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Abstract of the Dissertation
Self-tracking technology for senior health: existing practices and unmet needs for wellness,

self-management, and recovery

by

Clara Marques Caldeira

Doctor of Philosophy in Informatics

University of California, Irvine, 2020

Associate Professor Yunan Chen, Chair

As societies across the globe grow progressively older, it is important to find ways to leverage

technology to benefit seniors by assisting them to care for their health. Self-tracking is a

strategy that can be used for health management and augmented by using technology such

as smartphones and wearable devices. Although most seniors use self-tracking for health,

they most commonly rely on either paper or their own memories when tracking health data.

Because their adoption of self-tracking technology is very low, seniors miss any benefits that

might be gained from using self-tracking technology, such as self-knowledge, encouragement,

or reduced burden. Overcoming this issue requires designing tools that appeal to seniors and

meet their specific needs. Although past research has found multiple barriers for seniors’ use

of self-tracking technology, such as lower accuracy when counting steps due to gait or walking

speed, there is still much we do not understand about how to create self-tracking technology

that better meets their needs. My research investigates self-tracking for health among older

adults, with the goal of understanding their existing tracking practices, their perspectives

towards self-tracking technology, and their needs as potential users. In this dissertation I

discuss three kinds of health-related self-tracking among seniors: wellness, self-management

of chronic conditions, and recovery from a major health event. Through a quantitative

survey data reanalysis, I investigate the relationships of age and health status with tracking

xvi



habits to understand the influence of each of these factors on self-tracking practices. Based

on empirical evidence, I also describe seniors’ existing use of and perspectives towards self-

tracking for health and the barriers for adoption of self-tracking technology among seniors.

Lastly, I investigate the role of self-tracked medical recovery data among stroke survivors

and healthcare providers by describing their existing use of the data, the barriers limiting

further use, and participants’ perspectives on potentially useful insights. Building upon

these projects’ findings, I discuss barriers for senior use of self-tracking technologies, what

unmet needs they exhibit, and promising directions for the design of e�ective self-tracking

technology for seniors’ wellness, self-management, and recovery.
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Chapter 1

Introduction

Older adults are a growing population worldwide. People who are 65 or older are projected

to grow from 11% of the world’s population in 2019 to 16% in 2050. By 2050, the proportion

of older adults will double in Asia, Latin America, and North Africa, and reach 25% in North

America and Europe [311]. This substantial demographic shift is likely to impact seniors’

well-being and public policy, due to expected higher demand and potential lower accessibility

to health care services [94, 110].

As populations age around the world, it is increasingly important to seek strategies to support

health management among older adults and promote their well-being. In older age, there is

an increase in chronic illness incidence. Gradual and sudden functional decline also a�ect this

population’s quality of life [75]. Health technology has the potential to increase accessibility

and e�ciency for both healthcare services and self-management resources [87]. To reach

this potential, we need to better understand how to design technology for older adults that

facilitate their health management work, while also meeting their needs and aligning with

their perspectives and goals.

Self-tracking is a prominent area of research in health technology, and it has the potential of

1



supporting the older population to manage their health. Self-tracking refers to repeatedly

measuring and recording information about oneself. In the case of self-tracking for health,

such information may include activities such as meals, medication intake, physical activity,

and health indicators such as blood pressure, and occurrence of symptoms.

Tracking involves collecting personal data, reflecting and potentially acting based on it [182],

and it can be used for purposes such as gaining awareness of habits, changing behavior, and

self-experimenting to answer a question (e.g., testing triggers for a symptom or allergy).

Tracking can also be used to monitor changes over time, such as periodically measuring

blood pressure or a child’s height. People who self-track can use the data to see momen-

tary measurements, observe changes over time, learn about relationships among di�erent

data (e.g., measuring stress levels by days of the week), or even just gain perspective and

encouragement from reflecting on their data or sharing the data with others.

While older adults already use self-tracking for health, they seldom use self-tracking tech-

nology, and their existing self-tracking practices are not well understood. According to a

2012 survey, seniors are more likely to use tracking for health than any other age group in

the U.S., yet they rarely use self-tracking technology [103]. Their usage patterns of tracking

for health di�er substantially from other populations. Unlike younger adults, who engage

primarily in wellness tracking, seniors are more likely to track health data such as blood

pressure and blood glucose [103].

The majority of the self-tracking technology industry and related research focuses on the

needs of the younger population. However, seniors have particular needs when it comes

to self-tracking. In comparison to younger age groups, they have a higher prevalence of

chronic illness and disability [323], track di�erent health indicators, and use di�erent tools

to track [103]. Each of these factors can influence their needs and goals in self-tracking.

Health management among older adults is a broad topic, as it can vary due the individual’s

2



contexts and objectives. In my dissertation, I investigate three health contexts to unpack the

role that tracking may play in their health management: 1) wellness-related activities such as

walking (e.g., distance walked), 2) self-management, including prevention and management

of chronic conditions (e.g., blood pressure readings), and 3) medical recovery from incidents

such as accident or surgery (e.g., physical therapy).

Data related to wellness is the most common form of health data to self-track. 60% of U.S.

adults and 71% of older adults track data about their exercise, weight, or diet [103]. While

these data can be used for managing chronic conditions as well, they are primarily associated

with prevention, fitness, and self-improvement. Several research projects have investigated

tracking physical exercise (e.g. [64, 114]) and eating habits (e.g. [69, 333]). Popular devices

and mobile apps including Fitbit and MyFitnessPal [295] have tens of millions of active

users in the U.S., and many other similar tools are commercially available. Despite being

more likely to track this kind of data, seniors have low adoption of wellness self-tracking

technology such as activity trackers [103].

Self-managing health refers to actions taken to prevent, cure, or control chronic illness.

It can include managing symptoms, following treatments, periodically visiting physicians,

having medical tests, maintaining daily habits, and managing the psychological impact of

illness [61]. One third of U.S. adults and the majority of U.S. seniors self-track data related

to chronic condition management. Those who have chronic conditions also are more likely

to use self-tracking for health management [103]. Self-management involves handling symp-

toms, treatment, coping with a chronic condition [23, 67]. Tracking can be used to help

or facilitate many self-management tasks. For example, self-knowledge can help patients to

better understand a condition and make informed decisions. Tracking can also help with

habit formation or provide motivation to common daily activities such as taking medica-

tions [174]. Many studies have investigated self-tracking to support the self-management of

specific diseases. Examples include heart conditions [115, 188, 321], asthma [9, 134, 173],
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Parkinson’s disease [204, 212, 282], and diabetes [50, 83, 90, 252, 165].

Medical recovery is a third possible application of self-tracking for health. For example,

when recovering from an injury or surgery, individuals may benefit from self-tracking their

related tasks (e.g., physical therapy exercises), and also direct and indirect measures of their

improvement (e.g., pain level, range of motion, walking speed). Self-tracking in the context of

recovery has the potential to promote reflection [249], motivation [44, 131], and to encourage

and inform about their progress [5, 250].

While past work has found barriers for the use of tracking technologies among older adults,

such as lower responsiveness to theory-based interventions [106], there is still much we do not

know about their practices and perspectives. Most of the studies in this theme have either

used quantitative methods or focused on design and usability, such as participatory design

(e.g., [74]) or user studies with prototypes or existing tools (e.g., [1, 43]). There remains

a knowledge gap about their existing practices and perspectives towards self-tracking and

tracking technology.

This research is motivated by the need to better understand existing barriers for adoption

and use of self-tracking technology among seniors, and to explore how we can better meet

their needs, perspectives, and goals when designing self-tracking for health. To that end,

this research seeks to understand seniors’ existing practices for tracking, as well as a yet

under-explored application of tracking in the context of medical recovery.

This dissertation is comprised of three studies investigating tracking among seniors from

di�erent angles to understand their experiences with and perspectives towards tracking.

Two studies investigate existing tracking practices with older adults, while a third study

focuses on a particular application of tracking in the context of recovery from stroke.

The first study focuses on tracking practices among di�erent populations, revealing how age

and health status both influence tracking habits. This study contributes to our understanding
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about what leads individuals to self-track and about barriers.

The second study investigates seniors’ current practices and perceptions of self-tracking and

tracking technology, along with barriers for adoption. Through this study I was able to learn

why those barriers exist and discuss potential directions for future research to understand

how to design better fitting tools for seniors.

Lastly, the third study focuses on a specific context of medical rehabilitation after stroke,

by discussing participants perspectives towards tracking and their own self-tracked data.

This study contributes to our understanding of tracking for recovery, a context that was

highlighted as important in the first study and that we know little about.

Together, these studies help us to understand current tracking practices among seniors, their

motivations and perspectives. But also they point towards directions to better serve this

population with systems that meet their needs, contexts, and goals in health management.

These studies provide novel insights about three di�erent goals for tracking among seniors:

self-management, wellness, and medical recovery.

The findings emphasize how important it is for us to design to empower users, particularly in

the case of populations that have complex health needs such as seniors and stroke survivors.

Wellness tracking should seek to validate and encourage, including when users have complex

health needs. Tracking for managing or preventing chronic conditions should add more

value or reduce burden for seniors. There is an opportunity to design with the intention of

providing users hope for the future when they are going through medical recovery.

This research contributes to the HCI literature by providing novel insights about the needs,

perspectives, and use of self-tracking for health among seniors in the context of wellness,

self-management, and medical recovery. This work informs future technology design of self-

tracking systems for older adults, discussing challenges, opportunities, and directions for

future research.
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Chapter 2

Background

This chapter presents a review of the literature on self-tracking and health technology for

older adults. The first section discusses self-tracking in the context of health, and the

di�erent types of health tracking: wellness, self-management, and recovery. Section 2 covers

the literature on health technology for seniors, including self-tracking, followed by impacts

of self-tracking. The last section summarizes the literature discussed on this chapter and

highlights the gaps and opportunities that my research aims to address.

2.1 Self-tracking for health

The practice of registering information about oneself has existed as long as written lan-

guage [263]. Self-tracking consists of repeatedly measuring and recording information about

oneself. It can take place in several ways, such as keeping records of sleep schedule on a

notebook, using a wearable device to automatically measure heart rate at fixed intervals,

or rating mood in a likert scale daily. It can also be used for diverse purposes, including

financial transactions and time spent commuting. In the last couple of decades, the pop-
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ularization of mobile devices such as smartphones and smartwatches created opportunities

for digital self-tracking by using sensors, mobile apps, and connectivity.

There are five main reasons to self-track [58, 46, 137, 146, 183, 72]:

Self-knowledge: Learning about oneself. Such as habits (e.g., how many meals per week

are had in restaurants), or learning about how an illness manifests (e.g., what kinds of

symptoms are present, and when).

Behavior change: Changing a habit, either by acquiring a new habit or breaking one (e.g.,

quitting smoking).

Self-experimentation: Purposefully testing the e�ects of a behavior or circumstance by

tracking data both when it is present and when it is not and comparing the results.

Assessment: Temporarily evaluating what is being tracked through several measurements.

For instance, measuring blood pressure daily for a week to estimate its average or

observe how it fluctuates.

Monitoring: Continuously observing the tracked variable to observe changes, and take

action if needed based on the data. For example, measuring blood glucose daily and

using medication or meal planning to address low or high blood sugar.

In health applications, tracking can be used for various purposes such as bringing awareness

about health related behaviors, supporting new habits, or learning about one’s own con-

dition and needs. Intille has classified health technology in three categories: systems that

detect a crisis, systems that detect declines in health, and systems that motivate healthy

behavior [137]. Self-tracking can be used for each of these purposes. Health related variables

that can be tracked include emotional indicators (e.g., mood, stress), process data (e.g., step

counts, digital traces such as location history), and physiological data (e.g., heart rate) [266].
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Variables that can be measured or estimated independently by people, with or without

specific tools, can be self-tracked. While it is possible to self-track using simple tools such

as pen and paper, many digital tools have been created for this purpose. They allow users

to store a large amount of data, measure variables more accurately, or require less e�ort

than measuring manually. Data tracked electronically can also be used to deliver adaptive

interventions, send notifications, and informative visualizations.

Smartphones have been leveraged for self-tracking, as applications can be designed to use

the phone’s sensors to infer users’ activities or to record self-report data [161, 64]. Self-report

applications have been used to track variables such as food and physical activity [172, 228,

309], glucose and insulin injections [236], and medications [175]. Sensors used for tracking can

measure breathing and heart rate [2], physical activities and caloric expenditure [64, 77, 198].

Cameras have been leveraged for tracking food and exercise [107, 289], or general daily

activities [130].

I classify health tracking into three di�erent kinds based on what data is collected: wellness,

self-management, and recovery. Data regarding wellness and prevention activities can include

diet, exercise, and sleep patterns. Tracking blood pressure and symptoms such as pain would

be classified as self-management tracking. And medical recovery includes tracking physical

therapy, or the healing progress of an injury. These categories may overlap, since for example,

diet can be tracked both for wellness and for self-management purposes.

2.1.1 Wellness tracking

Senior wellness benefits from stress management, maintaining life purpose and independence,

socializing with family members and friends, learning, sleeping, reading, balanced eating, and

exercise [256]. Exercise delays functional decline, improves cognition [84, 105], and supports

emotional, social, cognitive, and perceived physical function [302]. Walking is among the
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most beneficial and popular activities for seniors [84, 163]. Barriers to exercise include

fatigue, lack of energy, low motivation, low experience, self-consciousness, lack of time, fear

of falling, and lack of enjoyment [154, 41, 257]. Chronic conditions such as arthritis, chronic

pain, injury, physical disability, heart problems, asthma, and incontinence have been cited

as barriers to physical activity [153].

Consumer health technology can help people to manage their own health and well-being

by providing information about preventative behavior, and by helping users to adopt those

behaviors in their daily lives [76]. Self-tracking systems can be designed to support habit

formation, and at the same provide relevant, personalized information to users.

For instance, self-tracking food and exercise is common. An estimated 60% of U.S. adults

track their weight, diet, or exercise. Among those who track, 46% say that it a�ected their

approach to health management [103]. While evidence about e�ectiveness in impacting

health outcomes is still limited [241], pedometer use has been found to be associated with

more physical activity, lower body mass index and lower blood pressure [39]. Studies have

investigated self-tracking several daily behaviors such as food intake and exercise [70, 39,

185, 217], hydration [55], sleep habits [56], mood [85], and posture [284].

A few studies have investigated the perspectives of particular populations using self-tracking

tools, and found that they may have particular needs. For example, Knaving et al. found

that amateur runners can benefit from features supporting their existing motivations, in-

stead of attempting to increase motivation [164]. For teenage girls, appearance of devices

and limited resources about the practice of self-tracking are barriers [177]. Meyer et al.

have proposed four guidelines to make self-tracking tools more widely accepted amongst

di�erent populations: invisible or fashionable design, interventions that evolve with time,

robustness and perceived robustness, and choosing reliability over precision [216]. Based on

an examination of appropriation of self-tracking tools, Storni argued for the need to over-

come technology determinism, by considering di�erent responses from di�erent users, and
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evaluate the interests of di�erent stakeholders (e.g. users, tool manufacturers, public health

o�cials, clinicians), and reexamining system evaluation studies to make sure they take into

consideration users’ perspectives as well as clinicians’ [298]. Tracking has many potential

applications for promoting well-being and addressing acute diseases, but past research most

often focused on chronic conditions [96].

2.1.2 Self-management tracking

Chronic conditions may require burdensome lifelong management activities. Self-management

refers to the actions taken to prevent or manage a chronic illness, such as managing symp-

toms, treatments, changes in lifestyle, and coping with the psychological impact of illness [67,

234]. Self-management of chronic illness is generally focused on mitigating symptoms and

preventing or delaying illness progression [76]. It requires self-knowledge, self-e�cacy, knowl-

edge about the illness, and problem solving skills to make informed choices [36, 61, 62].

Perceived control over illness is associated with better self-management. On the other hand,

interpreting illness as natural aging can discourage e�ective self-management [75].

E�ective self-management is crucial for older adults because it can significantly a�ect their

health outcomes [75]. Their needs often di�er from other age groups, as the likelihood

of co-morbidity increases with age. The management of di�erent conditions might create

conflicts. For instance, a medication that is normally prescribed for a particular condition

might aggravate another pre-existing illness.

Generally, technology aiming to support chronic self-management must focus on developing

skills [156] and facilitating the learning process [201]. People with di�erent conditions can

utilize self-tracking to monitor their symptoms, gain motivation for self-care activities, and

gain self-knowledge about how di�erent strategies a�ect them [195, 227]. Many illnesses

share similar self-management needs, such as coping with the disease and maintaining an
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active lifestyle [23]. Thus, interventions might address populations with diverse conditions.

For instance, the Chronic Disease Self-Management Program (CDSMP) has been designed

to teach self-management skills to people with di�erent conditions, and it led to reduced

medical visits, improved self-e�cacy, and improved symptoms. Self-tracking was among the

strategies the CDSMP utilized [191, 190]. Self-tracking can help people to better understand

their conditions and make decisions, for example it can help to identify potential triggers

for specific symptoms (e.g., allergic reaction), determine the required dosage of a medication

(e.g., insulin), and augment communication with physicians.

Many studies have investigated self-tracking to support the self-management of specific dis-

eases. Examples include heart conditions [115, 188, 321], asthma [9, 134, 173], Parkinson’s

disease [204, 212, 282], diabetes [50, 83, 90, 252, 165, 168, 200, 104, 123], cancer [152, 170,

206, 160], psorasis [281], kidney failure [292], chronic pain [93], bipolar disorder [108], and

multiple sclerosis [208]. But even people with the same illness can have very di�erent self-

management needs. For instance, those who have experienced the illness for several years

will likely be more knowledgeable about it, and for them it is more appropriate to focus on

new experiences rather then tracking activities they have mastered [35].

For many diseases, there are specific health indicators that can be tracked. For instance, self-

tracking for those with hypertension most often focuses on blood pressure [115, 188, 321], but

more sophisticated devices like ECG monitors have also been proposed [271, 315, 316]. For

asthma, users can self-track peak respiratory flow [9, 134]. Those with Parkinson’s disease

can self-track gait and speech volume [204, 212]. Glucose and diet are highly relevant for

people with diabetes [83, 90]. It is also possible to track symptoms and treatment side e�ects

for several conditions [108, 152, 281].

In comparison with the general population, people with chronic illnesses often have particular

preferences that are not directly connected to their illness. For instance, they might be less

receptive to playful data visualization (e.g. fish tank or flowers) [20]. Most technology for
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promoting exercise is also unlikely to be successful for people with chronic pain, as emotional

responses caused by the disease a�ect exercise independently of pain level and capability, and

the fear of causing harm causes exercise avoidance. Promoting self-e�cacy, reduced anxiety,

and preventing overexertion is likely to lead to better results [287]. In general, encouraging

curiosity, self-discovery, and exploration can encourage adoption and adherence [196]. For

some conditions, such as cardiac rehabilitation, it is best to use personalized goals, rather

than general population guidelines, to set appropriate expectations and provide adequate

feedback to users [197]. Data interpretation for those with chronic conditions might also

di�er from the general population, even if the variable tracked and the tool are the same.

For instance, an activity monitor might interpret a high heart rate reading as a positive sign

of physical activity, but for a user with a heart condition, it might indicate overexertion.

Technology designed for supporting self-management must fit within patients’ everyday lives,

and consider the role of caregivers and clinicians within their self-management [234]. Track-

ing as part of chronic illness management is often part of a social context including informal

caregivers and clinicians who may share the work of tracking or interpreting the data [318].

Activities that are part of self-managing chronic conditions are deeply intertwined with

people’s everyday lives, and might not align with designs based on common medicalized

perspectives that isolate or prioritize medical needs from mundane needs and tasks [233].

2.1.3 Recovery tracking

Recovery or rehabilitation is a process that aims to restore, maintain, or improve skills or

abilities that have been lost or impaired because of an illness, injury, or disability. Individuals

often go through rehabilitation to recover from a stroke, surgery, or to manage progressive

illnesses such as Parkinson’s and Multiple Sclerosis [238]. Recovery can include physical

therapy, occupational therapy, and speech therapy. Rehabilitation technology could allow
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patients to achieve significant improvements when they do not have access to in-person

therapy services (e.g., due to costs, insurance limitations, or transportation [335]).

There are several examples of research investigating technology for physical or occupational

therapy [267, 247]. For example, SenseCap is a wearable system that collects data about

physical therapy neck exercises [135]. Another system called Physio@Home used visual

guidance and feedback to guide users through exercises [301]. Past work has studied reha-

bilitation technology in the context of transition from hospital care [250], knee [14, 121, 122]

and wrist [307, 306] rehabilitation, Parkinson’s disease [29], cardiovascular disease [222], and

stroke [214].

Medical recovery is a promising application of tracking. Researchers have argued that track-

ing can help patients reflect [249], understand their progress, support self-e�cacy [5, 250],

and promote awareness, motivation [32, 131], and habit formation [44]. Self-tracking can

be used to support recovery self-care activities (e.g., daily physical therapy exercises) and

to measure and monitor progress through time. For example, ArmBeta [187] was a wrist

worn prototype system designed to monitor progress by detecting activities involving arm

movements (e.g., opening a door). In the long term, an increase in arm movements could

indicate recovery progress.

Physical therapy patients benefit from two kinds of feedback: knowledge of performance

and knowledge of results [329]. Knowledge of performance refers to feedback about exercise

form (e.g., moving in the correct direction and speed), while knowledge of results refers to

feedback about the outcome (e.g., hitting the target). Past research has investigated systems

that provide both kinds of feedback. For example, using data visualization in real time to

guide movements [14, 29].

Data obtained from digital rehabilitation systems can be used both by patients and by

healthcare providers. Data collected from these systems also has been used to measure and
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track progress in rehabilitation [29, 121, 122, 214]. Information about progress is useful for

both patients and clinicians, and it can support collaboration and decision-making [171, 66].

However, there are challenges involving aligning the goals of patients and providers, data

quality, data interpretation, and taking action based on those insights [326].

