food
(x%(2, N=890)=89.56, p<0.001), but I did not observe a statistically significant impact of
food journaling goals on granularity (p=0.15). Also, participants tended to aggregate entries
more often when eating with others versus alone (Z=2.04, p<0.05, 95% CI 2%-90% more
likely to aggregate), perhaps suggesting that participants tended to aggregate when in social

situations where they wanted to journal multiple items quickly.

Specificity: I also observed variations in how specific people described their food items
as either generic, specific or varietal. A minority of food descriptions consisted of foods

)

with generic ingredients or contents (e.g., “dumplings...” P1, “veggie taco salad...” P4),
comprising 8.1% of all food items. Participants instead tended to describe foods in ways

which were specific enough to distinguish between foods or ingredients of prepared foods
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(e.g., “peanut butter 14 gram” P5, “broccoli, chicken, rice...” P9; 53.4% of all food items) or
further describing varietals of same food (e.g., “red beans...” P12, “roast chicken breast...”,
P4; 38.5% of all food items). Similar to granularity, there was no statistically significant
correlation between participant goal and specificity levels (p=0.83). Instead, all participants

greatly varied individually in how specifically they journaled their foods.

Descriptions of aggregated foods were not always clear about how they were composed,
leading to potential uncertainty or ambiguity around what was eaten. Some food inputs
(92, or 27.8%) had unclear food descriptions, especially when lacking conjunctions or item
separators. For example, descriptions like “coffee cinnamon rolls” (P2), “cup of soy milk
small pastries” (P8), and “half apple chicken link” (P15), could be interpreted as flavors
or varieties, or separate items that were combined into a single entry. For example, P5’s
description of “warrior chia bar cinnamon and apple” could be interpreted as a bar with

cinnamon and apple flavor, versus bar with cinnamon flavor and a side apple.

Amount: For descriptive inputs, participants used different methods to articulate how much
they ate, such as using formal scales (14.3% of food items; e.g., cup, grams), numbers (21.0%
of food items; e.g., “1 roma tomato”, P15), and non-standard measures (6.7% of food items;
e.g., serving, bowl, handful, slice). 10.1% of aggregated or decomposed food logs used more
than one strategy for describing amounts. For instance, 33% of these mixed-amount inputs
combined some food items measured using a formal scale with counted items (e.g., “[a] baked
potato with 1 tbsp butter” P15). More than half (64.4%) of mixed-amount inputs had a
quantified food item alongside food items with no amount at all, such as “plain burger, fries,
1 glass dry white wine” (P5), “raisin bran [cereal] and an egg” (P4), and “3 catfish tacos,
corn tortillas, salsa” (P3). One explanation is that some foods are more difficult to count or

quantify than others, especially foods that are small, numerous, or liquids.

More than half (57.5%) of described food items had no amount clarification, and there was

no significant difference in the rate at which amounts were clarified between voice, text,
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or database search input modalities (p=0.36). Participants’ goals typically influenced their
decision for choosing whether to describe their food amounts. Typically, participants that
had weight management, nutrient, or calorie-focused goals mentioned a desire for measuring
their foods. For instance, P12 said, “If you’re trying to be really, really anal and accurate,
youve got to remember these grams”. Likewise, P5 preferred measuring her foods, explaining
that she “wanted to make sure I get correct amount of fats logged” when journaling 728 gram
mozzarella” with a scale amount. In contrast, P3 was primarily interested in becoming more
aware of his eating habits and explained that “the way I would log would be more just what
I ate rather than a quantity [...] T would just put what I did with some qualitative things, ‘I
had a small plate of this’, or ‘I had a couple of this.” I wanted to make it easy to log. [...]
Just a description of the meal, rather than getting into, ‘I had three eggs and 200 grams of
ham and blah blah blah’.” P13 similarly aimed to be “cognizant of what they’re eating” and

felt less of a need to clarify the amounts they ate.

Overall, participants with quantitative goals were more likely to clarify the amount of food
they ate in an entry than participants with awareness goals (Z=1.71, p<0.05, 95% CI 14%-
328% more likely). Participants varied substantially in how often their food item descriptions
included amounts, with 7 of them indicating amount in less than 25%, 3 indicating amount

in more than 75%, and the remaining 5 in between.

Context: Participants included contextual information related to the food and eating event
in a few entries (4.9%). 21 of these inputs had implicit or explicit indications of where the
person ate the food. For example, P5 mentioned in a text input making a home-cooked
meal, “quick homemade stir fry sauce; 15 calories”, versus another meal in a different place,
“dinner at friends house, bbq chicken with mac and cheese”. Implicit locations were present
in inputs with foods from restaurant, such as ” Chinese takeout chowmein beef broccoli” (P2),
and “WABA grill: salad, brown rice, chicken, beef,...” (P3). Other contextual information

include time and type of meal (e.g., dessert “Persian dessert, many”, P6; lunch “lunch: slice
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of pizza with side salad”, P13) or recurring foods (e.g., “same pasta, chicken...”, “leftover

chashu and bok choy”, P3).

Some participants (P2, P6, P8, P12, P14) indicated that knowing meal contexts would help
them reflect on their eating behaviors. For instance, P6 mentioned a desire to “explore
my emotions around my food emotions [...] because I'm really interested in how food would
impact emotions or how my emotions impact what I eat”, and suggested that this could
be through “writing and answering a questionnaire or photos”. Similarly, P14 said that
capturing context was lacking in her past journaling experience and could have given more

insight for her food choices. She said:

““I have in the past thought about when I look back on my journal, on MyFit-
nessPal, [that] I can identify things that I felt good about eating and things that
I sort of felt like, ‘well that was a bit of a waste’. [I would like] Having a bit
of context, if there was a way to easily visualize that somehow to sort of know,
because what I would think I might find is I eat a bunch of crap, I don’t need to

eat late at night or during a stressful day or something like that.”

3.3.5 Automatic food interpretation

Participants expressed interest in leveraging automatic interpretation of food descriptions
logged as a way to integrate across different types of modalities, like images and text de-
scriptions resulting in nutritional and categorical information about eating events. Nine
participants (P2, P5, P6, P10-15) wished that VAs could execute a background database
search on described foods during the conversation or for later reflection. For instance, P11
said, “I wish the [Alexa] VA can figure out the total calories of the food after I tell her what
kind of the food I had and the quantity of the food.” There were similar requests for inter-

preting text descriptions and images. P9 wished that text inputs would retrieve nutritional
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information, combining with database search, saying “a blend of those two [db search and
text input] would be great [...] it would give me the option of providing me the additional
nutritional facts about each of the items that was in my [text] description”. P9 suggested a
similar feature for capturing food composition from images, comparing to Shazam, a popular
music classification app: “it would be like the Shazam of food [images]. I think that would

certainly add additional value.”

Current automated approaches were overall successful given how participants desired journal-
ing their foods, but had some limitations depending on how participants wished to structure

their entries.

Interpretation of natural language food descriptions. Overall, food items were gen-
erally identified correctly by the NLP systems I tested, with 80.7% of descriptive entries
correctly being interpreted and returning relevant nutritional information for every food
item or component (e.g., calories, micro and macro-nutrients). For example, the entry “eggs
in cheese sauce over English muffin with coffee” (P13) was interpreted as four separate ingre-
dients: “eggs”, “cheese sauce”, “English muffin”, and “coffee.” The remaining 19.3% inputs
were not fully interpreted correctly, but 77.9% of these had at least one food item that was
correctly identified. For instance, “4 oz chicken breast 3 oz spinach 125g tamaki haiga 2 tsp
soy sauce” (P10) had all items identified except for “tamaki haiga”. Overall, only 4.3% of
inputs completely failed, either not matching any items (14 inputs) or wrongly identifying
foods (24 inputs), such as “2 tablespoons salad topper” (P15) being classified as “salad”.
Six of the non-matched foods were direct references to brands, such as “2 square 70% lindt”

(P5), while four others were ethnic foods such as, “chapaguri” (P7).

Modality impacted the rate at which inputs were accurately interpreted (x?(2, N=890)=36.91,
p< 0.001). Text inputs were less likely to be interpreted correctly than voice inputs or
database searches (Z=-5.70, p<0.001, 95% CI 49%-121% less likely). Text inputs had greater

opportunity for at least one item not being understood due to most entries being aggregated
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foods, versus database searches and voice inputs that had a majority of single food inputs

(Figure 3a). 79.4% of text inputs had at least one item correctly understood.

Specificity also impacted in interpretability of food descriptions (x?(2, N=890)=36.39, p<0.001),
with specific foods more likely to be interpreted than either generic or varietal foods (Z=4.74,
p<0.001, 95% CI 32%-98% more likely). Many varietal descriptions used adjectives to de-
scribe food names, which could lead to misinterpretations and ambiguity. For instance, the
voice input “chicken eggs and avocado” (P10) was interpreted as “chicken eggs” and “av-
ocado”, but could alternatively be chicken meat (e.g., “chicken and rice 4 oz” P10) and
not a description of egg type. Other examples include “salmon cakes ...” (P14), “peanut
butter muffin” (P12), and “banana tea” (P9). Similarly, decomposed foods that had a food
name followed by individual ingredients could be counted twice. For instance, “pasta / 3
oz. edamame spaghetti, 4 variety tomato, .5 thsp. olive oil, [...]” (P6) was interpreted as

general pasta as well as edamame spaghetti, tomato, and so forth.

Most descriptive inputs had food items where amount was specified, but amount inter-
pretability depended on how it was described. Scale and numeric descriptions had 78.7%
and 80.0% of inputs completely and correctly interpreted, while non-standard measures were
correctly interpreted in about half of inputs (53.8%). Some of the non-standard measures
could be occasionally understood and return estimated nutritional metrics, such as bowl,
spoonful, bottle, plate and scoop. However, “handful” was not captured as a measure in any
of its 23 occurrences. Inputs where the amount was not clarified tended to return a default
scale measure estimated by serving size, such as “cereal with milk” (P13) being assumed as
1 cup each. Similarly, “serving” was also mapped to default measures, such as “bacon .4

serving” being record as 0.4 of unit “slice”.

Classification of food images. Most images had at least one food composition identified
by the Clarifai service (42/54) with probabilities above 0.8, versus CloudVision and Rekog-

nition that correctly identified components in 22/60 and 21/60, respectively. However, the
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latter two services accurately identified background elements in 14 images (e.g., table, key-
board) and food containers in 36 images (e.g., plate, bowl), whereas Clarifai did not identify
these elements at all. I based the analysis on food identification on Clarifai’s results and

background elements on results from CloudVision and Rekognition.

Participants frequently took photos of packages, wrapped foods, or uploaded stock photos
of food items, representing a third of the images participants uploaded (19/60). Non-stock
images of packages were mostly classified correctly (5/7). 7/10 stock images had key com-
ponents identified, but several that food names written on the package failed to be correctly
classified. This may be because pictures of the food items were not prominently displayed on
the packaging, although other similar packages were classified correctly. Several background
elements in 14 images were correctly identified, such as computer keyboards, screens, tables,
and even a kitchen oven. Food containers were also mostly identified (36/38), such as bowls,
plates, cups, and a blender. As expected, images with unclear food composition (6) were not
well-classified by models. However, images of foods that had clear identifiable composition
and that were not stock or packaged foods were mostly classified correctly (29/33). For
example, a picture of chips and salsa on a plate was classified as “salsa” (0.97 probability),
“corn” (0.96), “vegetable” (0.95), “tortilla chips” (0.87), “pepper” (0.86), “tomato”(0.84),
and “chili” (0.81). However, inconsistencies around recognition make the method appear
unpredictable and inexplicable when not identifying all items or when suggesting wrong

labels.

3.4 Discussion

Through the analysis of the deployment of ModEat, findings identified reasons behind partic-
ipant’s default device and modality choices for food journaling and motivations for deviating

from those defaults, including journaling goal, situational constraints, and presence of other
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people. Results also suggest that leveraging multiple modalities and devices, whether in the
same entry or for different entries, has potential to better align with people’s desires for
food journaling and supporting a range of goals and journaling styles. Using automation in
interpreting foods in descriptive logs can be a step towards integrating information across
modalities in support of nutritional goals or to incorporate some contextual information. In
this section, I reflect on the implications, opportunities, and limitations of multimodality

across multiple devices.

Several of the findings on default and deviation factors align with and expand prior work
on people’s device choices and perceptions on device affordances in multimodal ecosystems.
Luger & Sellen [137] and Porcheron et al. [180] highlight that VA’s are often touted for
their usefulness for multitasking , but current VA applications rarely surface that potential,
instead expecting full attention. Participants’ use of ModEat for multitasking highlight food
journaling as a potentially practical multitasking application, taking advantage of handsfree
interactions. Participant’s use of ModEat also align with Jokela et al.’s takeaway that people
factor device’s interfaces, technical capabilities, and physical characteristics when choosing
which to use for a particular task [106]. Participants considered familiarity with devices and
prior journaling experience when identifying default device(s) to use for journaling. How-
ever, maintaining a multi-device ecosystem can be technically demanding to configure and
maintain [219]. In addition, our findings also suggest that deciding among many journaling

options can add some mental effort to consider choices.

3.4.1 Multimodality and Multi-device Support for Flexible Fall-

backs

For participants who typically preferred to use higher-demand modalities like database

searches, multimodality enabled the ability to use less demanding input forms (e.g., taking
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a picture, writing a brief description). This was typically in circumstances which required
more casual or carefree journaling, like social situations or moments where their state of
mind was such that they simply did not wish to create a detailed entry. A frequent con-
cern with journaling systems is that long-term journaling is burdensome, and people can be
demotivated to continue tracking their foods [44, 58, 19]. Participants still perceived such
“light” journaling as useful, and those with quantitative goals imagined possibly improving
the entry with further details of nutritional information later. Modalities that require less
effort or time could serve as a flexible fallback and, although they might not completely
satisfy a person’s main food journaling goal, such modalities may help avoid skipping an
entry altogether. Prior work has highlighted that missing entries might lead a person to lose
the habit of journaling, with a day’s missing record snowballing to longer-term lapses [55].
Therefore, journaling systems could make use of fallback modalities to help people maintain
a continuity of tracking, even if logs are not as detailed or aligned with goals. Likewise,
systems could leverage multiple devices to also increase redundancy of options, allowing

journaling in situations that otherwise would be skipped due to a device’s unavailability.

Participants also experienced information constraints in particular contexts that led them
to fall back to a modality less desirable for their goal, such as not being able to describe a
food well enough to search for it in a database. Past work has highlighted that information
constraints are a frequent barrier to journaling, such as situations where food components are
unknown (e.g., some restaurant meals, foods received from family or friends) [55]. Likewise,
complex foods and homemade or ethnic foods pose additional levels of difficulty to journal,
and can be more challenging than packaged foods or fast foods [55, 108]. Such constraints
can prevent someone from using their default modality preference. Ultimately, supporting
multiple modalities can enable people to select among other available modalities
as an alternative to skipping journaling or creating a less satisfying entry with their

preferred modality.
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3.4.2 Multimodality and Multi-Device Support for Multiple and

Shifting Goals

Participants’ reports and journaling choices when using ModEat indicate that goals might
change or preferences might be circumstantially influenced. Modality and device choices
varied even among participants with similar goals, as there was often more than one modal-
ity and device which could support that goal. For example, participants with awareness
goals preferred one of a few modalities which supported open-ended description (e.g., text
description, voice, images), but did not consistently leverage one of these modalities over the
others. While participants with quantitative goals often preferred to use database searches,
they varied in which device(s) they used for entry. Participants also frequently selected de-
vices or modalities which deviated from their goals if their journaling circumstances made
those approaches more convenient or less burdensome. Even if in rare occasions, multimodal-
ity also allowed for leveraging multiple data types in a single entry, which could support one’s
goals with increased details about their foods. Therefore, systems which support multiple
modalities and devices have the potential to simultaneously support different kinds of goals

and might help with transitions between goals.

The flexibility of increased modality options could better support people when their goals
change or evolve, and enable people to investigate new goals. Prior personal informatics
research has suggested that systems often fail to support evolving goals, which often limits the
longer-term effectiveness of such systems [74, 163]. Systems such as OmniTrack and Trackly
[118, 17] highlighted the importance of designing tracking tools to provide flexible input
formats to support people’s varied goals. This study’s findings indicate that multimodality
supports entry flexibility and changing goals. In particular, in trying modalities which
deviated from the ones they typically used to support their goals, participants were able to
briefly reflect on the benefits and drawbacks of modalities which better supported other goals.

For instance, someone with an awareness goal might try to use a database search because it is
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an available modality, and realize that they found the information it provided valuable. They
might then decide to shift their tracking goal to more quantitative measurement. Likewise,
circumstances might lead someone with a quantitative goal to fall back to a more flexible and
less burdensome modality like photo-taking, and in doing so, they find out they no longer

desire nutritional information.

Care must be taken in how to support journaling across multiple modalities and devices.
Despite the benefits from having more options to journal with, having options can be over-
whelming and add mental effort to the process. Furthermore, people might have clear aver-
sions to some devices, such as towards smart speakers out of privacy concerns. In addition,
devices themselves require maintenance (e.g., charging) and configuration (e.g., syncing, app
installation), which may make them either temporarily unavailable or result in burden ex-
ceeding perceived added value. Food journaling systems therefore should not require all
options to be available or actively maintained, instead allowing users to opt in or out of

modalities and devices or prioritize some according to preferences.

3.4.3 Integrating Modalities Through Automatic Interpretation

and Classification

Commercial NLP and image classification services were reasonably successful in interpret-
ing and identifying the foods that participants logged using their preferred strategies. The
results indicate that input structure influences NLP performance, with inputs with more
specificity and standard amount descriptions more likely to be correctly recognized. While
these services were fairly successful in interpretation for nutritional feedback, potentially
satisfying quantitative-focused goals, they struggled with contextual cues that participants
occasionally included in their food descriptions, such as location or social circumstances.

Non-standard food descriptions referencing routines (e.g., “same as lunch...”) or subjective
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amount descriptions also posed challenges for automatic inference of logs, despite being valu-
able information that people wanted to record. Similarly, image recognition libraries faced
a trade-off between accurately identifying the foods in an image and accurately identifying
contextual information, such as the room where a person might be eating or whether they

are eating from a plate or another container.

Our results, as well as others, suggest that people intend to collect contextual information
for later reflection [54], perhaps pointing towards an opportunity for recognition models that
comprehend not only food items, but other data. Incorporating models specifically trained
for recognizing food in text and images together with other classification models (e.g., optical
character recognition, more general object recognition models, barcode recognizer, amount
classifiers) could enable adding such context as well as supporting recognition. Even if not
identified with high detail or accuracy, these models could help point to fun or personally
meaningful experiences [88], such as surfacing restaurant names or household objects visible
in communal dining. Further mining of information embedded in photo metadata or passively
recorded (e.g., location, time) could further provide context to complement reminiscence and

reflection for both quantitative and awareness goal groups.

While automation is typically leveraged for food tracking towards calorie or nutrient goals,
surfacing and integrating contextual elements from food photos and descriptions might also
be beneficial for people with mindfulness and behavior awareness goals. As food journals
become easier to collect passively through automated sensing [23, 164, 254] or with lower
journaling burden [54, 43], there are increased opportunities for integrating logs towards
long-term use for reflecting. Photos and text descriptions can be difficult to aggregate, but
automation can promote longer-term reflection or reminiscence by mining abstract concepts
from these logs. For instance, people could be provided with a cloud of words with the names
of frequent foods or food categories they journaled, or display a color gradient representing

how the color of these foods has varied over time.
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Food journaling can also benefit from image classification for increasing detail of food con-
sumption. People with calorie and nutrient goals could leverage this by confirming identified
foods in the image, adding further specificity about the ingredient makeup, and possibly
clarifying amounts. Identified and confirmed foods could then be automatically searched
for nutritional data in a database. Amounts could also be suggested based on contextual
information present in the image, such as text on packages or food inside containers (e.g.,
plate, cup). This semi-automated approach might potentially lower journaling time and

effort [133], while still promoting engagement [43].

There was high variance in how people captured their foods. Findings suggest that sup-
porting flexibility during data collection through multiple options led to great variance in
food description styles, some of which are not precise or introduce ambiguity. Ambiguity,
in turn, can lead to challenges when data might want to be reviewed or reflected on later.
Ambiguous food descriptions can lead to uncertainty about foods eaten, such as inaccuracy
in food metrics or nutritional information. This leads to the possibility of hindering the re-
flection on progress toward a quantitative goal (e.g., Did I surpass my calorie budget? Have I
consumed my protein quota for the day?). Likewise, completely unstructured inputs run the
risk of introducing enough uncertainty that days or weeks later, people with awareness goals
(e.g., learning about eating habits) might not be able to interpret their logs. To mitigate
ambiguity and uncertainty in logs, food journaling systems could encourage inclusion of food
granularity, specificity, and amount by surfacing what was recognized and enabling correc-
tion or incrementation. Implementations of recognition libraries could help users identify
ambiguous food logs, or voice journaling could operate similarly, asking a person to confirm
whether a food was correctly identified and how much was eaten. Conversational journaling
is a strong potential interaction to further adapt to people’s journaling styles or goals and

help co-construct logs according to their goals.
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3.4.4 Opportunities for Parallel and Collaborative Multi-Device

Use for Data Collection

While ModEat was primarily designed to create single-device journal entries, past work has
highlighted opportunities to use multiple devices for a single activity either sequentially or
in parallel [106]. Our findings demonstrate the value of sequential journaling, adding a
food on one device and later adding context or clarifying what was journaled on a separate
device. Further research could explore the benefits and challenges of parallel device use for
journaling, integrating simultaneous device use for a single food entry. For example, VAs
could be used for voice input while simultaneously taking a picture on a phone to illustrate
the description. Modalities could also be used together in a single interaction, such as a
person describing a journal entry to a VA triggering nutritional information to appear on an

accompanying ambient display device for confirmation or for awareness.

Multimodality and shared devices can also facilitate family collaborative construction of
journal entries. Three participants described receiving journaling help from their child(ren)
and/or partner when using ModEat. Prior work has highlighted that journaling together
can help family members exchange social support [138], encourage parents and children to
work together [175] to achieve goals [53], and can help distribute tracking burden across
family members [176]. Multimodal and multi-device systems could further support such
collaborative efforts. For example, several people using personal and/or shared devices
can together co-construct entries of shared meals, perhaps using different modalities (e.g.,
one person takes a picture, another searches for a food item in a database, others record
other food items). Context-aware versions of this approach can also enable semi-automated
tracking, such as a system replicating one person’s journal entry of a shared dinner to the
journal of others that were present. Collaborative creation of entries, such as different people
speaking meal components to a VA, can be a similar manual approach. Complexities emerge

when people eat together but eat slightly different foods or quantities. For example, there is
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the need to investigate how co-construction of food logs might combine different modalities
and devices between those present, and how such a log might record both a common family

meal and the individual consumption.

3.5 Summary and Conclusion

Through the analysis of the ModEat deployment, I investigated how a multi-device and mul-
timodal system can support data collection, specifically in the context of food journaling.
The findings demonstrate that a multi-device and multimodal approach can help partici-
pants satisfy their journaling needs under different contexts and with diverse data types,
contributing to my first thesis claim (T1). I also observed how the presence of others might
influence journaling preferences, driving people to choose between quicker and less disruptive
modalities to avoid disrupting social interactions, or potentially leveraging collaborative in-
teractions to co-construct logs through conversations. This contributes to my second thesis
claim (T2), indicating that systems can leverage multimodality and simultaneous interac-

tions for collaborative data collection.

I observed that participants’ modality and device choices primarily sought to satisfy their
journaling goals. However, participants also faced circumstances that influenced or restricted
their choices, causing them to deviate from their preferred devices and modalities. These
circumstances included device availability and their state of mind. The use of ModEat
suggests that multimodality and multi-device systems can lower journaling burdens under
situational constraints, such as in certain social contexts or when timeliness is a priority.
Combining modalities can help add detail to entries and potentially reduce the likelihood
of skipping entries altogether. Furthermore, 1 identified opportunities for automation to

integrate descriptive modalities and contextual information that some people may desire.
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By providing flexibility and choice in data capture methods across devices and modalities,
personal informatics can better support individuals in their journaling practices and help
them overcome barriers to consistent tracking. However, designers must carefully consider
the trade-offs between flexibility and usability to ensure that the benefits of multi-device and

multimodal approaches outweigh the potential challenges of managing multiple options.
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Chapter 4

Investigating Tracking for Family

Co-Regulation When Apart

4.1 Introduction

In this chapter I investigate how multi-device tracking systems can involve multiple people
collaboratively in health tracking and promotion around behavioral goals. The previous
chapter demonstrated how people can use multiple devices for self-tracking and some oppor-
tunities for people tracking together simultaneously. This chapter expands multi-device use
cases to consider how tracking can be done while family members are apart. It also expands
from only the data collection stage towards the action stage through a focus on goal setting
and tracking for behavior regulation. Data modalities in this study revolve around goal rep-
resentations, points, and rewards. Considering the case of ADHD families in particular, this

project contributes towards my thesis claims by answering the following research question:

RQ2: How might multi-device systems facilitate caregiving in families via tracking while

apart?
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ADHD challenges can significantly impact children’s academic, social, and behavioral func-
tioning, as well as strain family relationships [152, 214, 52, 102, 37]. Psychosocial treatments
for ADHD, such as behavioral parent training and organizational skills training, emphasize
the importance of setting clear goals, monitoring progress, and providing regular feedback
and reinforcement [211]. However, implementing these strategies consistently across contexts
can be challenging, particularly as children begin to spend more time outside the direct super-
vision of parents. Smartwatches can potentially improve accessibility to children’s tracking
in everyday life given that they are convenient and frequently available [39, 178, 15, 48].
These devices have substantially been adopted by children year over year, with the child-
focused wearable market having reached USD 1.63 Billion in 2023 and expected to more
than double in the next decade [62]. This chapter demonstrates how integrating tracking
of goals through these devices might help scaffold parental support for co-regulation as a

positive reinforcement strategy.

To address RQ2, I deployed and evaluated CoolTaco (Cool Technology Assisting Co-regulation),
a novel application on the phone and smartwatch connecting family co-regulation around
goals centered on ADHD children. The objective was to understand how families might prac-
tically experience and perceive integrating parent’s and a child’s device for co-regulation in
their everyday lives. Ten households with ADHD children aged 8-15 (10 ADHD children,
17 caregivers) used the system for 3 weeks to over 6 months (average 3 months). CoolTaco
implements a basic task and reward strategy to support positive reinforcement for children’s
behavioral skills [149, 103]. With CoolTaco, parents and children create activities, children
report activity completion, accumulate points, and redeem points for rewards. Through
analysis of system usage logs, pre-post surveys, and semi-structured interviews, I investigate
how CoolTaco shaped families’ goal-setting and progress monitoring practices, parent-child
interactions around behaviors, and children’s self-regulation skills and behaviors. My find-
ings highlight the potential of multi-device informatics to scaffold co-regulation and promote

more consistent behavioral support across contexts. However, I also identify key challenges
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and tensions, such as limitations with remote tracking for families negotiating the boundaries

of parental involvement and supporting children’s gradual development of independence.

This chapter makes several contributions to the design of multi-device systems for health and
family collaboration. First, I extend prior work on family informatics by investigating design
opportunities for children’s self-tracking around goals and progress of efforts, contributing
towards my thesis claim T1. Second, I demonstrate how multi-device systems, such as par-
ent’s phones alongside children’s smartwatches, can serve to mediate family co-regulation for
a child without the need of being co-located. This approach supports the child’s indepen-
dent involvement while also providing opportunities for parental oversight and collaboration,
highlighting the importance of considering the perspectives and roles of both children and
parents in the design process and contributing towards my thesis claim T2. Finally, I discuss
design implications of my findings for family informatics systems to account for parental

involvement variability and limitations of tracking while apart.

This project was published! at CHI 2023 with co-authors Franceli L. Cibrian, Elissa M. Mon-
teiro, Arpita Bhattacharya, Jesus A. Beltran, Clarisse Bonang, Daniel A. Epstein, Sabrina
E. B. Schuck, Kimberley D. Lakes, and Gillian R. Hayes. Armando Beltran implemented
the code for CoolTaco. I developed interview protocols and conducted participant interviews

alongside Franceli Cibrian. I led the study analysis, writing and revision of the paper.

