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ABSTRACT

Objectives Using commercial activity monitors may
advance research with older adults. However, usability for
the older population is not sufficiently established. This
study aims at evaluating the usability of three wrist-worn
monitors for older adults. In addition, we report on usability
(including data management) for research.

Design Data were collected cross-sectionally. Between-
person of three activity monitor type (Apple Watch 3, Fitbit
Charge 4, Polar A370) were made.

Setting The activity monitors were worn in normal daily
life in an urban community in Germany. The period of wear
was 2 weeks.

Participants Using convenience sampling, we recruited
N=27 healthy older adults (>60 years old) who were not
already habitual users of activity monitors.

Outcomes To evaluate usability from the participant
perspective, we used the System Usability Scale

(SUS) as well as a study-specific qualitative checklist.
Assessment further comprised age, highest academic
degree, computer proficiency and affinity for technology
interaction. Usability from the researchers’ perspective
was assessed using quantitative data management
markers and a study-specific qualitative check-list.
Results There was no significant difference between
monitors in the SUS. Female gender was associated

with higher SUS usability ratings. Qualitative participant-
usability reports revealed distinctive shortcomings, for
example, in terms of battery life and display readability.
Usability for researchers came with problems in data
management, such as completeness of the data download.
Conclusion The usability of the monitors compared in this
work differed qualitatively. Yet, the overall usability ratings
by participants were comparable. Conversely, from the
researchers’ perspective, there were crucial differences in
data management and usability that should be considered
when making monitor choices for future studies.

BACKGROUND

Physical activity is linked to better physical
health as well as improved cognition and
functional capacity in older adults." Thus,
researchers have an interest in accurately
measuring physical activity in this popula-
tion. In the past, researchers have relied on
self-reports. Due to social desirability bias

, Francisca S Rodriguez

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study reports on a direct comparison of usabil-
ity of three popular models of activity monitors for
older non-habitual users.

= Usability data reported is of high ecologic validity,
that is, based on use in daily life.

= Results also give valuable insights into usability
from a researcher perspective, which will allow for
evidence-based decision making in future research
designs.

= Generalisability of results is hampered by the spe-
cific use case under investigation (ie, 2weeks
of monitor wear without ongoing mobile device
synchronisation).

and inaccurate recall, especially among
people with cognitive impairments, these
have limited reliability.* Commercially avail-
able activity monitors have opened up new
possibilities. Commonly wrist-worn, these
monitors allow for continued and unobtru-
sive wear and real-time recording of activity
in daily life.

Commercial activity monitors record
a range of activity indicators. The most
commonly used metric is step counts.’
Reviews find an acceptable-to-high accuracy
of step estimates across a variety of activity
monitors,” * also for older adults.” Not only
are steps the least error-prone activity metric,*
they allow clear-cut recommendations for
physical activity.

To additionally determine the intensity of
activity, heart rate (HR) measurements can
be used. HR measurements are traditionally
performed with an ECG. However, wearable
ECGs are not suitable for everyday use.’
Commercial activity monitors may provide
researchers with a good alternative. The loss
in reliability compared with traditional ECG
is minimal and can be neglected as long as
heart disease is not the focus of the investi-
gation.*”
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While the accuracy of activity monitors has been vali-
dated, their usability for older adults has not been suffi-
ciently established. One study with habitual users of
activity monitors found no age effect.® Yet, habitual user
reports may not be representative. Two recent systematic
reviews included a total of 20 studies with older adults,
including with non-habitual users. The results indicate
that activity monitor use is feasible for older adults.”
Indeed, it was reported that the majority of older adults
described the use of fitness monitors as ‘easy’ and wore
them reliably for several days.” Only two studies directly
assessed usability in normal daily life for older adults.
Results were mixed. While a commercial monitor was
preferred over a research-grade device in a study lasting
1 day," in the second study, five out of nine users reported
not wanting to continue using the activity monitors after
2weeks."!

Further, the usability from the researcher perspective
must be considered. From the research perspective, data
management is central to usability. Given that the software
of commercial activity monitors varies between brands
and models and is updated with little transparency,'® " it
is unclear whether research requirements are met.

Aim

Thus, we aimed at evaluating the usability of three
commercially available activity monitors in older adults.
More specifically, we studied two aspects, namely (1)
usability from the participants’ perspective and (2)
usability from the research perspective (including data
management).