Rehabilitation technology often involves games, or video game systems such as the Nintendo

Wii or Microsoft Kinect [79, 253]. O� the shelf game systems can be useful due to their

accessibility and relative low cost [171]. Additionally, researchers believe that games can

improve motivation and adherence among rehabilitation patients [167, 171]. Games have

been leveraged for rehabilitation in di�erent contexts, including stroke [276, 322], cerebral

palsy [141], and upper limb recovery [78].

2.2 Health technology for seniors

Seniors are generally slower to adopt new technologies in comparison with younger age

groups [8]. The adoption of health technology presents a similar pattern. While previ-

ous research has found that older adults are often interested in mobile health technology

(mHealth), very few use it [320]. Low use is a�ected by general technology adoption bar-

riers. For instance, in 2013 only an estimated 18% of US older adults owned smartphones,

and 27% owned tablets or e-readers [288]. But there are also specific issues a�ecting the

adoption and use of mHealth by the senior population.

Attitude towards systems has a large impact on adoption. Interest in health technology

largely comes from the perception that it can meet an existing need [242]. However, a lack

of awareness of existing systems and their benefits limits interest. Thus, health IT should be

simple, have its benefits demonstrated, and provide training and support to these users [126].

More evidence on health outcomes could support increased awareness and interest from po-
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tential senior users [294, 320]. Other important aspects for adoption include social factors,

digital literacy, usability, physical ability [231], actual or expected cost, and privacy con-

cerns [320]. Some of these issues are likely cohort e�ects, expected to be mitigated with time

as technology improves, its use to assist seniors becomes more common, and individuals who

are familiar with technology age into late life [334].

Stigma associated with old age, illness, and disability can cause resistance to the adoption

of technology for health and assistance. Due to stigma, many seniors prefer mainstream

tools to those designed for specifically for them [184]. Making mainstream technology more

friendly to seniors could help to reduce the barriers caused by stigma, and make for more cost

e�ective tools [81, 129]. However, it is still important to work on overcoming stigma so that

tools that are needed by seniors, such as Aging in Place or monitoring technology [317, 109],

can become more accepted.

2.2.1 Self-tracking for Older adults

While older U.S. adults are more likely to self-track, their practices and goals di�er from

other age groups. Seniors are more likely to track data related to self-management, such as

blood pressure and blood glucose. In comparison with younger adults, they are also much

less likely to use technology such as mobile phones and computers to track, and more likely

to use paper [103]. They often use memory to track, due to e�ort required in registering

data, disruption of routine, di�cult tools, avoiding thinking about illness, and fear of los-

ing the data [218]. Seniors have expressed interest in tracking several health related data

including rest, social interactions, blood and urine tests results, diet, exercise, symptoms,

and weight [74]. Most self-tracking technology that is commercially available is designed and

marketed for young adults. These technologies often do not meet seniors’ motivations and

goals, or their needs regarding usability and accuracy.
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Seniors’ needs and attitudes towards tracking di�ers from other age groups. They benefit

from intrinsic motivation strategies, as their goals for exercising are related to preventing

or reversing impairments, gaining or maintaining functionality. They can exhibit a self-

conscious perspective towards exercise, and benefit from positive feedback and reassurance.

In comparison, younger people were interested in extrinsic motivation strategies (e.g., virtual

medals) [6, 145, 144]. In a project that investigated an intervention to promote physical

activity, only participants who wanted to be active but needed more motivation found it

beneficial. Active participants did not find it useful, and unmotivated seniors were more

interested in playful approaches. Playful designs included abstract art-like visualizations of

Fitbit data [89].

Designers and researchers of self-tracking systems often use theories such as the Transtheo-

retical Model of Behavior Change and Goal Setting Theory with the intention of leveraging

evidence-based strategies to help users achieve their goals. However, many of these strategies

are significantly less e�ective among older adults [106]. There are no specific theories that

can guide the design of behavior change systems for seniors.

Several studies have focused on technology for self-management of chronic illness among

seniors. Examples include diabetes [12, 186, 328], heart health [221, 148, 189], pain manage-

ment [21, 22, 205, 310], medication tracking [273], and fall detection [112].

Research has also investigated the role of self-tracking in promoting physical activity in se-

niors. Step counting has found mostly positive results, such as 23%-83% increase in step

count after 6 months, as well as improvements in fear of falling, locomotive function, leg

strength, walking speed, and blood pressure [13, 291, 331]. However, multiple studies found

no significant increases in activity levels when incorporating a Fitbit into an existing inter-

vention [210, 304]. Strategies used to promote or facilitate physical activity have included

personalized goal setting, problem solving, social comparisons and support [157], haptic

feedback [255], wearable camera, activity tracker [124], and video [17].
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Previous research has also evaluated commercial activity trackers with older adults. The

results indicate these devices have great potential, but also reveal many existing challenges.

In an activity tracker study with participants over 50 years old, 45% reported increased

motivation for healthier habits, and 46% reported increased activity, improved sleep or eat-

ing habits. Participants enjoyed learning about their exercise and sleep habits, confirming

activity levels, and some reported ease of use [1, 43]. Several other studies have also found

positive results and experiences [215, 262, 209, 278, 244]. A few studies also found satisfac-

tory accuracy in comparison with self-report [293], and visually counted steps [243].

A few user experience issues have been identified for activity trackers. These include per-

ceived inaccuracy, unclear instructions, discomfort or di�culty putting on and taking o�,

frustrations with syncing process [1, 43], device falling o�, underestimating steps [158], failing

to detect steps in a treadmill [92], di�culties setting up device and interpreting data [215],

and insu�cient error prevention [251]. Attitudes towards these devices can become more

negative over time, with most participants abandoning after two weeks [92]. Older seniors

tend to use them less consistently, abandon earlier [1, 43], and to perceive the device as a

’gimmick’ [278]. The findings of another study suggested that the senior population tends

to be more concerned about accuracy [261], and more interested in tracking steps and heart

rate, while younger users are more interested in sleep and distance [261, 278].

Validation studies have found that activity trackers underestimated steps of free walking

participants by up to 27%, and those who used a cane or walker had worse accuracy [99]. For

them and for slow walking seniors, ankle worn devices tend to be more accurate [99, 162, 286].

Activity trackers have also been shown to not increase physical activity of seniors with

cognitive impairments [314]. Aiming towards the goal of 10,000 daily steps can also cause

overexertion in older adults [278].

Tracking devices have been used for monitoring seniors. For instance, Casilari et al. used
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smart watches and smartphones for fall detection [49]. USEFIL (Unobtrusive Smart Envi-

ronments for Independent Living) monitors seniors’ activities and heart rate, and notifies

remote caregivers [3]. Wearables have been used to monitor indoor location and activi-

ties [176, 260, 300], and to measure steps of patients who had knee surgery [268]. Studies

have also investigated a food diary for the smart home [37], privacy controls [45], and med-

ication tracking [174]. Such studies have found that seniors are more interested in seeing

exceptions or mistakes (e.g., days when they forgot to take a pill) than regular ‘correct’

behavior in the tracked data [174].

Supporting doctor-patient communication between older adults and caregivers is a promising

application of self-tracking, because senior care can involve both self-care and receiving care

from others, including professional caregivers as well as family and friends. Nonetheless,

while 58% of older adults who self-track share data with a health provider [103], communi-

cation may be hindered by incompatible expectations between patients and health providers

regarding patient-generated data [53, 60]. Participants of a study on home technology for

self-management found it useful for making decisions. However, a few participants preferred

interacting with a clinician than a system, and distrust system measurements. Participants

who were not able to a�ord medication disliked having a reminder of their health issues,

when they were not able to address those issues due to financial constraints [148].

To overcome these challenges, it is necessary to specifically research and design for seniors to

better meet their goals and needs. Detailed and easy instructions, transparency about data

collection, robustness, comfort, and targeting specific conditions are also important [1, 43].

Increased awareness of the benefits of activity trackers for this population is also essential to

promote adoption [92]. Specific appropriate guidelines (e.g., ideal step count) could also help

with interpreting data and setting goals [278]. Future research should investigate attitudes

towards exercise, behavior change, and adoption of technology to inform design of devices

and interventions [10]. Further, it is important for more projects to propose and test solutions
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to these issues through user-centered and participatory design with seniors [220].

2.3 Impact of self-tracking

2.3.1 Reflection and self-knowledge

After collection, users must interpret their data to achieve their goals for self-tracking. In-

terpretation can take di�erent forms depending on the kind of data collected, tool used, and

the users’ goals. For instance, those who self-track to monitor a health indicator can simply

examine whether their data is within a range of values they consider desirable. But, for

purposes such as self-knowledge and behavior change, the process of engaging with the data

can be more complex.

Systems designed to support reflection and self-knowledge are an emerging theme in third

wave HCI [27], and particularly in self-tracking [15, 25]. Baumer defines reflection as “re-

viewing a series of previous experiences, events, stories, etc., and putting them together in

such a way to come to a better understanding or to gain some sort of insight” [27]. Reflection

is one of five major stages of self-tracking, and it allows trackers to gain self-knowledge [182].

The Quantified Self movement, subtitled “self-knowledge through numbers” is based on the

interest of increasing self-knowledge through self-tracking and reflection [330].

Research has shown that there are two phases of reflection in self-tracking. An exploratory

“discovery phase” where self-tracking is used to answer questions about history, goals, and

context. And a “maintenance phase,” when users ask questions about status (e.g., whether

they are meeting a specific goal), discrepancies, and influencing factors. The maintenance

phase is better supported by current tools than the discovery phase [183].

Contextual information can o�er more opportunities for reflection and self-knowledge, such
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as: social (comparison with others), spatial (relationship between space and behavior), his-

torical (comparison with past data), metadata (e.g. nutrition facts of a meal), and context

from other data sets (e.g. weather, calendar). When trying to identify triggers, possible

triggers should be included in the tracked data [58, 266].

Self-tracking systems designed to foster reflection have shown positive results. A mood track-

ing system increased understanding of mood patterns and stress management exercises. As

a result, participants significantly lowered their levels of anger, anxiety, and sadness [224].

The Mobile Health Mashup, a system that presented correlations from several health-related

sensors helped users gain insights they otherwise would not have obtained from the sep-

arate data alone [305]. Manual methods of self-tracking can induce higher awareness and

reflection [181]. Some users purposefully choose manual self-tracking methods because of the

opportunity for reflection [229].

Supporting reflection involves providing tools to record and visualize data, allowing and

encouraging users to ask questions from the data, providing the ability to format data,

record di�erent kinds of data, visualize data in di�erent granularities, and analyse di�erent

kinds of data together [98]. Di�erent data visualization styles, granularity, and temporal

displacement can better promote reflection than others. These di�erences appear to be

personal preferences, not related with particular goals [86]. While lack of information may

limit reflection, too much information may confuse users. Because the optimum amount

of information varies between users and changes with time, it may be necessary to adjust

utilizing contextual cues [246].

Reflecting on tracked data can serve di�erent purposes in chronic condition management,

such anticipating what might happen in the future [258], coping with the condition [249],

increasing self-knowledge, supporting everyday tasks, and making decisions [149]. Reflection

can take place di�erently depending on the person’s goals. In the case of managing diabetes,

for example, there are three modes involving data interpretation: habitual, sense-making,
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and contextual reasoning. In habitual mode, patients use heuristics to monitor their health

(e.g., checking that blood glucose is within desired range). Sense-making mode requires

more intentional e�ort to answer questions or find cause and e�ect (e.g., how a certain meal

impacts blood glucose). Contextual reasoning involves quickly using data to improvise and

problem solve. Contextual reasoning is based on known information, but it requires more

cognitive e�ort than habitual tasks [149].

Barriers to reflection and self-knowledge include lack of time, visualization limitations (e.g.

not displaying the right granularity), self-criticism (e.g. negative meaning or emotion at-

tached to the data), di�culty interpreting the data, di�culty finding the desired data, lack

of contextual information, not enough data due to irregular data collection, lack of trust

in data, data not being useful or being counter-intuitive, and tracking variables that are

di�cult to manipulate (e.g., stress) [146, 182, 258].

2.3.2 Behavior change

Technology designed to support behavior change aims to help users overcome undesired

habits (e.g. addictions) or adopt new ones (e.g. daily exercise). Self-tracking can facilitate

changes in behavior through increased reflection and self-awareness [140, 132]. Just tracking

a desired behavior such as studying, with no additional intervention, has been shown to in-

crease its frequency [40]. Because behavior change interventions can result in the opposite of

the desired outcome [48], designing e�ective systems requires understanding the mechanisms

of behavior change.

Reactivity, i.e. the degree of behavior modification [166], decreases when tracking multiple

unrelated data [125], when tracking involves obstructive devices [230] and when tracking

undesirable behavior [207, 270]. Promoting behavior change is more e�ective when goals are

set [151, 194], the target behavior is concrete, important, observable, and the intervention
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is motivated by moderate distress [143]. Being monitored by others and receiving feedback

may also increase reactivity [151]. While training people to self-track has been shown to

increase data accuracy, but not reactivity [230], inaccurate data may be poorly perceived by

users, and hinder reactivity [239].

Fogg argued that behavior change requires motivation, the ability to perform the target

behavior, and a reminder simultaneously [102, 100]. Reminders should be short and easy to

understand, and avoid bothering users [137]. Further, the mechanisms of tracking must be

realistic. For instance, tracking cigarettes smoked can be di�cult, as this often happens in

social settings [239].

Most studies of persuasive technology for health have presented positive outcomes. However,

mixed, negative, and no results have also been reported. These studies targeted behavior,

attitude, motivation, awareness, or self-e�cacy. Studies based on a theory were more likely

to have positive results [237]. Context aware and event-based reminders have also shown

significant results. However, most currently available apps do not leverage context [296, 142].

Most systems designed for promoting behavior change focus on health, mental health, or

education [101]. Physical activity and diet are the most common targeted behaviors [237].

Self-tracking has also been used as a behavior change strategy for smoking cessation [4, 239],

sunscreen use [11], nail-biting [211], recycling [303], and household chores [97].

2.3.3 Negative experiences with self-tracking

Self-tracking can lead to negative experiences in situations where the data is interpreted neg-

atively, particularly among vulnerable populations. Preventing adverse experiences requires

careful consideration when designing self-tracking systems.

Providing negative feedback, such as displaying data that could be interpreted as unde-
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sirable, could create guilt, disappointment, and embarrassment among people with mental

illness [275, 155]. For women with eating disorders, using diet tracking apps can exacerbate

disordered behaviors [82]. Tracking technologies could also negatively impact the physical

and emotional wellbeing of older adults by damaging their self-concept [213]. Interpreting

the data as a failure can lead to self-blame when the cause is attributed to internal factors

(i.e., the person’s e�orts or qualities) rather than external factors (i.e., circumstances or

other individuals) [274].

In situations with power imbalance, self-tracked data can create concerns and lead to negative

experiences. When managers or bosses have access to their self-tracked data, workers can feel

pressured to manage their reputation (e.g., by being less active in case of o�ce work) [117].

In the context of factory work, tracking can create pressure and stress for workers when the

data is visible to managers [127].

Discrepancies between tracking devices and users’ expectations can lead to incorrect data

interpretation and frustrations [332]. Users are reportedly particularly frustrated when their

e�orts are underestimated [64]. When people experience di�culties with achieving their

goals through self-tracking, they can also have negative experiences with health data, feeling

burdened, obsessive, trapped, or abandoning tracking [71].

To prevent these negative experiences, researchers have argued for designing to to increase the

sense of control among users [24], highlight and celebrate success and positive data [274, 127],

and be careful to avoid framing data negatively [275]. Increasing transparency about what

the device is capable of measuring and uncertainties could also help to mitigate issues [283].
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2.4 Conclusion

The shift in care enabled by patient-centered health technology will require new responsi-

bilities for both patients and clinicians. The design of these systems must be informed by

the needs of patients and clinicians. Still, many gaps remain on our knowledge about these

needs, and about how to design technology that makes a positive impact by empowering

seniors.

While several studies have described barriers for seniors’ use of self-tracking systems, we

need to better understand their relationships with tracking technology and their needs as

potential users. In-depth qualitative research is required to understand the reasons behind

the limited adoption of tracking technology among seniors, and how seniors currently use

self-tracking for health.

It is also important to investigate how seniors di�er from other populations in their use

of self-tracking for health. We cannot assume that psychology models and other insights

based on research with younger people apply to seniors [106]. Understanding where these

di�erences lie could help guide future research and also lead to useful implications for design

of health technology for older adults.

Several rehabilitation technologies have been designed and studied, but there is little work

in HCI aiming to understand patients and clinicians’ interactions with the data collected

by these systems. These data could be used by patients and clinicians. But similarly to

other kinds of self-tracking discussed in this chapter, details such as what kind of data to

collect and how to display these data are very important to e�ectively support reflection and

understanding for all stakeholders, to support their specific goals, and to prevent negative

experiences.

The research in this dissertation was planned and conducted to address these gaps. Chapter
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3 provides an overview of the three studies.
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Chapter 3

Research overview

This dissertation research investigates self-tracking among older adults through three di�er-

ent studies. Each study has used di�erent methods to try to understand existing barriers

and opportunities in this space. I refer to them as study 1, 2, and 3. Studies 1 and 2 investi-

gate seniors’ current use of and perspectives towards self-tracking, while study 3 focuses on

a potential application of tracking in the context of medical recovery from stroke. As dis-

cussed in Chapter 2, there are important gaps in our knowledge about how to design health

technology to support seniors in their self-care work. This research aims to contribute to the

literature by providing novel insights about seniors’ needs for healthcare technology.

Table 3.1 provides an overview of the three studies. The first study uses quantitative analysis

of survey data to investigate how di�erent factors, such as age, chronic conditions, and other

health factors influence self-tracking practices. This study allows us to further understand the

findings from studies 2 and 3, whose participants had complex health contexts. By examining

the impact of age and health on tracking, we can better understand if the challenges found

are linked to age, health status, or both.

An exploratory qualitative study with older adults, study 2 investigated how seniors think of
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Study 1 Study 2 Study 3

Investigates
Tracking practices
by di�erent
populations

Seniors’ tracking
practices and
barriers

The role of tracked
data for stroke
recovery

Motivation
To learn how age
and health impact
tracking

Little was known
about seniors’ use
and non-use of
self-tracking

Following Study 2,
to understand
self-tracking in a
recovery context

Methods Pew survey
reanalysis Interviews

Interviews and focus
group using data
visualization
artifacts

Participants 3,000 US adults
18 seniors, 5 sta�
members of a
retirement home

10 stroke survivors,
4 healthcare
providers

Health data
type

Wellness
health indicators

Wellness,
health indicators,
recovery

Recovery

Table 3.1: Overview of the three studies.

self-tracking, self-tracking technology, what role this practice plays in their self-management,

and what barriers exist for adoption of self-tracking technology among this population.

Lastly, the third study investigates a particular context of self-tracking by focusing on re-

covery from chronic stroke. This qualitative study aimed to understand self-tracking in

a game-based tele-rehabilitation system. Specifically, this study investigated the perspec-

tives of health care providers and stroke survivors towards the data tracked by the system

through interviews and a focus group. Each of the interview and focus group sessions used

visualization of tracked data to prompt discussion among participants.

These three studies used di�erent methods to understand seniors’ unique perspectives to-

wards tracking, including their practical needs in terms of specific goals pursued, and the

more psychological aspects of self-tracking and interacting with tracked data. Below, I de-

scribe each study in more detail.
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Study 1

The first study investigated how di�erent variables such as age and health status influence

tracking practices. This study consisted of a reanalysis of survey data from the Pew research

center project titled “Tracking for Health” [103]. The survey dataset includes data from

over 3,000 participants in the U.S., and over 30 di�erent questions. The reanalysis took into

consideration two di�erent kinds of tracking: wellness (i.e., exercise, diet, weight) and health

indicator tracking (other health data such as blood pressure). Chi-squared tests and logistic

regressions were used to investigate tracking practices among di�erent populations. These

tests controlled for other demographic variables, including education and income.

The Pew survey on tracking for health found that tracking is more prevalent among seniors

and among those who had one or more chronic condition [103]. Further examining these

data allows us to better discern tracking use among di�erent demographics. For example,

because Study 2 participants were seniors who had multiple chronic conditions, it was not

clear whether the barriers found are due to their age, health status, or both. Although there

is an increase in the prevalence of chronic conditions with age, separating these factors is

useful to understand tracking practices in di�erent contexts.

Study 2

This exploratory project was intended to address a gap in the literature, as prior work had

found that seniors use self-tracking for health, but do not use self-tracking technology [103].

However, we did not know what barriers existed, or how to address them. This study sought

to understand existing self-tracking practices among seniors, their perspectives towards self-

tracking and self-tracking technologies, and existing barriers by answering these research

questions:
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In this study, we interviewed 18 seniors and 5 employees of a retirement community. Their

ages ranged from 74 to 100, with a median of 84. We also interviewed two social workers,

a fitness trainer, a nurse manager, and a computer technician who worked in the same

retirement community.

Study 3

Study 3 investigates how stroke survivors and healthcare providers respond to self-tracked

data in the context of physical and occupational therapy. Stroke is a medical event that

a�ects seniors more than other age groups. This study focuses on tracking in the context of

medical recovery. In comparison with the previous studies, this project aimed to understand

a potential application of self-tracking rather than existing practices and barriers.

This was a qualitative study involving a 2-hour focus group with 4 physical and occupational

therapists and interviews with 10 stroke survivors. Both the interviews and the focus group

used visualizations in the form of line graphs, diagrams, and calendars. The objective of

the artifacts was not to evaluate their design, but to prompt discussion and understand the

perspectives of the participants about the data. All visualizations were created using real

patient data collected by the telerehab system and by Fitbit devices.

This work combines three studies investigating tracking among seniors from di�erent angles,

aiming to contribute to our understanding of their experiences with and perspectives towards

tracking.

The second study focuses on tracking practices among di�erent populations, revealing how

age and health status both influence tracking habits. This study contributes to our under-

standing about what leads individuals to self-track and about existing barriers. Through

the second study, I was able to investigate existing barriers to seniors’ use of self-tracking

technology, and discuss potential directions for future research to understand how to design
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better fitting tools for seniors. Lastly, the third study contributes to our understanding of

tracking for recovery, a context that was highlighted as important in the first study and that

we know little about.