4.2 CoolTaco Design

CoolTaco is designed as a multi-device system for remote goal setting and tracking cen-
tered on the child and in collaboration with parents. CoolTaco comprises two apps, one for
iPhone to be used by parents, and one for Apple Watch to be used by children. The system

implements a token economy behavior intervention [149, 103] for positive reinforcement by

!This study has been published in CHI: [220]
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rewarding the completion of tracked goals. In this section, I overview the process that in-
formed the design of CoolTaco, and detail CoolTaco’s main features of supporting parents’

and children’s collaboration for regulation.

4.2.1 Design Foundation and Process

The design is informed by Cibrian et al.’s [48] co-design research with ADHD children (N=24)
and their caregivers (N=9 staff, N=4 parents). This prior work surfaced opportunities for
smartwatches to support self-regulation by scaffolding consistent contact with tasks and
rewards. The co-design work surfaced three categories of activities useful for planning and
tracking via smartwatches: social, health, and school. Regarding the planning of activities,
Cibrian et al.’s findings [48] indicated the interests of both children and parents in setting
goals and monitoring progress. Figure 4.1a-c shows some of the sketches that informed the

design of CoolTaco.

Goal of S/

s 0 Good fob! 0
0 ﬁ&?\%;’f}(mﬂd g(,)oo eavn

o

I Do Hw A0 l

(a) Example of a (b) Tracking goal (c) Desire for re- (d)  Storyboard (e) Storyboard
social goal. completion. wards. sketch of available sketch of points
tasks. being awarded.

Figure 4.1: The design of CoolTaco is inspired by findings from Cibrian et al.’s co-design
study [48] (sketches shared here with permission). Children ideated that the watch could
show (a) goals for the day (b) tracking of goal completion, (c¢) and possible desired rewards.
Storyboarding was also used (d & e) as part of the design process for CoolTaco.

Informed by these design requirements and sketches, we considered multiple design directions
through storyboarding for involving family members in collaborative tracking with a child
[242]. For example, three sets of storyboards described the design idea of creating daily

goals (e.g., Figure 4.1d) and receiving points for achieving them (e.g., Figure 4.1e). Other
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storyboards described mood tracking and dealing with stress. We used these storyboards
in a fun-sorter survey [187] with 24 children with ADHD about how much they liked them
and thought them pretty, easy, and fun (more details in [235]). These design phases led us
to identify four design objectives, which is included in CoolTaco: (1) include a goal-reward
dynamic to enable positive reinforcement, (2) allow for goal and reward flexibility (i.e., not
tied to a specific domain or setting), (3) enable joint involvement of parents and children,
and (4) allow for asynchronous collaboration via tracking versus requiring family members

be co-located. I describe below how these design objectives were achieved in CoolTaco.

Finally, before the study deployment, CoolTaco was piloted with 2 children and their parents
for 2 weeks. These participants generally understood the flow of the smartphone and watch
apps, but surfaced some bugs (e.g., database errors) and a need for clearer feedback for user
actions (e.g., confirmation or error messages, indicator for synchronizing) that were then

corrected prior to deployment. Pilot participants did not participate in the rest of the study.

The final version of CoolTaco implements a token economy for the goal-reward strategy, a
well-established evidenced-based approach built on positive reinforcement [149, 103]. Token
economies are purposely customizable and based on principles of collaboration for positively
reinforcing behavior by awarding tokens in response to targeted actions. This method is com-
monly implemented in schools (e.g., handing out stickers or “school dollars” to be redeemed
for rewards) [166, 212, 148] and has particular therapeutic effectiveness for some neurodiver-
gent children [149, 234, 210]. Self-monitoring is a known strategy to foster self-regulation with
ADHD children [190], thus combining positive reinforcement alongside tracking of progress
has the potential to benefit regulation. Token-reward systems stimulate children’s thinking
about future consequences of their efforts, such as completing activities to accumulate points
in expectations of future rewards (i.e., delaying gratification). Ideally, such artificial token
economies created as part of behavioral interventions would eventually fade, being replaced

by internal rewards or natural consequences [147] in ways that are ethical, empowering, and
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developmentally appropriate as children grow.

4.2.2 CoolTaco for Parents

In seeking to support joint involvement for parent’s co-regulation role, CoolTaco on the phone
is designed to enable positive reinforcement and motivational incentives through setting and
tracking flexible goals and rewards (Figure 4.2). CoolTaco allows parents to manage activities
(Figure 4.2a). Parents can flexibly create any activity by describing a name and choosing
a category between wellness, school, social, and general (categories identified by children in
Cibrian et al.’s [48] study). Parents also determine if the activity is a one time event, weekly,
or daily (Figure 4.2b). Activities have a point value between 1 and 10; and a regularity,
such as one time event, weekly, daily, or specific days of the week. Activities can later be
modified or deleted. Once the child reports through the watch app that an activity has been
done, it will appear in the “To be approved” screen (Figure 4.2c). This tracking can happen
asynchronously, without family members needing to be co-located. Parents then have the
option to approve the completion report and award the point(s). Points can be earned each

time the activity is completed.

The system allows parents to flexibly create rewards as motivational targets, with any de-
scription and between 1 and 10 point cost (Figure 4.2d). Rewards can be edited or removed
(Figure 4.2e-top). When a child chooses to spend their available points to redeem a reward,
these requests appear in the “Redeem” screen of the phone app, where parents can approve
or decline the request (Figure 4.2e-bottom). Finally, parents can see a summary of the child’s

goal activities and their state alongside the child’s point balance (Figure 4.2f).
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Figure 4.2: CoolTaco on phone enables parents to (a) manage activities, (b) specify activity
details, (c) approve or deny a child’s report of activities being completed, (d) add rewards,
(e) manage rewards, and (f) view summary of a day’s available and completed activities.
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4.2.3 CoolTaco for Children

In addition to involving parents in the technological care ecosystem [229], children play an
active role in jointly managing CoolTaco, following advice from prior work [229, 228, 49, 123].
CoolTaco offers similar features for children to those of their parents, via a smartwatch app
(Figure 4.3a). Parents and children can use CoolTaco asynchronously for collaboration, and
data in the system is replicated between the phone and smartwatch apps. The “To Do” screen
lists all activities available for the day (e.g., Figure 4.3b), and activities can be marked as
complete (e.g., Figure 4.3c) and viewed later (Figure 4.3d). The Rewards screen displays
the current point balance (Figure 4.3e) and available rewards which can be redeemed (e.g.,
Figure 4.3f, 4.3g). Finally, the child can add new activities themselves by selecting a category

and description (Figure 4.3h) via voice-to-text, drawing each letter, or using emojis.

To offer children agency to asynchronously collaborate in the process, they can create their
own activities through the smartwatch, which can also be tracked by parents. Child-created
activities value zero points as a caution to limit potential deleterious effects on the positive
reinforcement related to “gaming the system.” Long-term, there is interest in better explor-
ing how child-generated goals could be used to even further engage and empower children
in their own progress. Likewise, children cannot create rewards in the system. Therefore,
child-created activities take the form of goals for the child’s intrinsic motivation and the op-
portunity to internalize the reinforcements [197]. Aware of this design tension, I incorporated
related inquiries in interviews with children and parents and report it in the findings. Rec-
ognizing the potential risk of notifications disrupting children with ADHD and exacerbating

their attention challenges [48], CoolTaco does not trigger notifications on them smartwatch

app.
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Figure 4.3: CoolTaco on Apple Watch had features analogous to the phone, and allowed
children to (a) navigate between available activities for the day; (b) view and select an
activity; (c) mark an activity as “done”; (d) view the day’s activities already marked as
completed; (e) view balance of points acquired and not spent; (f) view rewards; (g) use
points to request a reward and (h) create their own activities without a point value.
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4.3 Methods

I conducted a field deployment study to understand family’s perspectives and uses of the
novel smartwatch mediated co-regulation in their everyday setting, which is an effective
methodological technique for eliciting feedback on a new kind of technology and providing
new insights about how people’s lives were impacted by its presence [194]. The deployment
study took place in the US for a minimum of three weeks (average 12 weeks, SD=4) with
ten families with staggered enrollment during the COVID-19 pandemic. In this section, I

detail the project’s recruitment and participants, procedures, data analysis, and limitations.

4.3.1 Participants

10 Children and 17 parents from 10 families participated in this deployment study between
October 2020 and January 2022. To enroll in the study, parents consented by signing a
form and children consented verbally. I was careful to be clear that both children or parents
could decide to opt out of participating at any time. Participant recruitment was done in
collaboration with a local school that specializes in education for children with ADHD, but
were severely impacted by health mandates for social distancing related to COVID-19 [219].
Parents became even more burdened with new routines of managing their remote work and
their children’s education. Consequently, many families that once consented to participate
in this study opted to delay or cancel their involvement, including three families that had
already consented and received loaned devices but later decided to opt out. Therefore, the
research team expanded recruitment efforts by word of mouth between friends of participants
and clients of local behavioral clinics, and more flexibility in the child’s age range. We initially
aimed to recruit children between 10 and 15, but expanded to include those between 8 and
15. Despite these challenges, members of 10 families fully completed participation in the

study deployment. Table 4.1 details participating families.
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Child participants were composed of 9 boys and 1 girl. This gender distribution aligns with
the diagnostic ratio for ADHD [157, 248] and the student population in the collaborating
school. The children were between the ages of 8 and 15 (mean age=10.8). Three families
consisted of a single-parent household (F5, F8 F09), seven had mother and father caregivers,
and four had non-participant sibling(s) (F02, F03, F06, F07). All participating children were
mostly engaged during remote interview sessions but occasionally needed parental help to

refocus or clarify interview questions.

All children presented ADHD symptoms according to parent reports. Additionally, partici-
pants completed two validated assessment tools: The Strengths and Weaknesses of ADHD
symptoms and Normal-behaviors (SWAN; [233]) and the Behavior Assessment System for
Children - Third Edition (BASC-3; [203]). The SWAN scale classifies the behavior dimen-
sions of Attention and Hyperactivity/Impulsivity in a range of +3 (far below average) to
-3 (far above average) and the BASC-3 classifies 12 behavior dimensions as average (41-
59), at-risk (60-69) and clinically significant (above 70). The SWAN assessment indicated
above average attention difficulties in 8 children (mean 1.69; SD=0.83) and hyperactiv-
ity /impulsivity in 5 children (mean 0.86; SD=0.65). On the BASC-3, 9 of 10 children scored
at-risk (5) or clinically significant (4) for attention (mean 66.9; SD=6.51), and 7 out of 10 as
at-risk (4) or clinically significant (3) for hyperactivity (mean 66.2; SD=8.91). A table with

scores in other BASC-3 and SWAN dimensions is available in the supplementary material.

Three families (F01, F03, F06) concurrently used an analog token economy (e.g., jewel or
coin token in a jar, points and rewards on a whiteboard) and three other families (F02, F05,
and F08) had previously used one. Participating families received $100 and were offered the
option of keeping or returning loaned phone and smartwatch devices after study procedures
were concluded [219]. Throughout the rest of this chapter, I use F# to refer to a specific

family, C# to reference a participating child, and P# to reference a parent.

7



Table 4.1: Participating families and summary of CoolTaco use

Family Child’s Caregiver Activities Completed Rewards Available Days with D.ays Between
ID Gender, Age Participants Planned Activities | Redeemed at L'ea'lst one . First and Last. .
Activity Completion Completed activity

1 M, 10 Mother, Father 8 39 2|0 15 41

2 M, 11 Mother, Father 32 153 5|2 12 107

3 F, 10 Mother, Father 29 203 10 | 2 37 93

4 M, 10 Mother, Father 3 0 210 0 0

5 M, 9 Father 6 13 110 6 13

6 M, 8 Mother, Father 6 19 410 12 62

7 M, 9 Mother, Father 24 321 5121 48 235

8 M, 15 Mother 5 11 3|0 6 96

9 M, 15 Father 4 1 0 1 1

10 M, 11 Mother, Father 30 458 7|49 87 206

4.3.2 Study Procedures

CoolTaco runs on iPhone 8 and Apple Watch series 5. I also offered textile-type wristbands
alongside the watch in response to some children’s sensory sensitivity [84]. Participants were
originally to be onboarded in group workshops at the school to configure parents’ phones
alongside loaned Apple Watches and to give general instruction on study goals, participation,
and app use. Due to the pandemic and social distance guidelines, I had to change plans and

opted to deliver and loan pre-configured phones and watches to participants’ porches [219].

For participant’s onboarding, I offered optional 30-minute instruction over video calls in
addition to instruction manuals included in the delivery package of devices. Families were
not required to set up any particular number of activities, but the manual suggested 3-5 per
day, that parents should monitor completion reports regularly, and reflect on the balance of
activity’s point value and reward’s “costs.” CoolTaco came with a pre-registered activity
(“wash your hands”) as an example with a 1 point value, and a pre-registered 1000-point

“surprise” reward as an example. Three families adopted this reward and others deleted it.

Participating families were asked to use CoolTaco for 3 weeks before being remotely in-
terviewed. Families were allowed to keep using the system even after the final interview,
averaging 12.2 weeks of usage (SD=28.3 days; min=6; max=87 days). While some families

(F04, F09) engaged minimally with the system, others used it often and continued for much
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longer than requested (e.g., F10, FO7), as detailed in Table 4.1. For example, F07 has con-
tinued to use the system a year after onboarding in the study. The final interview had two
main phases. [ first focused on talking with the child, with the parent present to act as a
mediator to help maintain the video conferencing infrastructure and the child’s attention.
This phase lasted 20-30 minutes and aimed to understand the child’s perspective on the
smartwatch’s affordances, their experiences with CoolTaco, their experiences with self and

co-regulation, and desires or suggestions for an ideal version of CoolTaco.

For the second phase, I interviewed only the parent(s). Like with the child, this phase was
aimed at understanding the parent’s perspective and experiences around the use of CoolTaco,
supporting co-regulation with their child, potential and shortcomings of the smartwatch,
and suggestions for future designs of CoolTaco. During this phase parents also clarified or
complemented the interview with the child. For example, P01 sometimes helped “fill in
the gaps regarding [C01]’s questions. Obuviously, part of it is that he’s shy” (PO1). At least
two researchers were present during interviews, with one leading and the other being in a

supporting role and taking observational memos.

4.3.3 Data Analysis

Interview recordings were automatically transcribed by the video conferencing tool and later
reviewed and corrected by an undergrad research assistant collaborating in the project. My
qualitative analysis of interviews followed reflexive thematic analysis [31, 32]. My analysis
approach was primarily inductive and conducted with collaborators through several iter-
ations to roughly follow Braun & Clarke’s six phases: familiarization, coding, generating
initial themes, reviewing themes, defining and naming themes, and writing up. First, read
interview observational notes alongside the research team and we inductively separated ex-

cerpts deemed representative of participants’ reported experiences. We then met virtually
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and used Miro?, an online digital whiteboard tool, to discuss interviews and conduct affinity
diagramming with the excerpts. The outcome of this iteration was a group of topics that
became codes in an initial codebook. We then used the initial codebook to independently
code one full interview transcript. I met weekly with others to discuss and review the code-
book, eventually concluding a final version of the codebook that consisted of 11 parent codes

and 42 sub-codes. For example, the parent code “strengths of CoolTaco” had “supporting

bR EN14 Y« 7 W

regulation,” “role modeling,” “negotiations,” “checking task completion,” and more. The
final version of the codebook was then used to code all ten interview transcripts. I used
coded data and the codebook to inform the thematic mapping [31] of CoolTaco’s impact on
children’s self and co-regulation, the perspectives of parents and children about the system
design, smartwatch mediation, and desires for future technology design. Themes were further
refined during the writing process to highlight the potential and shortcomings of technology

intervention for cooperative care for ADHD children and the families’ in-situ experiences.

In addition to the interview analysis, I analyzed children’s and parents’ registered activi-
ties and rewards, following a semantic and latent approach [31, 32]. Although the system
provided four categories of activities to the users (i.e., wellness, school, social, and general;
Figure 1a), I identified additional nuances in how activities were described, coding them as
chores, educational, desired behaviors, exercise, or routine. Likewise, rewards were coded as

familial or individual, and either material, event, or screen-based.

4.3.4 Limitations

Circumstances surrounding the COVID-19 pandemic deeply impacted onboarding of partic-
ipants and data collection procedures. In particular, it became impossible to meet parents
to install CoolTaco on their own phone due to social distancing requirements. This led us

to lend a separate phone to families with the app already installed as a workaround. The

Zhttps://miro.com/
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requirement of using CoolTaco on a phone not truly personal might have impacted the reg-
ularity of parent’s engagement with CoolTaco, as it is less convenient than using their own

phones (e.g., in-between opening their other apps).

The pandemic also impacted participant recruitment [219], with us needing to broaden the
original age range target. Involving neurodivergent children is a known challenge in the
field due to recruitment challenges and it is “generally acceptable to have 5-10” participants
with a disability [128]. I sought to mitigate this limitation by involving the caregivers and
for an extended period. The participant cohort, therefore, offered breadth of experiences,
and I would not have observed some system and family dynamics had we only enrolled
older children. For example, the broad pool enabled observing how families managed ADHD
differently, particularly around expectations for independence. Future work could add further

understanding on use and perspectives of a particular age group.

The findings might not represent perspectives of dissimilar family dynamics and household
makeups. Participants typically had access to a range of supportive resources, including
educational, material, and behavioral therapy resources, reflecting their financial stability.
Families with less resources and lower socioeconomic status might have different perspectives
on smartwatch-driven behavior support. For example, Saksono et al., [201] have identified
that concerns and neighborhood safety can limit efficacy of physical activity trackers and
efforts for healthy behaviors, which may extend to other smartwatch-based wellbeing in-
terventions. It is also likely that cultural backgrounds influence perspectives and attitudes
for co-regulation and preferences and practices in adopting smartwatches-mediated support.
For example, research has indicated that emotion co-regulation is affected by different social-
ization practices among cultural groups, and parents and children who react, discuss, and

express emotions more may lead to more social and regulation competence [186].

81



4.4 Findings

Overall, most participants used CoolTaco extensively, even if not every day. Participants
varied greatly in the number of days they used CoolTaco (Table 3.2). Families that engaged
with CoolTaco averaged 27 days of actively completing activities in the system (SD=28.3;
min=6; max=87 days). Families averaged 106 days between the first and last completed
activities (SD=77.2; min=13; max=235 days). Most families reported benefits from using
CoolTaco and described seeing the potential of smartwatch meditation to help with the self

and co-regulation of children with ADHD.

Participants created a total of 39 rewards and 147 planned activities, out of which 92 were
recurring activities and 55 were one-time activities. Parents created 93 of the activities
(mean=9.3 per family), and 6 children (C04, C10, C09, C03, CO7) created activities them-
selves (54 activities; mean=9). Parent-created activities averaged 4.4 points (SD=2.7). C04
did not complete any activity using the app, and C09 completed one. The other children
averaged 152 reports of activity completions (SD=166.7; min=11; max=458), combining
for a total of 1218 reports. Nonetheless, 224 of these where not approved by parents, in-
dicating some disagreement about their completion or parents forgetting to approve them.
As for rewards, parents other than P09 combined for 39 rewards, averaging 4.3 rewards
per family (SD=2.8; min=1; max=10). Rewards cost an average of 249 points (SD=325.9;
min=10; max=1050). Surprisingly, most children (N=6) did not redeem any rewards using
the CoolTaco, with C07 and C10 redeeming rewards routinely (21, 49), and C02 and C03

redeeming only two each.

CoolTaco was perceived as providing useful asynchronous co-regulation support via goal
setting and tracking, with children having a persistent reminder for daily goals via the
smartwatch component and evaluating their progress of efforts. This empowered children

to take on some of the co-regulation work themselves and be more actively involved, while
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still supporting parent’s supervision. Conversely, families faced challenges using the system
due to a high technical and social dependency on parents’ attitudes and actions, labor and
expectations for documenting lived experiences in the system, and integrating with analog

token economy systems some already had in place.

4.4.1 Benefits of Co-Regulation Via a Smartwatch

CoolTaco’s use of open-ended activities allowed families to use multiple strategies to struc-
ture and track daily habits and responsibilities for regulation with the smartwatch. Both
children and parents used activities to organize children’s self-care and contributions to the
family environment by setting goals for daily functioning (e.g., chores, routine tasks) and
desired positive behaviors (e.g., healthy habits, positive social interactions). Activities like
“Hug mom” (C10), “Tantrum free day” (POT), “Followed directions from adult on the 1st
time” (P02), and “Show getting along” (P01) emphasize the desired behaviors that promote
wellbeing and need not be constrained to a specific time. Similarly, routine and physical
exercise activities reflected desires for a healthy way of life (e.g., “Practice Soccer for 20
minutes”, P02) and necessary habits (e.g., “Hygiene- shower by 8:30pm”, P08). Parents
generally used these strategies to “teach them responsibility” (P08) and life skills. Overall,
activities highlight desires for regulating positive behaviors and healthy routines for children’s

shifting contexts and independence (Table 4.2).

Most families (N=8), described the smartwatch component of CoolTaco as useful to expand
co-regulation to moments which children and parents were apart. Families reported several
ways that the smartwatch was beneficial: as a persistent reminder and co-regulation support
while children moved across multiple contexts, enabling children to keep track of daily goals

for themselves, and taking on some of the “blame” of enforcing parenting rules.

The Smartwatch Went With the Child, Enabling Support in Different Contexts
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Table 4.2: Examples of activities created by parents and children with CoolTaco, organized
by an inductive categorization.

Category of activity Example: Parent Example: Child Total #
Desired Social Behavior | “Act of kindness to Daddy” (P0T7) “Be Accepting.” (COT) 37
Educational “Homework 2pm” (P05) “Do math” (C02) 31
Chores “Feed cat’s dinner” (P01) “Walk Finley” (C10) 23
Unclear - “Poop Face” (C07), “Q” (C02) 21
Routine “Brush Teeth (morning)” (P06) “Take bedtime pill” (C10) 22
Exercise “10 Squats /10 Push-ups /10 sit-ups” (P08) “Ride New BiKe” (C03); “L” (C10) 13
Total # 93 54 147

and Persistent Tracking of Goals

With CoolTaco, the smartwatch helped assist parents in co-regulation by supporting children
in becoming more independently organized. Several participants (N=06; FO1, F02, F03, F06,
F07, F10) reported that the persistently-available list of activities helped the smartwatch
serve as a pervasive reminder for children to track their responsibilities and progress towards
them. They also reported that being able to acquire points and “watch all my stars just grow
and see how much I get” (C10) at any time through the smartwatch component of CoolTaco
motivated executing planned activities. For example, C03 said she liked “the ability for you
to add a task so that you can remind yourself to do things that you want to do,” and her
mother agreed, saying that the list of activities was useful “to be a reminder for her [C03]
to do it” alongside the star points for reinforcement. Similarly, C02 said that CoolTaco “it

kinda reminded me,” with PO2 complimenting that “having that reminder on him is helpful.”

Families often wished the smartwatch component of CoolTaco contained additional self-
monitoring or reminder functionality to support the children. Some parents thought that
activity notifications could offer additional support for timely reminders. For example, P01
said that “an advantage would be to set the alarm system so there’s a prompt”. Similarly,

P05 pondered:

P05: “The main addition I would make is, if you could build in reminder

times, [for example,] if it has something that said at seven in the morning: ‘take
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medicine’ or ‘you’re supposed to be doing your chores’ at three o’clock, and a
little alarm went off on the watch to remind them. I think that would probably be

the best addition.”

Ultimately, the smartwatch combined with positive reinforcement strategies was seen as a
useful pervasive intermediary for children to benefit from co-regulation efforts with less need

of parental presence and their active nudging of reminding each goal.

Some participants described that the smartwatch going with the child helped lower the
burden of tracking activities in CoolTaco, enabling co-regulation across a range of different
contexts than if it had to occur with the parent present. For example, children were still
receiving co-regulation “in the other room” (P05), and while “outdoors playing” (C03), and
parents valued “being able to remotely set up certain goals and prizes that would then sync up
with something that’s on [C06]’s wrist” (P06). Support could also be across bigger context
shifts, such as longer stays in a different home. For example, C08’s parents were divorced, and
P08 mentioned that CoolTaco could help with co-regulation even with separate households.
P08 contrasted the digital and pervasiveness of the smartwatch could be an advantage over

their previous analog token system:

P08: “[My previous system] was manual, and you have to be always on top of
stuff and noticing things. FEspecially when CO08 was with his dad, it was hard to
manage something in both households that was manual like that. CoolTaco seems

to be the easiest to manage, setup and keep track.”

Likewise, FO2 had similarly compared digital tracking with their previous system that used
coins:  “It’s hard to keep track of that coin token, I always had some in my pocket |[...],
but it requires you to be a wvery hands-on present parent.” Some families also prepared

different activities for different contexts. For example, FO3 explained how they planned
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specific activities for when C03 went to a sleepover at the grandparents’ house, with some

input from the grandmother:

P03: “We changed CoolTaco to be specific for grandmother’s house. I called
grandma to ask what sort of things [C03] would want to help with around the
house or what kind of tasks. Normally it was walking and training ‘Blue’, that’s

our dog, so we changed it to walking grandparent’s dog.”

Families appreciated preparing activities in advance for children to leverage the smartwatch
and execute on their own later (e.g., “take medicine 7am”, P05), or to track on their own

(e.g., “20 minutes reading”, P0O3; “Close all three [Apple Watch] rings”, P02).

Overall, families enjoyed how the smartwatch was easily integrated with everyday life shifts
of contexts, from big changes in location (like houses) to nuanced movements in the home,

such as being in separate rooms from the parents or while they are at work.
Enabling Children to Take on Some of the Co-Regulation Work

Alongside serving as a persistent reminder, the smartwatch enabled children to take on some
of the responsibilities associated with co-regulation. For example, the children frequently
used the smartwatch to assess their progress and track pending goals. C10 appreciated
that he could “check off tasks [...][the CoolTaco app] it helps me get my work done” even
when his parents are “at work” (P10). C10’s parents added that he “has challenges with
executive functioning, having difficulty structuring tasks, being organized,” but CoolTaco
helped because “he pays so much attention to getting the points, that the list becomes routine,
and the routine becomes habit.” (P10). C02 similarly mentioned that he “wanted to get a lot
of points.”, with P02 adding that “he was very motivated to check off [activity completions].”
Thus, having persistent access helped some children become more empowered to reflect on

goals and behaviors on their own.
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Some families, particularly those with younger children (N=08), reported that CoolTaco
invited their children to be shared owners of the co-regulation process, lowering the burden
on the parents. For example, P02 said, “I like that it transfers the responsibility for me to
him.” Parents mentioned that much of their previous co-regulation work went into mentally
keeping track of activities, observing if children did the activity, or manually maintaining
tangible token economy systems (e.g., on a whiteboard or paper, via a jar with coins). The
smartwatch helped the children contribute some of this tracking and observation, making

them more active participants in co-regulation. For example, P07 said:

PO7: “In our own [analog token] system I was very inconsistent in keeping
track of things and had to just really simplify for myself. I love that the watch
is just all on there and on it’s him [CO7], he requests, I approve [reports]. It’s
so nice I don’t have to have a chart on the wall and I dont have to remember

anything. I don’t have to remember to mark stuff. It’s him being accountable.”

P02 similarly reflected that the smartwatch in CoolTaco helped their child be more responsive
to co-regulation. She said that C02 would monitor their own tasks like “get up in the
morning, ... brush your teeth, ... eating healthy food and snacks, getting along with your
family... having [CoolTaco] would help us be able to do all of those things.” The family would
then review what he did “at the end of the day, sitting down with him even and saying ‘oh

you did all this stuff you’ve had a great day today’, like, this is good!”

Families described the smartwatch component of CoolTaco as valuable in involving children
to take on some of the work in evaluating pending activities, doing and reporting them, and
requesting rewards themselves. In summary, most families perceived the multi-device and
cooperative nature of CoolTaco as easing some of parents’ physical and mental efforts, and

increasing the child’s involvement, empowerment, and accountability in co-regulation.

The Smartwatch Could Become the Focus of Regulation
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Parents reported that the smartwatch could take some of the attention for “haggling” and
“blame” for a child to reach a desired outcome. For example, several parents (N=4; P01,
P06, P07, P10) sought to leverage CoolTaco as an entertainment mediator: “when he wants
to play video games, I say ‘okay take a look at your [CoolTaco] app, see if there’s anything
that you can accomplish to earn screen time”’ (P06). This allowed some offloading of the

burdens that often surround family technology use [96] and other kinds of family conflicts.

