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Abstract

This paper reports on the findings and recommendations specific to older adults from the “Tech
Summit: Innovative Tools for Assessing Diet and Physical Activity for Health Promotion” forum
organized by the North American branch of the International Life Sciences Institute. The summit
aimed to investigate current and emerging challenges related to improving energy balance
behavior assessment and intervention via technology. The current manuscript focuses on how
novel technologies are applied in older adult populations and enumerated the barriers and
facilitators to using technology within this population. Given the multiple applications for
technology in this population, including the ability to monitor health events and behaviors in real
time, technology presents an innovative method to aid with the changes associated with aging.
Although older adults are often perceived as lacking interest in and ability to adopt technologies,
recent studies show they are comfortable adopting technology and user uptake is high with proper
training and guided facilitation. Finally, the conclusions suggest recommendations for future
research, including the need for larger trials with clinical outcomes and more research using end-
user design that includes older adults as technology partners who are part of the design process.

INTRODUCTION

Older adults (aged 65 years and older) are a large and fast-growing population with a high
rate of healthcare utilization and expenses. Increased focus on the costly healthcare issues
associated with malnutrition or poor diet quality and lack of physical activity (PA) that

increase demand for clinical care should be a research priority.1:2 Even though there have
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been advances in the use of technology to assess and intervene on these lifestyle behaviors in
younger adults,3 companies and researchers are now turning their attention to enhancing
“gerontechnology” to serve older adults. Although they continue to lag behind younger
adults, older adults are becoming more technologically savvy, with an increasing percentage
owning smartphones.# Further, as “baby boomers” transition into retirement, there will be a
market of tech-informed older adults seeking appropriate support to maintain a healthy
lifestyle in later life.

Older adults may particularly benefit from technological supports to help with recall and
monitoring of behaveiors; however, barriers to using technology include challenging user
interfaces or devices not specifically designed for those with the cognitive, visual, auditory,
and tactile deficits commonly associated with aging. Technology designers must also
recognize the large variability that exists within the older adult population. Although
classified as “older adults,” these individuals can vary widely in age by as much as 5
decades (i.e., 65105 years) and they experience varying levels of ability with different
challenges and limitations. As age itself is not the only driver, designers and researchers
must assess where along the aging-limitation continuum their target audience lies. Further,
older adults may experience variability in functioning across days and weeks compared with
younger adults because of chronic health conditions that can vary daily and can affect health
related behaviors. In addition, systems must be flexible and attentive to daily needs and safe
returns from periods of illness, which are more common in older adults. Older adults often
experience a gradual decline in physical and cognitive functioning because of the aging
process and accumulation or progression of disease. This calls attention to opportunities for
self-monitoring, but it also requires designers to consider this trajectory and understand that
maintenance is often preventive and does not necessarily reverse worsening trends.

Researchers should acknowledge other unique features of older adult lifestyle behaviors in
technological solutions, including the settings or contexts in which behaviors occur. For
example, 93.5% of older adults live in their own home compared with only 6.5% who reside
in residential healthcare settings.® By contrast, young populations spend the majority of time
in communal settings, such as schools or workplaces. This poses challenges to intervention
delivery and creates differences in schedules and social support opportunities. The
organizational and social factors in a workplace or school based setting may better support a
sedentary behavior intervention using technology compared with a home environment5:7;
therefore, technology has to be adapted to achieve change when used in isolation or it should
provide a social component for those who are isolated. In contrast with younger adult
populations, there may be more groups involved in the daily care of older adults, including
family members, caregivers, and medical staff. There may be an increased need to share
information with these groups and this raises unique ethical, privacy, and logistic
considerations. Finally, relevant behaviors for younger populations may be less relevant for
older adults and tools may need to address unique factors, such as falls prevention or
hydration. Given the surge in technology for both measurement and interventions, better
understanding of how to leverage its use with older adults is an important step for
researchers. The purpose of this paper is to review and summarize the literature on methods
and challenges for using technology with older adults. Specifically, this article provides an
overview of current barriers to using technology for measurements and interventions.
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Finally, the conclusions section discusses gaps in the literature and future directions for
research to advance the field and leverage technology to improve health for older adults.