Together, these studies emphasize the importance of designing technology to empower users,

particularly in the case of populations that have complex health needs such as seniors and

stroke survivors. Wellness tracking should seek to validate and encourage, including when

users have complex health. Tracking for managing or preventing chronic conditions must

provide value or reduce burden for seniors. There is an opportunity to design with the

intention of providing hope to users when they are going through medical recovery.

The next three chapters thoroughly describe studies 1, 2, and 3, including their motivations,

findings, and implications. Subsequently, chapter 7 provides an overall discussion of the

three studies.
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Chapter 4

Impact of age and health factors on

self-tracking habits

Self-tracking is commonly used for health purposes, such as preventing or managing illnesses.

Tracking is particularly prevalent among those who are older or have chronic conditions.

However, little is known about how di�erent aspects of health individually a�ect tracking

behaviors. Better understanding the population of self-trackers is essential to the design of

self-tracking technology. This chapter investigates the relationships between tracking and

age, illness, and self-reported health status based on data from a Pew Research Center survey.

The results show that there is a significant relationship between age and tracking habits even

when controlling for disease and health status. Chronic conditions and health status also

influence both wellness and self-management tracking. This study provides novel insights

into the di�erences in tracking habits among di�erent populations, and common motivations

for tracking.
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4.1 Introduction

In the U.S. and Canada, more than 60% of people utilize self-tracking for health management.

However, a substantial proportion of the population does not leverage any technology to

assist in their self-tracking practices [103, 240]. Most HCI research on technology-assisted

self-tracking has focused on early adopters or enthusiasts – a population that is younger, more

educated, and have higher socioeconomic status (SES) than the general population [240].

While this body of research has provided valuable insights, self-tracking is most common

among older adults (65 and older), whose adoption of self-tracking technology is below

2% [103]. To design e�ective self-tracking tools, it is necessary to understand potential

users, their needs, and motivations. There remains a knowledge gap about how self-tracking

is currently used, such as what people want to track and who will likely track. This study

aims to address this gap.

In this study, I aim to investigate di�erent factors that may influence tracking habits. To

explore how tracking habits are impacted by age, chronic illness, and perceived health status,

I analyzed data from the Pew survey on Tracking for Health [103]. With the use of statistical

analyses, I have found that wellness tracking is most common among healthier individuals.

Those who have chronic illnesses are more likely to track other health information, such as

blood pressure. This study has led to novel insights about the population of trackers, and the

health-related motivations behind tracking. This work contributes to the literature focusing

on self-tracking and technology for health management.

4.2 Background

Self-tracking can be used for both prevention and management of complex chronic condi-

tions. It can help people to monitor and detect a decline in their health [46], to learn more
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about themselves, including their habits and health status [182], to change behavior, such as

exercising more [200], and to self-experiment, for example, to find symptom triggers [147].

There are many di�erent kinds of health information that can be tracked. Wellness-related

information such as exercise, diet, and weight are among the most common [193]. This kind

of self-tracking can be used by people who want to make changes to their lifestyle, become

more physically fit, have a more balanced diet, or manage their weight. Many popular mo-

bile applications and activity trackers focus on tracking this kind of information (e.g., Fitbit,

Nike Sportsband, and pedometers [119, 193]).

Self-management tracking includes other other kinds of health information that are particu-

larly relevant for people with certain chronic conditions. For example, people with diabetes

often self-track their blood glucose, and tracking blood pressure is particularly relevant for

people with cardiovascular diseases [31]. This kind of information can be tracked to manage

an illness, to try to detect it early, or to assist in behavior change by supporting activities

recommended for managing the condition [159].

In the U.S., 60% of adults track wellness information, and 33% track other health indicators

or symptoms. Self-tracking is most common among seniors: 71% of them track wellness

information, and 52% track other health indicators. Tracking is most common among peo-

ple with chronic conditions, particularly those with multiple illnesses. People with chronic

conditions take tracking more seriously: they are more likely to register their data on paper

or using technology, track regularly, and share their data with clinicians. They are more

likely to report that tracking has influenced their approach to managing health and making

healthcare-related decisions [103].

While older adults self-track more in comparison with younger age groups, both technology

and research to date have focused mostly on younger users. Previous studies have shown

that older adults have di�erent needs when it comes to self-tracking, and experience barriers

when trying to use tracking technology due to di�erences in their contexts in comparison
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with younger populations, including a mismatch between their needs and the technology,

issues with low accuracy, and ease of use [47, 92, 158]. To better serve this population, we

need to pursue a better understanding of the needs, motivations, and challenges that they

experience.

While the Pew survey [103] has provided extensive information about trackers, we cannot

draw conclusions about the predictors of health tracking behavior based on the reported

results. A more in-depth analysis of their dataset can provide more information about

the influence of di�erent factors associated with self-tracking, such as age and incidence of

chronic illnesses. Examining these factors in detail will provide us with more information

about what leads people to track, and which populations are more likely to self-track.

4.3 Methods

To better understand how di�erent health-related factors influence tracking, I have con-

ducted a series of statistical analyses on a public dataset from a survey on tracking for

health [103]. The Pew Research Center conducted this phone survey in 2012 with a total of

3,014 respondents. All participants were adults (18 or older) who lived in the United States.

The calls were conducted in English and Spanish.

4.3.1 Survey questions

The survey asked over 30 questions about di�erent topics, including demographic informa-

tion, health status, tracking habits, caregiving, and use of technology. Table 4.1 includes the

main questions used in this study.

The first two questions are about self-tracking habits. Question 24 asks about what I call
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# Question N
24 Now thinking about your health overall... Do you cur-

rently keep track of your own weight, diet, or exercise
routine, or is this not something you currently do?

1,929

25 How about any other health indicators or symptoms?
Do you happen to track your own blood pressure, blood
sugar, sleep patterns, headaches, or any other indicator?

1,117

2 In general, how would you rate your own health?
Excellent 858
Good 1561
Only fair 486
Poor 136

3 Are you now living with any of the following health prob-
lems or conditions?

1,498

Diabetes or sugar diabetes 374
High blood pressure 895
Asthma, bronchitis, emphysema, or other lung condi-
tions

376

Heart disease, heart failure or heart attack 260
Cancer 116
Any other chronic health problem or condition I haven’t
already mentioned

544

Table 4.1: Survey questions used in the analysis

wellness tracking (i.e., tracking activities related to weight, diet, or exercise). Question 25

refers to self-management tracking (i.e., all other health-related information such as symp-

toms or vital signs).

The other two questions included in the analysis are health status (question 2) and chronic

conditions (question 3). Health status is a self-reported assessment of the person’s health in

one of four categories: excellent, good, only fair, or poor. These ratings provide a measure

of the respondent’s overall health, including how challenging and severe any ailments are.

Self-reported health status is a reliable indicator of health, as it can accurately predict

outcomes [136]. Question 3 asked whether participants had chronic illnesses. The interviewer

asked about five types of diseases in random order, and then asked about any additional

conditions they might have. The last column of the table (N) shows how many participants
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answered ‘yes’ to each question.

4.3.2 Analysis

The analysis focused on the 2,136 participants who reported using tracking for health, i.e.,

those who answered “yes” to question 24 or question 25. First, I utilized scatter plots to

observe how self-tracking prevalence changes with age. In this plot, I grouped people who

were 90 or older due to a relatively small sample of respondents above 90.

Then, I conducted a series of chi-squared tests within di�erent sub-groups of participants.

These tests aimed to understand the influence of age on tracking habits for people with

di�erent chronic conditions, and di�erent health statuses. All of these tests were based on

2x3 tables: 3 age groups and having answered yes to tracking (questions 24 and 25), and all

had two degrees of freedom. I report these results in Tables 4.2-4.4. For each test, I report

the chi-squared statistic and p-value. Only the percentage of people who responded ‘yes’ to

each question is reported, as these questions had binary answers.

Lastly, I used logistic regressions to analyze the contribution of each aspect of health – age,

illness, and health status – to the likelihood of tracking. I conducted four di�erent logistic

regressions. First, I tested how di�erent illnesses contributed to tracking individually by

including each illness in the model. Then, I analyzed the e�ect of multiple chronic conditions

on tracking. For each of these tests, one regression evaluated tracking of wellness information

and the other evaluated self-management tracking. I used di�erent models to investigate the

influence of having multiple chronic conditions, as this variable was not independent of the

chronic illness variables. The logistic regressions controlled for demographic information

(education, income, and ethnicity).

The two types of tracking behaviors included in the dataset, tracking wellness information

36



and tracking health-related indicators, are tested separately in all of the analyses. I chose

to analyze these questions separately because they are used in di�erent kinds of health

management, and they show di�erent patterns in the dataset. With these methods, I was

able to evaluate how individual factors influence tracking habits. I report the results of the

statistical tests in the next section.

4.4 Findings

The findings show that both age and health are independent predictors of tracking behaviors.

While having a better health status or cardiovascular diseases increases the odds of tracking

wellness information, having other chronic conditions, such as diabetes or cancer, do not.

4.4.1 Scatter plots

The first plot (Figure 4.1), shows the di�erent rates of tracking wellness and health indicators

among di�erent ages. Each point in the plot shows the percentage of people of that age who

self-track. Wellness tracking is common among all ages (>40%). It decreases slightly between

the early 20s and mid-40s, increasing between 40 and 70, and it peaks around 70 (>60%).

In comparison, tracking other health indicators is much less common among people in their

20s and 30s (<40%). Similar to wellness tracking, there is an increase from the mid-40s until

70s, and this kind of tracking peaks around 70.

These data reveal a few trends in tracking for di�erent age groups. The practice of self-

tracking is relatively stable between ages 18-45, it increases between ages 45-70, and decreases

after age 70. Between ages 18-45, most people track wellness-related information. After 45,

there is a growing diversity in tracking practices, with a larger percentage of self-management

tracking.
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Figure 4.1: Scatter plot of tracking activity by age, showing an increase for both kinds of
tracking among older adults.

These patterns illustrate di�erences among di�erent age groups regarding their motivations,

practices, and experiences with tracking. These di�erences might be influenced by changes

in health, as chronic illness prevalence increases with age.

The next plot (Figure 4.2) shows the prevalence of chronic illness among the respondents.

Similar to the the previous plot, there is a low prevalence before age 45, and an increased

prevalence rate between the mid-40s and 70s. Based on these data, it is possible that the

di�erences in tracking patterns for di�erent age groups are driven mainly by chronic illness

prevalence. The statistical tests below were used to evaluate the influence of age and health,

in order to understand how each of these two factors impact tracking practices.

4.4.2 Chi-squared tests

To further examine the relationship between age, chronic illness, and self-tracking, I provide

the results of several chi-squared tests. These tests were conducted for the entire sample,
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Figure 4.2: Chronic illness prevalence by age among survey respondents.

for people with or without chronic conditions, for people with multiple chronic conditions

(Table 4.2), and individually for five types of chronic illnesses (Table 4.3).

As the plots suggested, there is a significant relationship between age and tracking. Overall,

older people are more likely to track both wellness information and health-related indicators

(Table 4.2). This relationship is also present in the entire sample (all respondents), and

among those with at least one chronic condition. However, age has no significant influence on

tracking among people with multiple chronic conditions. Among those without any chronic

condition, age does not influence wellness tracking, but it does influence self-management

tracking. In other words, people with two or more chronic conditions are likely to self-track

regardless of age. Other groups track significantly more when they are older. Those without

chronic conditions are more likely to track health indicators when they are older, but for

them, age does not influence wellness-tracking.

When analyzing illnesses individually (Table 4.3), I found almost no significant relationship

between tracking and age. People with diabetes, high blood pressure, respiratory illnesses,
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18-45 58% 23% 58% 16% 59% 42% 59% 61%
46-70 62% 41% 62% 25% 62% 52% 65% 61%
71+ 68% 48% 60% 22% 71% 56% 68% 64%
‰2 11.87 132.75 2.86 15.10 8.70 15.06 2.48 0.34

p-value 0.003 <0.001 0.240 0.001 0.013 0.001 0.290 0.845

Table 4.2: Chi-squared test results among the three age groups for di�erent conditions. Each
column shows the results of one test.
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18-45 62% 72% 59% 57% 57% 44% 72% 56% 75% 25% 62% 43%
46-70 67% 74% 65% 59% 66% 48% 63% 64% 60% 37% 62% 54%
71+ 61% 65% 70% 61% 68% 59% 75% 66% 70% 58% 71% 49%
‰2 1.32 1.95 4.26 0.12 3.34 2.99 3.09 1.22 2.03 7.18 2.45 5.35

p-value 0.52 0.38 0.83 0.66 0.19 0.22 0.21 0.54 0.36 0.03 0.29 0.07

Table 4.3: Chi-squared test results among the three age groups for individual illnesses. Each
column shows the results of one test.

cardiovascular illnesses, and other illnesses were similarly likely to track both wellness and

other health information regardless of their age group. However, among people with cancer,

older respondents were significantly more likely to track health indicators. When analyzing

other specific disease populations, age did not seem to have a significant e�ect on tracking

habits. Most conditions showed high levels of tracking both wellness and health indicators.

The disparity in results between Tables 4.2 and 4.3 is intriguing. Since there is a relation-

ship between age and tracking overall and among people with one chronic condition, I would

expect to find a similar relationship among a few chronic conditions. The relationship ob-
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18-45 63% 20% 58% 23% 44% 28% 61% 63%
46-70 70% 31% 62% 40% 60% 51% 42% 56%
71+ 76% 41% 65% 46% 72% 53% 59% 57%
‰2 6.49 21.37 3.32 0.19 18.93 25.39 3.54 0.35

p-value 0.039 <0.001 0.190 <0.001 <0.001 <0.001 0.170 0.838

Table 4.4: Chi-squared test results among the age groups for di�erent health statuses. Each
column shows the results of one test.

served among people with cancer does not explain these results, as they represented a small

subgroup of the dataset. Other factors may explain the di�erence between these results,

such as the influence of other aspects of health.

To better understand the relationships between tracking, age, and health state, I also ana-

lyzed data about the respondents’ self-reported health statuses. Table 4.4 reports the results

of chi-squared tests among those with excellent, good, fair, or poor health. These tests

included all respondents, both those with and without chronic conditions.

These results show significant relationships between age and tracking among people with

excellent, good, or fair health. Those with poor self-reported health were similarly likely to

self-track regardless of their age. Among those with good health, the relationship between

tracking and age was only significant in the case of self-management tracking.

Those with fair health exhibit the most drastic increase in tracking with age among all

di�erent health statuses. They have the lowest proportion of tracking wellness information

in the 18-45 age range. Although the proportion of older trackers with fair health is similar

to the excellent health group, the di�erence in wellness tracking among young people with

excellent or fair health suggests that the tracking practices or the motivations for tracking
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di�er between people with these two di�erent kinds of health rating.

Overall, these results indicate that people with worse health, such as those with poor health

and those with multiple chronic illnesses, have enough incentive to self-track, regardless of

their age. In contrast, people who have good to average health are less motivated to track.

For them, being older represents an additional reason to self-track.

4.4.3 Regression analysis

Table 4.5 shows the results of four logistic regressions used to test how age and di�erent

health factors predict wellness and self-management self-tracking. The first two models

include specific illnesses, while the last two include multiple chronic conditions. Table 4.5

includes the odds ratio (OR), confidence interval (CI), and p-value for each variable in the

model. Because health status ranges from 1 (excellent) to 4 (poor), an OR < 1 for health

status can be interpreted as worse health leads to less tracking.

The first model tested wellness tracking and specific chronic illnesses. Only health status,

age, and cardiovascular diseases are significant predictors of wellness tracking. The results

show that people who are older, have cardiovascular disease, or have better health are more

likely to track wellness related information. However, no condition other than cardiovascular

disease was a predictor of wellness tracking.

The second model tested self-management tracking and specific chronic illnesses. Most

illnesses predicted health indicator tracking, along with age. However, health status did

not predict tracking in this case. Older adults, as well as those with diabetes, high blood

pressure, respiratory and cardiovascular diseases, are more likely to track health indicators.

The third model tested wellness tracking and multiple chronic illnesses. Health status, age,

and having multiple conditions all predict wellness tracking. People who are older, have
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Wellness tracking Self-management tracking
Individual conditions OR CI [ ] p-value OR CI [ ] p-value
Health status 0.81 0.71 0.93 0.002 1.06 0.92 1.22 0.415
Age 1.01 1.00 1.01 0.007 1.01 1.00 1.01 0.005
Diabetes 1.11 0.83 1.50 0.475 3.71 2.72 5.12 <0.001
High blood pressure 1.09 0.87 1.36 0.472 2.83 2.28 3.52 <0.001
Respiratory Illnesses 1.29 0.99 1.70 0.065 1.54 1.17 2.03 0.002
Cardiovascular illnesses 1.45 1.02 2.10 0.044 1.72 1.19 2.49 0.004
Cancer 1.11 0.70 1.79 0.675 0.73 0.45 1.17 0.191
Other chronic conditions 1.15 0.90 1.48 0.261 1.21 0.94 1.56 0.133

Multiple conditions OR CI [ ] p-value OR CI [ ] p-value
Health status 0.82 0.73 0.94 0.003 1.12 0.98 1.27 0.096
Age 1.01 1.00 1.01 0.002 1.02 1.01 1.02 <0.001
Has 2+ chronic conditions 1.43 1.12 1.83 0.004 3.44 2.72 4.36 <0.001

Table 4.5: Results of four logistic regressions: wellness or self-management tracking by
individual or multiple chronic conditions.

better health, and who have multiple chronic conditions are more likely to track wellness

information.

Lastly, the fourth model tested health indicator tracking and multiple chronic illnesses. Age

and having multiple chronic conditions predict tracking of health indicators. Health status is

not a significant predictor when the model includes age and having multiple illnesses. People

who are older or have multiple chronic conditions are more likely to track health indicators,

regardless of their health status.

4.4.4 Summary of findings

Age is one of the main predictors of self-tracking even when accounting for other aspects of

health. Still, health conditions and health status influenced self-tracking practices.
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Wellness tracking

While wellness tracking is prevalent across all age groups, it is most common among people

with better health. Better health status predicts wellness tracking, suggesting that wellness

tracking is used primarily for prevention purposes. Its popularity also increases with age, as

shown in Figure 4.1.

Most conditions included in the survey, including diabetes and high blood pressure, were not

predictors of this kind of self-tracking. However, there is an increase in wellness tracking in

the case of having cardiovascular disease or multiple chronic conditions.

Self-management tracking

Tracking health indicators is associated with chronic illness management. Few younger

people engage with this kind of tracking, and its use is predicted by having chronic diseases

such as diabetes, high blood pressure, respiratory and cardiovascular illnesses.

While tracking health indicators is most common among people with chronic conditions,

illness severity does not influence this practice. Health status is not a significant predictor

of tracking health indicators, according to the regression results, when chronic illness is

included in the model.

Di�erently from other illnesses, we found no evidence that self-tracking is used to manage

cancer. Cancer is not a significant predictor of self-tracking, and it was also the only chronic

illness with a low prevalence of tracking among the youngest age group (25.2%).

Tracking health indicators is also used for prevention. Many people, particularly those who

are older than 45, track health indicators even when they have no chronic conditions. Thus,

health indicators are also tracked for chronic condition prevention in specific contexts.
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Age and self-tracking

Age is positively associated with self-tracking activities, regardless of other health factors.

Older respondents seem to have more incentives to track. For that reason, their health status

is less influential to their tracking habits.

The influence of age on tracking was weaker among people that already have a high prevalence

of tracking habits in the youngest age group (18-45). In the case of wellness tracking, that

was observed among people with good health and no chronic illness. In the case of health

indicator tracking, people with worse health or multiple chronic conditions had this pattern.

The increase of tracking with age is less pronounced among people with worse health (e.g.,

multiple diseases or poor health status). Among the populations whose tracking behavior

does not vary significantly by age, all age groups have a high proportion of trackers - typically

above 50%. Younger people with worse health likely have a stronger incentive to track. The

incentive is enough that there is no statistical di�erence between tracking for di�erent age

groups among those with worse health.

4.5 Discussion

This study has led to novel findings about self-tracking behavior and how it is influenced by

age, chronic illness, and health status. In this section, I discuss the findings, implications,

and directions for future work.

Finding that healthier people are more likely to track wellness information is surprising

because wellness-related activities are often recommended to manage chronic illnesses [36].

The only illness associated with wellness tracking, among the five examined in the survey,

is cardiovascular disease. Others such as diabetes, high blood pressure, also are influenced
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by diet and exercise, but they do not predict wellness tracking. It is possible that tracking

wellness helps people to maintain their health, or that people who track wellness information

also have more motivation and are better at caring for their health. Perhaps for people with

worse health, wellness tracking is not as much of a priority as other tasks involved in health

management. It is not possible to know the reason based on this study. However, future

research should aim to understand what is causing this di�erence in order to address the

problem.

Tracking health indicators was most common among people with worse health, or older age.

People are more likely to self-track health indicators if they are older or have a chronic illness.

It is likely that the practice of self-tracking di�ers between people of di�erent ages, and also

between people with and without chronic illnesses. We also do not know what leads older

people to track health indicators more than younger people when they are healthy. Thus,

it is important to investigate the tracking practices of seniors. Examining the tracking

practices of the second age group (46-70) could also provide insights into the reasons behind

the increase of self-tracking in that age range.

Having a cardiovascular disease or multiple chronic illnesses impacted self-tracking di�er-

ently in comparison with other conditions. Cardiovascular disease was the only illness that

was associated with a higher likelihood of tracking wellness information. Moreover, having

multiple chronic conditions was significantly associated with tracking wellness and health

indicators. People with multiple conditions represent a substantial portion of the popula-

tion (26%) [323], and their self-tracking might warrant particular attention. Since they are

caring for multiple illnesses, they might be more likely to run into issues caused by di�erent

tools that are not compatible or face high burden from not having a centralized platform for

tracking [58].