Thus, offloading moderation to the smartwatch could reduce some family strife. For example,
P07 said that “It just made things go a little bit smoother for us. He always used to fight
me over taking out the trash. Now he doesn’t fight it.” Similarly, P05 had confiscated his
son’s phone due to undesired behaviors. He then added a reward, “Earn phone” (10 points),
as an attempt to offload to the system the motivation and mediation to CoolTaco of C05
acquiring it back. This is similar to how previous work has indicated technology mediation
can reduce family conflict (e.g., technology moderating behavior instead of parents being
the ones saying “no”) [95, 96]. However, parents noted that they still need to help their
children internalize the smartwatch as a tool to help them become more independent from
their parents while still being responsible for their tasks and role within the family. For
example, P04 described: “I think the watch would help him, but we have to teach him too
that the watch is a helpful thing. If the watch is asking me to do something, then I should do
it, not like ‘oh, let me turn it off’, you know?” Ignoring the smartwatch’s prompts might
ultimately result in returning to a state of heavy parental interaction and oversight, which

may not be desirable for parent or child.

4.4.2 Challenges and Tensions to Co-Regulate with Technology

Despite overall perceived benefits from using CoolTaco, participants encountered difficul-

ties surrounding high technical and social dependency on the parents to drive system use
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and information veracity, maintaining tracked data "true” and consistent with lived experi-
ences, providing positive reinforcement during shared moments or when time-sensitivity was

important, and challenges with integrating with tangible systems already in use.
Technical Dependency on Parents for the System to Work

While some aspects of CoolTaco supported children in contributing towards their co-regulation
(see Section 5.1.2), other components interfered with their ability to do so. One major tension
was that it often fell to parents to maintain devices and troubleshoot apps and connectivity
issues. It often fell to parents to charge and remind children to wear the watch daily. This
reinforces findings from prior work [169], but also sheds light on some of the challenges with

maintaining multi-device health tracking systems.

Another tension was that only parent-created activities in CoolTaco would provide points.
The original decision for children’s activities not awarding points was based on it possibly
undermining the parent’s role in positive reinforcement. Consequently, children had mixed
perspectives about their self-created activities being useful. Most children acknowledged
that self-assigning points could circumvent the role of rewards and parenting support. For
example, C03 said, “You don’t want me to give myself 200 points.” Still, others were frus-
trated with this limitation, such as C10, who understood the reasoning but complained:
“something I don’t like about the [CoolTaco] App is when I add the activity it [gives] zero
points, not one single point!” He then suggested that a balanced alternative could be that
“the parent can set the mazimum of what points you can add. It would be great to get like
100 points, but there should be, like, a mazimum.” Still, C10 created several activities for
his self-regulation: “I added the ‘get the mail’ because that reminds them [parents] that I
love them, and the ‘science studies’ to enrich my work.” As for the parents, they generally
understood these constraints, but some sought to give children more initiative within the

system. For example:
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P10: “There is merit to the discussion of the child coming up with a task, and
then we have a discussion saying okay well is that [activity] really one that should
be on there, or is it not? And if so, how many points? That whole negotiation
process of how many points that should be worth and all of this has led to some

interesting discussions.”

P10 appreciated the control over deciding whether and how many points an activity was
worth, but decided to collaborate with C10 on tweaking some of them or creating new ones.
Family discussions sometimes led to mirroring a child’s activities with ones worth points.
P03 explained that “because it was created by her, she couldn’t make it worth any points, and
so I went and created one [similar activity].” For example, the “@ water” (C03) activity
became “Fish water” (P03) (clean the aquarium) worth 1 point, and “Language arts” (C10)
was mirrored to be worth 3 points. Overall, despite the constraints on children’s self-created
activities, it proved useful for some parents and children to jointly reflect on self-regulation
necessities and responsibilities, engaging in reflexive analysis stimulated through CoolTaco’s
iterative use. Still, since “there’s no follow up, other than approving [activities/” (P06) much
of this joint reflection was not directly system driven thereby potentially limiting how much
families might stimulate and support child-led engagements and reflection on data together

to evaluate goals, progress, and regulation outcomes.

Although remote reporting of activity completion benefited co-regulation and empowered
some children, CoolTaco’s use brought new labor for parents to maintain consistency and
veracity between in-system data and families’ lived experiences. Some parents took upon
themselves to evaluate whether activities were actually done, noting “it’s so easy to click
‘yes” without [actually] doing it” (P04). Further, families often struggled to use CoolTaco
when family members disagreed about whether an activity was completed. For example, P06
mentioned that some activities were not in a binary state of “done” and “not done.” P06

stated, “sometimes he does the task but not completely. It [CoolTaco] could maybe [allow to]
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give part of the points [...] You know, something is worth 10 points and you only get 7, but
[CoolTaco] doesn’t have an option for that.” In this scenario, children could thus execute
a task and receive points for it, but if the result is not up to their parents’ expectations,
the points are reduced. Filtering between these situations could then introduce further

monitoring and evaluation efforts for the parent. For example, P03 mentioned that:

P03: “There are times that she [CO3] would check off a task as completed, and
it would be accidental or she didn’t actually do it. [So] when I have to approve a

list I had to keep trying to remember what she actually didn’t get points for.”

These reports indicate a need for higher flexibility in evaluating and rewarding efforts towards
completing activities, such as assigning points and allowing feedback for activity completion
reports. However, care must be taken not to create complex back-and-forth flows of requests

and resubmit between parents and children, which would add significant parental burdens.

Parents also desired flexibility for awarding points for unplanned positive reinforcement.
The structured and multi-device flow of CoolTaco led to rewarding planned goals, but was
less adequate for regulation mediation during shared moments or to reinforce spontaneous
positive behaviors after the act. For example, P05 said “The only time [CoolTaco] wouldn’t
be useful is if you had something you wanted to do in a time sensitive manner.” Likewise,
P06 mentioned that “if we’re on a car trip or something, you know, and I'm telling him hey
I'm going to award you 30 points later, you know that doesn’t quite work, he needs to see it
like right now.” Sometimes parents reflected on past situations and wished to give points
as rewards after the fact, such as after the child displayed a warm social interaction (e.g.,
“If I see him [CO7] do a random kind of act of kindness”, POT). Similarly, P02 said that
she would like to be able to give “some extra bonus points, like [for] ‘you were kind to your

”»

brother’, or so.” Parents reported that higher flexibility for assigning points in CoolTaco

could be useful to reward children’s more autonomous positive behaviors. P03 sought to

91



circumvent this limitation by creating a one-time “free points” activity. Overall, families
desired flexibility to adapt positive reinforcement to their different lived experiences beyond

depending only on parents’ planning beforehand.

In some families, parents had to drive system use to ensure that children were able to
receive their rewards. For example, P07 noticed that their child sometimes did not report
on their school-related reading, “but [C07] does read, [COT] just sometimes doesn’t put it in
[CoolTaco] right, so I said, ‘you should probably put it in so you can get your points,” so we do
have conversations when I notice things.” Conversely, activity completion reports were also
dependent on parent approval and some children reported being upset when their parents
did not put in the labor for approvals and point handouts. For example, P06 reported on
C06 demanding them to check the system on pending reports: “I did get chewed out. I got
chewed out a couple days ago because he’s like ‘I did those things [activities] and my points
didn’t change!” So [I responded] ‘Oh, I know, honey, I have to approve them’ so yeah.”
P06 considered that their labor could be decreased if “there was a way to just automatically,
you know, give them points you know, like a quick reward.” These practices indicate that
CoolTaco, while mediating some co-regulation, also involved a level of effort that must be

balanced with the benefits families receive and should be improved in future designs.
Social Dependency on Parents for the System to Work

Relative to children-driven interventions, closely involving parents in the workflow of CoolTaco
resulted in the need to be motivated and involved for system-mediated co-regulation to hap-
pen. However, parents had different expectations for how involved they wanted to be in
CoolTaco, and families in which parents wanted to engage less benefited less. Older children
(age=15; F08, F09), in particular, often had parents who sought to limit their co-regulation
efforts as a means of “pushing” (P09) their children for more independence. P08 said that
her intention was grounded in her desire for CO8 to “not rely on us as much, or on other

people.” She explained that CO8 is “almost 16 so he doesn’t have too many more years be-
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fore he is an adult.” P09 took a more radical approach to “being hands-off on purpose” and

avoided co-regulation through CoolTaco altogether:

P09: “As much as possible, I am trying to push him away. I wanted to see to
what extent he could adopt it [CoolTaco] as his own thing and use it to his own
benefit without being force-fed. I didn’t check in on him or constantly remind him
to put the watch on. I had accepted that he was responsible to do it. again, [C09]
is 15 [years old].”

C09 perceived himself as fairly regulated in regards to chores and said, “the [chores] ones
I do every day because those are habits, I already formed habits for most of my chores.”
Yet, P09 said that C09 has challenges with time management and emotion regulation. P09

pondered that if he was to change his parenting approach to provide more co-regulation, he:

P09: “I would certainly invest time and energy to do it. For example, [C09]
15 1n a martial arts class and supposed to be practicing on his own but I could
certainly see myself creating a schedule with him so that he works out 5 days a

week for 30 minutes. That would help organize things.”

These experiences illustrate how family tracking is subject to expectations of independence
and parental involvement that establish boundaries of supporting roles in the family. As
children grow and are expected to be more responsible, parents might be less inclined to be
involved and drive system use. Systems will have to adapt to these types of changes to be

successful over the long-term.

Some children might need to be more actively supported by parents and have challenges with
independent use of systems like CoolTaco even when parents are more involved. For example,
C05 had trouble using the smartwatch independently in addition to difficulties with being

motivated by co-regulation, with P05 saying that he needs much effort and involvement to

93



“make him start. [...] once he gets into it, he’ll get it done, schoolwork and everything.”
CO05 receives both parental and specialist support daily beyond organizational structure and

motivational incentives.

In addition, some parents reflected that it was dependent on them to gradually adapt activ-

ities and rewards in CoolTaco over time for children’s growth. For example, P06 said:

P06:  “[Activities] needs to be revamped because it’s [currently] geared more
towards where he [CO6] was at last year versus now that I need to add some
responsibilities. Because it’s great that he can now brush his teeth, but you need
to get your clothes, you can now get your own glass of milk. So, I'm gonna add

more stuff.”

Parents then had to adapt and create rewards to motivate their children. For example, P10
said “we need to spend more time on the rewards system to make them more meaningful.”

@

Similarly, P02 said they would routinely ask themselves “‘what can we give him [C02] as a
daily award that is not electronic?”’” but “it became hard to come up with [CoolTaco] rewards
that wouldn’t be electronics based [because] we had an incident where he ‘stole’ electronics in
the middle of the night, we’d catch him and he just got into a lot of trouble. So he lost all

electronics.” In summary, parents found it burdensome to think through meaningful ways

of engaging their children with the system, such as setting motivational rewards.

Some situations further required social coordination among multiple adults, which had limits
within CoolTaco. As previously mentioned, C03’s sleepover at her grandmother’s house
prompted adaptation of tasks, but the grandmother was not able to engage with the system
herself and needed to do it via P03. In another example, the mother of CO7 mentioned
a communication breakdown with her husband about requiring points for rewards, and he
“freely” awarded a trip to “Chuck E. Cheese,” an entertainment and food center, without

CO07 using his points. She concluded that “my husband and I need to be on the same page.”
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P05 had a more permanent communication challenge, having limited interaction with his
ex-wife after gaining custody of their son, and because “/C05] is not allowed to bring any of
his technology to her house.” These reports highlight the social labor required to coordinate

co-regulation beyond what CoolTaco enabled in-system and that depended on the adults.
Not Every Co-Regulation Needs System Mediation and Tracking

Some families’ positive reinforcement routines, which previously happened outside of any
form of digital mediation, now became routinized by the structured creation of activities,
checking them off as completed, and claiming rewards. For some of these situations, families

did not always perceive enough benefit to balance the labor of using the CoolTaco system.

Families often questioned whether particular activities or rewards needed to be tracked in
CoolTaco, such as tasks and rewards that were considered to be normal parts of family daily
life. For example, FO3 tended to offer screen time as an immediate reward for timely prep
in the morning, not needing to track related tasks and their completion in CoolTaco: “So
in the morning I wake up and I get ready for the day. I brush my teeth, I put on clothes
and all that. Once I'm ready I'll tell mom and she will say I can have screen time.” (CO03).
Routines like these are reinforcement strategies deeply ingrained in the family’s structure
and that successfully modeled children’s behaviors. Children still needed co-regulation in
these situations, but there were no perceived benefits in doing it through the smartwatch

mediation nor documenting it for later reflection.

Families also often avoided the labor of documenting reward redemptions, largely underusing
the in-system redemption feature in CoolTaco. In practice, parents often pragmatically used
activity completions and amount of points as a threshold to evaluate handout of rewards
while not necessarily being strict about them documenting point expenditure in the system.
For example, P04 said, “we give him the awards because he’s doing it [activities], not because

he’s really accomplished it.” Similarly, during the interview with F10 and discussing the use
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of rewards, C10 whispered to P10 about not spending points for their visit to a restaurant
the previous day, to which P10 answered “it’s ok, that’s on me.” Similarly, PO7 explained
that they were more “used to say ‘Okay, if you got green [achieving goals] all week’ than
come Friday, that’s when CO7 would get something [reward].” Thus, families were mostly
concerned with the system reflecting their lived experiences regarding activities, and used
rewards mostly as a “motivation and a purpose” (PO7) rather than for keeping a detailed

record.

Families further had conflicting attitudes about whether to redeem certain in-system rewards
because they were seen as more family-oriented than individual. Although most registered
rewards were for the child’s individual use (N=24) (e.g., a toy, screen time), many were to be
enjoyed as a family (N=12) (e.g., family meals, playtime with parents). Rewards were also
typically material (e.g., money, food) or events (e.g., “go bowling”, F02; “Manicure by Mom”,
F03). Parents still wanted to encourage these family events and were more lenient with
point expenditures or having to document their redemption. For example, P04 explained
that establishing rewards was challenging “because he does get a lot of stuff as a family,like
going camping and eating ice cream.” Routinely redeeming individual-level rewards was
an exception, and mostly done by C10 and CO07 for screen time. Parents also could deem
it not worth enforcing some smaller in-system reward redemptions, because children could
be ‘“hesitant to spend points” (P10) and feel a sense of loss while “saving up for the most
priceless thing” (C02). Overall, these reports illustrate that the redeeming process could be
counterproductive for parents’ goals of enjoying the smaller rewards alongside the child (i.e.,
family time) or children’s longer term targets (i.e., higher costing rewards). Consequently,
families were flexible with handing out family level awards (e.g., “dinner with Mom or Dad”,
F03) and less rigorously enforcing redeeming through the system, even if that part of the

data became inconsistent with lived experiences.

Integration with Concurrent Physical Token Systems, Which Have other Benefits
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When families used existing tangible token systems (N=04; F01, F03, F06), they sought to
use CoolTaco concurrently with their established systems due to the perceived benefits of
tangible interactions. They saw benefits in using CoolTaco (see Section 5.1), but reported
that their tangible systems had the unique benefits of being “palpable” (P01) and “flexible”
(P06), indicating that multimodal interactions should be explored in the future. For P06,
the main advantage of the tangible economy system is the ease of reinforcing good behaviors
and unpredicted events by “easily adding [a] handful of jewels” to the jar. P01 believed that

the physical nature of tokens going into a jar was “more collaborative”:

P06: “It’s also the feedback that we have for encouragement, like ‘okay good
job!” CoolTaco is more for the routine tasks to get that on a reqular basis, like
brush your teeth, get dressed. That’s a little different than how our reward system
1s. What we have is more for recognition for something positive, spontaneously,

or redirecting what happened at the moment.”

PO1’s report indicates that their analog system could help with emotional co-regulation.
Nonetheless, they wished to integrate with CoolTaco to “keep track of the tokens when
we don’t have physical tokens” and vice-versa to “translate over that more palpable and
motivating” visualization of digitally attained tokens. Both P03 and P01 wished to use
CoolTaco to bolster their systems so that “it might actually remind [the child] to do them
[activities]” (P03) and to “set the alarm system, so there’s a prompt on the watch.” (P01),

also indicating expectations for notifications for time-bound goals.

Overall, these reports indicate the potential benefits of integrating tangible and pervasive
systems. Co-located and shared visualizations of tracking activities could also benefit shared

moments to reflect on behaviors and responsibilities together.
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4.5 Discussion

The results of the deployment of CoolTaco with ten households indicate that multi-device
systems can mediate co-regulation and tracking practices while apart, providing benefits to
families. The multi-device nature of CoolTaco allowed for remote connection and collabo-
ration between parents and children, enabling them to leverage tracking of efforts without
having to be co-located, demonstrating a way to answer RQ2. Overall, most participants
perceived CoolTaco as a valuable tool for promoting children’s responsibility and involve-
ment in the co-regulation process. However, the high dependency on parents’ involvement
interfered with enabling children’s independence, and increased social and technical burdens
on the parents for the system to be useful. Additionally, while CoolTaco supported remote
collaboration, its multi-device design and asynchronous workflow limited opportunities for
joint use and co-located uses. Participants’ experiences also highlighted the need for more
flexible delivery of positive reinforcement and better support for children to increase auton-
omy gradually. I now discuss (1) tensions families faced to collaborate in a multi-device
system to co-regulate, (2) design opportunities for better joint reflection and reassessments,

and (3) to foster children’s self-regulation with gradual independence.

4.5.1 Tension Between Fostering Parental Involvement and Inde-

pendence

The involvement of a smartwatch worn by children helped them to be more active partici-
pants in co-regulation, monitoring their activities and points as they went about their days.
In designing for remote tracking and pervasive co-regulation when apart, I found that the
smartwatch was able to serve as a proxy for parental assistance, while enabling children to
be more autonomous and responsible for part of the process. Autonomy is important for

children to internalize the extrinsic motivation from positive reinforcement [197], and the
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smartwatch allowed children to receive guidance from parents while gaining some indepen-
dence to execute tasks, track goals, and assess progress on their own. CoolTaco’s support
for autonomy was valued by some families, and those with older children were interested in

using the system to foster self-regulation.

However, the results further indicate that the multi-device nature of CoolTaco led parents
to experience tension between wanting to foster this sense of independence with wanting
to be highly involved in CoolTaco’s use to assist with co-regulation. Some parents who
were interested in being more highly involved in their family’s use of CoolTaco used the
system for joint reflection activities typical of family informatics systems [176], discussing
tracked data together and to improve activities, point values, and rewards. These families
valued how joint reflection led to discussions about the importance of particular behaviors
and negotiations about point amounts or future rewards, and even wished that CoolTaco
did more to encourage them to come together. But for families who did want children to
be more independent, the design of CoolTaco sometimes hampered children’s self-regulation
by needing parents to create point-worthy activities or approve completed ones. For these
families, the requirement that parents be involved in these decisions made the system a

gatekeeper that limited higher levels of autonomy.

Even when desiring to be more involved, parents reported challenges, such as creating ef-
fective goals and rewards, and remembering to track goal completions. While CoolTaco’s
open-ended nature enabled families to tailor tasks and goals however they wanted, parents
were sometimes at a loss on how to co-regulate efficiently (e.g., unsure what activities and
rewards to suggest) or could have self-regulation challenges themselves for consistent system

use (e.g., forgetting to approve completed goals).

In light of these tensions, there is an opportunity to tailor or offer different co-regulation
strategies to accommodate families’ varying desires for more or less involvement and control.

Such accommodation could be made possible by allowing families to choose which aspects
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of co-regulation tasks are completed by the parent, the child, or a mixture of both. Much
like how personal informatics research has indicated benefits in allowing people to adapt
systems on what and how to track personal health parameters [118, 17|, family informatics
for co-regulation could allow families to choose flavors of roles in positive reinforcement each
family member can have. For example, such systems could allow children to suggest rewards
or create them, request additional points or self-assign them, require parental approvals
or be automatic. This could support children’s developmental stages, such as shifting to
more autonomy focus as children grow. However, designing for changes in roles and levels
of control between family members, particularly as families better understand their needs

[176], requires further research.

Since parents that wish to be more involved in co-regulation might need more structured
guidance on doing so, I envision that systems could provide education and structured sug-
gestions for how to better support their children. For example, systems could give more
suggestions on regulation strategies alongside coaching parents about coping with ADHD.
Often parents of ADHD children might be struggling with their own self-regulation and be
undiagnosed themselves [77]. Therefore, parent coaching could be paired with notifications
and be adaptive to enable real-time collaborative suggestions based on parent’s or children’s
contexts as they go about their day (e.g., reminders to check children’s daily goals, sug-
gesting parents congratulate or help the child refocus). Future research is also needed on
how systems can deliver such parental support concurrently to assist the children without

overburdening the family with complex and constant technology dependence.

4.5.2 Better Supporting Joint Reflection

A challenge for parents who wished to be heavily involved in using CoolTaco was that the

multi-device approach required them to consciously and intentionally think about jointly
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coming together as a family to review and discuss tracked activities, points, and how co-
regulation was going. By separating interaction with CoolTaco into separate parent-centric
(e.g., phone) and child-centric (e.g., smartwatch) interfaces and interactions, the system
tended not to encourage joint use. While separation helped children to be more independent
and both stakeholders to participate in co-regulation while apart, it missed out on moments
for joint reflection found in other family informatics systems where interaction is largely with
a shared data dashboard [175, 199] or a shared conversational voice interface in a public space
in the home [180, 171]. A valuable direction for future co-regulation and family informatics
systems could be integrating both approaches, with separate devices supporting collection

and everyday monitoring with a shared interface for joint reflection.

My findings also highlight that technology can limit the ability to involve multiple and diverse
caregivers in coordinating co-regulation. CoolTaco’s design supported some parent-child col-
laboration, but was limited in coordinating efforts from different people in the child’s care
ecosystems, such as grandparents and parents, and between divorced parents. Communica-
tion and coordination between caregivers is important to establish consistent co-regulation
support with the child [192]. When there are communication breakdowns and lack of coor-
dinated reflection, caregiving mediated by systems can be hindered and lead to ineffective
co-regulation. Since coordination between children’s care ecosystem is crucial for technology
to better enable them to thrive [229], there is a need for systems to better stimulate shared

reflection and integration between stakeholders that are part of the co-regulation.

Coordinating review of regulation data for meaningful understanding and action can be chal-
lenging [74, 175, 192]. One specific improvement opportunity is around joint reflection about
rewards, as parents mostly leaned on point acquisition for positive reinforcement and gauged
out-of-system reward handouts by looking at the point amounts. Explicit reflection prompts
after spending points for rewards might help children make sense of their regulation, expand

on the reward from a prize to a deeper understanding of the positive consequences of per-
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sistence and delayed gratification. Similar some prior work’s use of questions to stimulate
reflection about physical activity [200], co-regulation systems could stimulate reflection by
highlighting or summarizing goals that were achieved alongside question prompts about the
consequences of regulated behaviors. Such support can potentially help internalize motiva-
tions by children’s self-efficacy and sense of competence [197], or a moment to coordinate

what activities and rewards should be system mediated versus a family-level effort.

Joint reflection can also be a means of synchronizing efforts and perspectives from multiple
caregivers involved in the child’s co-regulation. For example, systems could stimulate coor-
dination by supporting increased awareness between stakeholders via notifications of goals
completed and reward requests, activities created, pending report approval, etc. Reminders
could also be sent to multiple caregivers to stimulate them to discuss joint collaborative
efforts and necessities. Coordinating efforts from caregivers not living together (e.g., some
grandparents or divorced parents) could also be supported by asynchronous shared dash-
boards working on their personal devices. However, the findings indicate several tensions
between parent-child dyads, and such tensions can potentially be even more complex as more
stakeholders are directly involved. Additionally, technical challenges emerge when involving

multiple users, roles, and devices.

Joint reflection for regulation could benefit from integrating tangible and digital positive
reinforcement systems, as families often perceived analog systems as more flexible (e.g., can
quickly give jewels/coins after a spontaneous positive behavior) and appreciated their phys-
icality (e.g., a physical jar’s volume gradually filling up). Parents imagined such integration
would benefit them to lower the mental and physical labor of maintaining analog tokens
while children moved through different contexts. This physical and digital integration res-
onates with prior personal informatics work suggesting that digital solutions can be useful
to extend analog self-tracking (e.g., pictures of a paper journal) for recordkeeping and to

share with others online, while enabling people to still benefit from interacting with physical
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materials [18, 10, 246]. Some participants similarly reported enjoying the benefits of the
physical materiality of palpable tokens as they filled a container to represent progress and
goal achievement. Therefore, there is opportunity for family informatics systems to benefit
from digital and asynchronous support via smartwatches alongside the physicality of analog
tokens. One potential approach is for digital systems to encourage joint reflection moments
at the end of the day, and guide families by giving credit with physical tokens in accordance

with tracked efforts of when family members were apart.

4.5.3 Designing for Children’s Gradual Independent Self-Regulation

To support families working towards greater autonomy and independence for their children,
systems could allow the balance of co-regulation to shift by enabling children to incentivize
and reward their self-driven efforts themselves. For technology to enable more independent
regulation for ADHD children, it would be helpful for it to serve as a co-regulation partner
that substitutes some parental practices [48]. Much has been discussed how systems for
improving children’s wellbeing might introduce additional parental labor that is counter to
its supporting role (e.g., [169]). The design of such a system could largely follow principles
of goal setting and tracking for independent use, such as including the ability to (1) self-set
goals, (2) help track progress and review summary feedback, and (3) stimulate self-reflection
and sensemaking for internalizing efforts and assessing their behaviors, possibly alongside
self-driven positive reinforcement. Understanding how to tailor these approaches to support

children, particularly those with ADHD, is a valuable direction for future research.

Furthermore, as children grow and potentially increase their technology ecosystems (e.g.,
acquire a phone of their own) there is opportunity to further increase technology mediated
support alongside the smartwatch for increased autonomy. While parents are generally con-

cerned with perceived risks on increased technology use for young children [167], particularly
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with phones [124], parent participants were generally comfortable with the smartwatch for
younger children given some limitations in the form factor (e.g., limited internet browsing).
Still, for the older child participants, use of phone and other devices was less constrained.
As demonstrated in Chapter 3, contact with multiple devices and modalities of technology

interaction is a similar opportunity for children to self-track and self-regulate.

In many families, the move from co-regulation towards self-regulation requires greater scaf-
folding that technology could assist with. To foster children’s gradual independence, parents
could be involved in setting parameters for some aspects of self-monitoring, such as setting
default limits to point values. Another potential approach is to separate parent and children
tokens and rewards, allowing children’s tokens to be spent to acquire self-created rewards
which are more hedonistic (e.g., digital stickers) while parental rewards are more material
(e.g., purchases, family activities). While family involvement can be beneficial in these steps,
some of them could be automated, such as automatically approving or acknowledging some
goals when using the smartwatch’s stopwatch (e.g., “reading for 20 minutes”), or captured
through it’s sensors (e.g., physical activity goals). Designing effective strategies for balancing
desires children might have for digitally reinforcing their own motivation, automation, and

family constraints requires further research and understanding.

Future systems could make use of children’s growing technology ecosystem, providing them
greater abilities to configure and use such systems for gradual independence. My study indi-
cated that the body-mounted nature of the watch helped with pervasive regulation support,
but the more complex system manipulation (e.g., setting recurring activities and configuring
rewards) relied on features made available on parent’s phones. If systems gradually allow for
children to manipulate and configure their own self-reinforcement strategies (e.g., manage
their points and rewards), some features and interaction modalities can be added to their
phone, tablet, voice assistant, etc., to be used alongside the smartwatch. Thus, systems

could evolve from more dependent on parents and their devices, to more independent when
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children acquire their own. Still, not every family will be able to or will wish to acquire
multiple devices or child-specific devices, and care must be taken to still provide gradual

independence support for children in families of different economic means or social practices.

There are still open questions about measured efficacy of interventions like CoolTaco towards
promoting children’s self-regulation. There is a particular need to further investigate how
efficacy might be impacted by varying levels of parental involvement. There is opportunity
to think about how measured improvement in self-regulation could be incorporated into
the function of systems themselves, such as adaptively suggesting or stimulating parental
involvement. For example, adaptability could gradually support children’s independence
as they grow, while allowing additional caregiver help to return when self-regulation via

technology is insufficient or otherwise lacking.

