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Usability evaluation for the Amulet Wearable
Device in rural older adults with obesity

Introduction
The growing epidemic of geriatric obesity1 is as-
sociated with significant health risks2. Current 
programs focus on weight-loss rather than func-
tion-based outcomes and are marginally able to 
achieve clinically significant weight loss3. Initia-
tives are time-intensive and impractical to im-
plement in busy practices, particularly in rural 

areas that lack specialized services and trained 
staff4-6. Mobile health (mHealth) technologies 
may overcome many of the barriers faced by 
existing health promotion interventions. De-
vices have the potential to monitor and provide 
real-time motivating patient-oriented feedback 
to adults wishing to change behavior. Devices 
provide automation to improve adherence and 
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health (mHealth) interventions hold the promise of augmenting existing health promotion 
interventions. Older adults present unique challenges in advancing new models of health 
promotion using technology including sensory limitations and less experience with mHealth, 
underscoring the need for specialized usability testing. We use an open-source mHealth 
device as a case example for its integration in a newly designed health services intervention. 
We performed a convergent, parallel mixed-methods study including semi-structured inter-
views, focus groups, and questionnaires, using purposive sampling of 29 older adults, 4 com-
munity leaders, and 7 clinicians in a rural setting. We transcribed the data, developed codes 
informed by thematic analysis using inductive and deductive methods, and assessed the 
quantitative data using descriptive statistics. Our results suggest the importance of end-users 
in user-centered design of mHealth devices and that aesthetics are critically important. The 
prototype could potentially be feasibly integrated within health behavior interventions. Cen-
tralized dashboards were desired by all participants and ecological momentary assessment 
could be an important part of monitoring. Concerns of mHealth, including the prototype 
device, include the device’s accuracy, its intrusiveness in daily life and privacy. Formative 
evaluations are critically important prior to deploying large-scale interventions.
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overcome reliance on direct interactions with 
busy clinicians who focus on health issues other 
than obesity7-9.

A significant social stigma exists in this popu-
lation, where perceptions suggest that older 
adults may not agree to wear or use novel 
technologies10. For instance, they may not 
have the latest version of a cellular phone, or 
have older prototypes that are inconsistent 
with the current social norms. Ensuring prod-
uct designers provide a device that is inclu-
sively designed for all age groups while being 
matched to specific groups’ requirements is 
essential. User-centered design processes are 
a cornerstone in the development and market-
ing of any device to be used for commercial, 
everyday patient use. Unfashionable devices, 
even when designed for older adults, may 
propagate the stigma of limitations observed 
in older age11. The emergence of commercial-
ly available devices for older adults is a major 
predictor of acceptance12,13.

Older adults often have sensory and medical 
limitations that can affect the appropriate and ef-
fective use of devices14,15. This is of particular im-
portance in a rural population, where disability 
rates are higher, transportation issues and broad-
band issues are abound and disparities have been 
well established in health. While older adults are 
the fastest-growing demographic using technol-
ogy16, the need to use a team-science approach 
by including the end-user as a member of the 
research and design team is important17. What is 
unknown is whether using user-centered design 
processes can be successfully applied in this de-
mographic, specifically in the formative stages of 
intervention development. While obesity-related 
wearables for health promotion interventions 
have been tested in younger populations18,19, 
previous studies have only focused on fall de-
tection techniques20,21, safety22-24, and activity 
monitoring in older populations25,26. Other than 
an internet-based studies27,28, we are unaware of 
studies focusing on this particular study popula-
tion, with a primary intent to be considered in 
older adult obesity trials.

Without involving the appropriate stakeholders in 
the design of products and services based upon 
emerging technology, their market adoption may 
fail, thus reducing the chances of intervention im-
pact and benefit. Our study used rigorous quali-
tative methods by using a multi-stakeholder co-
design (community leaders, patient participants, 
and clinicians). Our goal was to evaluate the 
potential for Amulet29, an open-source mHealth 
platform that has the ability to load custom-made 
applications for specific populations to support a 
health-behavior intervention.