Age is a significant factor influencing tracking, even when controlling for other health aspects.

Still, most self-tracking technology focuses on a younger population. Previous work has found
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challenges older adults face with self-tracking technology, including a mismatch between their

needs and the technology [92]. This study expands on this literature by further investigating

how age influences tracking. The findings reveal that older adults can benefit from tracking

health indicators even when they do not have chronic diseases. This is one direction to

pursue in the future regarding tracking among seniors.

The populations using tracking and the purposes behind it are diverse. This diversity indi-

cates that designers should avoid making assumptions about users’ health and goals. Trackers

can be of all ages, health statuses, and have di�erent illnesses with di�erent severity. They

can also use tracking for prevention or management of chronic conditions. Self-tracking tech-

nology needs to support these di�erent backgrounds and goals. There are several aspects of

tracking that future research should investigate. Examining why healthier people are more

likely to use wellness tracking is essential to understand how to better support those who

are not as healthy. Also, what does it look like to track health indicators for prevention, and

track wellness information for managing an illness? These practices have not been investi-

gated much, but they are relatively common, particularly among older people. These are

di�erent goals, and it is likely there are di�erences in tracking for di�erent health purposes.

Lastly, there is an opportunity to investigate why self-tracking is not used for managing

cancer. Past studies have discussed the use of tracking by cancer patients (e.g., [152]), it

could be useful to understand why this population does not currently use this practice.

The Pew survey on tracking for health [103] revealed several interesting trends regarding self-

tracking and demographics. For example, it showed that tracking is most common among

people who have chronic conditions, and people who are older. However, since there is a

correlation between age and chronic condition prevalence, it was not possible to discern

which factors influenced tracking based on the survey report. In this study, we conducted

further analysis of the survey data. We provide a more detailed examination of tracking

habits, expanding our understanding of the characteristics of trackers and their motivations.
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We found that both age and chronic illness influence self-tracking habits di�erently.

Because the data used in this paper was collected in 2012, and the adoption and use of new

technologies can evolve substantially after a few years [178], it is likely that self-tracking

habits have changed, and use of technology has become more common. A recent survey

among Canadian residents found a similar proportion of people who self-track (66.2%, in

comparison with 66.8% in the Pew survey), but a significantly higher proportion of people

who use technology for tracking (40.6%, in comparison with 21%) [240]. Given cultural and

economic similarities between Canada and the United States, it is likely that the use of

self-tracking technology has also increased similarly in the U.S. The increase in use of self-

tracking technology highlights the need for research in this area. However, since advances in

health are slower than technology advances, the motivations behind tracking are less likely

to have changed substantially in this period.

4.6 Conclusion

This work contributed to an understanding of the population who uses self-tracking for

health management. We have examined how age and health factors influence self-tracking.

The findings indicate that wellness tracking is most common among people with good health

of all ages. Tracking of other health information is also more prevalent among people who

have one or more chronic conditions, and older adults. Self-tracking technology for health

is rapidly growing in popularity and adoption. This work provides insights for the design

of self-tracking technology and for future research aiming to better understand self-tracking

behaviors, motivations, and how to best support this practice.
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Chapter 5

Self-tracking practices and barriers

among seniors

5.1 Motivation

While previous work has investigated older adult care and self-care and proposed technologies

for aging in place, understanding their use of self-tracking can reveal existing issues and

opportunities to advance this field. In this project we investigated the use of self-tracking in

the context of seniors’ self-care and external monitoring, and examine its e�ectiveness and

impact on independent seniors.

Grönvall and Verdezoto [115] have suggested that, while self-tracking is empowering and

educational, older adults may not be able to remain tracking due to requiring more assistance.

Better supporting this population’s self-tracking practices requires understanding how they

currently engage in self-tracking, and examining the reasons that limit technology adoption.

This project was conducted in collaboration with several researchers, and published at the
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CSCW conference [47]. While I led the project, including its conception, data collection and

analysis, and writing, my collaborators have made major contributions to this work. Thus,

in this chapter I use plural pronouns (e.g., we) to refer to actions taken during the project.

5.2 Research questions

This study sought to understand existing self-tracking practices among seniors, their perspec-

tives towards self-tracking and self-tracking technologies, and existing barriers by answering

the following research questions:

RQ1 How do seniors use self-tracking for health?

RQ2 How do seniors perceive self-tracking and self-tracking technologies?

RQ3 What barriers exist for use of self-tracking technology among seniors?

RQ4 How do seniors experience having their health monitored by others through tracked

data?

5.3 Methods

To answer these research questions, we conducted a qualitative study in the independent

living unit of a retirement community in the United States.

The study consisted of interviews with 23 participants: 18 independent residents and 5 sta�

members of the retirement community. Among the residents interviewed, 11 were female

and 7 were male. Their ages ranged from 74 to 100, with a median of 84. Each of them

had at least one chronic illness, including hypertension, arthritis, cancer (in remission),
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Age Gender Tracks Physical disability Tech use
P1 95 male glucose moderate low
P2 87 male steps none high
P3 82 female glucose none moderate
P4 77 male glucose none low
P5 74 female blood pressure moderate high
P6 75 female blood pressure none low
P7 89 female blood pressure moderate low
P8 83 female blood pressure mild low
P9 79 female glucose mild moderate
P10 94 female pain moderate moderate
P11 85 female blood pressure mild moderate
P12 84 male wife’s blood pressure mild high
P13 91 female - moderate moderate
P14 84 female steps none high
P15 84 male blood pressure mild high
P16 100 male - none moderate
P17 87 male glucose mild high
P18 80 female glucose mild high

Table 5.1: Characteristics of senior participants.

diabetes, hearing loss, and gastrointestinal conditions. However, these chronic conditions

are controlled without daily assistance from caregivers. These participants are described in

more detail in Table 5.1.

Residents lived independently in their own apartments or houses in the community property.

They did not have significant cognitive impairments, but they had a wide range of physical

disabilities, from being very active and regularly playing sports to using assistive mobility

devices such as a cane, walker, wheelchair, or electric scooter (see Table 5.1). Moderate

disability in Table 5.1 refers to not being able to walk unassisted for at least 15 minutes, and

mild disability refers to not being able to walk unassisted for at least 2 hours. Participants

who exhibited high technology use browsed the internet for 1 hour or longer at least 4 times

per week, while those who had moderate use browsed the internet at least 2 times per week.

Residents’ movements and daily activities were not controlled or closely monitored. Many

had cars and maintained active social lives. As these labels were created in this study to
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describe the di�erent characteristics of the participants, they are defined relative to this

group. For example, those considered to have high technology use are among the most tech

literate among all senior participants.

Among the retirement community sta�, we interviewed: two social workers (S1 and S2),

a computer technician (S3), a fitness trainer (S4), and a nurse manager (S5). The social

workers’ primary responsibilities were to ensure that residents were receiving appropriate

care, and communicate with residents’ family members. The computer technician assisted

residents who had questions regarding computers and mobile devices, as well as technical

problems. The fitness trainer led group exercise classes for the residents and provided per-

sonal training sessions. The nurse manager oversaw the nursing sta� in the independent

living section of the retirement community.

5.3.1 Data collection and analysis

We conducted semi-structured interviews with each of the participants. We asked resi-

dents about their technology use, their current health issues, and their health management

practices. We also inquired about self-tracking and the care practices of the retirement com-

munity. We asked sta� members about their roles in the residents’ health care, and about

the di�erent care practices of the institution. We first interviewed eight residents and one

sta� member, discussed the preliminary data among all four researchers, and revised the

interview protocols for the remaining interviews. The interviews were audio recorded and

lasted 40 minutes on average. Each participant received 25 dollars for participating in the

interview.

In addition to the interviews, we also observed the general practices of the retirement com-

munity and attended open events related to health or technology. These events were: three

separate talks about hypertension, fall prevention, and nutrition; a residents meeting; a
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discussion circle about interacting with health providers; and a computer group meeting.

Each event lasted between 40 minutes and one hour. The observations occurred before and

during our interview phase over a period of 8 months. Observational data were collected in

handwritten notes. This chapter is based on interview data, but observations were essential

for formulating interview questions and conducting interviews. This study was approved by

UC Irvine’s ethics review board, and informed consent was obtained from all participants.

To analyze the data, we utilized a Grounded Theory-oriented approach [42, 299]. We tran-

scribed each interview, and two authors separately coded a subset of the data following an

open coding technique. Both sets of codes were discussed and combined, and one author

proceeded to code the remaining interview and observation data. We used axial coding as

our final analysis step.

5.4 Findings

Our data show that the seniors’ health management involves several interdependent forms

of care, including both self-care and collaborative care, wherein spouses, neighbors, health

providers, and retirement community sta� play roles in the residents’ care.

5.4.1 Self-care

This study’s findings reveal several barriers for adoption of self-tracking technology among

older adults, their goals and needs when it comes to self-tracking, and opportunities to

better support seniors in their self-care by focusing on monitoring and medical recovery.

Senior self-care involves managing their health care and health information as well as self-

tracking health indicators including blood pressure and glucose. These activities are largely

preventive, as they are used to prepare for emergencies or to identify worrisome changes in
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health indicators, such as spikes in blood pressure.

Wellness tracking

Tracking for wellness is uncommon among participants. Tracking exercise, for example, was

not perceived as useful for behavior change, even among those who used it. Activity trackers

were seen as potentially useful for validating existing habits. However, for those who were

not very active, these devices could instead highlight physical limitations or impairments.

Only three participants, who already were very physically active, used step counters to

validate or check their existing activity levels. They did not see or use tracking as a tool to

motivate them. Rather, these tools were used to validate what they already did.

P2 and P14 used pedometer apps on their smartphones, but they did not change their

routine or increase the amount of exercise based on their step count. P14 said, “I think it’s

psychological more than anything else. [...] I like to know I’m moving, and you know, not

just sedentary.” P2 stated, “If I feel that my day is kind of sedentary I’ll get up and walk on

the park. But, do I have a budget that I’m meeting everyday? No. I don’t.” Both expressed

that they ‘like to see’ their data, but the data does not encourage them to become more

active. P2 further explained that he does not gauge how active his day has been based on

the numbers, but rather on his own observation of his activities.

Most participants had goals aligned with the purpose of activity trackers, such as exercising

more or more consistently, but they did not perceive exercise tracking as useful for providing

motivation. Participants who were interested in exercising more expressed how the kind

of feedback provided by tracking steps was not as motivating as the benefits they received

from exercising, such as improved symptoms or improved balance or gait; or even social

accountability from scheduling a time with a trainer or friend. Further, many of them

reported that they had experienced adverse e�ects from particular kinds of exercise or due
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to exercising too much. After these instances, they changed their habits or goals regarding

physical activity. Among seniors who were not able to reach a high level of physical activity,

tracking could serve instead as a negative reminder of their disability or condition.

Participants also expressed disinterest in tracking routine activities such as diet because their

habits were very repetitive and predictable. Keeping track of those existing habits would

not be informative either.

Overall, we found that seniors associate activity trackers with fitness goals of young people.

The seniors who use these devices are physically able and active, and use them only to

rea�rm their own activity levels rather than to change their behavior. This barrier was

both functional and conceptual, as these devices are not designed for the particular needs of

older adults and are most often perceived as not useful by seniors who have special needs.

Tracking for physical recovery

Most participants reported having experienced a period of recovery from major health events

(e.g., fall or surgery). Self-care in these situations required learning, burdensome work, and

activities such as physical therapy or particular kinds of exercise. Although recovery is

among the potential applications of tracking technology, tracking was still not seen as useful

for recovery purposes by participants. In this situation, similar to the case of behavior

change, it is likely that improvements upon existing tools could help them to better align

with seniors’ needs.

Participants who exercise to manage pain or to improve their balance did not track their

specific exercises. Instead, they use time to mentally measure their activities (e.g., walking

for 20 minutes). Balance training is one of the most common exercise sought by the seniors to

maintain their autonomy, as S4 said, “Most just want to remain independent. So it definitely

comes into functional fitness, which is just to continue doing daily activities with ease. [...]
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Balance is a key issue.”

According to the fitness director, activity trackers and other self-tracking tools are not ben-

eficial for this kind of functional training for two reasons: first, they do not measure relevant

data; second, they provide less motivation than the direct results of the physical activity. As

she explains,

“a lot of what we do is getting people from a walker to a cane, and from a cane to

walking independently. [...] That includes weight shifting, that includes balance,

that includes strengthening the legs and keeping them flexible. So in that mode,

a pedometer or heart rate monitor is not going to a�ect their outcome.”

The benefit provided by exercising, namely reduced pain or increased mobility, is tangible,

and more powerful than motivation provided by self-tracking could be. S4 explained, “If

they’re feeling better they are going to know it, they are going to feel it and it’s going to be

obvious, and they won’t need to sign in a sheet [to self-track].” For example, P10 walks in the

mornings to manage her pain: “It helps to take the pain away. And by noon or one o’clock

the pain is gone, and I have no more pain the rest of the day or at night.” P1 participates

in balance training classes, and he notices how that helps him. He said, “I occasionally lose

my balance temporarily or reach too far or something, and I find that I do get responses,

correction responses with [balance training classes]. So I guess I will continue with those.”

These tangible benefits provide motivation to keep exercising. However, they are not regis-

tered anywhere. P5 said,

“I don’t usually go back and look at the past because I know mentally that I’m

way down from where I was when I started. [...] I know, I judge where I am and

how I feel. And I know that I am better today than I was in February.”
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Activity trackers are not seen as potentially helpful in a recovery process. For instance, P18

was recovering from a hip surgery at the time of the interview, and while she was walking

unassisted, she had not fully recovered. She owns an activity tracker and planned to use it

when she was able to be more active, but she did not think that it could help in her recovery.

She explained, “I do have the Fitbit, but I haven’t gone online to activate it yet because I

didn’t think it was much use doing it when I am not back to my normal self, but soon I’ll do

it.” P18 walked without assistance at the time, but in her perception the activity tracker

would not be useful until she could walk 10,000 daily steps again.

Tracking for health management

To monitor their health and detect any undesired changes, many of our participants self-

track health indicators such as blood pressure and glucose, and about one third of them share

these data with health providers. This kind of tracking was used both by participants who

had a related diagnosis (e.g., hypertension) and by those who did not - either for purposes

of diagnosis or prevention.

Their self-tracking process is short, and consists mainly of checking whether the health

indicator is in a predetermined range, as P11 explained, “I know I have to keep [my blood

pressure] in a certain range, that’s all you worry about, really. And that works.” They

expressed that self-tracking helps them to feel in control of their own health. P8 said, “I

think if I had a sudden spike in blood pressure, I would be very concerned. And maybe it’s

just a preventative thing.” P8 tracks her blood pressure daily, this habit allows her to be

more confident about her well-being.

Interestingly, we found that participants who do not share their data with health providers

are less likely to measure their health indicators regularly, or to register their data in writing.

As P1 stated, “I don’t write [my glucose] down. It’s not with a great regularity either.”
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Figure 5.1: P9’s blood pressure log (left), P10’s pain log (right).

They are more likely to self-track more often when experiencing symptoms. P6 explained,

“Sometimes if I feel very low, I’ll take [my blood pressure].” Similarly, P7 said, “I check [my

blood pressure] maybe once every couple of days. Unless I’m symptomatic, then I’ll check it

every couple of hours.”

In contrast to what was indicated in prior literature, we have found that our participants

primarily track their current health status in order to detect changes in condition. Similar

to having periodic blood tests to assess their current state, their measurements aimed to

identify any abnormalities that might be occurring at the time.

All participants highlighted that they use self-tracking to monitor their health, and would

take action if they noticed a worrisome change. For example, P5 monitors and writes down

her blood pressure daily, and calls her doctor if she is discontent with it:

“I just write it down and sometimes I take it to the clinic and they fax it for me.

So if we’re going over I’ll hand it to [my doctor] and he scans it in our chart,
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my chart. I’ll call him if I have a concern about my blood pressure. [...] If I’m

not happy with it, then I will call him and say ‘hey, this is getting a little high’

or ‘hey, it’s not gotten too low yet’.”

Older adults use self-tracking to monitor their health for changes that might signal a decline

in health and require an intervention. P7 reported that her tracking was not regular, and

changed according to her perceived need. When asked about tracking her blood pressure,

she said, “I check it maybe once every couple of days. Unless I’m symptomatic, [then] I’ll

check it every couple of hours”. When P7 judges the ‘unusual’ to be more likely, she increases

the frequency of measurements in order to be able to detect it sooner.

As described in this section, seniors have particular needs for self-tracking. Their main

motivation is to monitor changes in condition that might be alarming and warrant an inter-

vention.

5.4.2 Retirement community care practices

The retirement community has care practices that aim to ensure the safety and well-being

of seniors in independent living. These practices allow the community sta� to understand

the needs of each resident, and to help the older adult remain in independent living as

long as possible. These practices are also designed to detect and prepare for emergencies,

such as falls. While independent living residents are not closely monitored, the retirement

community does provide quick access to medical care in case of emergencies, as S5 explained:

“We do a lot with the paramedics across the street, [...] they’re here at least once a day.

Because we have such a big population.” Accounting for approximately 400 residents in four

levels of care, these emergencies occur most days.

While the residents are not closely supervised, retirement community sta� maintain an
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awareness of residents’ general status through their day-to-day interactions. If they see

something that they find di�erent or worthy of a note, they will document it and discuss in

a sta� meeting, as S2 explained:

“we talk about how the resident is behaving with other residents. We talk about

whether the resident is doing isolating behavior and just staying to themselves.

We talk about the resident’s temperament, ability to walk, ability to self-care,

ability to do their own shopping, cleaning.”

These behaviors are mostly observed informally, rather than assessed in a formal setting.

Nurses and social workers have informal conversations with residents when they meet in

the common areas of the property. After these encounters, these employees will sometimes

add notes to the resident’s files if they notice a change in mood or behavior. This informal

monitoring helps to determine seniors’ overall health and wellness status, and to inform

decisions regarding their care.

To assess whether they are still able to live independently, each resident has their cognition,

mental health, fitness level, and overall health formally evaluated once a year. According to

the nurse manager, this assessment is particularly helpful to monitor the most independent

seniors who do not use the health center frequently: “it gives us a chance to touch base,

especially with the ones that are extremely independent, who don’t like to go to the nurses for

any reason.” Residents understand the purpose of the test, and find it important for their

own well-being. Health monitoring by retirement community also allows some residents to

track their health conditions over years. As P14 said,

“you have a chance to see where are you now in comparison to what you did

or said last year. [...] I’m not as quick as I used to be. There’s a whole lot of

di�erence between 69 and 84. And so you expect to have some measure of slowing
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down or not being able to do as many things as you did previously or as rapidly.”

On the other hand, the cognitive test generates anxiety in older residents. The test carries

high stakes because a poor performance means that they are experiencing decline, and that

might cause them to move to the next level of care. According to S2, “there is a great

number of residents who are older, maybe in their 90s, who tend to get anxious about it.”

This anxiety is still present in seniors who perform well on the assessment, as P5 stated,

“I’ve been very fortunate, I’ve been above where I’m supposed to be all along. So

it makes it even harder, because you want to keep achieving that goal, and the

day comes when you’re not going to be able to.”

The test includes tasks such as subtracting a number from 100, or recalling a list of 5 words

after a few minutes. Seniors strive to maintain their independence, and in order to maximize

their results they prepare for these tasks by teaching themselves techniques to perform well.

P13 trained for the subtracting task, as she explained, “I can subtract 7 [from 100] to 0

today. Last year I only did it 3 times, I think.”

The health center sta� members also monitor residents’ ongoing health issues and commu-

nicate with seniors’ health providers. The community sta� has both an electronic medical

records (EMR) system and a paper-based medical records system that they use to keep track

of the residents’ health. They keep copies of services that the seniors receive both in the

health center and from other health providers, including doctor’s appointments and exami-

nations. For instance, if an older adult goes to the health center to get their blood pressure

checked, that data will be registered in the retirement community’s records, as S5 reported:

“we keep a copy of that because it’s good information to have. And we make sure with them

it’s okay to keep.” According to S5, the health center communicates directly with seniors’

doctors: “we have their name and phone number. And it’s plastered all over our EMR and
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our blue chart. So if we needed to get a hold of them, we could.” Doctors are informed when

seniors experience an emergency and are sent to the hospital, when they want to change

medications, and when they have other relevant updates. The health center also keeps a

face sheet for each resident with their basic demographic and health information, and that

document accompanies seniors who are sent to the hospital. Maintaining this information

allows the health center to be aware of the health status of each older adult, to understand

what their needs are and to make sure that they are being cared for.

The retirement community has two electronic monitoring systems in place for independent

older adults. The daily check-in system can identify seniors who may have had an accident or

health issue in their residence. Residents have a ‘check’ button in their bathroom (Figure 5.2)

that they are required to press every morning, between 5:30 and 10:00AM, to signify that

they are doing well. This system allows the sta� to monitor the well-being of seniors through

minimally invasive means. Every morning an employee of the community calls those that

have not pressed the check-in button. If there is no answer, a nurse goes to the apartment

to check on them. Our participants understand the purpose of this process and value it,

as P14 said, “it’s a benefit to know that people know I’m okay.” There are many instances

of people who forget to check-in, but according to S5 the community sta� always contacts

them: “and there’s always some people that don’t, they forget. [...] Very rarely, when we go

up we find that somebody has fallen or gotten sick. You never know. But it’s something that

we do every single day without fail.” Oldest seniors associate forgetting to press the button

to a memory decline. To them, the check-in is not only a safety system, but it also reminds

them of aging-related issues. P13, who is 91, said, “I am embarrassed when I don’t do it in

the morning. [...] I noticed in the last year and a half they have to call me. And I hate to

slow down mentally, but there I am.”