4.6 Summary and Conclusion

The findings from the deployment of CoolTaco demonstrate the potential of multi-device
family informatics systems to support both children’s independence and collaborative track-
ing practices, directly addressing RQ2 and my thesis claims around personal and collabora-
tive needs. By leveraging smartwatches and phones to a mediate co-regulation, families were
able to extend support to children even when parents were not physically present, promoting

autonomy while still enabling shared tracking.

My findings also revealed tensions in the use of multi-device systems for co-regulation, par-
ticularly in maintaining devices and balancing the benefits of parental involvement with the
potential hindrance to children’s developing independence. The high dependency on parental
engagement for the CoolTaco system to work sometimes diminished children’s autonomy or

benefits from the system when parents were less motivated to be involved. These findings
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highlight the importance of designing multi-device systems that can adapt to the varying
expectations and desires for parental involvement across families and as children progress

through different developmental stages.

To address these challenges and further advance the design of multi-device family informatics
systems, I propose potential directions for family informatics systems that center collabora-
tive tracking on the child. Systems can be designed to support the selective allocation of
co-regulation tasks among parents, children, or automatically through a system itself. By
allowing families to customize the distribution of responsibilities based on their unique needs
and preferences, such systems might foster a more flexible co-regulation environment adapt-
able to unique family dynamics. As children grow and develop, these systems could also
adapt to their evolving needs, capabilities, and device ecosystems, gradually shifting more
responsibility to the child while maintaining an appropriate level of parental involvement

and support.

There are opportunities to enhance multi-device family informatics systems in both high and
low parental involvement contexts. In families where parental involvement is more intense,
systems can be designed to promote joint reflection and collaborative sense-making, facili-
tating more meaningful and productive co-regulation experiences. Conversely, in situations
where parental involvement is desired to be lower, either by necessity or choice, systems can
be designed to provide more autonomous self-regulation, reducing the dependence of direct

parental engagement.
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Chapter 5

Designing for Joint Family Use of
Tracked Data

5.1 Introduction

Building upon the findings from Chapter 4, which explored multi-device family systems for
remote collaboration centered on the child, this chapter expands on how family informatics
might involve data from multiple members for joint use. It expands previous chapters to ex-
amine how various health data modalities (e.g., steps, moods, goals) collected from multiple
people and devices can be leveraged for integration, reflection, and action stages of personal
and family informatics. Specifically, I studied the design of situated displays for sharing
smartwatch-tracked data and facilitating family collaboration through joint reflection, seek-

ing to answer the following question:

RQ3: How might multi-device systems facilitate family collaboration via joint reflection

with tracking?
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My study with CoolTaco revealed the need for better ways to support joint reflection and col-
laborative sense-making around shared data, given limitations with remote and distributed
tracking on personal devices. Prior work has investigated the use of family data dashboards,
which provide visualizations of family data on mobile apps, typically a parent’s phone (e.g.,
[202, 200]), or more rarely on situated displays in the home (e.g., a tablet on a counter). Prior
research has also indicated that personal information visualization in situated displays can
foster situated reflection about personal behaviors [33, 156]. Such displays might be addi-
tionally beneficial for children’s access to family data given that many families are reluctant
to give children their own phones due to perceived risks to safety [113] and distraction [213].
However, our understanding of how situated displays in the home could integrate data from
individual health tracking and support guiding members to improve their collective wellbeing
is more limited. This chapter provides understanding of how families envision home displays
to support taking collaborative action in light of the complexities around health and health

coordination [192, 176, 9], especially for those with chronic conditions like ADHD [176, 48].

To answer RQ3, I conducted a series of co-design sessions with families with ADHD children
to explore their perspectives, needs, and preferences for shared tracking of health and wellness
data using situated displays. The co-design approach allowed for the active involvement of
both parents and children in envisioning potential solutions, ensuring that the resulting

design insights were grounded in their lived experiences and collaborative needs.

Findings from this study indicate opportunities for leveraging situated displays to make
family time more productive beyond awareness and towards co-regulation practice and skill-
building based on shared tracking data from other devices, like personal smartwatches.
Families expressed a desire for system-guided activities and prompts that would facilitate
reflection, discussion, and problem-solving around moods, exercise, and goals from everyone.
These insights contribute towards my thesis claim T2. Findings also contribute towards my

thesis claim T1 by indicating that family members wish for displays to also seamlessly tailor
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to their individual needs and interests when used beyond family time, such as tailoring data
views and suggestions on how to contribute to collective regulation. Children wish to be
able to comprehend personal and family data independently, while parents seek more com-
plex data manipulation to understand their family data in order to support their parenting

practices and assessing risks to children’s health.

This project was published! at CHI 2024 with co-authors Franceli L. Cibrian, Clarisse Bo-
nang, Arpita Bhattacharya, Aehong Min, Elissa M. Monteiro, Jesus A. Beltran, Sabrina E.
B. Schuck, Kimberley D. Lakes, Gillian R. Hayes, and Daniel A. Epstein. I developed the
co-design protocols and conducted sessions alongside Franceli Cibrian, Arpita Bhattacharya,

and Elissa M. Monteiro. I led the study analysis and the writing and revision of the paper.

5.2 Methods

I conducted three co-design sessions with each of eight participating families at a time (24
total sessions; 23 participants, 8 children with ADHD, 15 parents). In this section, I ex-
plain the study recruitment and participants, procedures, qualitative analysis process, and

limitations.

5.2.1 Participants

Participation eligibility required families to be participating together, consisting of at least
one caregiver and one child aged 8-15 with either a clinical or self-reported ADHD diagnosis.
I targeted this age range given that pre-teens and early teens are typically going through sig-
nificant cognitive transformation around social and emotional growth, gaining independence

while still needing significant caregiving support, and at risk of internalizing self-regulation

!This study has been published in CHI: [218]
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Table 5.1: Participating Families in the Co-Design Study

. Child Demographics | Caregiver Non-participating
Family ID (Gender, Age) Participants | siblings
1 M, 10 Mother, Father 0
2 M, 11 Mother, Father 1
3 F, 10 Mother, Father 2
4 M, 10 Mother, Father 0
5) M, 9 Father 0
6 M, 8 Mother, Father 1
7 M, 9 Mother, Father 1
8 M, 11 Mother, Father 0

problems on top of ADHD challenges [196]. Participants were recruited in South California.
Recruitment occurred in large part through a partnership with a local school specialized
in education for neurodivergent children. Overall, 8 children and 15 parents participated
in three co-design sessions per family (24 sessions in total). Participant demographics are
presented in Table 5.1. All caregiver participants were biologically related to their children,
and 7 out of 8 had both parents living at home. I did not recruit siblings of children in
participating families. Siblings were typically below the age range of the IRB approval for
participation. I was further concerned that involving multiple children in remote co-design
session, especially using the same computer, would add challenges for both us and parents to
coordinate. The gender distribution is proportional to the school’s demographic and general
ADHD diagnostic ratios (i.e., overwhelmingly male) [157, 248]. Families were compensated

$100 for their participation.

In the rest of the chapter, I use F# to refer to a specific family, C# to reference a participating

child, and P# to reference a parent.
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5.2.2 Study Procedures

In this study, I leveraged co-design, a participatory method that collaboratively engages
and empowers people in shaping better technologies intended for them [115]. It can also
be a means for greater involvement of neurodivergent populations, whose perspectives and
needs are often ignored in the creation of supportive tools [250, 228]. Following an initial
phase during which children used Apple Watches to help surface tracking opportunities to

the family, families participated in three co-design sessions.
Apple Watch exploration prior to co-design sessions

To stimulate families in envisioning opportunities for behavior tracking and sharing, I asked
them to explore collecting different types of data on Apple Watches. All families had at least
one parent that owned some smartwatch device themselves, with the exception of P05, and
all had some familiarity with self-tracking apps on their phones (e.g., step count and physical
activity). Participating children used the watch for at least four weeks before scheduling co-
design sessions. Prior work has indicated that children can understand and benefit from
some self-tracking (e.g., [15, 230, 170]), so I encouraged families to explore specific apps
which supported different tracking features. I suggested that they could use the built-in
passive sensing of movement alongside active exercise tracking, such as for step-counting,
bike riding, etc. Children could also use a simple custom app that asked how they were
feeling by offering colored button options according to the Zones of Regulation Framework
[111] three times a day (e.g., blue for when having feelings of low energy, like bored or tired).
Finally, they could use CoolTaco for goal-setting and tracking. While the exercise tracking
used automated sensing, goal and mood was manually tracked. Current cognitive tracking
capabilities are still maturing [208], so my goal with this phase towards the design sessions
was to stimulate families in thinking about tracking and sharing different types of data that

might be useful to represent some regulation-related behaviors.
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While gathering detailed usage data from this exploration phase was not the focus of this
study, conversations with the families indicate that children experimented with tracking steps
and specific exercises (e.g., biking), and most used CoolTaco to establish some routine and
chore goals. Children occasionally used the voice recording app for goal and mood memos,
and answered their mood in the custom app every day. Engaging with self-monitoring helped
parents and children consider a mix of automated (e.g., steps, movement) and subjective
tracking (e.g., moods, goals) that could represent regulation, building confidence to explore

designs and discussions about integrating and using shared data for family collaboration.
Co-design sessions

Similar to prior work [75, 130], I conducted remote co-design through video conferencing (over
Zoom). A primary motivation for remote co-design was that a majority of the study was
conducted during the COVID pandemic and with social-distancing requirements in place.
In addition, prior work has indicated that remote synchronous co-design can help diversify
and include youth participants [130], although requiring complex logistic and child-adult
collaboration dynamics [75]. To account for this complexity, I conducted three separate
co-design sessions with each family and sought to (1) build familiarity with the tools and
co-design process, (2) accommodate time for disengagement (e.g., taking breaks) or distrac-
tions, and (3) be flexible given family busy schedules and to not burden them even further.
Between one and two other researchers were present with me during sessions to take notes
and help manage activities. I used Miro, a virtual and collaborative whiteboard that runs in
the browser. To support neurodivergent children in contributing to the co-study remotely,
parents and researchers often co-regulated with children in order to co-design, such as redi-
recting attention through challenges with timers (e.g., “let’s try to create this [component]
in & minutes. Do you think you can do it in that time?”) or allowing structured distracted
time when children where particularly curious about a feature or needed a break (e.g., “You

can [draw/cut/paste] anything you want for this time [3 minute timer...] OK, now let’s get
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back to [design activity]”).

I explained to families that the aim of our study was to co-construct “ideal” displays that
could be positioned on a wall or counter in the home and that made use of shared tracked
data about behaviors. Over three sessions, we co-designed for different regulation domains
(e.g., moods, goals), potential representations of different data, family needs around each
domain, what they ideally wished systems could provide or do for them, and why they
envisioned such features or uses given their family dynamics specifically. All sessions were

recorded and transcribed automatically through the video-conferencing tool.

In each co-design session, I typically engaged with the child and parent together in the first
half (30-40 minutes), thanking and concluding children’s participation when they naturally
disengaged from the process after several iterations with design activities. I then engaged
only with the parents. During each session, I initially shared our screen with the participants
to instruct and demonstrate tool use, and explain the design activities. Next, participants
shared their own screen while engaging with us in Miro for the co-design procedures. Children
typically started sessions with the control of the mouse and keyboard, leading manipulation
while discussing with parents. As sessions went on, they alternated control with parents
depending on the activity and perspectives being discussed regarding co-regulation roles and
preferences. Overall, I conducted three sessions with each family to design situated displays
of shared family data about emotions and moods, exercise, and goals. Sessions averaged 59

minutes and 39 seconds (SD=10.69; min=43, max=81 minutes).

Session 1: Designing mood representations and familiarizing with the co-design tool through
playful creature creation. In the first session, I primarily sought to (1) provide collective
understanding of the design goals and process, (2) provide opportunities for the families to
develop familiarity and comfort with the tools and co-design techniques I would use, and (3)
discuss mood tracking and design mood representations. I first explained the design goals

and encouraged families to explore the digital whiteboard by discussing mood representation
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and regulation, referencing self-tracking as exemplified by wearing the smartwatch. The
design activity for this session was adapted from a popular Miro icebreaker template where
users collaborate to create digital creatures. During sessions, a researcher first demonstrated
the whiteboard features by creating a creature (e.g., creation and manipulation of shapes,
copy and paste of elements, drawing). Then, the child and parent(s) would build their own
creatures. To discuss moods, I then engaged with the child about how the creatures might

be feeling and how they would change if feeling something different (e.g., Figure 5.1a).

Sesston 2: Co-designing use of family’s shared mood data. In this session, I focused on
understanding how families imagined opportunities to use daily tracked moods given the
importance of emotion regulation in children’s development [81], ADHD challenges in this
space [67], and strategic possibilities for interaction design and technology’s role in family

emotion regulation [221].

To ease and encourage participant brainstorming, I offered some starting mood visualization
components that described mood inputs in various forms, such as numeric tables, colors
to represent moods, timeline-based views, abstract shapes with proportions, or characters
(Figure 5.1b). Inspired by the Bags-of-Stuff technique [252], I then asked the children to
pick their favorite components, explain their choices, and move them to a virtual box area on
the whiteboard. Next, children and parents optionally integrated those components into a
wireframe of a tablet or created their own, suggesting interactive elements by drawing, adding
shapes, buttons, icons, or elements they found on the internet (e.g., a cartoon character). I
then facilitated family discussion and iterations on the design focused on desired information
and ideal features for a home display. Throughout the session, I asked about each member’s
specific emotion regulation behaviors and family dynamics. I also asked what, if anything,
they would like to see about themselves or of each family member, and to imagine and
then design anything a situated display could help them with about emotions. I specifically

probed for understanding about how families would like to use an interface to jointly reflect
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(a) Creature creation activity allowed exploration and learning how to co-design remotely.
Families explored manipulating objects while discussing mood and could use any of the
shapes available or create their own, increase sizes, draw, and more.
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(b) Initial mood visualization examples uti-
lized colors, proportions, tables, characters, and
timelines with tracked data to kick-start co-
design. Components were starter ideas and
families used them as well as created their own.
Inside Out image (C)Disney PIXAR.

(c) Initial example components for exercise vi-
sualizations (e.g., sticker, collaborative, com-
parative, progress-focused) and goal/reward
components from prior work like CoolTaco
[220], fitness data representations [11], and
ephemeral data sharing online [73] which fami-
lies used to create further components together
during sessions.

Figure 5.1: Co-design sessions had initial examples of components alongside wireframe for
tablet displays. These were useful starting points for families to create app designs and
think about what data was important to them and the support they wished to receive from
technology.
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on and/or visualize each member’s data and opportunities for features to influence their

collaboration, such as if it should do anything in addition to showing shared data.

Sesston 3: Co-designing use of family’s shared ezxercise and routine goal data. During
this session, I explored display designs to support collaboration with particular interest in
exercise and daily goals given the benefits of exercise and goal-setting for managing ADHD
[41, 214, 52]. This session was structured similarly to the previous one. I drew some visual
components from prior work on visualizing exercise tracking [11, 73] and CoolTaco for goal
setting for ADHD children with extrinsic rewards. The range of starter components was
meant to encourage families to consider different approaches to data use during co-design
and towards co-regulation benefits. During the session, I asked families about their goals
and exercise routines, any individual struggles in these areas, and to design and explain what
they would want to see about each other. Similar to the previous session, I also asked about

what a system on a display should do, if anything, in addition to sharing data.

5.2.3 Analysis

My qualitative analysis of the co-design sessions drew inspiration from the reflexive thematic
analysis process [32, 31]. T and two other research collaborators first familiarized ourselves
with the data by reviewing session memos and design artifacts. We then individually ob-
served recordings of six sessions for what participants said, designed, and behaved. We met
and brought observational notes, design artifacts, and session excerpts to be used in affinity
diagramming, which resulted in an initial codebook. I met with collaborators regularly to
code the remaining co-design sessions and refine the codebook. The final codebook had 6
higher-level codes and 33 sub-codes. For example, a higher-level code was “co-use”, that had
sub-themes like “reviewing”, “coping with challenges”, “nudge family time”, “learning with

data”. I used coded data and codebook to inform themes of needs and opportunities for
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situated displays in supporting family and ADHD co-regulation. Themes were then refined

during the writing process and in regular meetings with collaborators.

5.2.4 Limitations

I recognize that the limited number of families may have constrained the extent of my
findings. Recruiting neurodivergent populations for research poses known challenges, with
convention allowing as few as 5-10 subjects with disabilities [128]. I sought to mitigate
the breadth of participant experiences by recruiting both parents and children together as
well as extensively engaging with participants over multiple co-design sessions. I also see
importance of further understanding co-regulation needs among siblings, as ADHD siblings
can have heightened conflict in relationships [152]. The findings showcase some opportunities
for sibling co-regulation, and investigating how the different power dynamics as well as

opportunities for system mediation between siblings is valuable for future work.

My findings may not fully reflect families that differ in configurations and relationships.
Family socialization practices vary culturally [185], and it is likely that results differ for
families with and without ADHD from different locations and lifestyles. Study participants
were also typically upper or middle-class in the U.S. and had access to external resources
like therapy and school support. Families had supportive attitudes, generally wishing to
help each other’s growth and health. Some parents mentioned receiving some sort of par-
enting training. These prior experiences, while useful to inform their preferences, could have
directed how they envisioned using situated displays, such as integrating some expertise or
previous strategies they had experienced. Families with fewer resources, severe conflict, or
parental indifference might have different perspectives of technology’s role and that of situ-
ated displays in particular. All but one family had father and mother caregivers, and while

involvement from extended family was reported to be frequent, most families did not have
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extended family members living with them in the same household. It is possible that differ-
ent makeups of families could impact perspectives on how situated displays should involve

others in the household.

5.3 Findings

The qualitative analysis of design sessions and artifacts revealed opportunities to better
support family co-regulation by promoting collaborative data engagement during shared
time while enabling personalized use when alone. These strategies differ from existing family
informatics approaches that typically offer the same interaction and data usage for any
family member. In the next section, I detail needs for nudging collaborative reflection and
discussion for joint use while enabling learning about and support for ADHD. I then report
on needs for technology to empower individuals in their self-reflection and in service of family

collaboration.

5.3.1 Making Family Time Useful for Co-Regulation

As part of co-design sessions, families suggested that shared displays could help make family
time more productive for co-regulation. They envisioned it could help overcome the normal
hectic family routine and facilitate planned joint use, which would not typically happen with
individual tracking. At the same time, aligning system design and use with educational goals

could enrich collaboration for building self-regulation skills for better wellbeing.
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Nudging Joint Use Amid Daily Disruptions

Participants described busy daily routines with limited current practices around discussion
of how the family is doing. Design sessions indicate that technology could guide them to
come together and review tracked data as a family to support their co-regulation needs.
In particular, a situated and glanceable display in the home could allow for quick insights
to “make sure everybody’s being active” (P06) and how “the family is doing throughout
the day” (POT). Parents in this study further noted that, while helpful, the glanceability
of in-home displays alone may be insufficient for facilitating regular joint use and deeper
interactions with and about the data. For example, POl highlighted that “In-the-moment
discussions with the display can be complicated because we’ve got a ton of things that we’re
doing. We have our own agendas and we’re all trying to coordinate it.” P08 expressed that
this challenge goes against their “need to have more discussion with [CO8] to make things
more meaningful.” P06 speculated that a solution “would be something that would have to be
prompted, like ‘Hey, let’s check in and see how we did today’.” These reports indicate that

combining subtle ambient nudges with more active ones could empower families to engage

in data-driven collaboration while accounting for the distractions of daily life.

Informed by having been tracking with Apple Watches prior to the co-design studies, some
parents were concerned that remote and asynchronous tracking could focus on an individual
level instead of “overall overview of the family” (P06). On the other hand, families pointed
out that nudging towards joint use of shared in-home display could add support for co-
regulation in addition to or instead of remote tracking on children’s watches by providing a
“display about the group... the family as a whole and about how we are all doing, for everybody
to be healthy.” (P03). Similarly, PO1 considered how ubiquitous tools like smartwatches could

give the impression of connection but may lack deeper co-regulation engagement. He shared:

“I'm hesitant with ubiquitous technologies. The human quality interaction is
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degraded with technology. It is like high tech and low touch, versus low tech and
high touch. I think there’s a sweet spot somewhere in the middle. [Kids and
parents| they interact remotely. I'm thinking, ‘Just talk with each other!” So,
if it [display] is designed in a way that we are reminded, ‘Hey, look you quys,
these things you did through the day, or week, or whatever,” we can review what
happened together. Maybe like lightning [quick] events and discussing. It’s a

solution that is data-driven.”

In summary, by suggesting that technology could help with coordination of shared moments
for joint use, families pointed to the opportunity for systems to act as co-regulators them-

selves, guiding family time around data for collaboration.

Guiding Joint Reflection Towards Regulation Practice and Learning

Much like in other family informatics systems, families often pointed out the benefits of
awareness of each other throughout the day (e.g., “they can see how I'm doing... it would
be helpful to talk about it,” C02). Further, families pointed to opportunities to move from
awareness to learning and regulation practice based on tracked data, particularly about fam-
ily values and building skills for behavior regulation of self and others, emotion socialization,

and self-evaluation.

Family values: participants indicated that an in-home display could direct learning family
values about supportive relationships, such as empathy and connection. For example, P07
said CO7 “is a bit self-centered right now” and wished for practical support for creating
connection, speculating that the shared display could “direct conversations about the rest
of the family” by highlighting “how we’re all doing.” P08 wanted the system to emphasize
learning to be “grateful and appreciative.” P08 suggested that a home display could support

this practice through guiding questions like “is there anything that you were grateful for
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today?” and CO8 suggested displaying answers alongside tracked moods for family discussion
at the end of the day. In another example, FO2 wanted to emphasize empathy between family
members, and the mother said “we’re trying to teach compassion for others, for what others
are feeling too. So it’d be nice for him to see and understand that his brother had a difficult
day or if I'm having a tough day. I think that’s interesting because it would really make
the whole family kind of buy into doing this as well. It will be teaching him empathy with
other children and his family.” Overall, families saw opportunities for reflection to align
with educational nudges about family values and improve attitudes for co-regulation in the

home.

Self and co-regulation skills: Participants envisioned a display helping families jointly
review data towards building regulation skills, like problem-solving and comforting others.
Families mentioned that guided joint use should help address problems and teach how to
resolve them depending on what happened throughout the day. For example, P01 said
“we can look at it [data] back, and then reflect with him [CO01] to say things like ‘Okay, we
see this, you know, do you want to talk about it? Was there something happening around
[this time] we’re seeing?” CO8 envisioned joint display use could help constructive resolution
“when I did something wrong” or, for emotion regulation challenges, lead to opportunities for
providing coping or comfort “by asking ‘Why did you feel this way?’, ‘What happened?’ and,
like, if it is for mom, I could help her feel better.” In essence, families envisioned joint guided
data review as an opportunity to constructively target and resolve daily challenges together,

which would help teach resolution of regulation issues and nurture emotional support skills.

Emotion socialization skills: Families envisioned that shared displays could be a useful
space for discussing each other’s emotions and help mediate, promote, and practice emotion
socialization skills. Families reported how some children are reluctant to discuss their emo-
tions, perhaps due to challenges in regulating feelings. CO05 said that he does not like to

talk about his emotions but would want his dad to see them on a home tablet after tracking
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with his watch. In these cases, a display could be a mediator of emotion socialization. P05

explained:

“[C05] has a hard time controlling his temper. It’s a coin toss... [CO5] just won’t
talk [about and] express emotions. The thing that popped into my head is, while

he may choose to not interact with me, he does interact with systems.”

Beyond providing a tool for communicating emotion, families envisioned that using a shared
display system together could help normalize the topic by guiding shared discussions. For
example, P04 said “/C04] is a good kid, but when he gets frustrated, he doesn’t really talk
about that. For instance, [when I ask] ‘how was your day?’ [he answers] ‘good’. There’s no
‘oh, I struggled’ or ‘had a bad day.” What’s helpful would be to know his real feelings.” P04
then suggested that tracked data could be used to promote “conversation, like, ‘around nine
o’clock looks like you were frustrated, what do you think happened?”’ P01 considered that
having minimal emotion socialization practices could result from “huge amount of emotional
dysrequlation and just closed off between us [parents and] with the teenagers, it is a very
vulnerable time...maybe a system could help the parents understand and have an assessment
to then strike a conversation, it’d be helpful.” Fundamentally, jointly reviewing emotion
data through systems could facilitate family socialization and conversations around feelings,
enabling greater mutual understanding and internalizing socialization skills beyond system

use.

Families described how taking and sharing notes about emotion regulation states on a shared
display could help practice emotion socialization that could lead to fruitful conversations
around their data. PO8 said “What if there was this thing on the app where you can add
notes to how you feel?” after selecting from the mood options; PO1 considered the possibility
of “somehow asking ‘why?’ the mood ... and then using that later to look back at it and

reflect together”; and C03 said a system could stimulate to “save the reason” for moods to
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”

be “shared to the family as a whole.” Our discussions often highlighted that parents also

sometimes struggled with emotion socialization. CO08 said that often parents “just say they
are ‘fine’, but they aren’t... [Dad] there was this one time I asked you, [and] you said ‘fine’
but I don’t think you were...,” to which his dad responded “Oh, so the system could then be
to make sure how we are feeling, right?”, CO8 “Yes.” Emotion regulation can be a difficult
but necessary topic to address in families, as people might be avoiding sharing emotional
distress or dealing with struggles. Overall, by stimulating emotion socialization practice,

systems could nurture necessary yet challenging discussion about feelings, and reflection for

parents and children alike.

Self-evaluation skills: Families envisioned in-home displays to help promote self-evaluation
skills. They described how these skills could be developed if reflection and family discussion
were to be guided towards fostering goal-setting, self-monitoring, evaluating progress jointly,
and motivating continued efforts. Families explained that highlighting progress could help
“understand performance” (POT), “check if being consistent in doing a task” (P02), and “talk
to [children] about it and mess with the goals. Like, ‘did you set your goal?’” ‘Did you meet
it?”.”7 (P03). Families thought that motivation, a core component of self-evaluation, could
be targeted in a display by highlighting progress and recognizing when a family member
is effectively self-regulating. For example, participants imagined rewards for effective self-
regulation “If it is a really good day it could be like ‘reward: TV’ and the parents see this,”
(C04) or congratulatory messages (e.g., “If it is a good thing, say good job,” C08). For F03,
progress evaluation would be especially beneficial “for my kid [C03’s brother] who doesn’t
want to do anything, not to shame him. Because it’s really just based on improvement.”
C03 speculated that giving “awards to who improved” could also lead to family motivation,
and P03 complemented that “Maybe there is one goal overall where we are all meeting and

»

not competing.” Overall, families’ suggestions for fostering self-evaluation varied, such as
cooperative versus competition for exercise (e.g., Figure 5.2 vs. Figure 5.4) or using points

and awards for goals. Ultimately, most strategies revolved around being presented with
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opportunities to reinforce the importance of behaviors for regulated lifestyles, reflecting on

outcomes of efforts, and applying lessons learned on planning goals for what is next.
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Figure 5.2: Example of distinct goals between the collective and individual use of situated
displays. F05 created an interface to compare everyone’s step count (A), including the family
dog, alongside swimming-specific (B) metrics (e.g., dives, laps). In contrast, P05 reported his
personal interest in exercise tracking was to evaluate any negative side-effects of medication
to the child’s energy level and appetite (C).

5.3.2 Family Members Need Individualized Support for Their In-

volvement In Co-Regulation

Beyond using an in-home display for joint use, I observed ways that both parents and children
wished to use the device individually. Family members reported wanting to leverage their
family’s data conveniently on a situated display to understand how they could better support
the collective wellbeing and growth, as well as self-reflect on their own regulation and their
impact on the group. While it is somewhat expected that each member of a family might have
slightly different interests regarding the same data, what we see here is the way in which
families coping with ADHD, in particular, consider how a shared display might usefully
contribute to both their own self-regulation and the kind of co-regulation that happens
across family members. Independence and autonomy are clear goals for children in families,

while self-care and self-regulation in the face of parenting challenges tend to be priorities
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for parents. Taken together, the designs that families suggested point to opportunities for
both shared and individual reflection on family data with these various goals in mind, which

further supports my thesis.