METHODS
Participants
The study took place in an urban community in Germany.
We recruited community-dwelling older adults via conve-
nience sampling. Inclusion criteria were (1) =60 years
old, (2) sufficient vision, hearing and language compre-
hension, and (3) not being a habitual user of an activity
monitor. Reasons for exclusion were (1) insufficient
capacity to participate in the questionnaires and inter-
view due to dementia, mental illness and/or severe phys-
ical limitation, (2) having a motor disorder that would
interfere with the use of a monitor or (3) having a cardio-
vascular disease that would seriously interfere with the
monitors’ optical pulse measure. From those who were
interested, no one had to be excluded from participation.
In total, n=27 participants were included in the study.
The average age was 72.96 (SD: 6.32). For more details
see table 1 and figure 1. One participant discontinued
wearing the monitor after 4 days due to skin irritation. As
this participant completed all study material, his/her data
were included in the analysis. One participant did not
provide data on the Affinity for Technology Interaction
(ATT) score. Excluding the data of this participant made
no difference to results, thus, we decided to include his/
her data in the analysis.

Table 1 Sample demographics
Descriptive
statistics

Gender n (%)

Male 9 (33.33)

Female 18 (66.66)
Age

Mean (SD) 72.96 (6.32)

Range 60-87
Level of education n (%)

Primary school (1) 1@3.7)

Secondary school (Realschule, Ill) 6 (22.22)

Secondary school (Gymnasium, V) 13.7)

Vocational school (V) 13.7)

University of applied science (VI) 13 (48.15)

University (VII) 5(18.52)
CPQ Score

Mean (SD) 20.30 (7.23)

Range 5.78-30
ATI Score*

Mean (SD) 3.59 (SD: 1.09)

Range 1.66-6
Days between monitor drop-off and pick-up

Mean (SD) 15.33 (2.70)

Range 4-20
Activity monitor wear days (recording-based)

Mean (SD) 12.05 (4.29)

Range 1-16

Descriptive statistics of demographic information, activity monitor
wear information and psychometric Questionnaire Scores.

*Data available for n=26.

ATI, Affinity for Technology Interaction Scale; CPQ, Computer
Proficiency Questionnaire.

Researchers

The authors of this study provided the researcher perspec-
tive on the qualitative measures after reaching consensus
in discussion.

Procedure

Each participant attended two sessions in his/her home,
a public place, or at the research institute. In the first
session, participants completed questionnaires and
received their assigned activity monitor. Participants
received only minimal instructions on monitor use. They
were instructed how to put on and take off the monitor,
how to activate the display, how to recognise that the
monitor needed to be charged, and how to charge the
monitor. The researcher provided them with contact
details so that they could reach out if they needed assis-
tance during the wear-period (none did). Participants
were asked to wear the monitor as often as possible unless
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Distribution/counts of demographic variables in the sample. Distribution plots provided for continuous variables,

counts for categorical variables. The mean value is marked with a vertical line in distribution plots. I, primary school; Il,
secondary school (Realschule); IV, secondary school (gymnasium); V, vocational school; VI, university of applied science; VII,

university; (d), days.

showering/bathing. However, they were also advised to
remove the monitor in case of discomfort. For compara-
bility with the previous study by Fausset et al,'' the target
wear-period was 2weeks. In the second session, the moni-
tors were collected and participants reported on usability.

Activity monitors

We used three popular activity monitors: (1) Apple Watch
3, (2) Fitbit Charge 4 and (3) Polar A370 (referred to
as Apple/Fitbit/Polar in the following). Each participant
received one activity monitor. Monitor distribution had
a pseudorandom order. That is, random order was devi-
ated from whenever participants were living together and
would have otherwise received the same monitor. This
was done once to ensure that the participant’s feedback
would not be influenced by the experience of the other.
To protect participants, data of a standard avatar (male,
65years, 176 cm tall, weight 86.5 kg, right-handed) were
entered when setting up the monitors. The mobile phone
that was connected with the monitor remained with the
researchers, that is, monitors were out of reach of the
Bluetooth connection during wear.

Activity monitor data

When activity monitors were returned by the participants,
they were synced with the respective app on the mobile
phone. While Apple and Fitbit provided access to compre-
hensive data downloads, Polar did not. For this reason, we

were unable to review Polar data beyond documenting
the number of days for which data were recorded.