For emergencies and other urgent needs, each senior has a pendant with an emergency button

that they can wear on their neck or wrist. Anywhere on the community property, the button
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Figure 5.2: Morning check button.

will alert the sta� of an emergency, and send the approximate location of the user along with

the alert. Although seen as extremely important, there is significant resistance to wearing

the device, as the nurse manager reported: “It is a wonderful thing when they wear them,

but it’s really hard to get them to wear them. They don’t like it, they feel it’s a tie to us and

they want to be independent. [...] They know that they’re declining, [...] they struggle for

every ounce of independence.” For our participants, the button is an unwelcome reminder of

aging, and the problems that could occur. They also do not like its size and appearance, as

P18 explained, “I do not wear the pendant, and I know I should. [...] I couldn’t sleep with

it because I thought it was choking me and I was scared that I was going to roll over and

press it.” According to S5, the button was pressed unintentionally “nine times out of ten”.

During the fall prevention event, another senior said that she stopped wearing the pendant

after it was triggered in her sleep.

Combined, these di�erent factors lead to high levels of non-use of the emergency pendant

amongst older adults. Although they did not want to wear the device constantly, two of

our participants placed the pendants in strategic places instead, such as P12: “I don’t wear

mine nor does my wife, but I have them down low in the bedroom and down low in the living
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room.” Since the check-in device in the bathroom already has an emergency cord, P12 used

his and his wife’s pendants to add this resource to two other important rooms in the house.

P12’s solution reduces burden, reduces accidental activations, and removes discomfort caused

by wearing the device. Most other participants also did not wear the pendant for similar

reasons. Seniors who are more afraid of falling, such as P1 and P10, expressed being likely

to wear the pendant regularly, as it provides a sense of security to them. Interestingly,

privacy did not seem to be a significant issue for our informants, as none of them mentioned

privacy concerns with the retirement community’s monitoring. We also found no relationship

between attitude towards the pendant and attitude towards technology in general.

The care practices of the retirement community are highly collaborative, as they require

active participation from the seniors. Collaborative care allows the retirement community

to provide care in a minimally invasive fashion that significantly preserves their agency.

The challenges involved in these practices arise from older adults striving to maintain their

independence. The consequential nature of monitoring gradual functional decline and stig-

matizing care, such as the emergency pendant, cause tensions between older adults and

retirement community sta�.

5.4.3 How di�erent forms of care are connected

These di�erent aspects of care are highly interconnected due to their collaborative nature.

For instance, self-tracking a health indicator and sharing the data with a clinician to support

treatment decisions is at the same time self-care, and collaborative care with the clinician.

Self-care is connected to each of the other aspects of care. For instance, many participants

reported going to the retirement community health center to have their blood pressure or

glucose measured when their own device failed or ran out of batteries. Others who do not

have a measuring device do the same (e.g., those who are only tracking temporarily by a

64



doctor’s request). Several participants who self-track regularly also share their records with

the health center. Thus, the retirement community plays a supplementary role in senior

self-care. Clinicians also often instruct seniors to self-track, and married participants who

track sometimes talk informally about their measurements, or receive help with tracking

devices from their spouses. Additionally, a few participants ‘self-track’ the results of medical

exams. Through collaboration, other forms of care can facilitate older adult self-care.

In contrast with self-care, the retirement community care practices are less empowering

for the seniors. Self-tracking activities are either initiated by the individual person, or

recommended by a doctor who deems it appropriate for a particular person. Care from

the retirement community is more general, as it is intended for all independent older adults.

When not recommended by healthcare providers, self-tracking is seen as “opt-in,” each person

having the autonomy to decide whether it is needed. Not wearing the pendant, however,

is seem by the community sta� as non compliance. More active and independent seniors

are more likely to want to participate actively in their health management, and not to wear

the emergency pendant. A tension lies in the negotiation of the care practices between

residents and sta�. From the seniors’ perspective, self-care activities such as self-tracking

provide more agency and less stigma in comparison with external monitoring systems. From

the perspective of the community, monitoring systems provide older adults with additional

protection.

Overall, in this study we found that although seniors live independently, senior care is

highly collaborative in nature and it involves self-care as well as care from the retirement

community they lived in, from doctors, relatives, neighbors, and part-time caregivers. These

di�erent forms of care are interconnected and complementary. Nevertheless, collaborative

care practices led to tensions due to seniors’ desire to remain independent.
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5.5 Discussion

The health management of our participants involves both self-tracking and monitoring by

others. While frequently seen as separate, we recognize that these activities are often in-

terconnected, collaborative, and provide complementary benefits to seniors. For example,

collaborations involving self-tracking [60] and health record management [54, 245] between

health providers and patients have been studied in the context of chronic illness management.

In the case of seniors, this process can involve other stakeholders, including family members,

the sta� of a retirement community, or peers who care for one another. These care prac-

tices are inherently sociotechnical, and the balance between individual control and safety is

nuanced and heavily dependent on context [65]. While previous work has investigated older

adult care among seniors living with caregivers [232, 280] or living on their own [225], as well

as health management practices specific to a particular illness [298, 116, 232], they have not

addressed the complicated and nuanced needs of independent seniors with diverse conditions

in a retirement community. Thus, our findings could inform the design of sociotechnical sys-

tems for aging in place by characterizing the challenges and successes of collaborative care

systems in a retirement community setting.

Collaborative care practices have been discussed in the literature in di�erent contexts, in-

cluding spouses managing a chronic condition [68], careworkers and family members [59, 118,

280, 232], patients and clinicians [88], and independent elderly neighbors [264]. We observed

care practices similar to each of these, as married participants care for their spouses, seniors

collaborate with their part-time caregivers, with the retirement community sta�, with clin-

icians, and with neighbors they had befriended. In this context, the retirement community

is responsible for part of the coordination work usually conducted by patients with their

clinicians, and seniors also use self-tracking to facilitate this work [312, 265]. While Nunes

et al. [232] have shown the collaboration between older adults with Parkinson’s and their

caregivers, we found similar dynamics between independent older adults and the retirement
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community.

Both external care and self-care are collaborative. Older adults as well as those responsible

for their monitoring play important and active roles in both self-tracking and monitoring.

Monitoring relies on active participation from older adults. The morning check, a monitoring

system geared towards identifying seniors who need immediate help, requires each senior to

push a button everyday at a particular window of time. Self-tracking health indicators such

as blood pressure is often part of being monitored by health providers. These collaborative

dynamics have two main complimentary advantages. First, they enable older adults to have

agency over their health management. Second, they allow others to ensure their well-being

through minimally invasive means.

Furthermore, collaboration can improve the e�ectiveness of care activities in multiple ways.

For instance, we observed that seniors who share their data with health providers self-track

more consistently, which might improve their self-care. Training for the annual assessment

may also characterize self-care, as previous work suggests that cognitive training can delay the

progression of cognitive impairments in seniors [28]. Having access to patient-generated data

can also be informative for health providers. Our findings suggest that the accountability

that arises from collaborative care can benefit all stakeholders. However, since our interviews

focused primarily on older adults, future work should further investigate other perspectives

in collaborative care, such as those of health providers, caregivers, or retirement community

sta�.

In addition to the benefits we found in collaborative care, combining monitoring and self-

tracking in a collaborative process could facilitate the adaptability required to support the

gradual aging process of older adults. The independent living section of the retirement

community is an “in-between” setting [38], a transitional space between the home and assisted

living. It houses people in di�erent health conditions, and there is a nuanced interplay

of agency and safety between independent and assisted living. While evolving needs for
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assistance can gradually reduce the capacity of the user to self-track or actively participate

in their own monitoring, it is important to preserve agency for more independent seniors.

Combining monitoring and self-tracking could allow a gradual shift that accompanies the

aging process of the older adult.

5.5.1 The fear of being dependent a�ects monitoring systems

Although the monitoring practices for independent seniors were designed to be minimally

intrusive, they are associated with an undesirable impression of dependency, and thus face

resistance from older adults. While our informants perceive monitoring to be important for

their safety, they still resist being monitored by refusing to wear or use monitoring devices.

In our study, this issue was most evident in the case of the emergency pendants. For the

retirement community sta�, the devices allowed seniors to maintain their independence with-

out compromising safety by providing them the ability to summon help only when necessary.

Residents, however, resist wearing the pendant, due to the device being unattractive, incon-

venient, error-prone, and, more importantly, being a reminder of aging. Similarly, the annual

cognitive assessment also causes anxiety among some older adults, and leads them to practice

to increase their performance. Seniors also associate forgetting the morning check-in with

a cognitive impairment. Technologies meant to support independence and aging-in-place

face the inherent friction that, in addressing the functional challenges of aging, they also

often serve as unwelcome reminders of the users’ senior status. These findings indicate that

monitoring technology should aim to avoid triggering these negative perceptions.

Older adults have an emotional response to their interaction with these systems. Their data

has meaning, it reflects their abilities, which may be in decline, and impacts the decision

of whether or not to move to a more advanced level of care. The meaning attached to the

data a�ects the perception of and interaction with the system [7, 113, 308]. Furthermore,
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emergency systems such as the pendant can be stigmatizing [34, 285], and their non-use is

prevalent [128]. Non-use of devices due to stigma has been discussed in literature focused on

vulnerable populations, such as people with disabilities [91], eating disorders [82], and those

struggling with fertility [71]. A proposed way to overcome such issues is to use mainstream

devices that provide the same functionality [285]. In the case of the emergency pendant,

it has a simple functionality that could be integrated into popular mobile devices such as

smartwatches and smartphones.

Another way to mitigate these negative associations might be to monitor actions or instances

that have positive connotations. For instance, a study found that self-tracking days when

one resisted an urge to smoke produced significantly better results than self-tracking days

when one smoked [207]. The check-in system in the retirement community did have a positive

connotation, as it monitored the seniors’ well-being. For this system, the negative association

was not related to the monitoring itself. Instead, it was about how it is designed - the fact

that it requires older adults to push the button every morning, when memory issues are

associated with old age. Designers of technologies for aging in place must acknowledge these

emotional responses, and investigate how to mitigate them. Because older adults want to

retain a sense of independence, technologies designed for their care should provide it.

5.5.2 Unmet needs of older adults in self-tracking systems

Self-tracking is an important aspect of self-care among seniors, and their practices are in-

fluenced by the purpose that led them to track. Those who track their blood pressure or

glucose want to find if these indicators are at a good level (i.e. inside their target range).

The older adults who use the data to communicate with health providers are more likely

to self-track regularly, and register their data in writing. Older adults generally do not use

technology for self-tracking beyond the medical devices that are required to measure health
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indicators such as blood pressure [103]. Instead, most register their data on paper. However,

there are design opportunities to assist the communication between them and their health

providers, and help them to see patterns in a longer term. If the data was made available for

medical research, it could also be used to find earlier signs to illnesses than what is currently

known [33].

Furthermore, seniors seldom use self-tracking to promote physical activity, and they perceive

electronic activity trackers to not be useful for other purposes. Many older adults’ primary

reasons for exercising are symptom management and functional training. However, activity

trackers are designed with the assumption that the users’ primary goals are to become more

physically active. This issue is also connected to seniors’ perception of activity trackers, as

these devices are largely marketed for younger users. This perception is a cultural barrier to

the adoption of these systems. Real improvement is more important than registering data

about their activity, and our participants repeatedly expressed that they do not think that

activity trackers can bring them real improvements in their particular goals. However, these

devices have been used for broader purposes, such as tracking progress of post-surgery recov-

ery [66]. Improving seniors’ adoptions and perceptions of these devices requires investigating

how they can be used by older adults with mobility impairments. Because our findings sug-

gest that balance training is important for seniors to conduct everyday tasks and maintain

their independence, studying how to use wearable devices to support this particular kind of

activity could be a promising focus of aging in place research.

5.6 Conclusion

This study investigates the health management practices of independent residents of a retire-

ment community, and how the combination of monitoring and self-care allows them remain

independent for longer. The findings reveal several barriers for adoption of self-tracking
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technology among older adults, their goals and needs when it comes to self-tracking, and op-

portunities to better support seniors in their self-care by focusing on monitoring and medical

recovery.

We discuss how these practices can inform technology that aims to assist a broader population

of older adults who live on their own, and allow them to extend their independence. We

argue that the intersection between monitoring and self-tracking is a promising space to

investigate minimally invasive monitoring of independent older adults. Furthermore, the

meanings associated with monitoring systems focused on aging need to be acknowledged

and addressed in the design of more e�ective systems for this population.

Study 2 follows this study to further investigate wellness and self-management tracking

among seniors, and the relationship of tracking practices with age and health status. Study

3 builds on findings about recovery tracking by studying self-tracked data in the context of

stroke rehabilitation.
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Chapter 6

The role of self-tracking in medical

recovery among stroke survivors

Study 3 investigates the experience of stroke survivors and healthcare providers with game-

based telerehabilitation and self-tracked data in the context of physical and occupational

therapy.

Stroke a�ects seniors more than other age groups. Stroke rehabilitation shares several sim-

ilarities with recovery in other contexts, such as a long recovery process involving speech

therapy, physical therapy, and occupational therapy [238, 169]. Patients can be a�ected in

diverse ways and may recover at di�erent rates.

Home-based systems designed to support patients in the process of rehabilitation have the

potential to empower, inform, and motivate them, and can also play a role in communication

with providers. Because there is no in-person guidance, the patient has more responsibility

in this situation.

Rehabilitation systems can support self-tracking practices by collecting and displaying pa-
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tients’ data to themselves and other stakeholders. Study 2 found barriers to recovery tracking

because of seniors’ skepticism about its potential benefits. This study investigates recovery

tracking in greater depth by studying seniors’ perspectives on tracked personal health data

in a stroke recovery context.

6.1 Motivation

Stroke is a leading and growing cause of serious long-term disability. Approximately 800,000

people su�er a stroke each year, and its prevalence is projected to increase by over 20%

between 2012 and 2030 [30]. Stroke can cause both mental impairments (e.g., cognition,

speech, temperament) and physical impairments (e.g., limited mobility, balance, or dexter-

ity). Recovery is a long and complicated process that requires di�erent specialists, such as

physical and occupational therapists [169].

Using technology to promote recovery from stroke is among the most promising research

areas to improve outcomes for stroke survivors. Home-based systems for telerehabilitation

(telerehab) have the potential to lower costs and increase access to rehabilitation by substi-

tuting or augmenting in-person occupational or physical therapy [51, 73]. Increasing access

and lowering costs is important because many patients face barriers to receive treatment

because of financial or health insurance constraints or di�culty traveling to physical therapy

clinics [73]. One of the challenges in designing such systems is how the lack of close profes-

sional supervision a�ects patients and their caregivers as responsibility is transferred to them

to monitor progress, maintain accountability, and make adjustments to the treatment. For

this reason, these systems must be carefully designed to present information in a way that

helps patients to manage the rehabilitation process by providing feedback and maintaining

accountability.
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Researchers have argued that providing feedback to stroke patients is important and can

a�ect their health outcomes, particularly when it provides information or leads to insights

that were previously unknown to patients [313]. However, we do not yet have an in-depth

understanding of how to design feedback mechanisms for technology-mediated stroke reha-

bilitation. Particularly in the case of telerehabilitation technology, since much of the research

on feedback has focused on the clinical context. For example, studies have found that when

physical therapists provide feedback to patients during a session, patients might perform

better and improve their motor learning [329, 313]. However, game-based telerehab systems

measure progress through game points, which is di�erent from the kind of feedback that in-

person therapists provide. Still, while this kind of information could have a positive impact

on users, we have a limited understanding of how to display it to users.

How information is displayed can influence users’ experiences and outcomes. Di�erent kinds

of visualization can impact how users interpret the information, the decisions they make

as a result, and important internal processes such as self-e�cacy [57, 86]. Prior work has

investigated information visualization for personal data in other contexts (e.g., exercise track-

ers [86]), finding that individuals can benefit from diverse kinds of perspectives into their

data, even those that do not directly align with their reported goals. These di�erent kinds of

visualizations might lead to meaningful or actionable insights for users about their current

status, changes over time, their goals, a discrepancy between status and goals, or factors

a�ecting their habits or performance [183].

Collecting and reflecting on their health data could be useful for recovery purposes, as it

could motivate patients and help them to understand their progress. However, self-tracking

systems are rarely designed to support rehabilitation. It is also unclear how findings from

self-tracking studies with other populations translate to populations such as stroke survivors.

This study focuses on tracking in the context of medical recovery. It aims to understand

patients’ and providers’ expectations of and relationships with tracked data in a telerehab
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system. Medical recovery is an important challenge for seniors, as indicated in study 2. In

comparison with the other two, this project aimed to understand a novel potential application

of self-tracking rather than existing practices and barriers.

6.2 Telerehab system

In this project, I studied patients and healthcare providers who used the Stroke Tele-

Rehabilitation (TR) system. This system was designed by physicians, physical therapists,

and medical researchers from The Neural Repair Lab at UCI to facilitate access to stroke

rehabilitation [73]. The TR system provides physical and occupational therapy exercises for

stroke patients through games and videos. Figure 6.1 displays the system.

The TR system consists of a table with a monitor and several controllers including buttons,

joystick, pressure sensors, Nintendo Wii, Playstation Move, mouse trackpad, driving wheel,

foot pedals, and a foot camera for augmented reality games. There are more than 20 games

that can be played, Figure 6.1(b) shows four examples. Each controller was chosen, and each

game was designed, to replicate physical and occupational therapy exercises. Besides games,

the system also has video guided exercises for users. The games are part of the system to

make the exercises more engaging and to provide motivation to users.

The system was created for stroke survivors to use daily in their homes. Providers prescribed

routines consisting of a list of games or exercises the patient follows six days per week. The

users also received guidance from therapists remotely through video calls once every two

weeks.

This system generates data that could be useful for both patients and therapists, such as

activity logs showing when di�erent games were played, and game scores that could serve as

indirect measures of progress or ability. The data could help providers to monitor patients,
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(a) System in use

(b) Four game examples

Figure 6.1: The stroke telerehab system used in Study 3

and also could be used by patients as a form of self-tracking. For example, patients could

benefit from tracking rehabilitation data for motivation or to observe their rehabilitation
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progress.

Figure 6.2: Score screen, shown at the end of a game.

While both patients and providers have some access to telerehab data, their access was

limited. Patients are shown their score at the end of a game session, along with a list of

their high scores for that particular game (Figure 6.2). For them, that was the only feedback

available through the system. Physical and occupational therapists had access to extensive

detailed data in the form of bar graphs but did not have the ability to manipulate the data

or the visualizations to find useful insights.

A randomized trial found that this telerehab system is as e�ective as traditional as in-clinic

rehabilitation [73]. However, it is not clear how the data collected by the system could be

used to support the work of patients and clinicians. We set out to study their relationship

with these data, and understand how we can leverage telerehab data to support both patients

and clinicians.
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6.3 Research questions

To investigate the current practices and needs of patients and clinicians, study 3 sought to

answer the following research questions:

RQ3a What kind of insights do patients and healthcare providers seek from telerehab data?

RQ3b How does the telerehab system support patients’ rehabilitation goals and practices?

RQ3c How do healthcare providers monitor patients’ activities and progress through a

telerehab system?

RQ3d What challenges exist for patients and healthcare providers to use telerehab data?

RQ3e How should a data-driven telerehab system be designed to support the needs of both

stakeholders?

6.4 Methods

To understand the experiences and perspectives of patients and clinicians, we collected data

through a focus group, interviews, and talk-aloud exercises using data visualization artifacts.

Both patients and clinicians were recruited for the study.

6.4.1 Study design

We conducted a 2-hour focus group with 4 physical and occupational therapists and 45-

minute interviews with 10 stroke survivors. All sessions were audio-recorded.

All participants were involved in a pilot study of the TR system, either as patients or health-

care providers. Patients used the system to follow a prescribed daily routine of games and
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exercises for 12 weeks. They also wore a Fitbit during this time. The therapists prescribed

activity routines to patients with games and exercises and had video calls with patients every

two weeks (Figure 6.1).

While the TR system had many important features for rehabilitation, such as a diverse set

of configurable games and exercises to fit patients’ needs, conversation with the research

team revealed that there was an opportunity to investigate how to utilize the data collected.

For patients, the data has the potential to provide feedback and motivate. For healthcare

providers, the data has the potential to support their work and decision-making. To under-

stand the needs of these two populations, we created di�erent data visualizations that were

used in the study sessions.

Data visualizations

Both the interviews and the focus group used visualizations in the form of line graphs,

diagrams, and calendars as tools to prompt discussion about the data and the telerehab

system. Figure 6.3 shows four examples of these visualizations. The objective of using the

artifacts in the study was not to evaluate their design but to prompt discussion and help us to

understand the perspectives of the participants about the data. Because patients had limited

access to their data, these visualizations allowed us to provide a few di�erent examples they

could react to and discuss.

The visualizations were prepared using Tableau using real patient data collected by the

telerehab system and by Fitbit devices. Visualizations were created individually for each

participant and printed on paper to be used in the study sessions. Patients were shown

visualizations with their own data.

Participants were shown four di�erent kinds of visualization for telerehab data: improvement

rates on a body diagram (Figure 6.3 (a)), a pie chart of time spent per activity in the telerehab
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(a) Progress by body part (b) Time spent in di�erent TR activities

(c) Game scores over time (d) Distance walked in calendar

Figure 6.3: Data visualization examples

system (Figure 6.3 (b)), game points over time for individual games or a particular limb or

movement (6.3 (c)), and Fitbit data on a calendar or bar chart (6.3 (d)). We also had

variations, such as data from all games involving shoulder exercises in the same line chart,

and a slope line indicating an improvement metric (6.3 (c)).

These di�erent variations on the data visualization were created to help understand what

kinds of data, insights, and visualizations participants were interested in seeing. We aimed to

create diverse visualizations with the data, which consisted of a log of games and exercises
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listing points, di�culty level, and metadata (e.g., duration in seconds and a timestamp).

Di�erent variations allowed us to prompt discussion among participants and understand

what kind of insights were of interest to them.

These artifacts were created through and iterative process with the goal of o�ering a diverse

set of designs, types of insights, and levels of details for the participants. Because they

were created using the participants’ data, the designs were limited to what was possible to

calculate and display based on the original database.