My findings primarily highlight differences in needs relating to the caregiving role, par-
ticularly parents and children. However, I also observed that needs differ between family

members based on data interests. For example, the father in F03 said:

“There are things that matter to her [wife] that don’t matter to me. There are
things I want to see that she doesn’t. She is way into sleep tracking, and that
really matters and how much. .. but for me, exercise is the thing that I really
want to see. I mean, there would be some core piece, like family metrics, but then

everything around it is customizable for each person.”

Parents envisioned that it could “change depending on who [is using/” (P03) and had different
data emphasis due to perspectives on what behaviors were more challenging and in need of
greater attention and care. As the mother in FO1 mentioned, “children are different and
might have different conditions on top of ADHD. Maybe some needs are more relevant.” In
contrast, for independent use, I found that children have individual preferences and needs
about interpreting personal and family data and could need guidance on how to use the data
to inform their support of others. Overall, families envisioned in-home displays could adapt
to intentions and preferences of who was using them and in what circumstances, such as for
joint use, casual glances while passing by, or dedicated individual use according to specific

co-regulation needs.

Next, I detail particular needs I identified for using a family display between different mem-

bers, especially but not limited to adults and children, given their typical roles in the family.

125



Supporting Parents’ Independent Reflection and Caregiving

Parent participants envisioned that home displays could help them to reflect on ways to better
provide co-regulation with their child(ren) separate from joint use. While they acknowledged
that some independent use could be on a personal device, like a phone, they saw value in
redundant access to shared data through a situated home display. As P06 explained, “it
would be a little bit easier because it is in a centralized location”; P02 said “it is just nicer
to have more room over a phoned and watch,” and P08 noted it could enable coordination
between caregivers because “me and my wife want to talk about his trends and patterns.”
Parent participants also felt that situated displays could help promote accountability for

monitoring their children’s data. P03 explained:

“one of the problems with me is that her tracking [data/ is sitting on the phone...
and I just don’t look much at it because it’s not front and center, but if that was
on a wall, right in front of my face... I would use it more, like, if it was sitting

propped up on our counter, it would keep me accountable.”

Participants described that situated in-home displays could help them in “being consistent”
(P01, P03) in providing co-regulation. By being persistently being available in the home
environment, these parents considered displays would help them remember to review the

data to inform their next actions.

Overall, parents had three objectives related to caregiving that they hoped a situated display
could help them with, separate from joint use: First, parents wanted to reflect on their own
data to evaluate their self-regulation to inform co-regulation efforts. Second, they wished to
intricately review children’s data to identify potential risks. Third, they hoped to share data

and collaborate with experts on caregiving strategies.

Supporting self-reflection to aid co-regulation actions: I found that parents wished for
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in-home displays to guide them in reflecting on their co-regulation abilities by helping them
review their own health, wellbeing, and caregiving efforts privately while still referencing data
from other family members. P01 suggested a home display could support “a second overlay

A

that’s internal to the parent side.” He considered that comparing his own self-regulation
against his son’s could help him consider “what is going to be helpful and useful for [C01]”
because “I struggle a lot. The more requlated I am, the better I'm able to help [CO1] process
appropriately and developmentally whatever is happening with him.” P01 considered that he
could improve his role modeling by “recognize my own internal dysrequlation so that I can
be more measured” for co-regulation with others. Parents considered that tools could help
reflection by revealing connections between their own behaviors and those of their children.
P05 shared how his own behaviors are often mirrored by his son’s: “this is the most stern
child I've ever met in my life. I am stubborn too, so that’s why.” P04 explained that having
such insights could help him consider the impact of his self-regulation on the rest of the
family: “It is also about how I'm feeling and not only about him. Like, if at work I'm
frustrated, at least he [CO4] can see [on the display] that when he gets frustrated that it’s also
okay and, you know what? I got through it... so it’s not just a lesson for him, it’s a lesson
for me and him seeing life!” Parents explained that reviewing their data in light of the
family could highlight “co-regulation consistency in supporting our child” and because “the
problem is when I stopped, she [CO3] stopped” (P03) tracking and reflecting on goals with the

watch. By thinking about their own struggles individually, parents described opportunities

for a system to help them improve their participation in co-regulation.

While parents valued personal insights about their self-tracked moods to better understand
their role in regulation, they worried that sharing all their mood data on a family display
could risk other’s wellbeing. They believed that the risk of unintended consequences could
hinder opportunities for achieving role-modeling benefits. P06 mentioned how sharing in
the family would benefit C06’s learning as well as her own self-regulation but was wary that

sharing certain aspects of her day could be detrimental. She said: “I would love to track
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Figure 5.3: Children’s co-design outcomes were aligned with their understanding of data
over time and preferences for visual representations. C04 envisioned mood tracking similar
to a point system used at his school, with emotion regulation events assigned points that
accumulate over time into color-coded graphs for the day (A) and week (B). C05 wished for
character prizes to encourage his goal completion (C), but thought his dad would be less
interested in this interaction mode (D). Image (©)The Pokémon Company.

my emotions, like, see why I was so angry that moment. But it would... I'd be subject to
censorship, absolutely! I wouldn’t want to share with [C06] things too upsetting at work, you
know, I'm not going to put that on him.” Similarly, POl explained how sharing could be a
risk to children when parents are facing severe mental health issues, such as depression. She
said, “if a parent is depressed, what do you do? How far do you really want to go on sharing

2

information, like if depressed or suicidal? That can be dangerous.” Fundamentally, while
sharing parent’s self-tracking may benefit family functioning through affective expression and
involvement [231], parents may want nuanced control over what tracked data is displayed in

a family display to prevent negative impacts on their children.

Help identifying risks to the child: In contrast with “family time,” which may be
reserved for learning and joint reflection, parents described wanting to spend “alone time”
to explore children’s data and to identify potential health and behavioral risks. Family
displays were envisioned as guiding parents toward a deeper understanding of risks based
on patterns in children’s tracked information. In particular, the complexity of data analysis

and insights across time led parents to envision using family displays for these tasks on their
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own. For example, P02 explained:

“I want super granular data and be able to study it. It’d be nice to be able to
decipher all that. Like ‘at this certain time of the certain day of every week, he’s
always struggling’. That’s why I would want more data. Or if the app was able
to pick up on a trend, like [e.g.,] ‘it seems like he’s really struggling at like 9:30
am on Tuesdays,” so I could go to the school and ask what he is doing at that
time and then find out, like, it is PE, and he is struggling with that. [Timeline/

It is more than just the week because we are trying to pick up on all the trends.”

In a similar fashion, P08 said:

“I am a data nut, and we were talking about trends and trying to look at the
data and see if there’s a point at which we’re hitting fatigue that might impact
behavior. Or if it is because of a medication given at a certain time of day or if
there’s a change in environment at a certain time of day. So being able to drill
down, not just in the day or patterns over a period of weeks, but also the time of

day, that would be helpful.”

P08 explained that results from this exploration phase could later be used to inform parenting
and “to discuss with [C08].” Parents had specific questions about their children’s data that
they sought to answer and also wished for systems to identify patterns and trends based on
the data. They envisioned that these insights would then drive them to act in ways that

mitigated their children’s health risks.

Facilitating collaboration with experts to inform actionable interventions: Parents
envisioned that an in-home display could help integrate techniques recommended by the
experts who were involved in their child’s care. These points corroborate previous work

on families’ desire for improved collaboration support with clinicians [146] and children’s
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Figure 5.4: F02 created two separate designs for collective versus individual use of each
other’s exercise data. In (A), exercise contributes to a shared family goal, whereas in (B)
C02 envisioned a chatbot designed as his “alter ego character, Owltechno” (P02) to explain
his exercise, answer questions, handout points for achieving goals, and tell occasional jokes.
C02 explained that the chatbot was for his use alone and not available to others.

care networks [230, 229]. P01 mentioned that “these kids do need occupational therapy,
behavioral therapy, psychological therapy, educational therapy, it’s a lot of therapy [laughs]”
and suggested incorporating into a shared display ways of “working with a therapist... like
for a plan of things to think about and things to help them [children/, and linked to executive
functioning and the bigger picture of things.” In another example, P05 was interested in using
a shared interface to view everyone’s exercise tracking during joint family use (Figure 5.2),
but at an individual level was interested in reviewing exercise to evaluate “/C05]’s energy
level” because “the psychiatrist said that if it’s affecting the energy level, if they become [like]
zombies, that’s when there’s something wrong with the medication.” P05 suggested that the
home display could further support collaboration with experts by “taking the information to
the psychiatrist and having historical data to go over. We can adjust medication [...] That
could be good information if you have a psychiatrist that’s willing.” P01 similarly suggested
that the home system could help a “specialist to gauge what’s going on and to give feedback.”
Overall, participants wished that the family health data on their in-home displays could be
communicated to and integrate information from specialists to bring expert guidance into

the family’s support system.
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Supporting Child’s Independence and Contribution to Other Family Members

My analysis revealed the need for additional scaffolding for family displays to support mean-
ingful independent use by children. Children may require extra guidance to comprehend
personal and shared family data and identify concrete actions to help support others based
on the data, which ideally does not always need to be supported by parents. Rather, children
who are appropriately supported by technology can learn to interpret data about themselves

and others directly, interact with these data, and respond to what they have learned.

Helping children co-regulate others: Some of the children participants wished to help
other family members and considered that in-home display systems could potentially help
them independently review parents’ and siblings’ information to be a part of their co-
regulation. For example, CO3 said she wanted to review family moods so that “if they
felt sad, I could help them” or “assign rewards to them” as encouragement for goals to be
met. P03 complemented, “she is a leader to her brothers... She can help the rest of us.”
Some children desired system advice on how to co-regulate, such as C02 who said “You could
select a parent. If they have yellow or red [emotions on the display] a lot, it shows something
you can do with your parents for them to feel better. Like this: [types in the mock-up] ‘Give a
hug.” So it should give a different suggestion every day to do something with parents to make
them feel better.” By providing a personalized review of family data and co-regulation sug-
gestions, systems could empower children in their active role of supporting family members’

wellbeing through thoughtful co-regulation strategies and bonding.

Supporting children’s independent use: We found that for children to interact with
family displays by themselves, they would benefit from guidance that lines up with their

data interpretation skills and presents data relevant to them.

Families described the need for children to be able to understand data about their regulation

presented on an in-home display for it to support their independent use. P06 described C06
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as “he’s more visual, he likes Minecraft and Roblox characters, I don’t think he really grasps
numbers and graphs.” Similarly, PO1 explained that CO1’s “focus is really not on a lot of
his data; it’s more on higher-order stuff right now. He’s learning.” Some children might
have higher comprehension and be better able to make more sense of graphs and timelines
depicting the progress of behaviors. For example, CO8 said “you can look back almost every
month, then it will show us like oh I've been sad for this, this, and this...” Similarly, C04
designed a mood visualization (Figure 5.3-left) that not only shows the current day’s tracking
but also accumulates and graphs the data over the week, with a summary of each day, to
help evaluate regulation over the period. Overall, supporting independent use of family
displays requires accounting for varying interpretability skills and adaptable designs that

guide comprehension and reflection based on differing developmental levels.

Children participants had individual interests in data that they wanted to reflect on by
themselves, typically relating to exercises they did or specific goals they were pursuing. For
example, Children designed visualizations other than step count that highlighted exercise
specific to sports they practiced, like water polo (C07), swimming (C04), baseball (C06),
trampolining (C02), and diving (C05). This contrasted with family-level discussions, which
primarily utilized abstracted metrics, like steps, to enable comparisons, competitions, or col-
laboration toward a shared exercise goal. To motivate goal assessment when alone, children
brought up the use of extrinsic rewards. For example, C05 wanted to “unlock different Poke-
mon” when achieving goals, “like when I do the laundry or clean my room, I could get one
Pokemon each.” He was skeptical that his dad would have a similar interest in reviewing data
and motivation in that same manner (Figure 5.3-right). Other children similarly embedded
game and cartoon characters that they liked into self-directed interactions to motivate their

engagement and personal interest in the display.

Families considered that a shared display could supplement children’s independence by re-

placing some parental scaffolding, expressing that “we don’t want kids to be only dependent
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on adults to organize their life forever” (P01). They considered that individual reflection
and action for co-regulation could be supported through system guidance on “suggestions
on what to do” (C02) or an “initial set of actions to take” (P03) given their personal and
family data. Some considered that the guidance could be through automated features or
conversations. P01 mentioned that given C01’s challenges with data interpretation, a dis-
play could be useful to explain “in a way that is ADHD friendly... what to do with the data
and the purpose of what this is all about.” Similarly, C02 considered that his alone time for
reflection could be supported through a playful chatbot (Figure 5.4) that makes jokes and
explains data in a more adaptable manner than numbers and graphs, but that parents “they
don’t have access to” (C02) during family time, which would emphasize collective exercise

goals instead.

These experiences highlight the need for personally meaningful modes of interaction for chil-
dren that can potentially support self and co-regulation when alone. By accommodating
children’s diverse interests and developmental needs through personalized interactions, vi-
suals, and guidance, technology can play a key role in nurturing reflection and building
regulation skills during independent use. Customizing modes of engagement to each child’s
motivations and capacities can strengthen their ability to comprehend and learn from data
on their own terms, laying a foundation for increasing self-sufficiency alongside their agency

to support others in the family.

5.4 Discussion

The results of the co-design study with ADHD families reveal opportunities for in-home
displays to guide reflection and family co-regulation through both shared and individualized
modes of use, addressing the research question on how multi-device systems can facilitate

family collaboration via joint reflection with tracking (RQ3) but also indicating how these
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devices can support individual needs with interacting with personal and family data. Past
work shows family tracking can promote health via parent-facing systems (e.g., [40, 93]) or
by promoting awareness of health states (e.g., [202, 174]). My work builds on these past
findings by exploring how in-home displays can be supportive of co-regulation needs and
responsive to the context and intentions of use by family members. My findings indicate
that families envision such displays as a means of guiding their learning and practice of self-
regulation and co-regulation. For instance, they see these displays as tools to resolve issues
related to goal progress or the roots of emotion-regulation problems. They also anticipate
that the displays will help them re-evaluate their goals and provide comfort to others during
key moments. Key needs and opportunities exist for situated home displays to promote joint
reflection and action during family time and personalized use for individual regulation and
co-regulation when alone. Such systems could foster both co-located collaboration and the

opportunity for individual use centered on personal needs and preferences.

My findings indicate that families envision such displays as a means of guiding their learning
and practice of self-regulation and co-regulation. For instance, they see these displays as
tools to resolve issues related to goal progress or the roots of emotion-regulation problems.
They also anticipate that the displays will help them re-evaluate their goals and provide

comfort to others during key moments.

In the next subsections, I first describe these opportunities and explore how the findings from
this study augment and expand existing considerations for the design of family informatics
systems. I also specifically focus on design opportunities for supporting ADHD families in

co-regulation as a case of moving families from knowledge to action.
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5.4.1 Guiding Family Convergence for Co-Located Learning and

Co-Regulation Practices

When involving children, family informatics approaches to system designs often either focus
on guiding tasks for specific routines (e.g., bedtime [226]) or promoting general awareness
about specific domains, some through glanceable displays (e.g., for sleep [175]) or parent-
controlled dashboards (e.g., for physical activity [169, 202]). These approaches can be helpful
to families for gaining awareness about each other or motivating certain behaviors. My find-
ings build on these past works by highlighting participant’s expectations for home displays
to provide additional benefits by helping guide use of shared data. Parents and children
indicated that collaborative reflection could be more useful if situated displays help di-
rect joint co-regulation and learning skills to be used in regulating subsequent behaviors.
ADHD people and anyone who struggles with self-regulation may benefit from co-located
and learning-focused reflection. However, all families would likely benefit from informatics
systems that support their journeys from awareness to action through knowledge and skill

building.

Moving beyond general awareness to intentionally cultivating learning and growth through
data requires new ways of thinking about shared displays that leverage what we already
know about dashboard use in families as well as in other contexts. While prior work shows
that sharing health-related data in the family can enable communication, accountability, and
motivation [53, 202, 114], participants revealed expectations for home displays to nurture
specific values, social-emotional abilities, self-evaluation, and regulation skills. Thus, in-
home displays could support families by guiding joint reflection on lived experiences towards
collaborative learning and practice of regulation skills. By targeting learning and skill-
building for growth, reflection may avoid shaming and emphasizing regulation challenges or
failures that can unintentionally happen when comparing family members’ data [89, 202, 198]

and promote healthy practices for moments beyond system use.
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My findings reveal that family informatics systems could support intentional, productive
family time focused on collaborative data use. Situated displays might remind people about
their data and offer self-reflection [33]. Participants indicated that for complex health coor-
dination, such as co-regulation, family joint use would benefit from additional nudges beyond
reliance on the pervasiveness of home displays. One strategy proposed by prior work is to
leverage times when families already gather, such as mealtimes, to use family interfaces to
promote awareness [89]. However, families explained that the complexity of co-regulation
requires deeper and more frequent coordination, which bears with it the potential for distrac-
tion and reducing the value of moments during which families already gather. Intentional co-
ordination for collaboration that uses health and wellbeing data requires some self-regulation
and thoughtful action to plan around routines. The parent participants revealed how they
often struggled with these practices themselves and reported that because of the normal
hectic family life, important co-regulation needs and opportunities may be overlooked, even
if family tracking persists and data are available. Traditional passive and glanceable family
informatics approaches might then fall short in providing the support needed for families to

converge for joint co-regulation with the display.

In light of the need for family convergence around shared data, I see the opportunity to
design technology to nudge members to use in-home displays together. As one participant
suggested, a system could stimulate “lighting events” to call family members for moments of
togetherness to reflect on regulation efforts over days, weeks, or months. In such a scenario,
a system might leverage family member’s distributed devices. For example, smartwatches
could be used to nudge family convergence through glanceable cues on the home screen
or proactive notifications. Displays could similarly make use of glanceable animated nudges
[129] to highlight the opportunity or need for family time for co-regulation, such as whenever
there is an opportunity for role modeling based on positive regulation occurrences or if
someone has faced self-regulation challenges and could benefit from family support. Such

nudges could particularly be beneficial for people with ADHD to help call attention to a
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family-level co-regulation opportunity, but care needs to be taken for them to be subtle and

not disruptive of other tasks [48].

Family displays have the potential to guide reflection towards learning and practice, specif-
ically around self-regulation and co-regulation skills. In particular, family displays could
proactively suggest specific regulation strategies or simply share information at opportune
moments to help family members learn how to deploy these strategies themselves. A scaf-
folding approach might naturally provide such proactive suggestions for a time during family
joint use and then slowly wean the collective group from this support over time on an individ-
ualized basis. Similarly, tracking regulation has the opportunity to highlight when goals are
not being met consistently, exercise is not practiced, and moods indicate emotional struggles,
and then provide reminders for family joint discussion and educational information. When
jointly reviewing moods, a display could highlight subjective notes about tracked moods and
contextual automated data, like time and location, to help guide recall of events and conse-
quent regulation. As some families suggested, this contextual information could be useful to
understand reasons for behavior outcomes and support dealing with problematic situations.
This information support will be particularly important as advancement in passive cognitive
sensing continues to develop [208] and to lower dependence solely on memory for recall. Be-
yond simple reminding, situated home displays could build on research in learning systems,
educational technologies, and regulation development [221, 258]. For example, reflection
in the form of imagining alternate outcomes [122] can provide opportunities to learn from
mistakes or situations with regulation struggles. Thus, such systems could support learning
by not only reflecting past data but also helping families to commit to future regulation
objectives. Finally, reinforcement of learning for both individuals and the family as a whole
can be enabled by surfacing successes to be celebrated and shared just as challenges are part

of a comprehensive learning ecosystem for the family.
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5.4.2 Guiding Individual Use of Family Data with Home Displays

Prior family informatics work includes studies of dashboards and situated displays that offer
the same type of interaction and data representation for every family member [175], often
catering to children [202, 223, 135]. This has some benefits during joint use to promote
inclusion of all members and foster connection with one another [202]. However, study
participants revealed that this approach does not fully support their individual goals for
understanding and interacting with shared data. I observed that families want to share the
same data about themselves to enable shared moments promoting co-regulation but have
different preferences on what to see and how to use data individually that might relate to
their role and functioning in the family. For example, parents largely differed from children
in expecting a situated display to support them in assessing risks and ties between their role-
modeling and co-regulation efforts. Conversely, children provide their own interpretations
of their health data [15], which can constrain how they might use the data or create spaces
of misunderstanding between them and other family members. I noted that for children’s
individual interaction with family displays, some would require additional scaffolding and
support for use. Similar to how personal informatics has leveraged situated displays to
incentivize reflection focused on the self [33], my findings suggest that a family-centered
approach could benefit individuals and families by adapting to independent use in addition

to modes for joint family engagement while still highlighting shared data.

My findings indicate that caregivers might benefit from guidance in navigating family data to
understand behaviors deeply, comprehensively assess risks, and critically self-reflect on their
contributions to co-regulation. I observed that parent’s interests for independent use are in
line with motivations typical of quantified-self [44] or self-experimentation [61] aspirations for
using self-tracking data in hopes of uncovering insights useful to improve health decisions and
quality of living, such as identifying triggers and needs not easily observed. Parents could

benefit from guided use of family data to inform their parenting [114] and refine the support
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they provide their children as part of co-regulation by receiving insights about children’s
needs and struggles over time. This approach has the knock-on benefit of tying data to their

own self-regulation, thereby improving their parenting.

While a parent’s personal device (e.g., phone, computer) could suit individual usage, parents
in this study expressed that a situated display could additionally provide consistency and
deeper engagement with family data due to the ties between system use and their living space.
Some parents further explained that they often forgot that children’s data was available on
the phone app, and a display could be a more convenient way to remember to access the data.
Situated displays have the potential to serve as communal mediators for parent partners to
use together when discussing care for their children. Overall, while embedded in the home
ecosystem, family displays could better support parents with interactions beyond what might
be immediately understandable or relevant for children and joint engagement during family

time, but still useful for later normal family interactions for co-regulation.

Children similarly have personal interests, as well as constraints, for using family displays
independently. Past work in personal informatics for children has suggested that they can
prefer fun and entertaining uses of data [15, 193, 13|, such as using exercise data as a form
of competitive or collaborative game [170, 153, 202]. They might also have differences in
their ability to understand health data [15, 170], which highlights that guiding children’s
reflection in a developmentally appropriate manner is crucial for their engagement with
health-related systems. Child participants in this study did not own phones, and many
other families might have similar preferences given perceived safety and distraction risks [113,
213]. As such, participants considered that a home display could be a means for children’s
individualized access and use of family data. Still, I observed that data interpretation skills
and understanding of self-regulation influence children’s expectations for how the display can
support their independent use. Child participants explained that systems could help them

in making use of family data, especially how and when they could co-regulate others in need.
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When alone, children do not have the interpretation support that others can provide during
joint use [65]. Sensemaking might then be constrained if systems do not provide appropriate

levels of interpretation or guidance on how to use family data.

In light of the opportunity to benefit both parents and children as individuals as well as the
family as a unit, in-home displays could be adaptable to both individual and collaborative
uses. These kinds of adaptations likely require multiple modes of interaction, including, for
example, rapidly glanceable displays or short spoken summaries as well as engaging multi-
level decision support systems [155]. For children’s independent use, data must be adapted to
be comprehensible for different developmental levels, graphical literacy, and both literacy and
numeracy. Some children might enjoy comics and playful avatars for data explanation and
storytelling, while others might tend towards interactions that allow for self-experimentation
or long-term data tracking more in line with traditional adult behaviors. Over time, to help
reduce burdens in families, systems might also take on the co-regulation mediator role [48]
that is more commonly associated with a parent, grandparent, or older sibling. In these
cases, the integration of proactive suggestions for emotion regulation and support for greater
wellbeing would be essential to supporting children, their co-regulation partners, and the

entire family.

5.4.3 Incorporating Expert Guidance Into the Home Display

My findings indicate that co-regulation at home would benefit from display systems that
incorporate collaboration with school teachers, clinicians, and other experts. Families seek
a comprehensive understanding of their data, taking into account external influences that
extend beyond the confines of their homes. This collaboration within the care ecosystem can
offer valuable insights, fostering increased involvement and engagement by both parents and

children within the system [28, 29]. Past work has suggested the need to consider designs to
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improve communication between children’s broader care ecosystem [230, 146], and the study
findings specifically highlight the opportunity for situated home provisioning of personalized

regulatory recommendations and assessments for managing behaviors.

In-home family displays have the potential to act as a bridge to integrate key guidance
from clinicians and educators into the family’s everyday co-regulation practices at home.
Study participants considered that regulation at school were relevant to their in-home co-
regulation. Some also engaged in clinical care, like therapy, and saw an opportunity to
integrate clinician guidance into a home display to enhance family co-regulation practice.
This resonates with prior work on improving patient-provider collaboration through data
sharing [80] and work for pediatric care that posits teens could have more access to health
data and participation in their own care partnership with physicians alongside parents [100].
However, feasibility barriers exist [80], including privacy regulations (e.g., FERPA [78] in the
U.S.), avoiding information overload to clinicians, and establishing appropriate bidirectional

sharing between families and external experts.

In-home family displays could integrate expert input for family co-regulation practices. Es-
pecially considering children’s regulation, contexts about tracked data during school time
could be displayed when needed and informed by educators’ lived co-regulation events while
the child was in their care, such as adding contextual notes about positive or negative reg-
ulations moments in a class similar to notes commonly sent home by teachers. Similarly,
clinical experts could have input on actionable co-regulation suggestions for families to prac-
tice. Such input could come at moments when expert evaluation identifies intervention needs
or opportunities for growth, such as through evaluation of medication to exercise frequency

or challenges regulating emotions under certain circumstances.
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5.5 Summary and Conclusion

This chapter has presented an analysis of ADHD family’s co-design of situated home displays
for sharing tracking data towards co-regulation. In support of thesis claim T2, the findings
revealed opportunities for in-home displays to make family time more productive for co-
regulation practice and skill-building based on shared tracking data from other devices like
smartwatches. Families expressed a desire for system-guided activities and prompts towards
reflection, discussion, and problem-solving around each family member’s behavior regulation
related to moods, exercise, and goals. These devices could then provide a situated and
centralized interface available for the whole family to jointly engage with health data for

mutual support.

The findings also contribute to my thesis claim T1 by highlighting that family members have
individualized needs and preferences for engaging with personal and family health data. Chil-
dren wished to be able to independently comprehend this data in personally meaningful ways,
possibly needing more guidance for interpretation and how to co-regulate others. Parents
sought more complex data manipulation capabilities to identify risks and assess their own
caregiving efforts. This suggests that multi-device family informatics systems could provide
contextualized features and interactions depending on who is present to support the diverse

goals of individual family members alongside the joint use mode.

In summary, this study demonstrates the potential for multi-device ecosystems, particularly
those incorporating situated home displays, to facilitate both personal and collaborative use
of health tracking data within families. By providing opportunities for co-located engage-
ment as well as individual reflection and guidance, such systems can better support the

varied health and wellness needs of families, especially those managing chronic conditions

like ADHD.
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Chapter 6

Investigating Family Tracking and

Reflection Across Devices

6.1 Introduction

Building upon the findings of Chapters 4 and 5, this chapter investigates how integrating both
personal and shared devices can facilitate personal and family informatics. In the previous
chapters, my findings underscored the importance of seamlessly integrating personal and
shared devices to support a more comprehensive co-regulation ecosystem. By leveraging
the unique features of smartwatches for convenient contact with data, and home displays
for situated reflection, there is an opportunity to investigate both individual and co-located
reflection of family data while still highlighting personal data with self-tracking for self-
regulation. Therefore, this chapter seeks to contribute towards my thesis claims by answering

the following question:

RQ4: How might systems facilitate self and collaborative tracking and reflection across

devices?
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To address this research question, I designed and evaluated FamilyBloom, a multi-device
system that integrates tracking of multiple family members using their smartwatches and an
in-home tablet display. The smartwatch app enables family members to track their moods
and goals throughout the day. Both the smartwatch and the in-home display apps provide
glanceable views of personal and family data on the device’s home screen. FamilyBloom
was designed with the objective of involving multiple users and multiple devices in family
co-regulation of goals and moods. These domains can be challenging for any family, but even
more so for ADHD families, who can face heightened difficulties with goal management and

emotion regulation [214, 52, 102, 37, 67].

By analyzing data from a nine week deployment of FamilyBloom with twelve families, this
study contributes novel understanding of benefits and tensions of providing self-tracking

alongside shared tracking within the family for collaborative support.