For Apple and Fitbit data, in cases where there were
more than one HR measurement per minute, we calcu-
lated average beats per minute (bpm).'*" Step data were
summed up for per minute values. To avoid bias due to
the putting on of the activity monitor in the mornings, we
removed the first five measurements of each day.

In accordance with previous sensor research,'® we took
a multidimensional approach to data quality. Our quality
markers on the participant level were the following:

Date volume

We identified the number of days recorded and calcu-
lated the average number of measurements per day for
each participant.

Correctness

Instead of using a reference measurement, we approxi-
mated data correctness by identifying implausible values.
That is, we flagged HR measurements which differed
more than 10 bpm from the rolling average over the
last three measurements (‘HR jumps’) and calculated
the percentage of total measurements flagged. For step
data, we flagged any measure of more than 200 steps per
minute as implausible (‘high speed’); this definition has
been used previously.
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Apple Fitbit Polar
Participant Perspective
Wristband On & Off + + =
Comfortable Wear +/_ .|./- +/-
Unobtrusive Wear + o +
Battery Life = + +
Charging Cable & Connector o + e
Display Readability + o -
Signal quality + - +
Researcher Perspective
Data management = + -
Monitor & Account Set-Up - + +
Synchonisation - + +
Erasing Backups ++ - +
Reset & Reuse - + +

Figure 2 Visual synthesis of participant and researcher
reports. Synthesis takes into account quantitative and
qualitative data. +representsa positive evaluation, —a
negative evaluation, ++ and --represent particularly positive
or negative evaluations. + representsa mixed evaluation.

Completeness

We flagged instances in which the time lag between a
measurement and the previous measurement was 6—9 min
long (‘drop instances’). The upper limit was chosen
because it is unlikely that the activity monitor was taken
off and put down for less than 10 min. The lower limit was
chosen because Apple HR measurements were recorded
every bmin. We then calculated which percentage of total
observations were drop instances. Further, we identified
the number of days for which there was step data but
no HR data and vice versa (‘missing days’) as this would
suggest a measurement, synchronisation or export error
rather than non-wear.

Questionnaires

Demographic characteristics

Participants reported their gender (male, female, non-
binary), their level of education (elementary school,
secondary school (German Hauptschule), secondary
school (German Realschule), secondary school (German
Gymnasium), vocational school, University of Applied
Sciences, university or none) and their age.

Affinity for Technology Interaction Scale

The ATI™® surveys the tendency to engage in intensive tech-
nology interaction. For nine items, participants rate their
agreement on a Likert scale of 1-6. Three items are inversely
scored. The average of the item scores is calculated.

Computer Proficiency Questionnaire

The Computer Proficiency Questionnaire (CPQ)"
contains 33 questions grouped in 6 domains: (1)
computer basics, (2) printing, (3) communication, (4)
internet, (5) scheduling software and (6) multimedia use.
Respondents rate how easily they could complete a given
task on a 5-point scale. The total score is calculated by
first averaging scores within a subscale and then taking
the average of subscale averages.

System Usability Scale

The System Usability Scale (SUS)*” contains 10 questions
(Likert scale of 1-5) about the usability of a system. Item
scores are added and multiplied by 2.5. The score indi-
cates the user-friendliness in values up to 100.

Usability Checklist for Participants (P-checklist)

A checklist was designed for this study (see online supple-
mental table S1) that allows for a detailed report of usability
from the participants’ perspective. The checklist consists of
a 13 items in yes/no format (eg, ‘Were there any situations
in which wearing the [activity monitor] was uncomfortable
or hindered you in your activity?’), eight text-based items
for participants to expand on their answers, and one open-
ended item to allow for further comments.

Usability Checklist for Researchers (R-checklist)

The specifically designed R-checklist (see online supple-
mental table S2) comprised 13 items. On three of these,
researchers gave a qualitative evaluation of the quality
of the data in terms of data volume, completeness and
correctness. On eight items, they rated the ease of use
from one to ten (eg, ‘How effortful was it to set up a user
account for [the activity monitor]?’). On the 12th item,
researchers reported how long the manually deleted
participant data remained with the provider. These
questions are used to guide a text-based evaluation of
researcher usability on the final 13th item.

Analysis
Data analysis was conducted using R (V.4.0.2) in RStudio
(V.1.2.5042).*" We used a significance level of p<0.05.

To test for group differences at baseline, we used one-
way analysis of variances (ANOVAs) (Age, CPQ Score,
ATI Score) and Fisher’s exact tests (FETs) (Gender, Level
of Education).