Methods
Study setting/Design
We undertook a qualitative study including both 
semi-structured interviews and focus groups be-
tween October 2016 and April 2017. The pur-
pose of this analysis was to gain insight and infor-
mation among three different stakeholder groups 
(patient participants, clinicians and community 
leaders) related to the design and usability of the 
Amulet device (see below). The Committee for 
the Protection of Human Subjects at Dartmouth 
College approved the study.

We recruited participants from a rural, primary care 
academic practice at Dartmouth-Hitchcock Medi-
cal Center in Lebanon, which is located on the New 
Hampshire border with Vermont and is the state’s 
sole academic center. The center serves over 4,000 
patients aged over 65 in primary care. Posts on in-
stitutional, academic (through Dartmouth College 
and Dartmouth-Hitchcock and community based 
(@vitalcommunities.org) listservs disseminated this 
study information). All participants gave informed 
consent prior to the interviews.

Recruitment & sampling 
Purposive sampling of the three stakeholder 
groups facilitated insight into different viewpoints 
and perspectives30-33. Our target recruitment 
goals were 8 semi-structured individual inter-
views, 4 focus groups of 6-8 participants each, 
4 community-leader interviews, 6 clinician and 
8 patient participant semi-structured interviews. 
We conducted homogeneous sampling for our 
patient participants (focusing on older adults and 
obesity), and typical case sampling for clinicians 
and community leaders. We achieved theoretical 
saturation following our 21st patient participant 
within the focus group setting, at which time we 
concluded conducting additional interviews as 
no new data was appearing and all concepts and 
themes were clear to the research team.

All patient participants were English speak-
ing, with a body mass index ≥30kg/m2 or a 
waist circumference ≥88 in females or ≥102cm 
in males. Screening was assessed by medi-
cal record review and the investigators ap-
proached those by telephone who met crite-
ria. We sought community leaders from local 
networking and email lists whose roles were 
to lead aging initiatives within their respective 
communities; two of the six community lead-
ers identified did not respond or did not feel 
they could contribute to the purpose of the 
study. Clinicians were all primary care provid-
ers, three who had additional training in geri-
atrics. All approached clinicians participated. 
Data were collected by self-reported question-
naire for clinicians and community leaders and 
medical records were not reviewed. 
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Interviews & focus groups
These sessions asked a broad range of aging, well-
ness and technology questions (Appendix 1). One 
component specifically focused on Amulet, the 
focus of this paper. Amulet will eventually be in-
tegrated within a multicomponent obesity wellness 
intervention for rural older adults, as a tool to aug-
ment in-person and remote behavioral change. All 
participants held, felt, and wore an Amulet during 
the session as part of initial usability testing. We 
also presented images of applications and asked 
participants to comment on the illustrated designs. 
Our methods focused on heuristic evaluation and 
cognitive walk-through of applications as to the ca-
pabilities of the proposed applications34-37. We also 
asked participants to “think aloud” when holding 
the Amulet, asking them to speak exactly what was 
coming into their minds.

We conducted open-ended semi-structured 
interviews (lasting 45-60 minutes) and focus 
groups (90-120 minutes) for patients, consisting 
of clarifying probes in which we encouraged 
participants to elaborate upon open-ended 
questions. Members of the study team ran focus 
groups. Investigators running the interviews and 
focus groups had formal training in interview-
ing, self-reflection, and conduct.

Amulet prototype 
Amulet (Figure 1) is a Dartmouth College and 
Clemsen University combined project designed 
with the goal of a long battery life and the abil-
ity to operate independently of other devices (e.g. 
tablet/smartphone).The device was meant to be 

employed within a research setting with minimal 
input from specific design engineers. Amulet’s di-
mensions are 4cm2, with two buttons, and a slider 
with a black and white screen. The device can 
also evaluate motion through built-in sensors that 
measure acceleration, rotation, sound, light, and 
temperature. In addition, it has the capability of 
ecological momentary assessment, a technique 
that investigates and gathers user data on affective, 
behavioral and contextual experiences real case 
in real time38. The platform is capable of running 
applications specifically designed for the purpos-
es of monitoring and tracking health, including 
steps, activity, stress and strength39-41. Data can 
be stored on a micro-SD card, or transmitted over 
Bluetooth to a nearby device such as a tablet or 
smartphone, when these devices are available. 