Towards my thesis claim T1, results indicate that glanceable representations for moods and
goals on multiple devices can help individuals remember to self-track and reflect opportunis-
tically in-between activities and regular routines, both in the home and otherwise. However,
sometimes people prefer to change their watch’s visualization according to context, either to
track or display different information, or for simple and less distracting screens, like photos
and calendar. Additionally, the results highlight there can be a tension between providing
uniform goal tracking for both children and adults, and more robust goal management tools,
such as tools tailored to adult’s personal productivity preferences, or to incorporate extrinsic

motivation strategies for children (e.g., the CoolTaco system in Chapter 4).

Regarding T2, the system’s multi-device design enabled diverse family co-regulation prac-
tices, supporting individual and joint reflection about family wellbeing. The home display
proved to mediate some family joint discussions including the opportunity of involvement
of non-participant members not engaged in self-tracking themselves. The watch component,

although typically a personal device, enabled some joint use when families came together
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outside the home (e.g., coordinating goal-setting while commuting to school) and individual
reflection around each other’s needs when apart. Overall, results indicate that such family
shared tracking is useful to identify support needs and health risks, mediating collaborative
efforts. However, there are challenges related to shared sensemaking with mood representa-
tion modalities, which could lead to some worry when family members are unsure about the

intensity of perceived negative moods.

This work is under preparation for submission towards conference/journal publication and
was done in collaboration with Franceli L. Cibrian, Aehong Min, Jesus A. Beltran, Evropi
Stefanidi, Sabrina E. B. Schuck, Kimberley D. Lakes, Gillian R. Hayes, and Daniel A. Ep-
stein. I designed and developed FamilyBloom, study protocols, and conducted the deploy-

ment and family interviews. I led the study analysis and writing.

6.2 The FamilyBloom Design

To answer RQ4, FamilyBloom was designed as a multi-device system to support personal
and shared tracking of moods and goals within families. It comprises a smartwatch app and a
tablet app for a situated home display, connected to a cloud database for data synchronization
and sharing. FamilyBloom leverages glanceable visualizations across devices for reflection
when family members are apart and together. Building on the insights the CoolTaco and
Co-design studies in Chapters 4 and 5, FamilyBloom positions every family member as an

equal user with access to the the same self-tracking features and sharing capabilities.

In this section I give an overview of the process of designing FamilyBloom and detail the
main features relevant to RQ4, supporting self-tracking and sharing data with the family

across devices.
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6.2.1 Design Foundation and Process

FamilyBloom’s design is guided by design principles that surfaced from two preliminary ac-
tivities: co-design (Chapter 5) and an iterative series of low-fidelity prototyping. Low-fidelity
prototyping is useful to explore many design directions with less effort than programming,

evolving good ideas and quickly eliminating alternatives [245, 91].

I opted to use the Apple Watch and iPad as the platforms for FamilyBloom after evaluating
current wearable device options and their APIs. Therefore, I base some of the sketches on
Apple’s standards and the watch’s screen limitations. In particular, the Apple Watch’s home
screen has two main types of component spaces, (1) a larger area in the form of a rectangle,
or (2) multiple smaller circles. These components, also known as widgets or complications?,

are persistently displayed on the watch’s main screen.

Through a series of brainstorming and iterative sketching, I created multiple visualization
options falling under three main types: graphs representing one’s own mood and goals, graphs
representing multiple family members’ mood and goals, and abstract representations (e.g.,
flowers with petals for moods and leaves for goals). The sketches explored both personal and
family data, as well as rectangular and circular widget components (i.e., the types of Apple
Watch widgets). As noted in the previous chapter, colors are a useful and intuitive way
for children to represent moods, so for mood representations I chose to leverage the Zones
of Regulation framework, a popular strategy used in schools to teach emotion regulation to

children [111, 110]. Examples of sketches can bee seen in Figures 6.1 and 6.2.

I met with the research team to discuss sketches and iterate new designs. The co-design
and iterative prototyping process led me to establish the following design principles for

FamilyBloom’s development:

thttps://developer.apple.com/design/human-interface-guidelines /complications
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Figure 6.1: Example sketches for rectangle visualization that informed FamilyBloom. Some
explored seeing data from every family member or personal data only. Representations
varied from granular inputs per hour, aggregated in sequence or bar graphs, or abstract
representations in shapes like flower petals.

Figure 6.2: Example sketches for circular visualizations that informed FamilyBloom. These
sketches explored visualizations of a single person in granular, aggregated, or abstract forms.
Abstract representations were using geometric and symmetric shapes, or involving characters.
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. Avoid comparisons and center self-regulation: To avoid comparisons and com-
petition, visualization of family data should be granular per family member. For the
smartwatch, the larger area of the home screen should center personal data for self-

regulation and to encourage personal data engagement.

. Support both glanceable and detailed data visualizations: The system should
allow family members both a simplified and glanceable view of their data and the op-
portunity for more detailed granular data navigation, considering potential differences

in data literacy and preferences.

. Depict progress of time: Representations should convey a sequence of mood states
by groups of time blocks, providing personal and family awareness beyond a momentary

state at the time of visualization.

. Avoid nudging report of a preferred emotional state: To minimize report bias,
the system should not reward reports of an ideal emotional state. For example, if
the visualization took the form of a character, the user might be tempted to input a

“green” mood to make their character look happy.

. Avoid technical and social dependence for goal tracking: The system should
allow self-tracking to be independent of others’ involvement to minimize workflow

dependence on motivation and involvement of particular members.

Following these principles, I developed an initial version of higher-fidelity interface compo-

nents. I further iterated on this version based on feedback from the research team, two

ADHD adults, and a mother-daughter pair, with the daughter being in her late teens and

also with ADHD. The ADHD adults are fellow students at UCI and the mother-daughter

pair were volunteering assistance with the research team at the time.

The final mood tracking design follows a flower and clock analogy (Figure 6.3), with each

petal representing a block of time and colored based on the last tracked mood. When no
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12pm - 2pm

10am - 12pm 2pm-4pm

) Feed the cat
# callDebby

# Do my history homework
4pm - 6pm

Before 10am

After 6pm

Figure 6.3: The final modality representation for visualizing moods and goals in Family-
Bloom. Each petal in the flower representation takes the color of the last mood input in a
time block. Most petals represent 2-hour blocks, with the exception of the first and last, that
represent early morning and end of the day. Goals are simple text descriptions alongside
icons representing the goal’s state of “done” or “not done.”

mood is tracked for a petal-time block, its color stays gray. By associating petals in sequence
similar to an analog clock for a day’s tracking, the design supports quick visualization without
the need for granular navigation of all inputs while maintaining an associated representation
of progress of time and avoids nudging the report of any specific state of emotion. Additional
feedback suggested that some young boys might not like the flower analogy, so I designed an

optional star representation that has similar components to petals.

The final goal tracking design is a daily three-item list of open-ended text with icons indi-
cating goal completion status (green-checked for completed, blank gray for pending). This
simple tracking aims to reduce technical and social dependency while still allowing for ac-
countability through family sharing. Figure 6.3 showcases mood and goal data modality

representations, specifying the time block for each petal.

Finally, I conducted a three-week pilot deployment with two children and their mother, and
a 2-month deployment with my own family. These pilot deployments helped discover and
resolve bugs (e.g., synchronization errors), usability issues (e.g., outlining the petal for the

current time), and plan study procedures related to instructing participants and configuring
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their devices. I next detail the final design and main features of FamilyBloom per device.

6.2.2 FamilyBloom for the Smartwatch

The smartwatch app’s main screen (i.e., the watch face) highlights the user’s mood flower
and three goals (Figure 6.4a), centering self-tracking. Circular widgets represent other family
members’ data, displaying three letters from their names, their mood flower, and the number

of their completed goals for the day.

When users open the FamilyBloom app, they can navigate to screens for personal moods,
goals, and viewing family members’ data (Figure 6.4b). For goal management, users can
edit the text for each of the three goals and mark them as “Done” when completed (Figure
6.4d). When making a mood input, users first select a corresponding color (Figure 6.4e) and
then have the option to add notes before confirming (Figure 6.4f). The app also triggers
one notification per petal between 9AM and 6PM asking how the user is feeling, and if they
respond to this notification, the app opens to the screen in Figure 6.4e followed by Figure

6.4f for optional notes. Users could mute these notifications if they wished to.

To optimize smartwatch connectivity and battery life limitations, the app synchronizes when
self-tracking data is input. Additionally, family widgets synchronize every fifteen minutes
if no synchronization has occurred in the meantime. If connectivity is unavailable, data is

saved only locally and synchronization is attempted again when connectivity is regained.

6.2.3 FamilyBloom for the Situated Home Display

FamilyBloom’s design for the tablet is intended to provide glanceable and situated visualiza-
tions highlighting similar data as in the smartwatch app. The main screen (Figure 6.5-left)

supports glanceable family visualization by displaying the abstract flower representation and
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Figure 6.4: FamilyBloom on the watch centers self-tracking on the watch face alongside
smaller widgets for each family member’s data (a). The app’s initial screen (b) allows users
to navigate to mood, goals, or family views. Users can manage three daily goals through text
description and a ‘done” or “not done” state. Users can select a mood (e), adding optional
notes while seeing examples of moods associated with the selected color (f).
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Figure 6.5: FamilyBloom on the tablet displays glanceable information about each family
member, highlighting their flower mood abstraction and daily goals (left). Users can addi-
tionally see granular data for the last seven days per family member, clicking on data points
to read notes or goal descriptions.
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the list of daily goals for each family member. Users can customize each family member’s

background color and add a picture to make differentiation easier.

A secondary screen is available (Figure 6.5-right) for granular data visualization of each
member’s data for the last seven days. Users can click on a mood or goal data point to view
the associated note or goal description. In all of these interfaces, family data are displayed

individually to avoid direct comparison and competition.

Unlike the smartwatch app, FamilyBloom on the tablet is persistently connected data that
has been synced, providing real time visualization. This app is persistently displayed on the
tablet that is mounted in a commonly lived space in the home, like a kitchen counter or a

living-room wall.

6.3 Methods

I conducted a deployment study of FamilyBloom between November 2023 and March 2024
with 12 families with ADHD children to understand perspectives of multi-device mediated

personal and shared tracking in everyday life settings.

6.3.1 Participants

The FamilyBloom deployment was conducted with 12 families (44 individuals) (Table 6.1).
Recruitment was in collaboration with a local school and through word-of-mouth. To enroll in
the study, parents consented by signing a form and children consented verbally. Families had
to have at least one child with ADHD between 8-14 years old, and siblings could participate
if they were at least 6 years old. Overall, this study included a total of 14 ADHD children,

10 siblings, and 20 parent participants. F06 had two non-participating children that were
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Table 6.1: Participating families in the FamilyBloom deployment study.

. ADHD Non-ADHD . .
Family . , . ) Caregiver Location of
ID Children’s Children’s Participants Situated Display
Gender, Age Gender, Age
1 F, 10 M, 6 Father, Father Dining/Living room
2 M, 10 F, 13;M, 13 Mother Kitchen
3 F, 10 F, 7 Mother, Father Entrance
4 M, 9; F, 8 - Mother Kitchen/Dinning room
5 M,12 F, 10 Mother, Father Kitchen/Dinning room
6 F.9 F, 7 Mother, Father Dining/Living room
7 F, 10 - Mother, Father Living room
8 M, 11; F, 11 - Mother, Father Kitchen
9 M, 9 M, 6 Mother, Father Entrance
10 M, 11 F, 14 Mother, Father Kitchen/Dinning room
11 M, 12 F, 10 Mother Kitchen/
12 M, 10 F. 9 Mother Entrance

less than six years old, and the fathers in families F02, F04, and F11 did not enroll as
participants. The parents of FO8 and F09 disclosed being diagnosed with ADHD and it is
likely that parents in other families have ADHD but are undiagnosed given the heritability

of ADHD [77]. Table 3.2 summarizes details of participating families.

Participants were compensated individually in USD per activity: $10 for each week of using
the study devices, $10 per survey, and $10 per interview. Compensation averaged $151 per
participant. Alternatively to receiving the monetary compensation, participants could opt
to keep the smartwatch. The iPad 9th generation used as a situated display during the study
was given to families as bonus compensation when all members participated in all interviews.
In this chapter, T use F# to refer to a specific family, C#[a-c| to reference a participating
child ordered by appearance in Table 6.1 (i.e., ADHD diagnosis and age), and P#[a-b] to

reference a parent, also ordered by appearance in the table.
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Smartwatch

Figure 6.6: Visual representation of participant’s involvement in the study. Participants first
spent 2 weeks acclimating with the smartwatch after onboarding. Participants then were
assigned between two groups that had incremental experiences over 3 phases for 9 weeks:
first either with family data visible only on the watch or on the tablet, second with switching
where family data was visible, before a final phase with having both family data on watch
and home display. Overall, I met with families 5 times between onboarding, app and device
configuration, and conducting interviews after each reconfiguration.

Smarlwatch .

2 week experiencing 9 week deployment
the watch

6.3.2 Study Procedures

Families first received and used smartwatches for two weeks to acclimate to the devices and
then used FamilyBloom for nine weeks. To evaluate participants’ perceptions of different
device ecosystems for family tracking, families were randomly assigned to two groups that
gradually experienced different FamilyBloom configurations. One group started with Fam-
ilyBloom on their watches, displaying family data on the watch face widgets, while the other
group began with the tablet home display showing family data and watches without access
to family data (but still supporting self-tracking). Families could choose where to place the
home display and were encouraged to mount it on a wall or counter in an communal area
that everyone frequented. Table 6.1 lists locations of where families decided to position their
home display, with some locations being in-between and visible areas. After 3 weeks, the
groups switched configurations. For the final three weeks, all participants had access to

family data on both the smartwatch and home display.

In total, I met with families five times for planned activities, as depicted in Figure 6.6. In
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summary, the study phases were marked by the following activities and milestones:

1. On-boarding and acclimating with smartwatches: I first met families to loan
and configure smartwatches, helping pair them with iPhones if available or providing
a study phone if needed. Some parents (P03b, P04, PO5b, P06a, PO6b, PO8b, P11)
already owned an Apple Watch and preferred to use their own device in the study. This
phase aimed to reduce the novelty effect of the smartwatch and allow children to learn
how to navigate and interact with the device. I also explained the study objectives,

procedures, and expectations. This phase lasted for two weeks.

2. FamilyBloom setup: I met with families to explain and configure the FamilyBloom
apps on their devices based on their assigned group. If parents already owned phones
and watches, I installed FamilyBloom on their own devices. We practiced using the
app features together, and I answered any clarifying questions. Families then used

FamilyBloom for 3 weeks.

3. First interview: After the three first weeks of using FamilyBloom, I met with families
to discuss their experiences and perspectives on self and family tracking with their
current app configuration. The interview focused on self and co-regulation practices,
or lack of, with using FamilyBoom thus far. At the end of the interview, I prepared
device and app reconfiguration, taking away or adding a tablet, and explaining the

change. Families used the new configuration for three more weeks.

4. Second interview: After another three weeks, I met with families for another inter-
view about new FamilyBloom configuration, differences with the previous experience,
and any changes since my last visit. After the interview, I prepared devices and apps
so that participants had access to family data across both the smartwatches and home

display.

5. Third interview and off-boarding: After the final three weeks of using Family-
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Bloom I met with families for the last interview. This interview was about participant’s
overall experience, comparing the multi-device availability for personal and family re-
flection, and perspectives about future opportunities, such as sharing data with others
outside the family and leveraging sensed data modalities from the watch (e.g., heart

rate). Participants then returned devices and/or received compensation.

6.3.3 Data Analysis

My qualitative analysis of interviews with participants is inspired by the reflexive thematic
analysis process [32, 31]. Two other research collaborators and I independently reviewed
and open-coded two family interviews each. I then used the initial set of codes to create
an initial thematic mapping on a digital whiteboard, which was used iteratively with the
other researchers to review codes and elaborate themes. I then coded the remaining family
interviews. The final codebook had 10 higher-level codes and 37 sub-codes. For example,
a higher-level code was “Device boundaries for family sharing”, that had sub-themes like
“Involving non-participants”, “Impact of routines”, “Home navigation”. I used the thematic
mapping and coded data to structure the report of my findings around supporting reflection
and family collaboration across devices. Themes were then refined during the writing process

and in regular meetings with collaborators.

6.4 Findings

The deployment and evaluation of FamilyBloom with twelve families revealed varying per-
spectives on the utility, strengths, and weaknesses of the system’s smartwatch and situated
home display components. These perspectives were largely influenced by participants’ daily

routines and views on boundaries between personal and shared device and data use.
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Families perceived viewing family data on the watch as generally useful for staying connected
when apart and to increase awareness around each other’s regulation needs. However, some
participants rather occasionally changed or ignored the watch’s family display in order to
center the visualization around their own personal tracking needs and to be present about
their tasks and activities while apart from others. FamilyBloom on the home display was
reported as being useful as a situated reminder for tracking and reflecting, and a mediator
of family discussion and collaboration during some joint family moments. Overall, both the
home display and watch components of FamilyBloom were valued by families for opportunis-
tic access to data, enabling family collaboration and reflection despite individual differences

in routines and perspectives on shared health tracking.

Visualizing multimodal family data about moods and goals provided opportunities for family
collaborative support, but could also lead to uncertainties and worries. This was in part due
to the challenges in interpreting the mood representations and the motivation for goals.
Additionally, families reported situations in which higher boundaries between personal and
shared data is necessary to balance co-regulation opportunities with protecting others from
heightened anxiety during prolonged struggles and life adversities, such as hospitalization or
the loss of a loved one. Existing family strife or apathy additionally limited the utility of

family tracking and sharing for mutual care.

In the following subsections, I detail the results of my analysis of families’ perspectives on the
strengths and limitations of FamilyBloom’s multi-device aspect and their views on sharing

multimodal family data about moods and goals.

6.4.1 Perspectives on tracking and reflecting with multiple devices

FamilyBloom’s multi-device design provided families with multiple access points for personal

and family health tracking data, accommodating self-reflection and collaboration under dif-
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ferent contexts in everyday life. The smartwatch app component offered convenient and
persistent visualization for personal tracking and family reflection, while the home display
served as a centralized hub for individual reflection and mediating some joint family discus-
sion. Despite the personal nature of the smartwatch, it occasionally took on a role similar to
the display, supporting references to tracked data during social interactions between family

members, in and outside the home.

The different devices for FamilyBloom also introduce challenges and tensions, such as the
home display’s utility depending on home navigation and routines per family member. There
are also contextual factors and personal preferences that can lead to ignoring or removing
family data on the watch face. In the following subsections, I present the results related to
family perspectives regarding FamilyBloom’s multi-device utility the smartwatch and home

display components.

Benefits of glanceable tracking and reflecting with the watch face

The smartwatch component of FamilyBloom provided participants with convenient and per-
sistent access to personal and family tracking data, serving as a glanceable reminder for quick
self-tracking and reflection on others’ data. Participants found the watch face particularly
useful for staying connected with family members’ moods and experiences throughout the
day, even when they were not in the same location. For example, PO6a appreciated the

ability to check in on family members’ moods through the watch face because:

“I'm constantly moving, so I liked being able to see everybody’s moods on the
watch, because when I do get a moment to sit down I'm seeing how things are
going throughout the day for them, and I don’t get a chance to see the tablet

[home display] often.”
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Families generally perceived that the glanceable nature of the watch face facilitated realiza-
tion of other’s need for support. C02b noted, “It was really nice to check and see if anyone
needed help.” C06a reported how the watch’s body-mounted nature helped her to quickly

and casually reflect on other member’s needs:

“If you use the watch, you can feel it on you. I can look at other people’s stuff
on my watch, and then I go like, ‘Oh, I wonder why this person put this in.” I
think the watch reminded me more [about others]. All it takes is two seconds, a
quick look and it’s like ‘Oh, my mom is sad.” So I can go talk to them and figure

out why.”

These findings suggest that persistent visualization on the watch can be a valuable tool for
family members to stay connected and aware of each other’s wellbeing, even when they are

not physically together, and reflect on opportunities to provide support later when together.

Avoiding family data on the watch face to center the moment and the self

External stressors and the demands of daily routines can lead participants to intentionally
or unintentionally avoid family data on the watch face when apart from the family social

context.

Parents, in particular, mentioned how stressful situations and the rush of routine activities
could unintentionally cause them to ignore family data on the watch face even when
looking at the device. For example, P12 explained that “I was just stressed. Well, it’s
still ongoing. But this stressful situation, because of it I didn’t even pay attention to their
[children’s] colors” and instead viewed family data on the home display after coming back
from work because “its just there when I get home, its convenient. It kind of acts as a

reminder for you to see everyone’s data... its bigger.” Similarly, PO3a said “I am having
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to think about so many things throughout the day that I often don’t look at their flowers;”
PO6b noted “when I get really busy with work [remotely], I still always look at my watch like
for time, but then skip seeing their flowers;” and P09b said “sometimes my job is back to
back to back meetings. Then I have no time, then I forget to go back to the watch and look
at their flowers.” These examples illustrate how stressors and other demands on a person’s
cognition and attention can divert awareness from family data in everyday life, despite being

quickly accessible through the glanceable watch face.

Participants also reported intentionally changing between watch faces to focus data and
reflection on the self. People’s perspectives on using family data for personal reflection
shifted according to boundaries between personal and family environments, with intentions of
collaborative support shifting to self-centric needs around tasks and information not related
to the family. Participant’s reports indicate that such shifts typically occurred when they
left the social context of the family, such as for their routine work, even if working from
home. Participants explained that certain information was especially important for them,
such as COba wanting to focus on “my [exercise] rings during the day,” PO8b needing “the
GMT* a lot, because I work with [a company in] Japan,” (Figure 6.7b) and PO6b stating,
“the temperature, workout, and my schedule. Those are 3 things I check the most and I want
it there [on the watch face] to not have to jump around other screens.” P03b explained his

watch face preference (Figure 6.7a) during most of the day when away from the family:

“[T switch to] the watch face that had a lot more info. There’s one [widget] that
shows my heart rate. So I think about my heart rate when I see it. Why was it
so high earlier? Why was it low? So there are other ones that like to use. And
I switched from that one for the family. Maybe then just have the family thing

inside the app. I can just open the app itself.”

2Greenwich Mean Time, meaning he used to track different time zones
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These examples demonstrate how people might wish to adapt their watch face to track and

reflect on other personally meaningful information tied to context-related priorities.

Others intentionally changed their watch face during certain moments or events to avoid
distraction, opting for a simplified focus on time and hedonistic visualizations, like pictures
and cartoons. C04b explained that “at school, I did [mood] check-in” but sometimes Fam-
ilyBloom could be “distracting... so I changed [the watch face], I picked this [snoopy cartoon
watch face], it was less distracting.” CO6b sometimes changed to a picture of the family dogs
(Figure 6.7c) because “this one [watch face with dog pictures| reminds me of her whenever
I look at it (...) I still miss her.” PO08a similarly chose “just a background picture and the
time, just simple. Otherwise it’s like too much for me.” Her husband explained that “she
has so many other things going on right now” and she then added “I can guarantee a lot
of the moms probably feel the same. You don’t have time to sit down, you never stop mov-
ing, you know.” P08a concluded that after the hectic day’s activities, she would be able to
view everyone’s data “a time at the end of the day, when you’re more relazed” or if “if you
could instead talk to Siri [voice assistant] about your moods while doing activities, it would
be better.” These examples illustrate how people may prefer to tailor their access and review
of tracking according to cognitive state and other contexts. It also points to the strength
of having a situated display as a dedicated and fixed data visualization location byond the

personal device, wich is further detailed next.

Strengths of the situated home display for personal use

The home display provided several benefits for personal tracking and reflection, complement-
ing the smartwatch component of FamilyBloom. Participants appreciated the larger size of
the display and the ease of accessing data, which served as a persistent reminder that caught
their attention when navigating the home. P11 noted “I am sure we wouldn’t even have

remembered to track if not the tablet there, even with the watch. It’s super noticeable seeing
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Figure 6.7: Some participants viewed the watch face as a space dedicated to personally-
related data when outside the family context. These participants generally wished that
FamilyBloom’s personal tracking features could be contained within a small widget along-
side other non-family widgets (e.g., weather, exercise, or work-related information). They
reported that family-centered visualizations on the watch face could take away opportuni-
ties to display or track other personally relevant information when they were apart from
the family’s social context. To address this, they often switched between the FamilyBloom
watch face and other watch faces throughout the day, adapting to their shifting contexts and
personal needs.
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the gray flowers there.” P11’s report illustrates how the display often influenced individuals
to plan for self-tracking by reminding them about the availability of FamilyBloom and the

objective of family sharing.

Families also reported how the display helped individual access to shared data while in the
home for awareness and reflection about each other’s wellbeing. P0O6b mentioned, “Having
the tablet there is like a quick, it’s a very quick glance, I can check and see how, you know,
where theyre at with their check-ins, it’s a reminder. Like, I am concentrating on something
and I come in to grab something from the kitchen, a drink or snack, I’ll see it on the tablet.”
C06b added, “It’s like way bigger to see everything, and you can see their goals better.”
Overall, the availability of the home display supported people with multiple opportunities

to visualize and reflect on tracked data.

The home display also facilitated the involvement of family members who where not partic-
ipants and did not wear smartwatches, or when some participants changed their watch face
(e.g., see previous subsection). In F04, the father did not participate in the study because
“he can’t wear a watch because of his [non-disclosed] job” (P04). The home display allowed

him to engage with the family’s tracking data:

C04b: “I like the tablet because dad can talk to us about it.”

P04: “Yeah, he didn’t say anything before [when only with the watch/, just looked
at their watch just to see what it was. What I like about the iPad [now] is that
other family members who aren’t doing, having a watch, can still be involved and
participate and be more connected with the family. Like, he would see [C04b]’s
moods or mine and be like ‘Oh, are you not feeling well today?’ Like, he would
see that she was mad at school halfway through the day, or whatever, and they

would speak about it and find out what happened.”

@y

Similarly, F02 expressed that the home display was a positive redundancy because “it’s
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different, I mean it’s the same information, but it’s bigger and [husband] wasn’t part of
the study, but he could see that. So, you know, he could participate even though he wasn’t
wearing the watch.” Many people might prefer to not self-track with a wearable, but still
wish to be involved in family tracking. P07b self-tracked with the watch but explained that
“I typically don’t wear watches, you know. There is a lot of people that don’t want to use
Apple Watches,” with P07a adding, “he doesn’t like the actual feeling of things on his body,
even having the wedding ring is difficult.” Similarly, PO5a said “honestly, I prefer tracking
with this [smart ring/, its simpler and smaller. It tells my sleep and my energy level.” By
offering family data access even to those not actively engaged in self-tracking and wearing
a watch, the home display provided opportunity for involvement and collaboration to the

whole family.

The usefulness of FamilyBloom on the home display can depend on each family member’s
routines and physical movement within the home. Extended periods outside the home or
not passing by the room where the display was situated limited access and, consequently,
the opportunities to view and engage with data on the device. When asked about their

preference for family data on one device or both, F10 discussed:

P10a: “So it’s divided. For me and [C10a] we are home often so we see the iPad.
[P10b] and [C10b] aren’t here as much, so they use the watch to see the flowers.
The option to have it both places, that would be good, so whoever it suits best gets

it the way they wanted, you know.”

P10b: “Yeah, sometimes I am away for work for like three days, or will arrive

home really late, so seeing on the watch is better for me.”

Cl0a: “For me, I get home late from practice and maybe go in the kitchen really

quick, so I don’t really see it [the display].”

C10b: “I like both, it’s better. You can see it [data] everywhere no matter what.”
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(a) FO3 positioned their (b) F01 had their home display next to the (c) F09 moved their dis-
display in the living dinning area and used it for discussions during play from the kitchen to

room close to the home meals. the living room to be

entrance. closer to the front door
and where they stayed
most often.

Figure 6.8: Families typically positioned the situated display in their kitchen, living room,
or in-between, such as a wall in a corridor or close to the front door. Families reported that
opportunistically seeing the display in the home as they were going about the day reminded
them to track and see how others were doing. During some joint moments, like dinner, it
was also a useful reflection and discussion tool.