KEY LEARNINGS FOR DIETARY AND PHYSICAL ACTIVITY MEASUREMENT
AND INTERVENTION USING TECHNOLOGY WITH OLDER ADULTS

Using technology to capture diet and PA behaviors in older adults poses opportunities
because of unique features of these behaviors in older populations as well as challenges of
using technology within this age group. Capturing dietary intake (DI) in older adults is
critical for the prevention of nutrition-related disorders and disease conditions and for
effective treatment of individuals with health problems.8 Measuring DI requires assessments
covering both ends of the spectrum of malnutrition—namely, prevention of weight gain and
obesity? and avoidance of undernutrition.19 Current methods of DI capture used with adults
include 24-hour recalls, food logs, and food frequency questionnaires administered using
traditional and technology-based methods. These methods are equally suitable for use with
older adults, provided the individual can report intake without any constraints imposed by
cognitive challenges and eating capabilities. However, in general, there are several
challenges to collecting dietary data in older adults.1112 Some of these challenges are a
direct result of the aging process, such as (1) diminished smell and taste that affect eating
and appetite; (2) cognitive changes and memory loss that make it difficult to remember
whether or not a meal took place, what was eaten, and whether or not the meal was logged;
(3) changes in functionality that make procurement of food difficult; and (4) adjustments to
living conditions that make food preparation difficult or not possible with food provided by
caregivers or institutions. The complex interplay of health conditions, medications, and
supplements older adults usually take, as well as the effects of alcohol and hydration, are
additional factors for DI capture and provision of interventions. Therefore, effective dietary
assessment necessitates clearly distinguishing between older adults who can provide
accurate intake information and those for whom observational data are best for DI
quantification.

Similar to unique dietary issues, older adults’ PA behaviors differ from younger groups,
leading to challenges in designing technologies for this group. For PA, thresholds of
movement that consider absolute intensity (e.g., moderate- to vigorous-intensity movement)
become less achievable over time as the aging process and chronic disease progression
affects fitness and functioning; therefore, relative or lower thresholds are needed.13 In
addition, PA targets for older adults include balance and strength,14 so devices supporting
active aging need to be inclusive of behaviors beyond aerobic activity tracking. Further,
many older adults do not meet PA guidelinesl®; therefore, emphasis on alternative behaviors,
such as reducing sedentary behavior, may be more feasible.16-20 Within the spectrum of
movement detection in older adults, slower-paced movements, falls, and markers of
increased frailty are as important as high-intensity activity.14 In addition, where the
movement occurs (i.e., tracking whether older adults maintain their mobility and life space
by leaving their home on a daily basis) is also a priority not applicable to younger
populations.21-23
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Technological tools and interventions for older adults span a broad spectrum of behaviors
(Tables 1 and 2), and findings from previous research indicate interventions and assessments
using technology were feasible and efficacious in older adults.>3°> Additionally, activity
monitors and DI technologies are a pervasive and rapidly growing methodology that is
expected to shed light on the health effects of daily PA, sedentary patterns, and nutrient
intake.®8 Further, older adults are generally responsive to wearing and using monitors and in
particular, in a research context, they are generally compliant to wear protocols—
occasionally more so than young adults.>”->8 However, additional research using these
technologies in older adult populations is needed before they are scalable, with increased
focus on user-centered design.

In general, older adults adopt technology less often and typically after younger populations
do.59:60 Older adults perceive and experience more barriers to mobile technology than
younger adults, making them less likely to use it.61.62 According to a recent Pew report,53
48% of seniors say the following statement describes them very well, “When | get a new
electronic device, | usually need someone else to set it up or show me how to use it.”
Although this age discrepancy is narrowing with the ubiquity of mobile technology, an age-
related gap in adoption will likely remain. Thus, self-monitoring that requires user input
(e.g., ecological momentary assessments or nutrition information) should consider barriers
associated with using technology in this population. Common barriers include those
originating from physical, acceptability, and technological factors.54 The following sections
describe these barriers and potential methods to overcome them.

Physical Barriers

Older adults have lower cognitive, motor, and sensory function than younger adults.5>
Decreases in working memory and spatial acuity can impair an older adult’s ability to
navigate hierarchical menus. Dexterity and fine motor movements are more difficult, and
thus interaction with mobile data collection instruments can result in errors because of
inaccurate selections.51.64.66

Employment of focus groups to assess technology before its full implementation could
identify potential issues with the user interface as a possible solution to the physical barriers
described above. Additionally, customized user interfaces may be necessary to overcome a
variety of mixed physical barriers to technology use. Cognitive screening could identify
individuals who would likely have difficulty interfacing with technology before observation,
and additional training provided to those participants to facilitate uptake.