As part of the proposed intervention, the investiga-
tors deliberately chose a prototype as opposed to 
a commercial device. In the project’s conception, 
the open-source platform of this device would 
provide unique opportunities for custom-made 
development of applications that far outstretch the 
capabilities to modify the application program-
ming interface of devices such as Fitbit or Garmin. 
Importantly, a concurrent goal was to evaluate ba-
sic signal data to allow creation of custom-made 
algorithms for an older adult population.  

Data analysis
Using a digital voice recorder, we recorded each 
encounter and transcribed the text. De-identi-
fied data was uploaded into Dedoose (www.de-
doose.com), a qualitative software application. 
Each transcript was reviewed by John A. Batsis 
and 10% of the audio-recordings were reviewed 
by Elizabeth Carpenter-Song. We developed a 
codebook using both inductive and deductive 
categories related to Amulet’s usability. For the 
present analysis, we focused on the following 
Amulet domains and codes: features (good, poor, 
missing); potential usage problems (screen, com-
munication); and aesthetics (appearance, com-
fort). All coding involved multiple researchers 
to enhance reproducibility and trustworthiness. 
Consensus resolved all discrepancies. A third 
researcher provided independent input when 
consensus could not be reached. Major themes 
were reviewed by a qualitative methodologist 
Elizabeth Carpenter-Song allowing the construc-
tion of the main themes for this usability study.

Results
Demographics
We interviewed 29 patient participants, 7 clini-
cians and 4 community leaders. Mean ages were 
72.9±4.6, 46.7±12.1, and 64.3±8.7 years, respec-
tively, with the majority female gender, and white 
race, in all groups. Body mass index was higher 
in patient participants than in clinicians or com-Figure 1. Image of the Amulet wearable device.
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munity leaders (32.9±2.5, 23.8±2.1, and 26.4 ±4.6 
kg/m2). Clinicians and community leaders had 
been involved for 14±9.5 and 13.5±5.5 years in 
their respective roles.

Usability
Our usability assessment focused on three separate 
domains: (1) Desired features of the existing Amu-
let prototype; (2) Potential problems that this de-
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mographic could face in using the device; and (3) 
The aesthetics of the prototype (Table 1). Generally, 
all three groups had a favorable impression of the 
device design and features of tracking, monitoring 
and representing the data. For some participants, 
the device’s durability was a key factor to its poten-
tial use. Clinicians in particular were more skepti-
cal about the use of the side buttons and the slider 
in those with limited dexterity (e.g., osteoarthritis); 
however, this concern was not mentioned by pa-
tient participants. An additional improvement sug-
gested was to reconsider the wrist strap, as older 
adults with reduced fine motor capabilities would 
be unable to strap the watch on. The prototype 
used an off-the-shelf plastic strap with a metal 
buckle, as is common in traditional wristwatches; 
it would be easy to swap this strap for a Velcro or 

other style of easily donned strap.

Individuals were quick to criticize the aesthet-
ics and comfort of the device as it differed 
significantly from current commercial devices 
like the Apple Watch. A general theme was 
the need to ensure the device communicated 
with their phone or tablet. Patient participants 
felt that a larger screen would be helpful to 
account for their sensory challenges (e.g., eye-
sight). However, all individuals did not feel 
that this would significantly preclude the user 
from wearing the device.

Desired functions 
The evaluation also sought to learn what other key 
features and capabilities would be important to 
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incorporate, and to probe some of the participant 
concerns. We asked all three stakeholder groups 
to ‘dream big’ and imagine what type of monitor-
ing could be implemented on Amulet to improve 
their health. We classified the monitoring capabil-
ities in groups as illustrated in Table 2 (vital signs, 
physical activity, nutrition, somatic, and other).
Participants felt that a dashboard would be 
helpful to centralize all data inputs. All partici-
pants believed that this would be an important 
mechanism to feed information to the partici-
pant and research team and could enhance an 
individual’s own personal knowledge and health. 
Patient participants, in particular, felt it would be 
important to have all this information relayed to 
their healthcare provider. Ecological momentary 
assessment was an important feature raised as 
part of monitoring and tracking. “Buzzer fatigue” 
was a concern expressed by most groups.