Some people might not frequent the space with the home display often, even when at home.
For example, CO5b said “I am never down here [in the kitchen/. I stay in my room [upstairs].”
PO7b said “I just don’t walk over there all that often. Maybe if it was by the refrigerator, or
something, where I might see it more often rather than having to go search for it.” Smaller
homes or when positioning the display in a corridor or access are (e.g., Figures 6.8a and
6.8c) can additionally influence how members interact with the display. Overall, individual’s
routines and where the display is positioned can inform how frequent one has opportunity

to view the situated home display.

These examples demonstrate how FamilyBloom’s multi-device approach can help account for
different preferences in families. By providing both the smartwatch and home display com-
ponents, FamilyBloom was reported to accommodate some of the varying routines and needs
of individual family members. While some participants benefited from the additional access

to data with the home display, others relied on the smartwatch for access to family data.
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The ability to choose between or combine these devices based on personal circumstances can

enhance overall reflection about other members in the family when apart.

Supporting diverse joint family uses

FamilyBloom’s multi-device approach supported various moments of joint use. Both the
situated display and wearable access to family data facilitated collaborative discussion and
reflection during some moments when family members where together, most often in the

home and sometimes outside.

Family’s reports indicate that the tablet’s situatedness in the home was often utilized during
morning and end-of-day communal moments, such as getting ready for school and during
dinner. When families were getting ready for the day, the tablet could serve as a reminder
to put the watch on and prepare family members to become mindful of self-tracking for
the day. P03b (Figure 6.8a) explained “it’s a reminder. With just the watch, sometimes
they [children] would forget to put it on, it stays on the charger [...] [With the home display
present] when we are getting ready for school, it’s right by the front door, so we then see
and remember, like, ‘qirls, go get your watches”.” The display also served some families to
stimulate joint reflection during mealtimes (e.g., Figure 6.8b), with FO1 noting, “It’s just
there during dinner, so it is like a reminder to go over the day and discuss. It becomes a topic
of conversation.” Similarly, P02 said “I would notice that they [children] would comment on
everybody else’s mood when we were in the kitchen, because that’s where the iPad was. So
I think having it be in a central area, creates conversation about it.” Overall, FamilyBloom
on the home display helped some families jointly coordinate and discuss their data during

routine communal interactions.

FamilyBloom on the watch also played a role in joint use during some moments throughout

the day. PO7a explained how they jointly used the device during commute to school for goal
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setting: “In the morning on the way to school, we will speak her goals into the watch and we’ll
talk about, like, the things that she needs to work on. For erxample, sportsmanship because
she plays volleyball so she gets upset at her teammates [...] It’s a time we have together.”
F06 established a routine of coordinating their morning routine alongside collaboration with
using FamilyBloom on their watches. PO6b explained that “it’s like a morning ritual;” CO6b:
“we do it [track mood] in the morning before school;” P06a: “there’s no specific rules or set
time about when it happens, it’s done casually with the watch as we get ready. So we’ll remind
each other to check-in [moods and goal].” P06a also described how the watch complemented
the tablet during joint dinner discussions: “we eat dinner very close to where the tablet
s, so we’re able to very easily look over and kind of get a good sense, but I'm just like
okay I'm sitting here with the watch, I always have it on, so we just use that.” As families
navigated different joint activities throughout the day, having the watch available during

social interactions was useful for some to collaborate around mood and goal regulation.

6.4.2 Benefits and tensions with mood and goal sharing

In addition to perspectives on device uses for tracking and reflecting, participants reported
on the utility of tracking and sharing moods and goals within families. Perspectives around
relationships and modality of data representations informed sensemaking practices and chal-
lenges, while social dynamics around accountability influenced the completion of goals in-

volving multiple members but often insufficient for personal goals.

Providing data-mediated empathy, connection, and social interactions

Sharing data about each other’s emotional experiences can lead to insights and better under-
standing of self-regulation struggles and needs. Most families reported that FamilyBloom

helped communication and connection with children’s needs. PO08b explained “I think it
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has been helpful knowing her [CO8b] extreme emotional swings. Being ADHD, adolescent,
pre-teen girl, there’s kind of been a lot of ups and downs and extreme ends of emotional
reactions.” P12 perceived an increased personal interest on her children’s emotional states,
saying “I'm definitely asking the kids more often about their feelings.” P07a detailed how
reflecting on her daughter’s mood data led her to have empathy and seek how to be more

supportive:

“It’s a visual map of really how she’s feeling throughout the day. Because a lot
of her ADHD symptoms caused her to have low mood, I think the fact that she
1s like documenting it makes me realize ‘Oh, she’s in a low mood and tired.” I
really understand more. It makes me sad because I don’t want her to feel tired, I
don’t want her to have a low mood, I want her to be happy and energized... So [

am like, how can I have a positive impact on her mood?”

FamilyBloom also helped children learn more about their parents’ needs, even though parents
tend to be more self-regulated than children. The parents of F06 reported how sharing their
own moods was important for their children to be more mindful of the parent’s own moods

and struggles:

P06a: “/C06b] was like ‘why were you blue today mom?’, and I’'m like then ex-
plaining ‘I'm tired, 1've had a long day’.”
P06b: “Yeah, I've enjoyed the flower because it is beneficial for them to see, like,

how we felt during the day, it starts up conversations.”

P06a: “I like it because we tell them we’re people too, we have feelings as well
and I don’t think that they always really think about that as kids, they think about
themselves and what’s going on in their lives, in their days. I don’t think they

always have an idea of what’s going on with their parents when we’re not all
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together, and even sometimes when we are together. So, I like that they have a

little bit of insight into how we’re doing throughout the day.”

By highlighting parent’s moods, systems like FamilyBloom can facilitate mutual understand-

ing of each other’s emotions and help build stronger family bonds and empathy.

Seeing family data when apart can help prepare for interactions and provide support when
families converge. Some parents mentioned checking family data on their way home to plan
how they would behave. P09b explained, “Before I come home, I'm checking on the watch
what’s going on. Like, did they have a rough day, a bunch of reds? And if I see that,
L'll adjust. Like, you know, I won’t be intense, making my bad jokes, or upset them, you
know.” Similarly, PO7b said, “I'll check the flower and see how they are, like if in a bad
mood and, you know, be more quiet [laughs].” Having access to family members’ emotional
states before reuniting allowed some parents to adapt their behavior and plan supportive
activities, demonstrating the potential of shared mood tracking to facilitate preparations for

co-regulation strategies ahead of time.

Helping identify risks to children and involve external support

By reviewing family data over time, FamilyBloom enabled reflection beyond momentary
states related to wellbeing and lead some families to identify trends of health risks. Such
data-driven insights lead families to consider sharing ADHD children’s data with their ex-
tended care team. While sharing with clinicians was seen as a normal part of care, perspec-
tives around potentially sharing with teachers largely depended on existing student-teacher

relationships.

Sharing mood data during clinical visits was seen as a way to improve clinicians’ understand-

ing of children’s regulation and inform care. F02 detailed how FamilyBloom helped identify
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depressive periods for C02a and inform the collaboration with their new medical provider,

ultimately leading to a change in treatment and medication prescription. P02 explained:

“He was blue [flowers] a lot, over and over blue all the time. I don’t think we
would have been aware about how often he was blue if it not for the app. So we
took it to his new doctor and, you know, with the anxiety and the problems, they
ended up changing his medication. From all of this, our big great thing is that he
got his medication changed and, since then, he’s a lot happier and started getting

all these greens.”

When it comes to sharing data with teachers, children’s willingness depends on their rela-
tionship with the teacher. C04b mentioned, “/my teacher] she asks me how I am feeling and
she helps me.” but her brother, C04a, stated, “It’s private... I wouldn’t share ever [with my

teacher].” C09a also expressed discomfort with sharing data with a specific teacher:

C09a: “I don't like him [teacher]. Because, like, he doesn’t care and just tells me

to focus on my work. I don’t want him to see my [mood] stuff.”

P09a: “Well, the red petals [at school] is usually because you are upset with him
[the teacher], right, with something he said or did. What if he seeing your red

petals prompted him to change how he interacts with you?”
C09a: “Mom, that doesn’t make a difference!”

P09b: “But if he sees you are sad, then maybe he will see he is upsetting you and

make him change his behavior. What do you think?”
C09a: “Still no.”
P09: “And what if it was Mr. [previous teacher]?”

C09a: “Oh, yeah, sure, he is understanding. He is super nice, he is one of my

favorite teachers.”
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Parents can have concerns with teacher’s interpretation of children’s moods with limited

contextual information. For example PO6a mentioned,

“Sometimes kids can get upset for the littlest things, it could be for various rea-
sons. Then the teachers are seeing like just a bunch of whatever, reds. So, you
know, it could definitely be taken out of context... The teacher’s insight is re-

stricted.”

This perspective highlights the need for careful consideration of how mood tracking data is
shared and interpreted by individuals outside the family as the data may lack nuance and

depth of context, potentially leading to misinterpretations and misunderstandings.

Some conflicts and apathy became more apparent

While FamilyBloom generally facilitated empathy and connection, for some families the ex-
perience with the system highlighted apathy and distances in specific relationships. For
example, C12a explained, “To be honest... like, I don’t really care [for seeing mom’s emo-
tions/. Not to be rude, it’s hard to explain. I don’t know. I am curious about what new thing
she put in, but other than that, I don’t really care.” Overall, some participants expressed
a lack of interest or concern about how others felt beyond just being curious about their
data, shedding light on challenges with affective expression and involvement families might

be facing.

Family strife and apathy could diminish interest on reflecting about each other’s emotions.
For example, in FO7, the relationship between daughter and father was tumultuous while the
relationship between daughter and mother was less so. In the first interview, PO7b explained
“Honestly, she [COT] doesn’t give a shit about my feelings,” while the mother explained “she

did ask me about my color, how I was feeling.” However, over time, the system seemed
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to foster some empathy and discussions. In a later interview, the mother P07a explained
an evolution: “It was really helpful with giving her [CO7] the opportunity to express herself
and for her emotional state ... I felt like [PO7b] was more involved this time. And sort of
recognizing how she’s feeling! Like, ‘Oh, you’re upset, like, why red?”’ In another example,
PO8b explained that “C08a can be a bit mean when he is bored... There was one time he
teased his sister because she was upset or something and had a red petal. They had a little

”

argument, so you know, we stepped in.” Overall, improving family awareness about each
other’s feelings does not necessarily eliminate conflict but can help mediate some discussions

that might lead to resolutions.

Families’ experiences indicate that awareness and sharing practices, while it can promote
some reflection, can still be limited by challenges in family functioning and affective attitudes
between some members. Systems like FamilyBloom have the potential to facilitate empathy

and connection while practical use is influenced by relationships within the family.

Practices and limitations around accountability driving goals

FamilyBloom’s glanceability provided participants with persistent visualization of goals, but
accountability for goal execution via sharing in the family was typically limited to goals

involving multiple family members or related to the home environment.

Seeing personal goals consistently served as a useful reminder for participants about their to-
dos. However, motivation towards achieving personal goals depended primarily on intrinsic
motivation and circumstances rather than system mediating co-regulation from others. For
example, CO4a expressed her intrinsic motivation alongside being reminded when she said,
“It helped me with my list [of goals] and to do them. I can check them off on my watch
whenever I go anywhere.” P04 expressed similar appreciation, but realizing the challenges

with completing goals: “I see them on the watch and it reminded me that I needed to do
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these things, but I have so many things going on. Maybe I need to change them [goals] to just
be a bit kinder to myself.” POla also appreciated that FamilyBloom helped keep goals in
mind throughout the day, saying, “I like how it reminds me of my goals. It has kept me like,
I wanna do it, its something for me to keep in mind, even if I have meetings back to back
all day and won’t be able to complete it.” These experiences highlight the value of persistent

goal reminders in supporting individuals, even if goal completion is not always achieved.

While participants praised the self-tracking aspect and glanceability of devices, parents did
not particularly see benefits with others seeing their goals. P03b said, “it’s nice to see the
goals but I don’t know if it really matters for them [family] to see them.” Children noticed
when parents did not complete or tracked personal goals (e.g., “They weren’t doing it! I was
the only one!”, C11b). These personal fluctuations and preferences for goal tracking might
have led to families not holding each other accountable for checking goals as “done” in the
system. This is exemplified by P04’s concluding thoughts: “I think the goals are good for
them individually, for them to remember, but then, I forget or am super busy, or sick... So
yeah, the goals kind of fell off to the wayside.” Overall, the shared nature of tracking goals
with the system led some to reflect on the challenges of completing them and how others in

the family can have a similar experience.

For children, especially those with ADHD, intrinsic motivation may be less prevalent, and
some families expressed a desire for features with extrinsic structures to support goal achieve-
ment, such as rewards. Families often compared the mood and goal tracking interaction
modalities, wishing that goal tracking could provide a similar sense of satisfaction as “com-
pleting all the petals in my flower” (C06a) over the day. They suggested incorporating
“gamification, reward system” (PO8b) elements or even simple visual reinforcements like
“sparks, fireworks [animation] when I finish my goals” (C08a) or “a rainbow!” (CO8b). Ul-
timately, when asked about tracking and sharing goals, families often reported a general

sense that FamilyBloom’s goal features were missing elements that could make it more en-
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gaging and rewarding, similar to the CoolTaco system described in Chapter 5, as opposed
to the current simplicity of a shared list. These findings suggest that future designs for
family goal tracking systems should consider incorporating more interactive and motivating
elements, particularly for children with ADHD who may benefit from additional extrinsic

reinforcement.

Some parents considered that personal goal management can be complex, requiring more
capable tools and may not necessarily need to be shared with the rest of the family. PO1b
explained, “my goals are bigger and there are several, not just a daily thing, they take more
time and preparing. I am not going to put ‘write proposal’ there as my day’s goal. So,
I haven’t been using the goals [in FamilyBloom/, it hasn’t been really useful.” PO8b also
preferred using other tools for managing personal goals, stating, “Honestly, if it’s a personal
goal it is probably on my computer, like on a list in Outlook. If the watch was integrated with
that, I could track them, but as it is, it is one more thing for me.” While goals on the watch
face can help with remembering, it may not always be the most effective tool for managing
complex personal goals, which can range from personal and work, varying in number, and

more.

Families reported accountability practices specifically for goals related to the family envi-
ronment, such as home-related activities, contrasting with their approach to most other goal
types. In FO8, the accountability of goals focused on chores, which they currently managed

using a wall chart (Figure 6.9). F08’s parents explained:

P08a: “So we have a chore chart, it is for [P08b] and I to have our daily things,
and also getting the kids more involved. It has goals for everyone in the family
for different days, so it is helping teaching accountability because we all live here
and need to do our part. It usually falls on me to do a lot of chores, but in this

way everyone can see that the others, even their dad [PO8b], is doing it.”
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PO8b:  “Now, if you wanted to really get into this, maybe the watch and the
tablet [with FamilyBloom] could be tied to something like this, home skills, where
anyone can tap on the screen for goals like this. And for other goals, like if [C08a]
achieved his goal of ‘sharing’ or ‘kindness,” then either we could tap he did it,
showing that we appreciated it. Because often he says we don’t appreciate him.

That is something that would integrate well.”

Accountability was also present for goals related to quality family time, which could otherwise
be overlooked due to busy schedules without system support. P05b said, “well, the most
efficient [goal] ones for me was the ‘connect with [C05a] and [C05b] for 15 minutes,” every
day. They made sure to remind me to do that one, like ‘we still haven’t done it!’, so yeah,
they made sure I didn’t forget to do that one.” Similarly, P02 shared, “I wasn’t too good
at doing my goals. Except the one about [C02a/. He would say ‘Mom, when are we gonna
play together? You haven’t met your goal yet so you can’t check it off.” So that goal helps
me to make sure I do that, and he knows that’s my goal. So he holds me accountable, he
makes sure that I do it.” These examples demonstrate the potential for systems to leverage

accountability for shared family goals related to joint activity.

While co-regulation can be beneficial in helping children focus and engage with goals, my
research indicates that accountability might not be present or enough when families have
shared goal-tracking. Adults might wish for more complex management of their personal
goals and might be more understanding of children’s goal-directed challenges when consid-

ering their own fluctuations in achieving routine goal.

Tensions with sensemaking of shared mood data

Making sense of each other’s moods through FamilyBloom raised tensions related to the

modality of mood representation and the effort required for self-reporting notes for context.
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Figure 6.9: FO08 explained that shared goals in FamilyBloom would have been better if
focused on shared tasks related to the family context, like chores and responsibilities in
the home. The parents explained that by situating these tasks and demonstrating that
everyone had equal responsibilities over the week, it would provide a sense of justice with
equal distributed effort. They explained how this would improve their current strategy of
using a whiteboard in the kitchen by integrating with personal watches.

Families viewed the color and flower modalities as useful representations for a general aware-
ness of emotional states but wished to understand the underlying reasons and details. Higher-
level sharing can lead to eventual conversations for clarification (e.g., “if it’s red I asked them
‘Why?’,” C0la), but potentially also lead to confusion or uncertainty before such opportu-
nities arise. Families shared that the colors were “a little bit tricky... it can loose their
meaning” (P02) for interpretation, or “sometimes I don’t understand what the colors mean.
Like how bad is that blue or red, orif it is a good thing, like excited,” (PO7b). This potential
ambiguity of the modality could stimulate people to be reluctant with how they tracked,
such as C04a who said, “I get mervous that they will get really scared when I put red or

blue.”

Abstraction of mood representations can also lack insights into intensity of mood states,
which also can lead to worry or uncertainty on how family members can intervene. F05 had

an extensive discussion around such uncertainty:
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P05a: “This doesn’t happen with green [mood], everything is fine, balanced, happy.
[But,] I'm worried that if I put blue, I kind of felt sensitive to, like, them misin-

terpreting tired or sick with something bad, you know.”

CO05b: “Also, it is sometimes hard to pick just one color, I can have more than

one emotion at the same time.”

PO5b:  “I'll echo what [P05a] said, like there are a wide spectrum, so is it like
panic or scared? Is it angry or frustrated? So that impacts the conversation, [
am thinking if there is a need for intervention and assistance, or more like just

circling back about the mood.”

The opportunity of adding notes to mood inputs was leveraged by some to add context of
cause or depth, such as for PO6b, that expressed their appreciation for the feature: “I’ve
enjoyed it because I can kind of see how they are. But we wanted to know more about ‘why’
the girls’ colors were like, red or blue. Later, with the tablet we were able to check the notes
for their moods and that was interesting... Sometimes I could actually hear them in their

rooms talking to the watch about their feeling [adding notes to moods].”

However, adding notes could require more effort both for input and intentional review. For

example, FO5 continued to discuss the tension between specificity and effort:

P0ba: “You can add notes, but that’s more work and we haven’t been using those.”

CO05a: “Or a number, like one to ten for how much. Or maybe select the mood

[icon] in the color.” (i.e., example icons in Figure 6.4f)

P05b: “But then, the conflict is I really like how quick it is right now. It’s like 3

clicks and done.”

By proposing a range of modalities for intensity or specificity of emotions, FO5 considered

different solutions, but with the need to consider the balance for quickness of self-report and
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detail for family sensemaking.

Moods and emotions can be seen as abstract or hard to represent and understand. While
people may know the ‘why’ of a personal mood state and the nuances of related circum-
stances, for the sensemaking of others reflecting on shared data the ambiguity or lack of
detailed depth and context can stimulate uncertainty and worry. The tensions between the
effort required for more detailed mood tracking and the desire for quick and easy tracking
highlight the challenges in designing for balancing effort of self-reporting mood and providing

details for family reflection.

A need for boundaries of self-tracking and family sharing

Despite a general positive perception of FamilyBloom’s default sharing of self-tracking data
to the family, participant’s reports indicate a need for supporting boundaries related to

access and representation of personal data.

FamilyBloom’s participants described situations of purposefully avoiding self-tracking for
family sharing to shield others. For example, PO8a said “We lost my dad last year, and my
best friend died of cancer all within like months of each other. I don’t necessarily want my
kids to see over and over ‘mom was sad again’.” P05a explained how several events led them
to refrain from tracking and sharing: “It was a crazy month. My mom got hospitalized for a
week, then we got sick for a week, then we lost our car and had to figure out buying a new
car.” and P05 added “It was freaking chaos... and then, it was almost kinda of like I was
trying to shield the kids, because her mother was at the hospital and it was pretty worrisome
and we were saying ‘its going to be OK.’ But at the same time, you know, they would have
been seeing red or blue for us.” These findings indicate how some family members perceive

that sharing of data representing extreme stressful situations could be detrimental instead

of building co-regulation, preferring to address such situations through other more sensitive
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social interactions instead of through technology.

Avoiding shared tracking can be with the intention to avoid family discussion altogether. In
the first interview, POla and PO1b explained that they had gotten into a serious disagreement,
so “for those days I was really mad. I didn’t put anything [moods| for two days because I
didn’t want all red flowers, twenty-four hours of red for them to discuss. I really didn’t want
them to engage about it.” P07a wished to keep a higher boundary between her moods at a
stressful workplace from her home environment, saying “if I had a bad day, I think I try to
not bring my work home, or like the behaviors I have at work. I don’t want to bring them

”

home.” Children also expressed a desire for control over their data sharing. CO05a noted,

“sometimes people want to share, sometimes they don’t... When I didn’t [want to share], 1

)

Just put a green [mood] or nothing.” CO02b said, I erased my goals.... I don’t want them
telling me what to do.” POl responded jokingly, “Its fine, he is only 6, his goal is to survive
[laughs].” Overall, when participants wished to refrain family engagement about certain

parts of their lives or discuss certain events, they opted to not track these moments at all.

Family and personal boundaries for sensemaking can encompass both the representation
of data for personal reflection and the boundaries of sharing specific data itself. Some
participants in the study articulated personal preferences regarding the mood data modality
for personal sensemaking versus when shared. For example, FO7 discussed these distinctions

by reflecting on two “layers” (P07b):

PO7a: “I think it needs to allow personal customization, like for different shapes
and colors. Like, for me, blue is calming, centered. I am gonna choose the colors
that are meaningful to me, like I love pink instead of the green. So that it is more

personal.”

PO7b: “You know, like everyone has different personal concepts for that. So it is

up to the individual to select a color for themselves.”
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Interviewer: “But how does it look like when shared?”
PO7a: “Maybe its numbers one to five, for low and positive mood”
PO7b: “Or the current colors”

CO7: “Honestly, since I've been going to the school for one and a half years, they

have been teaching me the colors, so its pretty easy for me.”

While default sharing of family data offers much opportunity for collaboration, reports such
as of FO7 indicate that some families wish for higher boundary-setting flexibility around
personal data representation and a opportunity to delimit sharing under particular situations

deemed not be desirable for the family environment.

6.5 Discussion

My analysis of the FamilyBloom deployment has provided insights into how multi-device
systems can facilitate self-tracking and collaborative reflection across devices (RQ4). While
existing research in family informatics has predominantly focused on supporting reflection
through single devices, such as parent-controlled mobile apps (e.g., [40, 202]) or a family
dashboard (e.g., [175]), the multi-device and multimodal nature of FamilyBloom enabled
diverse forms of engagement with tracking data for when family members were apart and
together. This approach allowed participants to track and reflect on data according to their
individual routines while also fostering new opportunities for joint reflection and problem-

solving when used collectively during family time.

My findings indicate FamilyBloom’s was useful in promoting family connection and collabo-
ration around health and wellbeing. By offering glanceable views of family members’ mood
and goal data across devices, the system facilitated convenient interaction for insight into

each other’s emotional states and challenges. This sometimes fostered empathy and mutual
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understanding among family members and provided a platform to mediate discussions, even
for those not actively self-tracking. This finding builds upon prior research highlighting the
potential for family informatics to enhance family connection and awareness [175, 176, 229],
and indicates how multi-device multimodal systems can extend these benefits through mul-

tiple access points and data representations for shared reflection.

However, findings revealed important tensions and challenges that arise when designing
family-centered tracking that targets collaborative reflection. For shared moods, these ten-
sions can be around modality trade-offs between representation for simplicity versus nuanced
expression and contextual details. People might also need more control over boundaries of
default sharing of moods to have the power of avoiding undesired family discussion or to
shield others from heightening stressful life struggles they might already be involved with or
aware of. For goal tracking, there is a similar tension, with limited accountability practices
depending on scope of goals and some wishing for more complex, person-centric goal man-
agement. Addressing these tensions is important for systems to satisfy needs for both the

self and family layers of health management.

6.5.1 Glanceability Across Devices for Supporting Reflection Amidst

Family Routines and Preferences

The multi-device design of FamilyBloom facilitated reflection among families in various per-
sonal and family circumstances, spanning from planned discussion moments, like mealtime,
to more spontaneous moments like getting ready for the day or during commute in the family
car. Participants reported using both the display and smartwatch components individually
and jointly. While it was expected that the display take on such uses (see Chapter 5),
smartwatches are typically a personal device but still mediated joint discussion around data.

By providing access to shared data across devices, families took advantage of both planned
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and spontaneous opportunities to check in on each other’s wellbeing and discuss how to
provide support. This finding aligns with prior work highlighting the potential for ubiqui-
tous technologies to facilitate family communication and coordination around health (e.g.,
[176, 88]). Findings also extends recent research on the use of situated displays [222, 104]

and smartwatches [27, 87] to support collaborative reflection within families.

Despite these advantages, some families had members that were not self-tracking or with
personal preferences around what device to use for reflection on family data. As reported by
participants, some people might have tactile sensitivity and prefer not to use a body-mounted
device, or have other preferences on how and where to track, such as with a smart-ring, phone,
or on a home display. Results from my study indicate that people might wish to shift from
family-centered tracking to personal information needs when their own contexts shift away
from the family’s social contexts, like during work. Others might prefer to not self-track
at all, but still desire to make use of family data as a mediator for their own supportive
actions. These findings showcased some limitation of smartwatches for family informatics,
but indicate that expanding family informatics to support more devices and different ways

of engaging with data can be inclusive of idiosyncrasies of personal and group preferences.

Future family informatics systems could be more inclusive of individual preferences by incor-
porating a range of personal devices and interactions that best satisfy personal experiences,
affinities, and circumstances in respect to using family data. This expands on my initial
study, described in Chapter 3, around multiple devices for data collection [220], by indi-
cating that glanceable visualization for reflection can also benefit from being in multiple
devices. Future systems could also tailor family joint use according to shared routines and
circumstance. For example, while the watch was used outside the home for joint goal-setting
and discussion, such as on the way to school, there might be better interactions that account
for turn-taking in leading data input, the adult’s multitasking while driving, and more.

Similarly, systems could adapt visualizations and interactions to the family’s context and
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activities, such as while getting ready in the morning or reflections at the end of the day dur-
ing dinner time. Future work could explore how joint family engagement can be supported
under different circumstances and with different interaction modalities. A challenge remains
in providing integration across different platforms and individuals for such diverse family
uses. It can also be challenging to maintain more devices, although this might be diminished
if accommodating the devices individuals are already attuned to when incorporating their

preferred technologies for family informatics systems.

6.5.2 Designing Family Tracking Towards Empathy and Family

Connection

For many participating families, access to shared mood and goal data through FamilyBloom
fostered awareness about everyone’s struggles. Discussing each other’s emotional states and
challenges led some to understand individual needs and opportunities for support. While
family informatics that emphasize token or social rewards for achieving goals can improve
regulation [200, 220], highlighting dysregulation in moods or unfinished goals can uninten-
tionally reinforce negative wellbeing states. By emphasizing tracking equally for both parents
and children, some families reported how FamilyBloom helped normalize that everyone faces
self-regulation challenges. Such realization was reported to promote some empathy, encour-

age family members to be kinder to each other, and help attune expectations.

However, my findings also revealed that for some families, pre-existing patterns of conflict
or relational strain may have limited the positive impact of shared tracking. This finding
illustrates how affection expression and involvement in the family’s functioning is relevant to
how families might or might not use shared tracking data. It reinforces findings from Chapter
5 indicating the need for multi-device tracking systems to incorporate additional scaffolding

and guidance to help families navigate their relational and communication challenges towards
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using shared health data for improving wellbeing. For example, this could take the form
of prompts for structured reflection and dialogue, suggestions for supportive actions, or
integration with coaching or therapy services. Still, these findings showcase the limitations
of family informatics systems in the face of family strife and attitudes affecting motivation

for collaboration.