Correlation analyses were performed to determine
whether any baseline demographics or psychometric test
scores were associated with participantreported usability
(SUS). Pearson’s correlations were used for continuous
variables, Spearman’s correlations for categorical vari-
ables (gender, level of education).

To determine whether there was a statistically significant
difference between activity monitors in system usability
according to the participant report on the SUS, we used
a between-groups one-way ANOVA. Due to the presence
of a potential outlier in the Polar group, as determined
by residual inspection, non-parametric comparison by
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Figure 3 System Usability Scale (SUS) scores by activity
monitor.

Kruskal-Wallis testing was also completed. The results did
not differ, hence we present the parametric test results.

In order to contextualise SUS scores, we further calcu-
lated one sample t-tests and compared the group values to
two available norms: (1) the median score (68) observed
across usability research® and (2) the grand average SUS
score of 64.3 from a range of previous investigations of
habitual monitor users of varying ages.8 To assess whether
there were statistically significant differences between
activity monitors for yes/no items on the P-checklist, we
completed FETs.

Text-based reports on the P-checklist and the R-check-
list were evaluated qualitatively.

Patient and public involvement

Patients and the public were not involved in the design,
reporting or dissemination plans of this research. Patients
and community service programmes aided recruitment
by disseminating study information.

RESULTS

In this between-person comparison, there were no signif-
icant differences in any baseline characteristics between
the groups (gender: FET p=0.268; age: F (2, 24) = 1.39,
p=0.268, °=0.10; education: FET p=0.824; CPQ score:
F (2,24) = 0.83, p=0.447, n2=0.06; ATI score: F (2,23) =

Table 2 Results of correlation analyses between individual
differences and SUS Scores

Variable Correlation with SUS 95%ClI P value
Age 0.12 -0.27 t0 0.48 0.535
Gender -0.46 -0.71t0 0.01 0.017
Education level -0.02 -0.40t0 0.35 0.906
CPQ Score -0.15 -0.50t0 0.24 0.450
ATI Score -0.12 -0.38t0 0.39 0.546

Significant result in bold.
.ATI, Affinity for Technology Interaction Scale; CPQ, Computer
Proficiency Questionnaire; SUS, System Usability Scale.

1.27, p=0.300,1°=0.10). Differences in perceived usability
of the three activity monitors are reported below. For a
visual synthesis, see figure 2.

Usability from the participants’ perspective

The only significant association was between SUS score
and gender (Spearman’s r=-0.46, p=0.017; table 2),
indicating that SUS scores reported by men were lower
than those reported by women. There was no significant
difference in SUS scores between activity monitors (F
(2, 24) = 1.41, p=0.265, 1%=0.10; figure 3) and no differ-
ences between activity monitors on any of the P-check-
list items (table 3). SUS score for the different monitors
did not differ significantly from either the norm values
for usability in general (Apple: t (8) = —0.02, p=0.982,
d=0.01; Fitbit: t (8) = -0.93, p=0.379, d=0.31; Polar: t(8)
= 1.13, p=0.291, d=0.38) or usability of activity monitors
specifically (Apple: t (8) = -0.67, p=0.519, d=0.22; Fitbit:
t (8) =-0.34, p=0.746, d=0.11; Polar: t(8) = 1.63, p=0.142,
d=0.54).

Qualitative analysis revealed some common themes
across activity monitors. Nine participants reported
removing the monitor at night. Other activities for which
the monitors were reportedly removed were gardening,
swimming, paintwork and housework involving water.
Five participants used the monitors to check their HR
data, three reported tracking steps and exercise. Three
believed that the activity tracking was not of interest
to them or only of use to very physically active people.
Monitor-specific results were the following:

Apple

Participants reported charging the activity monitor daily
or every 2days. One participant complained that the ‘(b)
attery runs out far too quickly’. One participant had to
terminate the trial early after developing a rash from
the wristband. One participant reported that the watch
synced with their personal phone, which should not have
been possible.

Fitbit

Participants reported charging the monitor between one
and three times during the 2weeks, two times being the
most commonly (5/9 participants) reported frequency.
Three participants reported that the wristband irritated
their skin. Three reported issues with the display: Two
reported the display being too dark to read in daylight,
one of them stating that the ‘display (was) almost unread-
able in daylight’. Two would have preferred bigger font
size. One further participant appeared to struggle with
display; (s)he had trouble accessing the battery status
information and could no longer use the display at all
after charging.