Finally, participants raised several concerns. First, 
application accuracy of any measurement or ap-
plication was important to all enrollees. Second, 
while the technology could be a useful adjunct 
to current behavioral strategies, it may not in 
and of itself solve the problem at hand (i.e.: obe-
sity) and that coupling technology with human 
interaction would provide critical guidance to 
individuals in their health efforts. Third, the in-
trusiveness of constant monitoring and privacy 
concerns were raised as secondary issues.

Discussion
Our results are an example of how involving the 
end-user in co-design and usability assessments 
can be used to improve the user interface and 
user experience to ensure the preliminary viabil-
ity of prototypes mHealth devices. This qualita-
tive work provided a number of suggestions to 
improve Amulet’s capabilities in the older adult 
population that can be extended to other devices. 
In this study, we demonstrated that Amulet poten-
tially could be a usable mHealth device for older 
adults with obesity, with capabilities to under-
stand health behaviors in this population.

The use of mHealth applications in older adults 
with obesity is an emerging intervention strategy. 
Batsis and colleagues evaluated the FitBit ‘Zip’ de-
vice on eight adults aged 65 years and older from 
a rural practice, and demonstrated that this device 
was feasible and acceptable for use among older 
rural adults with obesity42. In a separate study, old-
er adults engaged in more activity in a web-based 
weight-loss protocol as compared to younger 
adults, with a greater number of logins and higher 
degree of weight loss28. Findings of this current 
pilot support the acceptability and promise of 
mHealth interventions for older adults in rural 
settings where transportation and other potential 
barriers limit access and effectiveness of office-

based interventions. Related research includes a 
study by O’Brien demonstrating in 24 older adults 
(mean age 69±8 years) that using the Internet-de-
livered “Lose-It” app was feasible, usable and led 
to increased self-efficacy27. Our group previously 
evaluated Amulet’s ‘Activity Aware’ application, 
which monitors activity intensity in older adults, 
and demonstrated its accuracy39. Unique studies 
focusing on older adults are critically lacking, an 
important gap as weight loss affects older adults 
differently. The special challenges of safe and ef-
fective weight loss in obese older adults are often 
underappreciated and overlooked3.

While our study cohort was generally accepting 
of Amulet, there was a broad desire for integra-
tion of this intervention with the medical point of 
care system. A major challenge of mHealth inter-
ventions is the volume of data and material gener-
ated by continuous-monitoring apps and devices. 
Cloud-based systems need to process data into a 
usable form for the consumer and provider. Our 
participants all asked for integration with the elec-
tronic health record, and that their clinical provid-
ers have access to such information. The current 
healthcare environment requires connectivity be-
tween existing devices and electronic medical re-
cords in the United States43,44. However, provid-
ers are overwhelmed with existing infrastructures 
and additional data potentially can lead to medi-
colegal and information-technology challenges, a 
subject needing further evaluation.

We obtained a comprehensive understanding of 
Amulet from three distinct groups. Triangulation 
enhances the ability to obtain different perspec-
tives on a given problem. Our interviews and 
cognitive techniques add to the internal validity 
of our results. The coding process reduced bias 
and increased the rigor of the findings. Cognitive 
techniques (i.e.:Think Aloud) are affordable, ro-
bust, easy, and can capture a participant’s pref-
erence and performance simultaneously. We ac-
knowledge our study’s limitations including the 
non-random sample. We also caution against 
generalizing our results to other settings (e.g.: 
non-rural, more ethnically/racially diverse, lower 
education). Our participants had previous ex-
perience in using smart phones and computers; 
those who are technology-naïve may have differ-
ent responses. Findings were obtained within an 
interview setting, and reactions may differ if the 
Amulet were provided to participants in another 
space (such as home or community).