While most families reported often using shared data to inform care, practices around avoid-
ing sharing of data can be a practice of care as well. Prior work has called for “caring-
through-data” [114] as a health tracking lens opposed to “data-as-care,” acknowledging that
datafication is not the final solution to health problems in itself. In this study, intentionally
avoiding tracking mood data under specific situations or having leniency with other’s unfin-
ished goals was a way of caring through absence of data. Some families reported avoiding
tracking data as a way to shield stressors from the family, even if everyone was aware, such
as during life catastrophes like sickness and hospitalization. Families also considered the
complexity around motivation and effort for goal completion, considering that the system
was generally a useful reminder but everyday circumstances and intrinsic motivation drive

actual goal completion.

It is still important to design systems to help families to gain balanced states of emotion
or set and achieve goals but it is beneficial to help families equally emphasize praise and
building self-efficacy. The FamilyBloom evaluation highlights the potential for multimodal
tracking systems to not only facilitate the exchange of informational content but also augment
relational connection within families. To amplify these benefits, the design of future family
informatics systems could explore ways of translating individual tracking data into cues and
prompts that stimulate perspective-taking, empathetic and encouraging communication, and
supportive action among family members, extending existing approaches to co-regulation via

directing attention and effort.
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6.5.3 Considering Boundaries of Data Sharing and Representa-

tions for Sensemaking

The deployment of FamilyBloom surfaced tensions between self and family tracking that
would benefit from higher controls over boundaries of sharing and data representation modal-
ities. Participants described situations in which they wanted to limit or adjust information
before being shared with other family members, such as work related goals or to prevent
discussion about specific events. Different from personal informatics with sharing possibili-
ties, boundary-related wishes in a family-centered system relate to perspectives around two
layers of default sharing. One layer pertains to supporting self-tracking and sensemaking
while a secondary layer relates to how such data is filtered to others in in personal or shared
devices. To account for these perspectives, future tracking systems could support the co-
existence of personalized tracking interfaces and consistent, mutually intelligible shared data

representations.

Some participants expressed interest in customizing the mood colors and representations in
their individual tracking interface in ways that differed from the shared family view. Enabling
this type of customization while maintaining a standardized format for shared data could help
preserve individual autonomy and preferences while still facilitating collective sensemaking.
Future family informatics systems could implement two levels of mood data representations
to accommodate the personal and shared layers of reflection. The personal layer would
allow individuals to customize their tracking interface and data representations according
to their own preferences and needs, such as selecting personally meaningful mood colors.
This personal layer could support self-reflection and provide a sense of control over one’s
data. The shared layer, on the other hand, could present a standardized, mutually agreed-
upon representation of data for collaborative sensemaking within the family to ensure that it
meets everyone’s needs and preferences for joint reflection. A tension still remains about the

desire for quick, low-effort mood tracking more specific, contextually-rich data. This tension
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transfers over to family sensemaking in that members may wish for granular and contextual

tracking to lower uncertainty and worry with interpreting mood states and needs.

Goal tracking and sharing in the family had similar boundary tensions within families. Sim-
ple sharing of goal descriptions had limited use for people’s accountability except for goals
that involved multiple members, like family activities. Adults in particular compared Fam-
ilyBloom with their more robust personal productivity tools for goals or expressed that
often there was something missing, like extrinsic rewards, to promote additional motivation.
Considering these findings, there is similar opportunity here for supporting different but

integrated layers of goal tracking and sharing individually and to the family.

A multi-layered approach to designing for both personal and shared data representations
in family informatics systems is distinct from the typical sharing features found in personal
informatics tools. Rather than simply enabling users to export their individual tracking data
with others, this multi-layered approach would support the continuous integration of different
tracking modalities and motivational structures within the family context. For example, the
system could differentiate between personal and family-oriented goals, allowing individuals
to manage and share goals according to their specific needs and preferences. Adults might
have a wide range of personal goals corresponding to different aspects of their lives, which
they may prefer to manage using more complex and powerful tools individually. However,
such tools could be integrated with family informatics tools to share a subset of goals adults
might be willing to share. These shared goals could serve purposes such as accountability, role
modeling, empathy building, or ones related to the family environment, such as household

chores or activities involving multiple family members.

For children, the system could provide a token economy as an extrinsic motivation mecha-
nism to support their goal tracking and achievement, potentially incorporating co-regulation
features similar to those suggested in Chapter 4 considering progressive independence along-

side family support. By tailoring goal management features to the diverse needs of family
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members, family informatics system for goal-representation modalities could promote trans-

parency and collaboration while still respecting individual differences and preferences.

6.6 Summary and Conclusion

In this chapter I have reported on ADHD families’ evaluation of the FamilyBloom deploy-
ment. The findings from my analysis demonstrate he potential of multi-device ecosystems
for personal and family health tracking to support both individual and collaborative needs,
directly addressing the research question on how systems can facilitate self and collaborative

tracking and reflection across devices (RQ4) and contributing to my central thesis.

In support of my thesis claim T1, findings highlight how the glanceable views of mood and
goal data on smartwatches, combined with situated home display, enabled participants to
remember to self-track and engage with data casually throughout the day. However, the
study also surfaced tensions between the desire for simplicity in tracking and the need for
detailed, contextualized data to support reflection, as well as between the simplified goal
tracking targeted at fitting the watch screen and for family sharing versus more features
with extrinsic reward strategies or robust goal management tools adults might prefer for

their own productivity.

Regarding my second thesis claim T2, the deployment of FamilyBloom demonstrates the po-
tential for multi-device systems to facilitate family collaboration and communication around
health and wellbeing. The system’s design, which inherently provided shared access to self-
tracking data, enabled reflection on family data and problem-solving through discussions
involving the situated display and opportunistic uses of the smartwatch. The findings in-
dicate that such family shared tracking can be useful for identifying support needs and

health risks, mediating collaborative efforts. However, the study also revealed tensions in
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shared sensemaking, particularly around the balance between data abstraction and speci-
ficity, which could lead to worry when family members are unsure about the intensity of
moods. I have discussed how future family informatics systems might balance boundaries
of data sharing and provide different layers of features and modality representations that
account for individual preferences and shared understanding while integrating data sharing

within the family.

The FamilyBloom study demonstrated the value and potential of leveraging multiple devices
and modalities to support a range of individual and collaborative reflection practices among
family members. As health tracking tools become increasingly embedded in the lives of
families, it is crucial to design future systems that can adapt to the complex and dynamic
routines and relationships within families. While the study surfaced important tensions and
challenges around device and data representation preferences that require further investi-
gation, it provides empirical insights about the potential of multi-device and multimodal
approaches to support both individual and collaborative needs for health and wellbeing

management.

Building upon the insights gathered throughout this dissertation, the FamilyBloom deploy-
ment serves as a culminating investigation in my dissertation, bringing together the key
themes and insights from the previous chapters to demonstrate the potential of multi-device
ecosystems for health tracking. The study’s findings reinforce the central arguments of
my thesis, highlighting the benefits and challenges of leveraging multiple devices and data
modalities to facilitate self-tracking and family collaboration around health and wellbeing.
As I move into the final chapter, I will further demonstrate how the findings from this
chapter align with the previous studies in providing a holistic perspective on the design of

multi-device personal and family informatics systems.
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Chapter 7

Discussion and Conclusion

This dissertation demonstrates the potential of leveraging multiple devices and data modal-
ities to make health tracking convenient and collaborative. Chapter 3 demonstrates how
such ecosystems can help people collect data under different situational constraints and in
support of their health goals related with food intake. Chapter 4 describes how multi-device
systems can mediate children’s self-tracking supported remotely by family members. Chap-
ter 5 explores integration data from family member’s personal tracking to promote joint
reflection and collaboration. And finally, Chapter 6 have demonstrates how personal and
shared devices can connect self and shared tracking to bridge the personal and family needs

for awareness, connection, and mutual support around health.

The research of this dissertation encompasses two complex and challenging domains for
health behavior management and data tracking. First, food journaling is notoriously bur-
densome, especially in the data collection stage [54, 55]. Secondly, ADHD families have
heightened challenges with wellbeing and need for collaboration [229, 66, 259]. These are
contexts in which health tracking has much potential to help improve health and wellbeing.

Similar to Figueiredo [56] and Pine & Liboiron [177], I have used these studies as “eztreme
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and overt cases” to additionally demonstrate opportunities for multi-device and multimodal

health tracking towards more common and less extreme everyday life situations.

In this chapter, I synthesize the findings from these studies in light of my thesis claims
and discuss their implications for the design of multi-device personal and family informatics
systems. I begin by examining how the insights from my studies contribute to facilitating
convenient data collection and reflection across contexts, first for individual self-tracking and
then for family collaboration. I then discuss the challenges associated with developing and
maintaining multi-device infrastructures for health tracking, drawing on the experiences from
the ModEat, CoolTaco, and FamilyBloom deployment studies. These challenges highlight
the complexity of creating interconnected systems that rely on data synchronization between
devices and multiple users, and are relevant not only to research contexts but possibly to
the broader landscape of users engaging with health tracking in their device ecologies even

if provided by commercial or health care providers.

7.1 Multimodal and Multi-Device Systems Facilitating

Self-Tracking (T1)

The findings from my studies demonstrate how systems that support multimodal and multi-
device health tracking can help people be able to track and reflect as they shift between
contexts and environments. By leveraging different device capabilities and features, people
can continue to track considering the multiple opportunities of data collection and self-
reflection rather than with single mode of tracking. I now discuss key insights from these

studies in support of the first thesis claim, focused on needs related to the individual.
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7.1.1 Making Self-Tracking Available Across Contexts and Situa-

tional Constraints

People often wish to monitor various aspects of their health and behaviors throughout the
day. However, they must navigate diverse contexts characterized by unique environmental
characteristics and constraints that impact self-tracking efforts. Perceived social norms,
ongoing tasks in-the-moment, and physical location are common factors people consider
as they pause to self-track. Multimodal multi-device systems can help individuals

continue to self-track under different and often complex environments.

Convenience and availability of interaction options play an important role in facilitating self-
tracking. When self-tracking is too difficult or impossible given device unavailability, people
can skip self-tracking [55], which in turn can lead to abandoning the practice before gaining
any personal health benefits [51, 127, 74, 55]. My findings demonstrated that by provid-
ing users with the possibility of choosing between multiple ways for data input (e.g., item
selection, text, voice, photos), across devices like smartphones, computers, and voice assis-
tants, people can adapt their tracking practices to their changing needs and circumstances.
This flexibility indicates how users can maintain consistency in their tracking even when
faced with situational constraints or challenges, such as time constraints or the availability

of specific devices.

When navigating social situations, which typically can deter people from tracking in-the-
moment [55], individuals can opt for less intrusive input modalities to minimize disruption.
For example, they may take a quick picture or select items on a smartwatch discreetly.
Having multiple options allows users to continue self-tracking without completely disrupting

ongoing social interactions or activities while not missing out on collecting data for reflection.

Beyond circumventing situational constraints, multimodal systems can enable people to cap-

ture data in different ways to support diverse and evolving goals. Combining different data
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types can build nuanced tracking and capture some contextual information that people value
and possibly use for recall and self-understanding later. Throughout my findings, people of-
ten wished to included contextual information in their data, such as experiences with meals
(Chapter 3) or notes about self-regulation states (Chapters 5 and 6). Prior work has indi-
cated the ambivalence people might face with datafication of their health, facing uncertainties
about ambiguous, uncontextualized data [134] and the practice of creating multiple narra-
tives around ones data [114]. My work indicates that by leveraging the strengths of different
data modalities, systems can enable nuanced journaling, potentially reducing ambiguity and
empowering people to shape their self-tracking practices to better satisfy their reflection
needs. This, in turn, allows individuals to construct personal narratives that align with their
goals and experiences, providing a more meaningful and contextualized understanding of

their wellbeing.

Personal preferences and aversions are key factors in self-tracking using ubiquitous systems.
These preferences can be influenced by various factors, including prior experiences, personal
affinities, or even momentary cognitive states, such as being more focused or distracted,
tired or energized, and so forth. Additionally, individuals may harbor aversions towards
specific modalities or devices due to unfamiliarity with new interactions or a perceived lack
of alignment with their health goals. Aversion can also be linked to sensory sensitivities.
For example, some individuals may prefer not to wear a watch or carry a phone in their
pocket, preferring interacting with a home display or voice assistant instead. Multimodal
multi-device systems offer a solution to accommodate these diverse preferences and aversions,
allowing individuals to choose how and with what they track more comfortably, based on

their mental model, or current state of mind.

In summary, my work demonstrates that multi-device systems can tap into the strengths of
each device platform to support self-tracking across diverse contexts. By providing multiple

interaction options, individuals can engage in self-tracking under varying physical and mental

192



conditions. My findings collectively indicate that multimodal and multi-device ap-
proaches can make self-tracking more available and adaptable to people’s diverse

needs, preferences, and environmental constraints.

7.1.2 Supporting Self-Reflection in Spontaneous and Planned Mo-

ments

Multimodal and multi-device systems can offer more opportunities for self-reflection un-
der different situations. The multiplicity of how people access tracking data can
facilitate both intentional and planned reflection, as well as spontaneous and

opportunistic reflection practices that align with individual routines.

Making multimodal data readily available in multi-device systems can help people remember
to track and consider their health data in the moment throughout the day. Forgetfulness
is a common barrier to consistent health tracking and habit formation, as documented in
previous research [51, 127, 74, 55]. Therefore, offering convenient access to tracking tools and
insights throughout the day can foster more regular engagement with self-tracking practices
and encourage thoughtful reflection on one’s behaviors and their impact on overall wellbeing.
For instance, my findings indicate people often plan dedicated time with a preferred device to
engage in deep reflection using their data, focusing on nuanced contexts, behavior patterns,
and progress towards health goals. Such intentional reflection was observed across various
domains, including goal-setting, dietary choices, and more. In addition to planned reflection,
individuals also engage in casual reflective practices throughout the day, such as glancing
at their smartwatch for immediate insights or interacting with a situated display as they
naturally navigate their home environment. These spontaneous moments of reflection enable
individuals to make timely adjustments to their behaviors and engage in self-regulation as

part of their daily routine.
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In conclusion, my research highlights the potential of multi-device systems to support diverse
self-reflection opportunities. By facilitating consistent and opportunistic reviews of personal
data, such systems can enable individuals to engage in reflective activities throughout the

day and adjust behaviors for wellbeing, including self-regulation.

7.2 Facilitating Family Collaboration around Health

and Wellbeing (T2)

My dissertation demonstrates how device ecologies can be designed to support better con-
nection and collaboration for collective health and wellbeing within families, both during
personal time and across locations, as well as during dedicated family time. I next revisit
insights of my studies backing my thesis claim T2 on multimodal multi-device systems sup-

porting collaboration needs within families.

7.2.1 Supporting Individual Reflection on Family Data Across

Routines

My dissertation demonstrates that supporting different modalities and devices for family
health tracking can make systems more suitable to accommodate the variation
and individuality of each member’s routines and attitudes around collaboration.
Family members have unique preferences around engaging with family data that can be
shaped by personal routines, data interpretation skills, affective attitudes, or views about
roles and responsibilities of caregiving. By allowing family members to have multiple interac-
tion modalities for engaging with family data and with different devices, systems can support

members’ connection and collaboration with others while aligning with such variations.
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While ubiquitous systems can facilitate co-regulation through reflection, particularly when
families are physically apart, it’s essential to find a balance between fostering connection and
providing access to shared data without creating excessive technical and social dependencies.
Excessive dependency, particularly between children and parents, may undermine the ben-
efits of autonomy in tracking and reflecting. Individual family members may have varying
attitudes towards their roles, control, and overall involvement in family collaboration [231].
By facilitating sharing between family members without imposing complete dependency, in-
dividuals can track more independently and reflect on how their reflection integrates with
others’ needs. This approach not only promotes individual autonomy but can also foster
collaboration and shared responsibility within the family. Thus, multi-device systems can
encourage reflecting on each other’s data as a means to facilitate co-regulation and mu-
tual support within the family unit, but not as a requirement for individual self-regulation

features to work.

When reflecting on others’ data individually, people can gain awareness of their health state
and wellbeing needs, but interpreting and using family data practically can depend on data
literacy skills and role in the family. For example, children might have trouble understanding
some data modality representations and figuring out how they can support others, while par-
ents may have different expectations and capabilities in terms of making sense of and acting
upon family health data. Offering reflection support in the face of such levels of individual
differences remains a challenge when designing family informatics systems but important
to support families given the heterogeneous presence of preferences and characteristics of

individual members.

Making sense of others’ data when reflecting alone can be impacted by modality choices and
corresponding level of specificity and representation. My work resonates with others that
indicate that while health data may lead to assurance and peace of mind about health, it can

also lead to frustration and stress when people can’t make sense of it [114, 110, 134]. Certain
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modality might be easier and quicker to track with, but might lack nuanced and contextual
meaning. This can lead to uncertainty and worry when there is ambiguity. Offering multi-
modality may diminish ambiguity by allowing people to track more contextual information
that help others make sense when reflecting individually, such as text or voice notes alongside
other health data. However, this comes at a trade-off with additional self-tracking effort.
Despite these issues, uncertainty around tracked information can have positive impacts on
reflection, such as instigating exploration and family discussion when eventually people come

together.

Individuals’ opportunities to reflect and participate in family co-regulation can vary greatly
depending on their routines and attitudes around involvement. By offering increased ac-
cess and reflection on family data, ubiquitous systems can help family members see other’s
health needs and struggles, stimulating empathy. However, not all people will make such
leaps in face of concerning data (e.g., negative moods over time), indicating that personal
indifference’s and low family functioning can persist even when system highlight needs for
support. Family informatics systems might have a limited role in supporting families in
severe conflict, but have the potential of promoting connection between members and offer

guidance on improving supportive attitudes towards family’s wellbeing.

In summary, my dissertation demonstrates the importance of designing multi-device systems
that accommodate the diverse needs, preferences, and roles of individual family members
in reflecting on shared health data. By providing multiple ways for individuals to access
and reflect on family data, these systems can support more empathetic and co-regulation
opportunities. However, there is still a need for carefully navigation of challenges around
balancing independence and collaboration, ensuring data clarity and interpretability, and

accounting for the varied affective attitudes of some family members.
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7.2.2 Supporting Family Co-Located Use of Shared Data for Co-

Regulation

While most tracking is typically done individually, there are opportunities for involving
multiple people in jointly co-constructing data. Although primarily designed with
self-tracking in mind, even personal informatics tools can influence behavior or attitudes
from others in a family, friend, or work environment. Conversational inputs might be par-
ticularly adaptable to collaborative tracking, with children and parents helping each other
describe data in the context of shared meals, activities, and goals. This finding resonates
with prior work suggesting that conversational agents are often engaged by multiple users in
the home simultaneously [171, 180]. Multi-device ecosystems can facilitate co-located family
engagement to track data together. For example, families might collaborate during family
time to set collective goals or discuss individual goals related to self-regulation and wellbeing.
Families can also leverage different modalities to co-construct entries, such as turn-taking
with voice description, another person adding a picture, and so forth. Such collaborative
approaches could not only distribute the burden of tracking across family members but also

foster a sense of shared ownership and connection in the data collection process.

In addition, having multiple devices for family data visualizations can help families discuss
and address daily wellbeing during moments together. Such systems can satisfy joint
data use during different types of family gatherings. Opportunistic use of data situated in
a display in the home can facilitate discussions and problem-solving during meals and other
moments next to the display. People might also leverage their individual devices during
shared moments to reference synced data between each other, such as using the smartwatch

while commuting together to drop off kids at school.

This multi-device approach also opens up new opportunities for boosting family joint use of

shared data by integrating support from key stakeholders in children’s lives, such as teach-
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ers and healthcare providers. Sharing multimodal family data can facilitate collaborative
communication with clinicians with the objective of identifying and addressing emerging
health concerns for families to review together. Similarly, families can wish for tracking
systems to bridge the gap between home and school environments, enabling teachers to con-
tribute valuable insights about children’s needs and support the family’s understanding of
their child’s behavioral patterns and regulation, stimulating discussion and problem-solving
together. Teachers, like clinicians, might also benefit from awareness of children’s regula-
tion challenges outside of school to inform their co-regulation during class. This aligns with
recent calls in the HCI for designing health technologies that account for the complex care
ecosystems in which health behaviors and outcomes are embedded [230, 229]. However,
families can be apprehensive about teachers accessing and interpreting personal data, es-
pecially if the student-teacher relationship is strained. There are also concerns about how
teachers might make sense of shared data without sufficient context, potentially leading to

misinterpretations.

Overall, my work suggests that the combination of individual and shared interfaces can
help both independent and collaborative practices coexist within the family. By providing
multiple touch-points and modalities for engaging with family data, multi-device systems can
support diverse co-regulation needs and practices, from casual and opportunistic reflection
during daily routines to more structured and purposeful discussions during joint moments

of dedicated family time.
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7.3 Challenges with Creating, Maintaining, and Using

Multi-Device Systems for Health Tracking

Despite opportunities for facilitating health tracking, all multi-device deployment studies I
conducted reported in this dissertation surfaced practical challenges related to the develop-
ment and maintenance of interconnected health tracking systems, both for participants as
users as well as for myself in the role of system provider [219]. These challenges highlight
the complexity of creating and deploying pervasive technologies that provide synchroniza-
tion between devices, data modalities, and involving multiple people. They emerge from
both user and researcher perspectives, encompassing issues related to device management,

infrastructure maintenance, cross-platform development, and data management.

From a user perspective, ensuring that all devices in the ecosystem remain updated, charged,
and functional can be a significant challenge. Participants often contacted me about trou-
bleshooting smart speakers or connectivity problems among their devices. In deployments
involving families, updating and charging the smartwatches was a routine challenge on top
of remembering to wear the device. Several family members additionally lost their watches
or had challenges with maintaining Wi-Fi connection, leading both children and adults to
have gaps in tracking and with potential disruptions to the family co-regulation process.
This challenge is especially heightened in families with children with ADHD, as the task
of managing and regulating the use of these technologies requires additional attention and

self-regulation skills.

From a provider perspective, maintaining a seamless user experience requires robust back-end
infrastructure that can handle device disconnections and data synchronization issues. Devel-
oping and maintaining apps across different platforms and standards also poses a substantial
challenge. While leveraging commercially available consumer devices taps into people’s ex-

isting device ecosystems, it also introduces the risk of platform lock-in. For instance, Apple
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Watches cannot be directly connected to Android phones, limiting the flexibility and inclu-
sivity of the study. As these platforms and development frameworks continue to change over
time, it is challenging to maintain compatibility across devices and optimal performance

(e.g., smartwatch’s battery life).

These challenges are not limited to study contexts and will continue to be a concern for multi-
device personal and family health informatics as a whole. While the experiences I reported
in this dissertation are situated in research deployments, much responsibility falls onto users
to care for the tracking ecosystem on their end, which might also happen as commercial
or healthcare providers increase device and data modality availability in health tracking.
Thus, future systems and studies must grapple with the dilemma of balancing the benefits
of leveraging familiar, commercially available devices with the challenges of maintaining a

cohesive and reliable multi-device ecosystem during real-world uses.

7.4 Future Work

I aim to continue to investigate multi-device and multimodal system designs to better sup-
port individuals and families to manage health and wellbeing. As mentioned above, there
are many technical challenges, as well as needs for these systems to better support data in-
tegration and use towards actions for improving people’s lives and considering their diverse

social and living dynamics. In particular, future work I am interested in pursuing are:

Considering diverse family makeups and their available technologies: Families
can be in all sizes and shapes, with cultural, economic status, and idiosyncratic dynamics
influencing relationships and attitudes around health collaboration. Moving forward, I plan
to investigate the design of systems that take these factors into consideration towards better

supporting health management.
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Integrating people’s extended social supports: Beyond family collaboration, there are
others with important roles in people’s wellbeing. When considering children in particular,
teachers and clinicians, for example, play a crucial role in helping with their development.
By integrating data-driven support in their collaborative roles, multimodal and multi-device

systems could connect the larger care ecosystems while leveraging technology mediation.

Exploring opportunities for semi-automated tracking: My studies highlight opportu-
nities for semi-automating tracking by combining manual modalities alongside leveraging au-
tomated sensing or interpretation to reduce the burden of self-tracking. Prior work suggests
that semi-automated tracking can strike a balance between lowering data capture burden
and maintaining awareness and reflection involved in manual tracking. Exploring further, I
plan to investigate how automation, such as utilizing automated analysis of voice and text
descriptions or leveraging smartwatch sensors to fill gaps from missed self-reports, can en-
hance tracking convenience while preserving user control over their data and its sharing with

other family members.

Facilitating self and joint reflection towards action: There is a need to aggregate and
simplify heterogeneous data to help people’s sensemaking and decisions. Beyond integrating
multimodal data across devices and individuals, there is much needed guidance for people
to take data-driven action to improve their wellbeing. I believe that creating smart systems
that output insights, suggestions, and evidenced-based interventions based on people’s infor-
mation is an opportunity to help non-experts in managing themselves and understand how

they can better support others while caregiving.

Investigating conversational tracking and reflection across devices: As voice assis-
tants are increasingly pervasive across device platforms and locations, it is an interesting
opportunity for engaging with data with natural language. I have started to investigate this
space since the ModEat deployment and will explore VAs for family informatics, especially to

facilitate children’s understanding and engagement with family data given how voice might
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have less barriers than data visualizations.

7.5 Conclusion

In this dissertation, I have investigated how multi-device ecosystems can support personal
and collaborative health tracking in everyday life contexts. People’s interaction with tech-
nology has substantially increased, facilitated by the widespread adoption of smartphones,
wearables, smart home devices, and other interactive technologies. This proliferation has
not only enhanced communication, entertainment, and support for everyday tasks but has
also opened up new opportunities for individuals and families to collect and interact with
health data. However, despite the growing adoption of diverse technologies, current personal
and family informatics systems fail to fully leverage the affordances and interaction modal-
ities inherent in people’s device ecosystems, which impedes the realization of more flexible,

contextually-appropriate, and collaborative forms of tracking and reflection.

Through my analysis of a series of studies, I have demonstrated the potential of multimodal
and multi-device approaches to facilitate convenient data collection and reflection for both
individuals and families. The ModEat study (Chapter 3) showed how multiple tracking
options across devices can support data collection more readily available under different daily
contexts and constraints. The CoolTaco study (Chapter 4) explored how multiple devices can
mediate caregiving when apart, supporting co-regulation between parents and children with
ADHD. The co-design study (Chapter 5) revealed opportunities for situated displays to guide
family time with joint reflection on shared data. And the findings from the FamilyBloom
deployment (Chapter 6) demonstrated how integrating tracking and reflection across personal
and shared devices can support a more comprehensive collaborative experience between

family members, accommodating the individual routines and preferences.

202



Collectively, my research has shed light on key design considerations and challenges for
developing effective multi-device personal and family informatics systems. These include
balancing flexibility and specificity in data capture methods, supporting both independent
and collaborative tracking and reflecting practices for behavior regulation, accommodating
diverse user preferences and contexts, and carefully navigating the social and emotional
complexities of modality representations for sharing health data in the family. By provid-
ing empirical insights, my dissertation advances our understanding of how to create more

available, adaptable, and useful tools for personal and collaborative health tracking.

As interactive technologies continue to evolve and permeate people’s lives, it is crucial that
personal and family informatics systems keep pace with these changes to better support
people’s health and wellbeing needs. My dissertation lays the groundwork for a new gen-
eration of multi-device ecosystems that can make health tracking and management more
ubiquitous, engaging, and connected for individuals and families. However, realizing this
vision will require ongoing research to address the socio-technical challenges of designing for
everyday life contexts and lowering burden of manual self-tracking. Additionally, it’s crucial
to ensure that these systems are inclusive of various family structures and dynamics, while
also being mindful of the diverse attitudes towards collaboration and technology preferences

among family members.

I believe the insights and design implications from my work can inform not only the develop-
ment of future tracking tools but also broader conversations around the role of technology in
supporting health and wellbeing. As we move towards an increasingly data-driven and tech-
nological world, it is essential that we design systems that foster people’s self-understanding
and family’s meaningful collaboration and social support. Ultimately, we need systems
that empower people to lead healthier, happier lives on their own terms. By embracing a
human-centered, multi-device approach to personal and family informatics, we can create

technologies that truly meet people where they are and help them manage their wellbeing.
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This means designing systems that are sensitive to the complexities and challenges of every-
day life, and that respect people’s autonomy alongside collaborative support. As the field
continues to evolve, I hope that my work can contribute to a more holistic, inclusive, and
empowering vision of how ubiquitous technology can support care networks for the wellbeing

of individuals and families.
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