Polar

The frequency of charging the wrist band varied from two
times during the 2-week period to every day. The most
commonly reported charging frequency was two times.
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Table 3 Usability from the participants’ perspective

SuUs Activity monitor Mean (SD)
Apple 62.22 (18.60)
Fitbit 64.17 (17.05)
Polar 76.39 (22.26)
P-Checklist Y/N (n) P value*
Able to put on/take off Apple 8/1 0.751
(the activity monitor) Fitbit 9/0
without any problems
Polar 7/2
Easily remembered to Apple 9/0 0.999
put (the activity monitor) ... .
back on after taking it off Fitbit 9/0
Polar 8/1
Wearing (the activity Apple 7/2 0.842
monitor) was generally Fitbit 8/1
comfortable
Polar 6/3
Clear what signals meant Apple 6/3 0.425
Fitbit 3/6
Polar 6/3
If necessary, able to turn  Apple 2/2/5t% 0.220
i Rl Fitbit 117t
Polar 0/0/9t
Used any of (the activity Apple 3/6 0.999
monitor’s) functions Fitbit o7
besides wearing it
Polar 2/7
Had to charge (the Apple 8/1 0.999
activity monitor) Fitbit 9/0
Polar 9/0
Any difficulty charging Apple 1/8 0.751
(the activity monitor) Fitbit 0/9
Polar 2/7
Had to take off (the Apple 1/8 0.281
activity monitor) for Fitbit 4/5
comfort
Polar 4/5
Any situations in Apple 3/6 0.121
which wearing (the Fitbit 7/0
activity monitor) was
uncomfortable or Polar 3/6
hindered an activity
Any instances in which  Apple 3/6 0.999
using (the activity Fitbit 3/6
monitor) was frustrating
Polar 2/7
Bothered by any signals Apple 0/9 NA
(whether sound or Fitbit 0/9
vibration)
Polar 0/9
Got help from anyone  Apple 0/9 0.999
aside from researchers Fitbit 0/9
Polar 1/8

Descriptive statistics of SUS Scores and P-Checklist Items.

*P values according to Fisher’s exact tests

TFor this item there was a third answer option ‘not necessary’.
.NA, not available; P-Checklist, Participant Checklist; SUS, System

Usability Scale.

Two participants had trouble putting on and/or taking
off the wristband. Two further participants complained
about the fastening mechanism, saying that the eyelets
were ‘too fiddly’ and that wrist straps were ‘somewhat
annoying’. Two complained about skin irritation. One
participant reported having to get assistance for charging
the monitor. Two participants expressed dissatisfaction
with the small connector for the charging cable, one of
which stated: ‘The connector of the charging cable is very
small and probably difficult to handle for elderly people
with handicaps’. One participant pointed out the overall
poor make of the wristband, which was ‘detaching from
the watch-part’. Two participants reported having issues
with the display, either it being incidentally unresponsive
or it changing appearance irreversibly. Two participants
reported that the LED-lights caused nuisance by not
switching off even after the monitor had been put down.

Usability from the Researchers’ Perspective

Monitor and account setup was unproblematic for all
monitors. Instances of temporary synchronisation errors
occurred with Fitbit and Polar monitors. These could
be resolved. Handling the Apple monitor was most time
consuming. Most time took the set up and deleting of
data. For Polar and Fitbit, data were deleted by closing
the account. This required email confirmation. Reset-
ting the monitors to allow for reuse was time-consuming
for Apple, error-prone in Polar, and went most smoothly
with Fitbit. Apple did not store any server backups. Fitbit
stored backups for 30-90 days, Polar for 14 days. Fitbit
and Polar required new email accounts for every partic-
ipant. Apple users were connected to the same mobile
phone account, which resulted in major synchronisation
problems when multiple monitors were worn in overlap-
ping time periods. In these cases, attempting to synchro-
nise one monitor after the other failed and led to massive
data loss for all monitors involved.

Data management

Step and HR data were collected for all Fitbit and Polar
users. In addition, HR data were available for 2/9 and
step data for 4/9 Apple users. For Polar users, there
were zero missing days. For Fitbit and Apple users, some
days were missing, both in terms of steps and in terms
of HR. Compared with Apple monitors, Fitbit monitors
recorded more data, there were fewer drop instances,
fewer instances of improbably high step speed, and more
HR jumps. For more details, see table 4.