Lessons learned & implications
Further studies should evaluate Amulet’s function-
ality, its use in different populations, and robust-
ness outside of a research setting. Ascertaining 
input of participants who may not have access to 
or familiarity with mHealth technologies may ad-
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vance our understanding of engagement factors 
in different socioeconomic and reduced health 
literacy populations. Evaluating Amulet in urban 
settings may help confirm, modify, or refute our 
findings. Adapting Amulet for visual and dexter-
ity impairments is important, as is an ability for 
audible (rather than haptic buzzer) alerts. We 
recognize that academia generally lacks the com-
mercial resources to develop modern and unique 
devices that could be deployed commercially. 
Industrial design is considerably important in en-
suring adequate usability and academic/industry 
partnerships in conjunction with stakeholders are 
critical to success. Future prototype development 
should pay particular attention to usability and 
aesthetics, given the importance of these factors 
to participants. We emphasize that end-users are 
critical in conducting usability testing. This point 
is particularly important with older adults, a group 
that often has limitations that make it difficult or 
impossible for it to adopt emerging technologies.

Our results suggest potential adaptations to the 
device to address the normative changes of aging. 
Older participants raised important factors related 
to changes in perceptual alteration, including larg-
er fonts and buttons to accommodate the visual 
changes with aging, and reducing high-pitched 
alerts. Motor system changes may also impose 
difficulties in using the device (e.g., putting the 
strap on, scrolling). While these particular issues 
were not an issue in this study’s cohort, the nor-
mal and abnormal cognitive changes in aging can 
lead to inappropriate or slowed processing and 

attention45. Such elements not only lead to hesita-
tion in the use and adoption of technology among 
older adults, but potentially prevent an aging pa-
tient from using this technology effectively. Ad-
ditionally, future research will evaluate Amulet’s 
use in the field and whether its aesthetics are a 
significant limitation to its broad acceptance and 
use, as this was a significant concern raised by the 
study participants.

Our study has considerable implications for clini-
cians and researchers alike. First, we highlight using 
qualitative methods in informing future interven-
tions. This is a vital step in any systems-engineering 
approach for both designers and interventionists 
using the Amulet as a case and can provide robust 
information in device development. Stakeholder 
engagement allows harmonization of opinions – 
congruent vs. incongruent – in ensuring the design 
will be acceptable within the intervention. Our 
findings and observations could easily be applied to 
any process focusing on optimizing user-centered 
experiences in older adults with obesity.

Conclusions
Our qualitative study provides considerable forma-
tive data that can be helpful in future interventional 
studies. First, end-users are critical in the develop-
ment of any device. Second, aesthetics is impor-
tant. Third, prototypes may be acceptable to older 
adults over commercial devices. However, future 
work should focus on demonstrating the efficacy 
and capability of the device to augment weight 
change in an intervention in this population.
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Appendix I. Questions
Amulet [show Amulet and demonstrate its func-
tions]
This is a prototype Amulet device. An idea we 
have is to track your level of physical activity us-
ing this device. It was developed by the Depart-
ment of Computer Science at Dartmouth College 
and can connect to the Internet through a cell 
phone or tablet.
1. What are your first impressions of this device?
Probe: What looks good? What does not look 
good? Do you see any problems at the outset that 
you might have?
2. In an ideal ‘dream big’ world, what types of in-
formation would you want the Amulet to measure?
Probes: Steps, activity, strength

Feedback through messaging
One goal of the Amulet is to provide feedback 
through messaging. Throughout the day, you 
will receive short messages on the display. Some 
feedback messages will be automated and some 
will be delivered by an actual person. In addition 
to measuring and monitoring your steps, activity, 
and strength, it will have the ability to relay some 
of this information to you.
3. What do you think of the Amulet now? 
4. How do you think receiving updates or mes-
sages would be helpful in tracking your progress 
through the Amulet? 
5. What do you think of the screen now that you 
can see some of the information that can be re-
layed?
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