Acceptability Barriers

Perceived ease of use is a critical aspect of technology adoption.6-68 Activity and nutrition
monitoring technology can be overwhelming for older adults because of their limited
experience with and knowledge of mobile devices.5* They also lack confidence in and
underestimate their ability for using devices.56.69

To overcome these acceptability barriers, practitioners and researchers should provide clear
and concise instructions containing visuals. A trial period and follow-up conversations about
usability are important to help build self-efficacy. Previous studies showed older adults with
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lower self-efficacy were less likely to use technology; therefore, including opportunities for
individuals to receive positive feedback during training and experience small successes is
essential.’%71 In addition, a direct contact person should be available for questions when
technology malfunctions. Finally, including end-users in pretesting workshops to explain the
technology may be an effective means to facilitate uptake and adoption.

Technological Barriers

Most hardware and software technology is not designed for older adults.”? As a result, older
adults often have difficulty with recognizing icons,”® get lost in device menus,’ have poor
response to tap functions on touch screens,”® and are concerned about battery depletion.8
Older adults could benefit from having customized software and haptic aids with larger
icons, simpler device menus, and touchscreen functions as a method to overcome
technological barriers for use.

Data Interpretation Barriers

An additional barrier for older adults is the interpretation of data originating from activity
monitors. Most commercial monitors use proprietary algorithms to estimate activity
estimates, which makes it challenging to use these devices in research studies. Additionally,
when using accelerometers, ideally the output maps onto the metabolic intensity of
movement and thus serves as a way to record the frequency, duration, and intensity of PA
patterns.”® The accelerometer signal is preprocessed and converted into units attributable to
human movement. These units, called activity counts or counts per minute, represent a
quantitative measurement of movement that equates to a magnitude of acceleration over a
specific unit of time.%8 Therefore, the output from an activity monitor is directly
proportional to movement velocity, in that faster and more forceful footfalls register higher
counts with a hip-worn monitor. For example, the 2003-2004 National Health and Nutrition
Examination Survey used a single activity count threshold to objectively categorize the
population’s PA level and engagement in moderate to vigorous physical activity (MVPA).15
Although these efforts are noteworthy, the output from the accelerometer and cutpoints used
to define categories of activity level might misclassify people who move more slowly, yet
achieve a metabolic rate consistent with the recommended activity intensity. This
misclassification is particularly true for older adults who ambulate at a slower pace than
younger adults ambulate, but have a sufficient metabolic rate to categorize that activity as
meeting MVPA guidelines.””:78 A recent study’® demonstrated older adults who walked at a
usual pace =1.0 m/s met the suggested MVPA metabolic intensity level and achieved an
activity count threshold consistent with young adults. Older adults with a habitual walking
pace <1.0 m/s were unable to achieve this threshold, yet they exceeded the metabolic
intensity for MVVPA. These results indicated a misclassification of older adults with slow
habitual walking speed as not performing MVPA according to cutpoints used in young
adults. In addition, the sensitivity of some accelerometers may be compromised at slower
walking speeds, further compounding the problem.”®

Monitoring in the Context of Health Events

Mobile technology allows a unique opportunity to understand activity and nutrition patterns
before and after an intervening health event (IHE). An IHE is an episodic fall, injury, illness,
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or hospitalization that results in restricted activity. IHEs are an emerging scientific area in
geriatrics and gerontology because they are strong precipitants of acute losses in physical
function89:81 and contribute to the initial onset of common geriatric syndromes, such as
frailty and cognitive impairment.82-84 Most theoretic frameworks of disability explain age-
related losses in physical function, increased disability, and dependency through insidious
and catastrophic pathways.85-87 Although the literature on insidious progression of
disability is rich,87-%0 the contribution from catastrophic events is not well understood
because of their episodic nature. Unfortunately, much of the knowledge about trajectories of
change originates from retrospective proxy or self-reports of mobility or PA levels prior to
the IHE. Technology can play an important role in this field by continuously monitoring
individuals for a long period to measure preceding-event data to build risk profiles and base
post-event recovery patterns.*6 Filling in this gap will allow practitioners to better target
interventions for early risk factors of IHEs that aim to accelerate activity recovery or
nutritional modifications following an IHE.