Patients did not have access to these data before the study session, except for a list of their

highest scores (Figure 6.2). Beforehand, they were not able to see the history of their game

scores and did not have access to their Fitbit data, as it was only collected for research

purposes.

6.4.2 Participants

Providers

Two of the healthcare providers were occupational therapists, and two were physical ther-

apists. All four of them were involved in multiple iterations of clinical studies with the

telerehab system. Patients used the system for 6 or 12 weeks. The providers saw patients in

person to collect demographic data and collect baseline and updates on physical disability

measurements using the Fugl-Meyer protocol [111]. They also created treatment plan rou-

tines using the system and had video calls with the patients through the telerehab system

periodically throughout the trial.
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Patients

Most patients were in their 50’s and 60’s (median = 61.5). Six patients were male, and four

were female. They had diverse experiences with stroke. Their time since stroke ranged from

one to four years. Several participants were close to considering themselves fully recovered,

but all had physical disabilities. All but one were able to walk unassisted, and only one

participant reported requiring help at home for daily tasks (e.g., cooking). Eight participants

were working or looking for work, one was retired, and one was receiving disability benefits.

6.4.3 Data collection

Focus group with healthcare providers

We held a 2-hour focus group in two parts with four physical and occupational therapists.

The focus group consisted of one hour of questions about their past use of the system and

patient data, and the second hour involved discussing visualizations, how they could use it

for telerehab, and its limitations.

They were asked about their work and decision-making process. How they used the patient

data they had, how they decided on what games and activities to prescribe, what kinds

of questions they needed to be answered, and how they found answers to those questions.

During half of the focus group, they discussed the systems they used to see patient data and

make decisions. They also discussed what kind of data visualization or information would

be useful to support their work. The focus group took place before the patient interviews,

and it informed the creation of the data visualization artifacts.
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Patient interviews

The sessions with 10 stroke survivors consisted of an interview followed by a talk aloud

exercise. In the interview, they were asked about their experiences with the telerehab system

and in-person stroke rehabilitation. They were asked about their background, their medical

history relating to stroke, their overall health management experiences, and use of technology

for health. Overall, sessions with patients lasted between 40 minutes and one hour.

Each person was presented with 8-10 visualizations of their own data and asked questions to

prompt reflection about their experiences, and about what they were interested in learning

from the data. Each person chose what kind of data visualization they found more useful or

interesting, and discussed why.

6.4.4 Data analysis

All study sessions were audio-recorded and transcribed. The data were analyzed using an

iterative inductive process. First, one researcher read through the transcripts. Then the data

were coded using an open coding method. An iterative process was used to conduct axial

coding, write memos about the data, and discuss emerging themes among three researchers.

After coding the data and discussing themes, the researchers collaborated to synthesize the

themes found to answer each of the research questions.

6.5 Findings

Both patients and healthcare providers had very practical, goal-oriented perspectives towards

the telerehab data. However, their outlooks di�ered: while patients focused on their desired

rehabilitation outcomes such as improved independence, therapists wanted information to
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make treatment decisions.

6.5.1 Providers’ telerehab practices

When prescribing a routine for a patient, providers needed to choose which games or exercises

would fit their abilities and needs. They needed to choose a di�culty level, duration, and

number of repetitions in the case of exercises. They also monitored adherence and wanted to

make sure that patients were moving correctly while using the system. Although they had

access to telerehab data, including game points and activity history, providers rarely used

it to inform their treatment decisions due to challenges with accessing and interpreting the

data, or due to data limitations.

Di�culty level

Providers needed to find what the right amount of challenge was for a specific person,

and when to increase the di�culty as they made improvements. The right di�culty was

important for the game to provide therapeutic benefits without being boring or beyond the

patient’s ability. A participant explained how they estimated the right level of di�culty:

T: “It is important that they’re challenged but not overly challenged to the point

of frustration. And usually, you want them to be like 70% successful at least

in order to know they’re having to work at it, but they can get some level of

success.”

Providers used video calls to observe patients’ performance and to ask them whether they

found the game too easy or too di�cult.

Although it had the potential to provide these insights, telerehab data was not used by the
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providers to make decisions. The data was di�cult to interpret, and it was also di�cult to

access in the system they used to see patient data and prescribe game routines. It was not

easy for them to know or determine what a good score was, or what the maximum score was

for each game, as the following quote illustrates:

T: “I think [the points] need to be based on percentage versus a number. We

don’t know what the number means. You could say, okay, they could do they

did this right 25% of the time. And you could look at that meaningful data over

time. [...] So both meaningful and historical. It has to be meaningful first.”

The process of creating exercise routines was cognitively di�cult for therapists. They dis-

cussed how it would be useful for them to have precise data about performance and compli-

ance, but that was not the case yet. The data they had access to was di�cult to interpret

because it lacked a clear frame of reference (e.g., percentage), because there was a lot of it,

and it was di�cult to examine it all. The process of making sense of the system data di�ered

greatly from existing clinical practices, and they used resources such as video calls to obtain

information instead.

Adherence and preferences

Patient adherence to the treatment was important for the providers. They monitored low

adherence by noting when patients had not interacted with the system for multiple days.

One provider described how she monitored patients closely to detect issues with adherence

early:

T: “I usually go on there every day and then check who has done it or who has

not done it. [...] We get a notification if they haven’t complied for three days.”
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When detecting low adherence, they would contact the patient to understand if there was

an issue and work with them to solve the problem.

Sometimes patients preferred only to do exercises and not play any games. The opposite

also happened where patients preferred only to play games. There was also the possibility

that patients had an issue with a specific game or exercise, such as pain. In these cases,

providers sought to understand the issue by talking with them and revised their prescribed

activities to address the issue.

In the following quotes, providers explain how they watch for any problems and ask about

patients’ preferences. This information is then used when they are creating exercise routines:

T: “You always want to find out if they’re having any discomfort or pain or

di�culty. Make sure that we’re not making anything worse.”

T: “You always want to discuss if they’re having pain, any problems.” [...]

T: “Part of it is patient preference. If they hate a game, we don’t assign it. We

need a lot of variability. We need a lot of repetition. you want something that’s

environmentally contextually relevant for people.”

Instances in which patients were facing problems were found through conversation with them

through video calls. Providers adapted the prescribed routine to those patient preferences.

They listened to patients’ experiences and wanted to update the prescriptions to align with

what patients wanted while still providing physical therapy benefits that suited patients’

needs and rehabilitation goals.
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Exercise form

To gain the intended benefits from using the system, patients must perform the movements

correctly. Because they use the system on their own and at a distance, providers had limited

ability to monitor movement form and make corrections when needed.

To assess movement form, providers used the scheduled video calls with patients. They

observed while patients played the games to verify correct movements and provided guidance

in case they felt that a change was needed. The video calls were essential to make sure

patients were moving correctly, as a participant explained:

T: “We wanted to watch them play the game as it was on so we could sort of

see how they’re moving and whether they’re doing it correctly. [...] If we observe

them during videoconferencing and it turns out they’ve been doing it all wrong,

we don’t have any way of knowing that until a videoconference.”

The providers relied heavily on video calls to obtain information about how patients were

doing. They watched patients while they played and asked questions throughout the session

to determine if they needed to make changes to the prescribed routine. System data was

only used to signal low adherence, and in that case, the providers also contacted patients to

find if there is an issue they should address.

6.5.2 Information providers wanted from the telerehab system

Physical and occupational therapists expressed interest in information about how each pa-

tient is progressing, and about any issues that need solving. This information would be useful

to determine what games and exercises to prescribe. Physical and occupational therapists

had an objective perspective towards patient data. In constrast, as described in the next
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section, patients had very personal perspectives towards their recovery data.

Informing treatment decisions

Providers needed to be aware of problems that the patients might be facing, such as pain

or frustration, low adherence, incorrect exercise form, or inadequate di�culty level. These

problems are essential to determine what exercise routine they should prescribe.

Although the system had a built-in notification for low adherence, providers still wanted

more detailed information. A therapist explained how it was di�cult to know how engaged

patients were when using the system:

T: “We know what we assign, but we don’t ever really know what they do. So

we could be increasing him, but we don’t know if they are keeping up with that.

[...] The only way we view compliance is if the computer is on.”

Besides turning on the system, other data such as performance could indicate whether pa-

tients are engaging with the games or exercises. For example, a null or very low score

could indicate that the patient is not playing the game, or that the di�culty level should be

adjusted.

Data collected in the system in the form of game scores were also not useful to judge whether

patients’ movements were correct. A provider explained:

T: “People can score high on the games by either cheating or compensating. And

so what we don’t want to do is foster abnormal movements.”

In this case, the controllers of the telerehab system were not able to detect whether the

movement form was correct. Patients might find ways to play a game by overcompensating
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with a di�erent hand to muscle, achieving high scores despite not doing the rehab exercises

correctly.

The excerpt below illustrates how providers obtain information about how patients are doing

in the present, and use it to inform the treatment:

T: “You assess them. You see what their level is, and then you design your

treatment plan relative to that.”

T: “So you might ask, show me this. Or ask them what they’re doing that’s new.

Or try to get out of them how they’re progressing. And that might be di�erent

for every patient, what you’re targeting.”

T: “Sometimes you ask, is there anything new that you can do now that you

couldn’t do before? Like, are they transferring what they’re gaining from the

system to their daily life.”

While patients inherently already had information about their current state based on their

own lived experiences, providers did not. The providers who participated in the study

highlighted how the remote nature of telerehab limited their abilities to observe progress

on their own. As a result, they relied primarily on patients’ accounts. Overall, healthcare

providers relied on video calls to get answers to these questions by observing patients and

talking to them. Although there was potential in the system to support their work in other

ways, the design of the scores and the data visualization led them to use other sources of

information. However, this strategy limits the scalability of the telerehab system.

Although game performance could be an indicator of adherence and engagement, providers

did not rely on that data because it was di�cult to visualize and interpret. While they had

access to extensive data from each patient, the data were very labor-intensive to manipulate

and interpret. They needed very high usability to access and interpret the data for e�cient
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use in decision-making.

Professional perspective towards patient data

Healthcare providers had a goal-oriented and straightforward frame of mind towards the

telerehab system and its data. Providers have a very pragmatic perspective on understand-

ing patient data. They interpret it to make treatment decisions regarding what games or

exercises to prescribe, such as what is the right di�culty for a patient.

Among providers, the lack of personal relationship with tracked data was clear from how they

talked about it and contrasted with how patients discussed their own data, as is described

in the next section. This impersonal attitude led their decision-making making process to

be very matter of fact, with little hesitation.

Di�erently from patients, providers did not show concern about variations in-game score

data, such as having lower scores at times instead of a steady increasing trend. While patients

could see this kind of data as negative, physical therapists viewed that as desirable. While

discussing a graph that showed a zig-zag pattern of performance over time (i.e., alternating

high and low scores), a provided said:

T: “That’s actually optimal for motor learning too. You want variability, vari-

ation. [...] You want a trend, but you want this. They are trying. They are

trying.”

This professional and straightforward perspective towards the data was expected because

they are healthcare professionals. Their relationship with the data was important for

decision-making among providers, and their attitude stood out in contrast with the patients’

deeply personal connection with the data, as described in the next section.
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6.5.3 Patients’ telerehab practices

Telerehab patients were very focused on making improvements. While they primarily dis-

cussed their recovery in terms of activities of daily living (ADL) that they could accomplish

independently, they still used telerehab data. Game points were often interpreted as gran-

ular indications of gradual improvement, and as a positive reward for e�ort. Still, several

participants did not trust the data or had di�culty interpreting it.

Making progress in recovery

Stroke survivors talked about their progress through stories, using ADL (e.g., cooking on

their own) or mobility aids (e.g., wheelchair or cane) to describe how their abilities have

changed in the past. They use these factors to compare their current state with the past

and with what they want for the future. When talking about their rehabilitation, they often

mentioned their past, current, and desired goals for the future. All participants discussed

having made progress and still wanting to make more improvements.

P8 described how it was di�cult to regain the ability to walk unassisted while still highlight-

ing that he was not done:

“For me, it’s still a work in progress, and I’m not satisfied. [...] It was an e�ort

to get back on my feet at all. Walking is still an e�ort. Hopefully, that is part

of why I’m working so hard here, is I’m hoping to reduce that, this feeling, this

e�ort that’s a big thought to walk.” - P8

P4 described his own progress by talking about the di�erent mobility aids needed in the

past, while still mentioning that there are things he wants to improve upon:

“I can drive and everything. I just drag my foot. It’s hard to pick my arm up
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but I can do it. [...] I couldn’t even move my arm. Now I can at least move it

and everything. The acupuncture, I did acupuncture. That helped me out a lot.

Went from a wheelchair to a walker to a cane. Then I had AFOs, a knee brace.

Now I don’t wear any of that.” - P4

Many of these accounts took the form of comparisons between their current abilities and

how things were before the stroke, after the stroke, and their goals for the future.

Making progress in their recovery process was a priority for participants. They consistently

talked about physical therapy games and exercises in a way that highlighted their practical

purpose, i.e., how they would benefit from it. The game being fun or not fun was less

important and rarely mentioned. For example, P8 explained how he valued the games

because they could help to increase his speed and range of motion:

“I was interested in some of the games because I was interested in increasing my

speed and agility, because that was more of my focus, but I think of the other

stu� and I saw the benefit of it. I also use my range of motions pretty good.” -

P8

Participants consistently discussed the impact or benefit in their abilities when asked about

their experience with the system. There was more emphasis on liking a game when they

noticed that it did make a practical di�erence for them.

Maintaining progress

At the same time that they wished for more progress, a few participants also expressed

concern about maintaining their abilities. I only observed this concern among people who

had a stroke at least three years before the study and had experienced loss in regained
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abilities in the past. Although losing their progress was a possibility for all participants,

only those who had gone through it valued maintenance.

For instance, P9 described how important it is to maintain a level of ability and independence,

and how that takes e�ort and is part of the rehabilitation:

“Sometimes it’s very simple for me to fall o� the wagon and not do it for a couple

of days. After the ablation, I didn’t do anything for two weeks. The consequences

were so severe. [...] If I take two weeks o�, it takes a month to regain anything I

lost. Double down to recover the one I lost.” - P9

P9 knew from experience that physical and occupational therapy were important to prevent a

decline. P4 also had experienced a regression in his abilities. He explained that he constantly

worked to maintain the progress he had made:

“If I sit at home all day and don’t do nothing I get weak. I start dragging and

this and that. I have to exercise. If I can’t exercise, I can’t walk. [...] I’ll get

worse. I’ll go back. I don’t want to do that” - P4

Those who had experienced a regression in their rehabilitation knew the value of maintaining

their current abilities, but they still wanted to see improvements.

Use of Telerehab Data

Participants used the system feedback in the form of scores to get an indication of improve-

ment. Framing their progress in terms of ADL or mobility aids was useful for remembering

the progress they have made, but it did not help observe gradual improvements or anticipate

future progress. It was di�cult for them to know whether they will recover further.
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Patients compared their last score with the high scores to check if they were getting better.

For example, P2 described how she interpreted the game points as indications of increased

ability and progress in recovery:

“Some days, if I do the balloon game, it may say the score may be 31. Then I

see a score like 50, so I notice the improvement right there. By the end of the

week, the score will be a lot higher if I look at them all together. [...] I saw the

scores getting bigger, some start o� real small, but I improved as it went on and

went on. They score you, so I look at the scores, whatever that meant.” - P2

Game points were not the only means through which they observed progress. Patients noticed

their improvement by seeing that they were doing better during gameplay, or through medical

tests, or noticing changes in their ability to carry out certain tasks. P6 explained that he

knew he was improving because he was able to observe a better performance in the game

when he was able to shoot all the ducks very quickly.

“The duck hunt, my goal always was to get a perfect score, of course. I get them

all before the duck leaves the screen. [...] That means I did very well. I’m getting

the ducks going back and forth. It got to the point where the ducks were terrible.

They wouldn’t even get out of the grass, and I’d shoot them.” - P6

Observing performance during gameplay, as described by P6, was at times more trusted than

the game scores as indicators of improvement. Patients noticed that they were better able

to play the game (e.g., hitting the target often) in comparison with past experiences.
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Game Points as Encouragement for Engagement and E�ort

Most participants reported making an e�ort to beat their highest scores by trying to do very

well in the game. Their intent was not only to get the satisfaction of doing better, but there

was also an explicit underlying belief that working hard at the exercises and games would

help them to improve more.

P4 was among the participants who tried to do better than their previous high score. He

described that this was a constant e�ort, and it was rewarding to see an improvement:

“It was good for my left arm, moving things. I tried to challenge myself, shoot

the gun thing. I used my left arm. [...] I tried to get better every day. I go, yeah,

that’s my high score. I felt good doing that.” - P4

Similarly, P2 also aimed to get higher scores every time she played by working hard:

“You gets the same score some days, so I say, ‘I’m just going to have to work a

little bit harder.’ That’s what I was thinking to myself. It was not easy, but the

next day, I may score five points higher than the day before that. That’s some

progress to me.” - P2

Because they interpreted higher scores as indicators for improvement, participants made an

e�ort during gameplay to improve their chances of getting a higher score. This e�ort was

considered positive not only as a way to confirm that they were making progress but also as

a strategy to benefit more from the game.

However, since patients did not always know how to interpret their scores, sometimes they

were not sure if making an e�ort would matter. This issue occurred when they lacked a

frame of reference for the scores or if they felt that the game had become too easy.
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Barriers to the Use of Telerehab Data

A few participants did not understand or did not trust the data. As a result, they did not pay

attention to it. They discussed that this lack of trust came from not always understanding

what the system was measuring, or what the benefits of a certain game were.

For example, P10 did not know how to interpret his telerehab data:

“Just, how am I doing? There was nobody to tell me how I was doing other than

some numbers on a score that didn’t make sense to me. [...] Did I lift my arm

to a certain level? Does it look at me? I don’t know.” - P10

Participants such as P10, who did not receive useful feedback from the system, emphasized

how they still wished for information about their progress. However, they were uncertain

about how to interpret the data they could see or how much they could trust it. To interpret

the scores, participants needed not only an absolute value but also relative performance in

relation to the maximum. However, their relative performance was not clear to them based

on the scores, only based on game performance (e.g., hitting all the targets).

6.5.4 Data visualization artifacts

Patients found game data valuable, as visualizing past improvement was often interpreted

as a sign that of making progress in the present and future. However, they wished to have

access to body-centered data instead, and hesitated to engage with data that indicated a

plateau or loss in their recovery.

96



Trends as indication of future improvement

When shown data visualizations of historical performance and improvement rates, partici-

pants responded by focusing on that information as an indication that they would continue

to improve in the future. Past performance was not of interest in itself, because it measured

past ability, something they already knew well. However, upwards trends of performance

were of interest for them because it could signal that they would continue to get better.

For example, P4 said in response to seeing a calculated improvement rate of 15%:

“Can you imagine if I got 15 percent better per month, if I can walk better?

That would be great, wouldn’t it?” - P4

P4 expressed a similar need to what the clinicians requested, a frame of reference to more

easily interpret the game scores.

While observing a historical graph for his game scores on the telerehab system, P6 explained

that he was looking for improvements or indications that he would improve:

“I’m always driving for success, hopefully, in life. An improvement would be

where I’m striving to get to, yes. With my foot, I’m striving to get my flat foot.”

- P6

The progress feedback data was not used to understand what they did or how they were doing

in the present. These abilities were known to the patients based on their own daily tasks

and perceptions. Instead, the information was seen as helpful as an indication of progress in

the future.

Patients were interested in seeing performance over time (i.e., game points), but not in-

terested in activity history. There was little interest in seeing activity logs, such as what
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exercises and games were done each day, or which were used more often. These data were

not useful for them to provide insights on progress. They also did not find this kind of data

actionable.

Patients were interested in the system feedback regarding their progress and most paid

attention to it. However, they also recognized that there were limitations to the points,

and sometimes did not trust it as a reliable indicator of ability or performance. While all

patients wanted information about improvements, they also wanted the information to be

more accurate and easy to interpret. The degree to where they trusted the data from the

telerehab system varied. Participants showed less interest in the data visualizations when

they were less trusting of the game point data.

Body-centered data

Participants preferred body-centered rather than game-centered data. For example, seeing

data indicating the progress of a body part was more interesting to them than seeing data

about performance in individual games.

All participants showed interest in a simple overview of their ability in the form of a body

diagram (Figure 6.3 (a)). P6 explained this preference by describing that it was easier to

interpret:

“This is a lot better than any lines and numbers. This is better. This is visual.

You can visualize it. ‘There we go, nine percent for my hand, my shoulder.’ Then

you see it in relation to the body. I like this. You could always visualize a picture

compared to writing with sentences and graphs.” - P6

The body-centered data visualization aligned more with the patients’ perspectives. They

were interested in understanding how their abilities and movements were evolving, such as
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strength, flexibility, dexterity, and precision. It can be di�cult to translate system data

(e.g., game points) into tangible insights related to their goals (e.g., walk better or cook

independently). The lack of interest in game-centered data was also often explained as a

personal lack of interest in digital games.

Game-centered data, such as scores over time, generated mixed responses. Only a few

patients were interested in these data. Those that preferred granular game scores either

mentioned that they are inherently curious and enjoy detailed data, or they wanted that

information to inform their e�orts while playing the games.

For example, P8 and P9 said that they would like to have access to both detailed game data

and body-centered data:

“I liked the graphs. [...] I just think it’s more analytical.” - P8

“Because I’m a numbers brain, I’m analytical, this helps tremendously. [...] I

love data. I love to review historical data. [...] ”How am I doing?” versus did I

kill more ducks than I did last time.” - P9

The granular data were still used for the same purposes, understanding progress and esti-

mating improvements. However, it required more e�ort to translate it from game points

to movements and body parts, and that was what they were really interested in knowing.

Game data was also seen as less trustworthy and confusing by the participants.

Fear of Negative Data

Patients wanted to see improvements continuously, and they feared that the data would

instead indicate plateau or regression. They preferred not to see such “negative” data.
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Similar to the study in the previous chapter, stigmatization associated with the health data

influenced participants’ relationships with the data and with the technology itself.