The Fitbit was able to store around 2weeks of HR and
step data internally. Further, HR data also contained
values indicating confidence in the estimates. However,
in some instances, either HR or step days were lost inex-
plicably. Apple monitors recorded a maximum of 9days
of step and HR data simultaneously). However, when the
data were read out after 31 May 2021, no HR data were
contained in the export. Based on the visual inspection,
there appeared to be only few gaps in the Polar data.
Beyond this, we are unable to comment on the quality
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Table 4 Descriptive statistics for data management
markers

Apple Fitbit Polar

Step data
Participants w/ any data n=4 n=9 n=9
Days recorded

Mean (SD) 2.78 (3.56) 13.78 (2.54) 12.44 (4.39)

Range 0-9 9-16 1-15
Obs. minutes per day

Mean (SD) 90.18 (60.16)  599.35 (159.76)  NA

Range 36.50-160.43 397.87-873.55 NA
% drop instances

Mean (SD) 7.49 (2.67) 1.44 (1.02) NA

Range 5.56-11.42 0.26-2.82 NA
% high speed

Mean (SD) 15.96 (9.67) 0.17 (0.19) NA

Range 4.63-27.4 0-0.51 NA
Missing days

Mean (SD) 0.00 (0.00) 0.44 (0.88)

Range 0 0-2 0
HR data
Participants w/any data n=2 n=9 n=9
Days recorded

Mean (SD) 1.44 (3.13) 13.56 (2.24) 12.44 (4.39)

Range 0-9 8-15 1-15
Obs. minutes per day

Mean (SD) 97.71 (62.17)  1015.19 (250.33) NA

Range 53.75-141.67 713.20 (1363.23) NA
% drop instances

Mean (SD) 30.74 (5.32)  0.01(0.01) NA

Range 26.98-34.51 0-0.03 NA
% HR Jump

Mean (SD) 0.47 (0.00) 1.05 (1.21) NA

Range 0.47-0.47 0.22-4.48 NA
Missing days

Mean (SD) 1.33 (2.69) 0.67 (1.00)

Range 0.00-7.00 0.00-3.00

.HR, heart rate; NA, not available; Obs., observed; w/, with.

of data because Polar did not allow for a comprehensive
download of data.

DISCUSSION

We aimed at comparing commercial, wrist-worn activity
monitorsin terms of usability for older adults. We explored
usability from the participants’ perspective as well as from
the researchers’ perspective, the latter including data
management. We found modest participant usability
across brands and, from the researchers’ perspective,
benefits of using the Fitbit monitor compared with the
Polar or the Apple monitor.

Usability from the Participants’ Perspective

In quantitative reports, we found that usability as
measured by participants’ reports on the SUS, did not
differ significantly between monitors. This is in line
with a previous study with habitual-users, which did not
find significant differences between various monitors.”
Indeed, SUS scores in this study did not differ from those
found in this previous study. Our SUS scores were also not
different from the established ‘average’ usability, which
represents a C grade.22 Taken together, these findings
suggest that the brand of monitor chosen may not make
any notable difference to usability and that usability could
be improved across brands.

Indications on aspects that need further development
can be found in the qualitative usability data. The major
shortcoming of the Apple monitor was the limited battery
life, while the major criticism of the Fitbit monitor was
the poor readability of the display due to limited bright-
ness and small font size. Addressing this combination of
complaints may constitute a difficult task, as maximising
display brightness and size while maintaining a good
battery life is a well-recognised manufacturing chal-
lenge.23 Criticism of the Polar monitor regarding poorly
made straps and charging interface may be easier to
address. Indeed, all manufacturers may want to improve
the monitors’ straps as skin irritation occurred across
monitors. Concerns regarding battery life and comfort of
wear appear to generalise across research uses of commer-
cial monitors,'® while the issues described with the Polar
charger and the Fitbit readability may be specific to the
older population in this study and/or specific to the
monitors.

Usability concerns described in the qualitative data are
also important for researchers to consider. If prolonged
wear is required or skin sensitivities are known, it may be
advisable to provide participants with replacement wrist
bands made from materials that are less irritating to the
skin than the standard straps. This can also avoid aesthet-
ical concerns, as has been previously reported.”* Whether
to prioritise display readability or battery life may depend
on the research design: if participants are required to
keep track of their activity statistics or if they only use
monitors for a short period of time, display readability
could be maximised by using the Apple monitor. If wear
is prolonged and tracking activity is not a concern, the
Fitbit monitor may be preferred, especially considering
its data management advantages.