GAPS AND FUTURE NEEDS

Older adults’ perceived lack of interest in and inability to use technology is often cited as a
barrier to technological interventions within this population; however, research findings
challenged these assumptions and found that older adults were interested in and capable of
using technology.91:92 At the same time, many characteristics affect individuals” willingness
to adopt technologies. For example, individuals are more likely to use technologies when
they perceive them as beneficial or useful.92-95 One way to improve the likelihood a
technology will be adopted and used by older adults is to incorporate their needs and
preferences into the design and implementation of technology interventions and design
systems with the capability of tracking multiple outcomes, such as medication use, food
intake, PA, and completion of activities of daily living. An approach to designing technology
for this population is to utilize mixed methods by incorporating qualitative methodology.%
Researchers utilized a variety of methodologies to design technologies for health targeting
older adults, including photo elicitations,%’ contextual inquiries,®® participatory design,%®
storytelling methodology as a way to frame design,190:101 focus groups,192 and interviews.
103 These methods facilitate co-design during formative and evaluative stages of the research
process to improve user uptake and adherence. However, even when older adults were
included in research at early stages, deeply ingrained assumptions and stereotypes about
older adults influenced researchers’ ability to take into account user preferences and needs.
104-106 Encouraging older adults, family members, caregivers, and medical professionals to
participate throughout the entire design process to help shape the direction of research can
potentially reduce the way researcher bias affects the interpretation of outcomes and
findings.

Community advisory boards seek to support researchers in understanding and addressing
ethical issues, risks and benefits of research, obtaining consent for technology-based
interventions,197 and gathering and sharing data in older adults. Older adults may have
differing definitions of risk regarding data control compared with younger populations.108
Thus, future research should support older adults with differing abilities to participate in
decision making around using technologies to maintain health.
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Even with older adults’ expanding use of technology, behavior change outcomes appear
stronger in programs that provide personal accountability and human interaction,39:40
perhaps in part because their technology literacy is lower than younger populations.19 In
one study with older adults, providing a PA wearable device without one-on-one instruction
on how to use it or coaching did not result in high adherence.%2 Furthermore, technologies
vary based on acceptance and physical and mental capabilities and may require
personalization that increases the challenge of designing effective tools. Technologies focus
mostly on self-monitoring tools, but lack the action planning and problem solving that a
health coach can provide. Further, technology-based tools provide a different type of
accountability and social support than a personal coach.33 In a focus group with older adults
around technology, the accountability of a human was important.119 Human coaches can
provide these important behavior change strategies in complement with technology. To date,
no studies have directly compared wearable devices alone with wearable devices plus health
coaching in general older adult populations, but there is strong evidence of the effectiveness
of health coaching in other populations.32:36:65 For example, a previous study with a
younger population indicated that adding a wearable device alone does not improve exercise
efficacy.

Having human support will likely increase accountability and enhance use of devices that
support behavior change. However, this contact can occur through telehealth or by phone
and does not necessarily need to be conducted in-person or by a professional.111-113
Furthermore, technology alone may be sufficient for some older adults, whereas others may
need more individually tailored human-based support or coaching. Future studies using
Sequential, Multiple Assignment, Randomized Trial design methodologies, for example, can
better elucidate the types of technology interventions that work best for different types of
older adults.>5114

Lessons from development of machine-learned activity classifiers in older adults provide
direction for the field. In contrast with younger adults whose behaviors in laboratory settings
may reflect their daily behaviors, many older adults do not move in free living as they do
during short clinical tests in a supervised setting.13:77.79 Behavior classifiers from laboratory
settings or young populations do not predict behaviors in older adults. Therefore, future
research should study this population in their natural context. Further, although behaviors
themselves may be health targets in some populations, the clinical impact of new data
processing techniques is equally important in older adults. Few studies have compared new
machine-learned classifiers versus traditional cutpoint approaches to accelerometer data in
their ability to predict health outcomes. There are many large cohort studies with well-
adjudicated health outcomes using accelerometers to help ascertain if more complex
computation procedures result in clinical gain.>8:115-117 Although new techniques appear to
be more accurate, researchers should weigh the additional challenges of data resolution,
processing, and storage against the clinical benefits. In particular, the additional monitoring
must provide benefits that are not otherwise achievable from other methods. For example, a
nurse in a clinical care setting will be alerted to important major events, such as a fall; the
nurse does not need to review the continuous stream of data to obtain this information.
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CONCLUSIONS

A key finding for this conceptual review of lifestyle behaviors, technology, and older adults
is that research is in its infancy and is limited to small pilot trials. Although larger trials are
needed with clinical outcomes in due course, more time should be expended on designing
tools and interventions for the growing population of older adults as technology partners and
consumers rather than recipients. Further, researchers must consider settings, providers, and
caregivers at the design stage.

Given the growing market that older adults’ health care presents, researchers should work
with companies to include older adults’ perspectives, provide evidence-based interventions,
and learn from data collected on larger groups that are often available in research settings. In
contrast with younger populations in which changes can be infrequent and clinical events
not observable, older adults have health challenges to study to improve future prediction and
prevention of such events. Technology can aid with aging-associated changes, when
positively framed for older adults, in that it can facilitate their engagement with life and
maintain their independence in their community.
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