A few participants explicitly said they would prefer not to see negative data. P9 told us he

would only want to see feedback from the system if it showed improvements:

“If you’re having failures, it’d probably not be good information for you to share

with someone, but improvements are good to have. ” - P9

Other participants showed their concerns about negative data through their tone or by

focusing on instances where they had a dip or some kind of trouble with the scores.

For example, P2 explained how she could get upset after seeing a low score in the system:

“If I see the history compared from today, see the margin, if it’s as good, it’s

good. If it’s low, it’s like, ‘Ah! What happened?’ ” - P2

Lack of improvement in the form of a plateau in the scores could also be interpreted as

negative by patients. In the example below, P9 discussed a graph showing a plateau for a

game in the telerehab system:

P9: “See, I had a great day in November and I’m going down here in December. I

thought I had the hang of it here in December, but I disappointed myself because

I did not have the hang of it, apparently. That’s what it’s telling me. I didn’t

know I did so much better in November. That’s disappointing, because I really

thought I had the hang of it in December.”

Interviewer: “It’s possible that you’re just hitting the maximum score right here.”

P9: “I’d like it if that were the case.”
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Because they wanted to see improvements consistently, for P9, a plateau was interpreted as

bad news, and as disappointing.

6.5.5 Information Patients Want from the Telerehab System

Stroke survivors wanted to be informed about their treatment and progress while focusing on

their practical long-term goals. They also wanted actionable information about what they

should be doing to improve outcomes.

Confirmation that They are Improving

Patients expressed interest in knowing if they are making progress if the e�ort that they are

making is leading to real improvement. The data collected by the telerehab system could be

useful to provide this information by displaying gradual increases in performance.

For P3, having confirmation of improvements from the system, either through game points

or a di�erent kind of feedback, was important:

“Family could tell me that I was doing better, but I needed to either see it

physically or hear from a professional. Not that I didn’t trust family and friends,

but it means something a little bit di�erent when it’s coming from a professional

or when you can see it.” - P3

Despite having di�erent ways to notice progress, participants believed that the telerehab

system could provide valuable feedback. The system data could be interpreted as an objective

measure that was useful for participants.

To be accessible and useful to patients, the feedback should be clear and aligned with their
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concrete goals. Participants had practical goals for their recovery in terms of ADL or personal

or professional goals. A lack of clarity of how to translate game points into insights about

their goals represents a barrier to e�ective use of telerehab feedback.

Encouragement

Patients had very personal perspectives towards the data, as they linked it to their progress

and to their ability to reach recovery goals. Their deep investment in the rehabilitation

process a�ected their relationships with the system data.

When reviewing their scores and progress during the study, patients wanted not only to

know how they were doing for informational purposes. They wanted confirmation that they

were progressing because that was important to give them hope and encouragement and to

validate their e�ort.

P8 explained that encouragement through feedback from the system was important to keep

patients engaged, and to provide support when they feel discouraged or overwhelmed:

“If you had a way to track that progress and to go back and see what the progress

is, it could be a great encouragement. At some point, that’s extremely important

because this is a very, very tough fight. A lot of people, in my opinion, stop at

a certain point. Then next, where are they going to be? They’re going to stay

there.” - P8

Patients consistently wanted to see improvements from the data. Many of them framed it as

a form of encouragement. P3 also explained the importance of receiving positive news from

the system about how they are progressing:

“More encouragement. The best thing for me, and I could probably say this for
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most stroke recovery patients, you always want to know the cause, so you know

what you’re doing, that what you’re doing is getting you somewhere. When I was

in the hospital, part of it was mental. I was going crazy because I didn’t feel like

I was doing any better. So just the cause, so you know the progress that you’re

making, even if it’s a little bit. To see tangible evidence that you are improving,

that’s huge. [...] If you’re learning how to walk again, like I had to or if you’re

coming back from having di�erent impairments, it’s such a huge, huge thing to

physically see your progress” - P3

As these quotes show, patients’ interest in feedback about their improvements was not only

informational. It was important for them as a form of encouragement and psychological

support because of the di�cult and personal nature of recovering from a stroke.

Actionable Information

Patients wanted to know what more they could do to improve beyond what they were already

doing. Participants wanted to feel challenged and feel like they were doing as much as they

could to keep making improvements and progressing in their recovery. To that end, they

wanted information that was actionable and more direct recommendations.

For patients, the game data in the form of points was not very actionable. They did not

know what they should do based on game points besides trying to increase their scores.

For P6, having a game be too easy was frustrating because it meant that it was not chal-

lenging and beneficial enough for her recovery. She described how that happened with the

duck hunting game, where ducks move on the screen to be shot with a gun controller:

“It got to the point where the ducks were terrible. They wouldn’t even get out

of the grass and I’d shoot them. They got to speed that up.” - P6
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A few patients expressed a need for clear recommendations from providers or from the system

itself on what they should do. While looking at his historic data, P10 talked about how it

would have been useful for the feedback to also include advice informed by his performance:

“It would have been nice to have something like this along the way and maybe

something that says, ‘You need to spend more time on the abduction with dowel.’

[...] This would’ve helped then. [...] A recommendation, you should get more

steps in.” - P10

For both Fitbit and telerehab data, actionable data and recommendations also needed to

be timely. Participants expressed how they wanted information in real-time to guide their

exercise activity, but looking back on past data was not useful because it was not current

and less actionable.

Transparent Process

Patients valued games and exercises in the telerehab system to the extent that they believed

each activity was beneficial for their recovery. They wanted to understand their recovery

process, instead of just following their prescribed routines. Consistently across participants,

they wanted to understand how each game or exercise will help them to achieve their goals.

This perspective was sometimes motivating, when they understood the purpose of a game

or frustrating when they did not.

P2 noticed that one of the games, Simon Says, had a positive impact on her left hand.

Noticing this benefit made her value and like the game:

“There’s certain games I like, like the Simon Says because it make you just reach

out a little bit more. It made me just use [my left hand] more than I realize I
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was using it.” - P2

The system did not explain to participants what was the benefit or purpose for any of the

games, but participants were able to figure it out most of the time based on the game design,

the movements, or the di�erence they noticed. However, in a few instances, patients did not

understand the purpose of a game. Not knowing why a game or activity was prescribed

caused frustration. Participants wanted to know the purpose behind it, how it would benefit

them.

For example, P3 talked about not understanding the purpose or benefits behind some of the

games:

“Some of the games are self explanatory. There was one, the shooting ducks

helps with your range of motion. I just like to know, why am I doing this? [...]

Why is this going to help me? It’s great that the exercises were explained. It

just would be cool to know this works like this sort of muscle, this is the result,

so this is the ideal result from it.” - P3

When the benefit was not clear, it often led to participants not valuing the game or activity.

For example, P10 preferred exercises rather than games in the system, because he only

understood the value of exercises, as he described:

“The exercises, that’s benefiting me more than playing a game like this. That’s

probably what I liked more about it.” - P10

This perception led P10 not to want to play the games and focus instead only on the exercises.

Patients understood the purpose and benefits of a game to the extent that they interpreted

its design and movements. But when the benefits were di�cult to discern, they disliked it

and were not sure the game was even helpful at all.
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Patients wanted information that spoke to their goals and at the same time was clear and

actionable. They wanted to know that they were making progress, to understand the purpose

of each game and exercise, and to know what more they could do to improve. The telerehab

system helped patients to find these answers but to a limited extent.

6.6 Discussion

Stroke survivors can benefit from rehabilitation technology that provides actionable infor-

mation about their progress while at the same time promoting hope and encouragement.

Such information can be based on users’ tracked data measuring their use of the system and

performance over time.

It is essential for them that technology supports both their illness work and their biographical

work (i.e., psychologically coping with illness) [67]. After a stroke, patients go through

di�cult biographical work to reconstruct interpretations of their self-identity, understandings

of boundaries of responsibility among patients, caregivers, and healthcare providers, and

reconcile with their new normal [150]. This work is part of their rehabilitation process.

Designing tools for this context requires focusing on their ADL-centered goals, and encour-

aging them. It is necessary to provide positive and supportive feedback based on self-tracked

data, framing such data into information that supports their needs.

6.6.1 Aligning telerehab design with patients’ practical goals

As our findings show, although game points can provide feedback and encouragement to

patients, they can face challenges translating self-tracked data into concrete or actionable

information that aligns with their particular goals and perspectives. It is important for
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patients to understand the benefits of games and exercises in telerehab. They also need in-

formation about the progress they are making towards their goals. Systems must be designed

to align with patients’ primary focus of recovering their abilities to provide understandable

and useful information for users.

Stroke survivors approach recovery with the aim to overcome personal or professional chal-

lenges associated with their impairments (i.e., restrictions to their participation in social and

professional activities) rather than their specific disability (i.e., restrictions in motor or cog-

nitive function) [63, 120]. These challenges a�ect most stroke survivors, having a significant

impact on self-identity and quality of life even when accounting for disability [203], including

for those who have minor disability or have made a full recovery of physical function [80]. Fo-

cusing on disability di�ers from patients’ perspectives, limiting engagement with treatment,

and it does not adequately address the needs of this population [63, 80, 120].

Stroke telerehab systems would better align with patient’s needs if they communicate to

patients how each game or exercise will help them to regain the ability to do a specific task.

For example, ADLs such as cooking can be broken down into smaller tasks (e.g., turning on

the stove, opening a can) and each movement could be linked to a game or exercise. Making

these links visible could help to clarify for patients the benefits of each game. Showing how

each game can help patients to achieve their goals is important, particularly when that is

not easy to guess.

Displaying progress based primarily on body movements and ADL goals, rather than based

on game points, would lead to more meaningful data for patients and providers. For example,

telerehab systems could provide feedback showing that patients are 40% to the goal of being

able to drive. This kind of design would speak more directly to their goals and perspectives.

It could also help to encourage patients to try an ADL task when they get close to 90 or

100%. This kind of system could help guide them about when to try new tasks, while at the

same time showing incremental progress.
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For the tracked data to be useful and trusted by both stakeholders, it is important to design

collection tools that are validated, and also to make the data easily interpretable. In order

for performance data (e.g., game points) to be meaningful in a recovery context, it should

measure ability in a reliable manner. To that end, it is necessary to translate movements

and game performance into measurements of physical ability. These measurements could be

calculated based on performance on one game or multiple games. For example, agility could

be estimated based on performance on target shooting games and on rhythm games. How

the data is measured must be chosen carefully, including what hardware is used and how the

movements are quantified.

To make the tracked data intuitive to interpret, it is important to use a standard scale

such as percentage points. This kind of standard would help users to easily understand

what the score means. It is also important to provide data in di�erent levels of meaning,

such as by game, movement, body part, or ADL. Information about specific movements and

body parts could be calculated based on performance in games that use them. ADL ability

could be quantified based on each movement and limb that it requires (e.g., handwriting

could be calculated based on data about hand, wrist, grip strength, and fine motor control).

This translation of data would help patients and providers to more easily interpret system

measurements according to what insights they are looking for.

6.6.2 Temporal aspects of telerehab

The experience of using the telerehab system involved temporal aspects for both patients

and providers. Patients tended to have a long-term perspective and focus primarily on the

future (i.e., their future progress). On the other hand, providers had a more short-term

perspective and focused on the present (i.e., how patients are doing currently).

Patients wanted to understand what to expect in the future, and at the same time they
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wanted to see that their abilities were improving. Patients kept a long-term perspective

about their rehabilitation. They knew very well their past and current abilities, but they

were uncertain about future improvements.

Stroke survivors were invested in what would happen to them in the future, and how their

rehabilitation would progress. However, the future was very uncertain for them. They

interpreted self-tracked data as an indication of future improvement when it showed a positive

trend.

Healthcare providers had a more short term perspective towards the patients’ abilities and

progress. They continuously sought to understand how each patient was doing in the present

to make any needed corrections or updates in the prescribed routines.

Providers needed to understand patients’ current abilities, limitations, needs, and preferences

to decide what should be prescribed. Incremental changes were important for them to

inform their decision making. For example, to determine whether they need to increase the

repetitions for an exercise, or increase the di�culty for a game.

Because of their di�erent perspectives, patients and providers seek di�erent insights from

the same tracked data. Thus, they need substantially di�erent interfaces for interacting

with telerehab data. While patients would benefit from a design that highlights long-term

positive trends, providers require more granular information from the recent past highlighting

potential issues that should be addressed. However, in systems where patients have the

primary responsibility to make treatment decisions, such as direct-to-consumer apps and

devices, it might be necessary to combine these two needs.
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6.6.3 Promoting hope and encouragement

Our findings show that patients wanted the feedback that fostered hope and encouragement.

They looked primarily for an upwards trend in their tracked data, to see that they were

making progress and could expect to see more improvements in the future. This interest

in positive tracked data was not only informational, it shows a need for validation, and for

feedback that is reassuring. Patients also did not wish to see data that they considered

negative, such as indications of a regression or plateau in their rehabilitation.

Rooksby et al. [269] describes how tracking is most often prospective rather than retro-

spective. People use information to “navigate” their lives to pursue a high level goal. We

found that was the case for stroke survivors in this study. They sought from the data some

indication that they were still making progress and actionable information.

To meet those needs, technology must provide high granularity data to display gradual

progress, and highlight accomplishments. Granular information that highlights gradual

progress can provide awareness to users of small changes that might not be a discernible

in their daily lives. Designs that inform users about how quickly they are progressing to-

wards their practical goals (e.g., using percentages as mentioned in the previous section)

could help users to see and value the progress they are making, while being informed and

anticipating their future improvements. Not taking past progress for granted is needed to

support maintenance, encouraging users to maintain their e�orts for rehabilitation even if

they are not progressing as quickly as they wish.

At the same time, designers must be careful to avoid creating expectations for progress that

might not occur in reality. Seniors in particular might experience declines in health and

abilities that can be caused by factors other than the condition they are recovering from.

Balancing fostering hope with preventing disappointment is a challenging problem to solve

because even when based on reliable data, predictions involve uncertainty.
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6.6.4 Decision making with personal data

The personal relationship that seniors going through a process of recovery have with their

data is very di�erent from the straightforward perspective of healthcare providers. This

contrast represents an important and di�cult challenge for the design of technologies aiming

to help empower patients. Di�erent perspectives indicate di�erent needs for kind of feedback

and data framing, meaning that patients and providers should have specific interfaces and

data interactions to meet their needs. However, many self-tracking systems for health involve

little or no guidance from physicians and rely on the user to take a medical perspective

towards their own health. This issue is not specific to the context of medical recovery, as

it was also present in the study discussed in the previous chapter. However, patients going

through medical recovery face specific challenges such as estimating their progress over time

and making decisions based on it.

Consumer health technology aiming to support self-knowledge and making informed decisions

for self-management must display tracked data to users in a way that is informative and

actionable, while still providing hope and motivation. Combining the pragmatic outlook of

providers (i.e., data that supports decision-making) with the more subjective and personal

interpretations of patients (i.e., data that is encouraging) can be challenging because the two

goals are contradictory. There are conflicts between objectively interpreting data for making

health-related decisions, and having a personal relationship with the data.

This tension has been described in previous work. Mishra et al found that at the same

time that Parkinson’s patients showed avoidance and denial about symptom progression,

they still wanted to be able to predict decline [219]. Another study focusing on game-based

rehabilitation found that stroke survivors can become demotivated when they lose or get a

low score [322].

Because of patients’ close relationship with their data and hesitation to see negative in-
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formation, receiving more information and responsibility could be more burdensome than

empowering for them. Researchers have argued for consumer technology that supports pa-

tients’ work without prioritizing medicalized perspectives [233, 139]. Patients in stroke

recovery could benefit from information that is actionable and encouraging. However, they

will still need guidance from healthcare providers who are able to have a more objective

relationship with the data and make treatment decisions for rehabilitation.

Patients need information about their treatment process, their progress, and actionable

insights. For them, providing a clear trajectory or roadmap linking data, treatment, and

goals would be useful. A linear historic view that displays progress in terms of specific

ADLs would help them to see gradual improvements and estimate what to expect in the

future. For example, a progress bar could inform patients that, in the last three months,

they progressed from 65% to 80% towards the goal of being able to drive a car. Based

on this information, patients would be reassured that they are getting closer to that goal

and roughly estimate when they can expect to achieve the goal. Showing past progress and

highlighting achievements is important to encourage patients, particularly when they are

progressing slower than they want to. Past progress can be taken for granted if it is not

acknowledged, and it is an alternative to recent progress for encouraging them.

If a user wants to know more details, they should be able to access more granular information,

for example to see which movements or limbs need more improvement to reach the goal, and

which games or exercises are recommended. This ability to understand their progress in

detail would provide transparency to patients and help them to find actionable information

so they can, for example, prioritize pursuing certain ADL.

Providers could use telerehab data to monitor patients in a way that is more e�cient, ef-

fective, and scaleable if they have access to an interface designed to support their work.

Similarly to patients, they also would benefit from having di�erent levels of information

(e.g., game scores, quantified limb or movement function) with a high-level overview that al-
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lows them to navigate to more detailed information when needed. This kind of design would

allow them to quickly answer high-level questions (e.g., is the patient progressing towards

their goal?) while also being able to see more specific data when necessary. Functionalities

that detect and flags issues such as low engagement, low adherence, or a need to update

di�culty levels (e.g., if patients’ scores are too high or too low) would help providers to

make data-driven decisions without the need for a burdensome process. For example, the

system could flag a potential issue if a patient has performing lower than expected on multi-

ple days. Even if adherent, this information could indicate lower engagement or motivation,

discomfort, or even faulty equipment.

6.7 Conclusion

In this study, I investigated the experience of senior stroke survivors and of physical and

occupational therapists using a game-based tele-rehabilitation system. Using qualitative

methods, I sought to understand how the system supported the work of these di�erent

stakeholders, what challenges they experienced, and their relationship and interaction with

patient-generated data. Visualizations of game scores and other rehabilitation data were

used to investigate self-tracking in the context of medical recovery among seniors.

The findings show that both patients and healthcare providers have complex needs for tel-

erehab systems. Patients wished for transparency in their treatment and in understanding

their progress, as they wanted to feel hopeful for the future while still knowing what they

can expect. Healthcare providers needed information to support their treatment decisions,

including adherence and knowing how the patient is progressing.

The results of this study revealed opportunities to integrating tracking strategies into re-

habilitation systems to support both patients and healthcare providers. It is important to
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design for their specific needs, rooted in stroke rehabilitation. For physical and occupa-

tional therapists, telerehab data could help them to evaluate and monitor the patient and

make treatment decisions. For patients, telerehab data could help them to understand their

progress and achievements, encourage them, and inform them about what to expect in the

future.

114



Chapter 7

Discussion

The results of the three studies described in chapters 4, 5, and 6 provide di�erent per-

spectives on seniors’ use and perceptions of self-tracking for health. These studies revealed

challenges in the use and design of tracking technologies for older adults, but they also

revealed opportunities on how to support them in their health management activities.

Not only are seniors more likely to self-track, but they have di�erent needs, approaches,

and opinions about tracking. Previous research has found that seniors have particular needs

when it comes to self-tracking, such as a strong preference for intrinsic rather than extrinsic

motivation, aiming to maintain their health rather than pursuing improvements [6, 106, 144,

145], and low responsiveness to theory-based self-tracking strategies [106]. In agreement

with prior work, we find that seniors have specific needs and perspectives towards tracking,

including their goals, preferences, motivations, and kind of insights that were of interest

to them. For example, seniors were interested in self-tracking exercise for validation when

they were already active, but not for supporting behavior change even when they wanted to

exercise more or more consistently. Researchers and technology designers need to consider

this population specifically in their work, as due to these di�erences, many findings from
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other populations might not translate to the context of older adults.

7.1 Self-tracking practices among seniors

7.1.1 Wellness

Although health factors influence tracking, age is also a factor that a�ects seniors’ tracking

behaviors, as older individuals are more likely to self-track wellness data, regardless of their

health status. Despite their use of wellness tracking, as study 2 revealed, technology adoption

is limited because seniors reject technology that is aligned with younger people’s perspectives

(e.g., more exercise is always better) or reminds them of goals that might be unrealistic for

them (e.g., 10,000 daily steps), leading to demotivation. Wellness tracking technology is used

among seniors primarily to validate their existing behavior, as they do not believe exercise

tracking would be beneficial for behavior change or recovery, as shown in study 2. This lack

of confidence limits the population that benefits from tracking, representing a barrier for

adoption even among seniors who would like to pursue a goal such as walking more. In order

to adopt and use wellness self-tracking technology, seniors need tools that better meet their

unique goals, contexts, abilities, and needs for health management and wellness.

It is essential to design tools that can support seniors in their wellness habits as they might

find that most available tools are not suited for their needs. For example, exercise trackers

could better support seniors by focusing on self-tracking data that, unlike counting steps,

does not lead to them feeling pressured or believing the underlying goals of the technology are

not for them. Seniors could benefit from targeted programs that reflect specific goals they

might have, such as maintaining or improving their balance and walking speed, maintain

their independence and avoid falls. Still, to prevent reinforcing aging-related stigma and

negative associations, these designs should not assume that senior users have disabilities or
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are frail.

7.1.2 Self-management

Other than wellness information, seniors often track self-management information to detect

health issues early, even when they do not have a chronic condition that requires it, as found

in studies 1 and 2. For example, older adults might self-track blood pressure without a

diagnosis of hypertension.

Seniors care about detecting any health issues that might occur, even if those issues are

not yet diagnosed conditions. Monitoring their health through self-tracking is valuable both

as a reassurance that they are doing well and as a resource that can help them to detect

abnormalities early. For example, tracking blood pressure might show out-of-range values,

di�ering from previous days, and suggesting a need for action or intervention. In study 2,

we found preventive self-management tracking among seniors who did not have that specific

condition (e.g., hypertension in the case of blood pressure tracking) because they knew it ran

in the family, or because they knew someone who had the condition. Due to being concerned

about the potential risks of developing a new condition, they may start tracking even without

having symptoms. Knowing that health decline happens among seniors, they paid attention

to signs that they might face a new or worsening health issue. In comparison, younger healthy

individuals might focus primarily on pursuing improvements, such as increasing their fitness

level [145].