Based on the present results, we cannot make any
recommendations as to which individual factors to take
into account when planning activity monitor research.
While we did find an association between gender and
usability, we have limited confidence in this finding as
only one third of our sample (9/27) was male. Neither
level of education, nor age, nor computer experience,
nor ATI predicted usability ratings on the SUS, in spite
of diversity within the sample on at least the latter three
aspects. Previously observed age effects in mobile tech-
nology adoption25 may therefore not stem from low
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perceived usability, a general lack of experience with, or
aversion to technology. Rather, age effects might be based
on low personal interest in activity monitoring. Qualita-
tive reports from a previous investigation'' and this study
support this idea. In our study, multiple participants
indicated that activity monitoring has little value to them
personally and only about one-third (8/27) reported that
they had monitored either their steps or HR. Only 6/27
(22%) rated the SUS item ‘I think that I would like to use
this [activity monitor] frequently’ with a score indicating
clear agreement. This indicates even lower potential for
adoption than previously reported (56% stated that they
wanted to continue use)."!

Going forward, researchers may consider providing
participants with motivating factors, such as extensive
device training, personal activity goal setting and peer
support.26 Gamification, which has shown promising
benefits when incorporated into health technology for
older adults,27 may be another promising avenue.

Usability from the researchers’ perspective and data
management

There were substantial differences between activity moni-
tors in terms of data management and researcher usability.
Polar did not allow a comprehensive data download. This
precludes the Polar activity monitors from future use in
research studies that require access to multiple days of
real-time activity data. Data download from Apple was
characterised by many missing days, reflecting a very
limited internal storage capacity of the monitor. Further,
HR data were excluded if the data were downloaded after
a specific date. This poses major problems for research
studies. Moreover, syncing multiple Apple monitors
with one mobile phone caused data loss, meaning that
multiple phones would have to be used, which is not finan-
cially feasible in many research settings. Therefore, from
the researcher perspective, using the Fitbit seems most
convenient. An advantage of Fitbit data was the report of
confidence levels for HR data, indicating whether the HR
estimate may have been influenced by movement or an
impeded optical signal.*® For a researcher, these confi-
dence levels are important quality indicators.

In general, as others have remarked previously,
researchers’ experience would be greatly improved by
more comprehensive data access and greater transpar-
ency with regards to the algorithms used to estimate
activity markers. Currently, lacking access to raw data
and poor documentation of algorithms—including
updates to algorithms—force researchers to work with
data of unknown quality. Confidence indicators may be
an acceptable compromise that, on one hand, protects
proprietary algorithms while given researchers some indi-
cation as to which data are useable for analysis and, on
the other hand, could easily be implemented by manu-
facturers. In designs such as the present one, the option
to extend internal storage of monitors would also help to
prevent data loss in prolonged periods without syncing.

12 138

LIMITATIONS

While our study has the advantage of being set in normal
daily life, which increases ecological validity, there still are
limits to the generalisability of the results. Findings are
based on a use scenario of 2weeks without continuous
synchronisation with a mobile device. Other use cases
might yield diverging findings. For instance, synchroni-
sation issues experienced when syncing multiple Apple
monitors with one mobile phone would almost certainly
be avoided if each device was synched with a separate
phone. Moreover, issues with monitor readability may
have been avoided if participants had ongoing access to
the synced mobile device, which showed them an over-
view of the data. Indeed, a recent review of qualitative
studies investigating wearable technology use found that
limited feedback or visualisation of device measurements
can negatively affect attitudes towards use.”® Usability
in this study may thus be biased towards lower ratings.
However, as ratings did not differ from those in previous
research with habitual monitor users, we believe that such
a bias, if present, was minimal.

Conclusion

Usability was comparable across monitors and in line with
usability reports from previous studies. Modest usability
ratings and qualitative reports suggest that monitors still
require further development for the older population.
Brand-specific complaints, for instance, regarding display
readability (Fitbit), battery life (Apple) and ease of
charging the battery (Polar) should be considered when
planning monitor use in research. We observed critical
differences in data management, an important aspect for
researchers that must also be taken into account when
planning new studies. Further, participants may require
external motivation for prolonged use of monitors, for
example, through gamified feedback and peer support,
another aspect that researchers should keep in mind.
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