Seniors who self-track for prevention purposes might need di�erent information, settings,

or di�erent feedback in comparison with those who track the same data to manage a con-

dition. Technology that allows for preventative self-management tracking could support

seniors’ practices. For example, specific systems for self-tracking health indicators could

be designed for prevention, or self-management systems designed for people with specific
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chronic conditions could be designed to also allow for users who do not yet have the disease.

A significant barrier for self-management tracking technology adoption among seniors is not

perceiving any benefits from it that justified its use. Because their reflection process was

brief, consisting only of checking that the value was within range, they did not see a need

for electronic systems providing di�erent data visualizations or long-term data storage. For

that reason, technology was not seen as needed, or even as an improvement in comparison to

the paper tools they already used. A system designed to support their work involving self-

management tracking should o�er features that provide more value than paper. For example,

helping seniors to detect health declines based on their data, or providing targeted informa-

tion about potential risks and recommendations for prevention can be valuable features for

seniors.

7.1.3 Recovery

As found in studies 2 and 3, seniors undergoing recovery have little interest in information

about their current states, as they already know how they are doing by observing their daily

tasks. However, they are very interested in information that indicates future progress and

helps to reassure them that they will continue to improve. Still, they are reluctant to receive

any feedback that would tell them the opposite.

Study 3 indicated several needs and barriers for recovery tracking among seniors regarding

their interpretation and use of their data. Recovery patients show interest in information

about their progress and what to expect in the future. Because they have a very personal

connection with the data, they not only wished to gain information from it but also support

and encouragement. Data displaying continuous progress can provide validation and foster

hope for more progress, while data that could be perceived as negative (e.g., plateau or

decrease in performance) was feared as it could be demotivating instead.
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Rehabilitation has much in common with illness management, as it requires di�erent self-

care tasks, medications, and guidance of clinicians. Similar to illness management systems

and apps, rehabilitation systems also can integrate the practice of self-tracking to support

the work of patients and clinicians. Older adults do not seek tracking for recovery as they do

not believe that past information will be useful. However, they did notice the data when it

was integrated into a telerehabilitation system. Tracked data can be useful for seniors when

they interpret it as an indication of future progress, for example, a consistent upward trend

in their performance in a game or exercise.

This interest in predicting future improvements could translate to other contexts as well, such

as chronic conditions that do no involve rehabilitation. Managing chronic conditions may

involve the goal of mitigating or reversing symptoms, even if slowly, and patients might be

interested in knowing what to expect in the future. However, this perspective is particularly

of interest to people undergoing rehabilitation, as the process focuses primarily on regaining

physical ability. In comparison, self-management tracking focuses primarily on maintenance

and detecting and preventing health issues through continuous monitoring.

Rehabilitation systems can increase the responsibility required from patients, particularly

when they have little to no guidance from providers. That is the case with many mobile

health apps. For patients, the tension involved in interacting with personal data means

that it can be much more complicated to make decisions about their treatment. Transfer-

ring decision-making responsibilities to recovery patients would require them to see data

indicating a plateau or loss, which could have demotivating impacts.

As part of a bigger system supporting rehabilitation, recovery self-tracking might play a

supporting role rather than being the main focus of a system. In this case, the feedback

provided to patients based on the tracked data can be more limited, since more information

is not always beneficial for them. Instead, it is important to determine what and how much

information is needed and helpful for the user at each point in time. These users can benefit
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from feedback focused on progress that is intuitive and easily interpretable on the level of

their goals, feedback framed to be encouraging, and provide actionable information such as

tailored recommendations based on their data.

7.2 Perceived “normal” data and behavior

Interpreting self-tracked data requires users to understand what is “normal,” i.e., what is

an acceptable or desirable range of values, to contextualize and make sense of their own

data [95]. Seniors might find this process challenging because what is considered normal

often assumes healthy and able young individuals. For example, there is a common notion

that 10,000 steps as an ideal daily activity goal, but that might not be true for many older

adults, particularly those who have certain illnesses or disabilities. Realistic goals must

match a person’s context, abilities, and needs.

This perspective of aiming to achieve perfect health is founded in healthism [192], a belief

that associates health and healthy behavior to personal responsibility, ethics, and values the

pursuit of health as a kind of empowerment. This kind of belief is utopic, unrealistic for

anyone. However, they are particularly detrimental for seniors, who by definition already

deviate from the supposedly ideal young healthy body, and whose limited control towards

their health or fitness may be implicitly framed as a personal failure.

In recovery, there is an inherent goal to improve continuously, although in reality, fluctuations

in progress might be normal. Seniors undergoing rehabilitation might compare themselves

with what is normal for a person without disabilities, or with their past selves before an

event such as a stroke or a fall. These comparisons might not be beneficial or adequate, as

full recovery to their prior state might not feasible.

For self-management tracking, what is considered normal might be defined as a predefined
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range (e.g., normal blood pressure). Monitoring is used to detect “abnormal” states (i.e.,

out of range). Encountering abnormal measurements (e.g., planning a meal based on a low

blood sugar reading) might lead users to take action, such as taking a medication or seeking

help from a healthcare provider.

When using self-tracking systems, people can create an understanding of what is normal or

healthy by observing data from other users [26, 95, 254]. This construction of norms can

lead to behavior change [248], and it can be leveraged to promote reflection [95]. However,

users’ understandings of what is normal might not align with what experts would consider

healthy [26]. Comparison with others can highlight struggles and lead to adverse conse-

quences such as rumination [226].

Holding themselves to a perceived normal or ideal standard of health or behavior could be

detrimental for seniors. Technology designers must be mindful of users’ tendencies of self-

comparison with ideal or self-constructed standards. Comparison with others could lead to

demotivation for seniors, particularly those with disabilities [199]. Using specific metrics

that are more comparable across populations, or carry a little stigma, could help to prevent

issues caused by these comparisons. For example, minutes of moderate physical activity is

more comparable than steps or running speed among people of di�erent ages and fitness

levels, since what constitutes moderate activity is specific to the individual.

Because seniors are very diverse, even people of similar ages might not be comparable. In-

stead of comparing with others, it might be more useful to orient social features towards

helping users to support and encourage one another [52]. For example, by sharing lim-

ited data showing to other users only that the person has measured their blood glucose or

completed a workout that day, and o�ering supporting features such as likes or kudos.
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7.3 Meaningful information

Seniors show interest in self-tracked data only when the data leads to new and relevant

insights for their goals or concerns. For example, participants in studies 2 and 3 did not find

that reflecting on past self-tracked exercise data as useful because it did not provide any

new knowledge. From their perspectives, they knew how they were doing and remembered

enough about what exercises or telerehab games they had done in the past. For example, a

person who had a habit of walking 30 minutes daily did not see value in collecting exercise

data, as it was already a known habit. In order to provide meaningful information to users,

feedback based on self-tracked data should aim to be informative, relevant to users’ lives,

easily interpretable, personalized to the user, and transparent.

Seniors benefit from insights that are informative due to being perceived as relevant and

previously unknown. In other words, they value information that is new for them and that

they perceive as useful in a practical sense. That was the case of their future progress in the

context of recovery tracking, and medical information (e.g., blood pressure) in the context of

self-management tracking, as such measurements or estimates are di�cult for them to obtain

or observe on their own. However, they often described tracking certain data as not useful

if they could observe it easily, such as dietary habits, symptoms, or even past improvements

in recovery.

Meaningful feedback must be closely aligned to individuals’ daily lives, their goals, and

mindsets, rather than medical perspectives. Health technology should not be designed to

help patients change their lifestyles to address a disease, but to reconcile self-management

needs with their personal, social, and professional lives [139, 223]. People use tracking as

a tool to support long-term concrete goals, navigating their decisions to get to where they

want to be [269]. To be e�ective, the information shown to users should align with their

goals and decisions. For example, in the case of stroke recovery, providing information about
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progress towards ADL goals (e.g., driving) would be meaningful to seniors because it speaks

directly to their goals.

Meaningful or relevant information should be easily interpretable by seniors. They must

be able to understand what that information means for them. For example, heart rate

measurements will not be meaningful if they are not sure what it means, or what to do about

it. If tracking systems perform information translation and guidance, explicitly translating

measurements into meaningful insights, this information can become clear and actionable

for them. The need for more meaningful information is not exclusive to older adults, as it

could provide benefits to all users. Here, I highlight this need as an existing barrier to this

particular population, whose self-tracking technology adoption is very low.

Because they have di�erent perspectives and priorities, meaningful information might be

di�erent for patients and healthcare providers [259]. For example, providers might be inter-

ested in objective statistical data, while patients might prefer subjective information (e.g.,

sharing experiences with others) [199]. It is crucial that the high-level goals of each stake-

holder be taken into consideration during the design process so that the system can provide

meaningful information in a format that aligns with their perspectives.

Lastly, transparency is important to foster user trust in the information provided. Trans-

parency requires informing users about how the data are measured or obtained and how

much accuracy should be assumed when interpreting the data. Further, users should also be

informed about how the systems calculate information by processing data (e.g., calculating

physical therapy progress based on measured performance) [133, 332].
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7.4 Dealing with (anticipated) loss

Providing feedback to users who anticipate or might experience health deterioration is per-

haps the most challenging aspect of designing self-tracking for seniors. Certain data can

be demotivating rather than empowering, such as when the data remind them of stigma,

disability, or indicate a negative outlook towards their future (e.g., they did not improve

in rehabilitation in multiple months). Seniors might be facing conditions that progress to

become worse or even develop new conditions over time.

Data perceived as negative could serve as a reminder of stigmatized aspects of aging, pro-

mote fear of losing independence or reinforce pessimistic prospects on recovery or future

developments. This issue is present in each of the three kinds of health tracking. For ex-

ample, study 2 found that seniors avoid wellness tracking technology such as pedometers

because they could serve as a reminder of their aging and physical limitations. From the

same study, preventative monitoring systems such as the emergency button pendant caused

resistance due to serving as a negative reminder of potential medical emergencies they might

face due to frailty or a chronic condition. From study 3, participants preferred not to see

any data that could indicate a plateau or loss in function. If positive feedback is contingent

on improvements, then a lack of improvements may signify negative feedback and distress.

Negative perceptions or stereotypes of aging have a measurable impact on longevity and

health. Research has found that seniors who have more positive perspectives on aging live

longer [327, 180] and are less prone to developing Alzheimer’s disease [179]. Seniors who live

in countries where older adults are viewed more positively also test higher in cognition [290].

It may be di�cult to promote positive feedback when users realistically fear or anticipate

health issues that might impact their independence or quality of life, such as functional

loss, a condition worsening, or plateau in recovery. At the same time that tracking can give

people reassurance, agency, and a sense of control, it can also lead to negative feelings, and
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reminders of their illness [16] and reinforce such fears. While it is important to motivate and

encourage them, seniors might be dealing with a condition that naturally worsens over time.

They might also reach a maximum point of recovery before they reach their goals.

Supporting seniors requires designing to promote a positive outlook in their data. For ex-

ample, we can compare two senior monitoring devices used by participants in study 2; an

alarm pendant used to ask for help in an emergency and a button used for daily check-ins.

Although both were used to detect emergencies, the latter was much more appreciated and

valued by seniors, as it highlighted positive rather than negative data.

Designers must have caution and be aware that tracking can lead to negative experiences

among seniors. It is essential to meet the person’s needs in their current state of mind while

promoting positive relationships with health data and to design and test systems using data

of potentially undesired states to make sure feedback mechanisms are in place to support

users [71]. It is also important to exercise caution about how or when to provide feedback

that could be interpreted as negative by users. Seniors can be vulnerable to negative self-

a�rmation based on negative feedback from tracking systems, similarly to other populations

such as individuals with mental illness [155, 213, 275]. Highlighting positive accomplishments

could help users not to take their progress for granted when reaching a plateau in recovery

tracking.

7.5 Engaging and encouraging seniors

Consumer health technology, including those involving self-tracking, often are discussed as

a tool for patient engagement or empowerment. These tools tend to focus on supporting

knowledge (e.g., access to health information) and action (e.g., behavior change) [319, 277].

Knowledge and action are two psychological aspects of empowerment. However, having
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a feeling of control and self-e�cacy is also important [279]. For seniors, similar to other

populations who are vulnerable to negative impacts from tracking, self-e�cacy is crucial for

adoption, use, and benefiting from health tracking. It is necessary that designers not only

acknowledge and avoid potential negative impacts from self-tracking but actively design

to promote positive psychological outcomes. Below, I discuss two possible directions for

supporting seniors by aiming to enhance self-e�cacy and promoting encouraging causal

attributions.

Self-e�cacy

Information that is perceived as discouraging for seniors, such as a lower performance in a

physical therapy exercise, might reduce their self-e�cacy. Self-e�cacy refers to a person’s

confidence about their ability to accomplish a task [18], and it impacts people’s mental well-

being, their actions, and their health outcomes [18, 75]. Self-e�cacy is particularly important

for populations that are older or have a chronic condition [52, 287].

Designers can foster higher self-e�cacy by intentionally creating feedback and framing data

visualization to be encouraging to users. Self-e�cacy is influenced by how the person in-

terprets information. Facilitating certain outlooks towards the data can help to achieve

more encouraging interpretations. The most e�ective way to increase self-e�cacy is through

performance accomplishments, i.e., succeeding at the task in question. To promote this ex-

perience, it is essential to guide users to goals and exercises at the right di�culty level (i.e.,

not too easy or too hard) and foster celebration of success, so users feel and reflect on this

success, internalizing it and absorbing it as encouragement [18, 138]. Other strategies that

improve self-e�cacy can also be implemented in self-tracking systems, such as vicarious ex-

perience (i.e., observing others succeed at the task) through social data sharing, and verbal

persuasion [18] through encouraging messages personalized based on the users’ data or goals.
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Causal attribution

Participants in studies 2 and 3 avoided negative data, which sometimes led to them avoiding

tracking itself. However, even for data that tends to be interpreted as negative or demoti-

vating by seniors, it might be possible to encourage users by framing the system feedback

towards encouraging causal attribution. The causes of an event such as achieving or not

achieving a daily exercise goal, as interpreted by the user, influence how they act as a result,

and also on how the event a�ects them psychologically. Success can lead to confidence, pride,

or apprehension depending on its perceived causes, while failure can lead to shame, anger,

or even hope [325].

According to Causal Attribution Theory, people who attribute failure to internal (i.e., char-

acteristics or behaviors of the individual), stable (i.e., unlikely to change), and uncontrollable

causes have lower self-e�cacy, higher performance anxiety, higher stress reacting to failure,

and feel less in control in comparison with people who attribute failure to external, unstable,

and controllable factors [202, 297, 324]. Informed by this work, technology design can foster

more positive outlooks on “negative” data by framing potentially negative data as not being

the users’ fault (i.e., caused by external factors), and as something the user can change by

trying again (i.e., the outcome is unstable and controllable). In the case of positive data,

systems should provide feedback encouraging users to interpret it as their own accomplish-

ments (i.e., caused by internal factors) and as something they can achieve again (i.e., the

outcome is stable and controllable).

Promoting a sense of control for users is important, regardless of whether the data is perceived

as negative or positive. It is important to design feedback that highlights controllable factors

so that users attribute success to themselves, but not failure [274]. A sense of control is

particularly relevant for seniors, it can create more intrinsic motivation for that activity [272],

as promoting intrinsic motivation is important for supporting seniors’ needs [145, 144]. As
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found in study 3, users also can feel more in control when they understand their data, what

to expect in the future, and have access to meaningful and actionable information.
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Chapter 8

Conclusion

In this dissertation I investigate seniors’ existing self-tracking practices, what barriers are

limiting their adoption of self-tracking technology, and what specific needs they have for

self-tracking technology.

This work was motivated by the yet unfulfilled potential for self-tracking technology to as-

sist seniors in their health management work, either as a way to facilitate it by reducing

burden or improve it by providing more insight, encouragement, or promoting behavior

change. Seniors’ existing adoption of self-tracking for health, but not of self-tracking tech-

nology indicates that there are issues in existing tools that limit the adoption and use by

seniors. This work provides novel insights into several existing barriers in three di�erent

kinds of tracking (wellness, self-management, recovery). The outcomes of this research de-

scribe concrete steps for future research and technology design to better understand seniors

and provide more e�ective and beneficial tools for them. Specifically, Seniors need tools that

focus on empowerment by fostering self-e�cacy, without highlighting aspects of their health

or behavior that carry stigma.

The first of the three studies was a quantitative study investigating the influence of age

129



and health factors on self-tracking behavior. Understanding these impacts is necessary due

to the relationships between health and age - as certain health conditions might be more

common in old age. The findings of this study reveal that both age and health influence

self-tracking, meaning that findings from studies 2 and 3, as well as findings other studies on

self-tracking for health, might not translate for individuals of other ages or another health

status. Further, this study revealed a tendency of older adults to engage in self-management

tracking (i.e., tracking data associated with a chronic condition) even when they have not

been diagnosed with that condition - revealing a need for tracking technology that supports

self-tracking for prevention purposes.

The second study, an interview with older adults residing in a retirement community, aimed

to investigate seniors’ perspectives towards tracking and their existing self-tracking practices

with or without technology. This study encompassed the three kinds of self-tracking and

revealed several novel insights. In terms of wellness tracking, only seniors who were very

active already used technology such as pedometers. This issue is attributed mainly to an

association of physical activity tracking with goals that are not realistic for many seniors.

This study also described how seniors use self-management tracking for monitoring their

health and detecting issues early. Lastly, self-tracking was not seen as useful by seniors for

supporting medical recovery nor behavior change.

The third study was a qualitative project investigating a potential application of self-tracking

technology in the context of recovery from stroke. Recovery is a promising application of

self-tracking technology for health, and this project yielded several insights about patients’

and healthcare providers’ needs and perspectives towards self-tracked recovery data. While

reflecting the findings from study 2, where participants did not perceive recovery data as

particularly interesting or useful, this study also revealed that participants showed interest

in actionable information and insights about their future recovery prospects.

Overall, the results of this research describe several challenges and opportunities for de-
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signing self-tracking technology for seniors. Understanding their need for meaningful and

encouraging information provides directions for future research, as neither objective is triv-

ial to accomplish. Leveraging users’ tendency to conceptualize normalcy to interpret their

health data in beneficial ways, while avoiding its pitfalls, is also a challenge that requires

further research. While chapter 7 discusses a few possibilities to pursue these goals, more

work is needed to develop strategic strategies to translate existing research into designs and

to validate them with users.

Self-tracking involves an underlying narrative of pursuing improvement, behavior change for

the better, take control of your health for example. This narrative contradicts the fears and

often the experiences of seniors, who face declines in health in their own lives and see it

happening to those around them. A perspective of pursuing a bright future and cultivating

the optimal health for a bright future contradicts seniors’ reality. Instead, bringing awareness

to their habits or situations, which do not fit the assumed ideals embedded in healthist

culture, highlights these stigmatized aspects of their lives. Then, it is not surprising that the

majority of seniors rejects self-tracking and monitoring technology for health. When these

systems are thought of as tools of accountability to the pursuit of health and youth, they

are inherently at odds with the abilities and goals of older adults.

Across di�erent age brackets, a person’s short- and long-term goals may di�er significantly.

While younger populations may pursue tools such as self-tracking as a way to improve their

fitness in the short term and prevent chronic conditions in the long term, seniors have

much more concrete goals. For example, managing pain, managing already existing chronic

conditions, prevent or reduce disabilities. The impact of health in their lives is more tangible

and urgent, making these concrete outcomes a priority. [how this a�ects their practices,

needs]

Instead, these population needs tools that empower them and ease the burden involved in

the care they already pursue without highlighting stigmatized aspects or behaviors. For
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this reason, research must investigate how to design technologies that e�ectively empower

individuals and communities, not focusing primarily on whether the intervention works (e.g.,

leads to behavior change) but prioritizing a positive impact on self-e�cacy and locus of

control.

Discussions about user and patient empowerment are often embedded within self-tracking

communities. The concept of power has di�erent facets, such as agency itself (i.e., ability

to take action) and the self-perception of having power (i.e., perceived control) [279]. While

tools designed to collect and present self-tracked data may provide enough information to

increase patient agency, this benefit must not come at the expense of reduced self-e�cacy.

Perhaps a consequence of primarily investigating individuals who already are already inter-

ested in self-tracking technology - either by studying existing trackers or by o�ering tracking

devices as compensation for participation in the study. Cannot take it for granted. Data is

feedback, and whenever provided to users we must consider whether this feedback is bene-

ficial and motivating for them. Whether its interpretation, accurate or not, is demoralizing

rather than empowering.

To better provide empowerment to seniors through self-tracking technology, we must high-

light positive data through design, rewarding positive behavior. We must actively avoid

designing around targets or standards, implicit or explicit, that could be perceived as stig-

matizing. We must anticipate this issues during the design process, and specifically focus on

detecting them during the user testing phase. Beyond the data, the experience itself of using

the technology should be psychologically empowering. Users may gain further awareness and

reflect on their context and actions in the process of using or wearing a self-tracking device.

That experience itself also must be designed to foster self-e�cacy for users.

This research contributes to our knowledge about how to create e�ective technology for

older adult health. The findings and implications discussed in this dissertation reveal several

issues that should be taken into account for future research and future technology design
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addressing older adults. In the long-term, health technology for seniors has the potential

to facilitate their work and that of caregivers and healthcare providers, reducing burden,

improving their well-being, and also impact health outcomes.

The need for a greater focus on empowerment and psychological well-being is not exclusive

to seniors, rather it is an important factor to consider for many communities that experience

stigma, such as those struggling with opioid addition [235], infertility [71], or weight loss [19].

These individuals need access to tools that support them without causing perceptions of

failure. Ultimately, these tools would also benefit the population of self-trackers at large.

But for these particular contexts, overcoming stigmatizing design is necessary in order for

them to adopt these tools more widely, receive benefits, and have them make an impact on

their lives.
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