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Abstract

Background: Advanced sensor technology, such as commercial wearable activity track-
ers, is expected to be useful for improving public health in an aging society. However, its
effects on psychological and behavioral changes in older adults have not been thoroughly
investigated.

Objective: This study aimed to clarify the effects of wearable activity trackers on psy-
chological and behavioral changes in older adults before the pandemic and to confirm
whether the effects were maintained during the pandemic.

Method: Thirty Japanese older adults wearing Fitbit trackers for 12 weeks (i.e., six weeks be-
fore the pandemic and six weeks during the onset of the pandemic) in a real-life setting par-
ticipated in this study. Participants” perceptions of physical activity (PA) and monitoring were
measured weekly using a questionnaire in addition to the pre-monitoring survey (baseline).
Results: Significant positive effects of activity trackers were observed on participants’
awareness of the benefits of PA and motivation toward monitoring from the first week,
and high levels were maintained until the end of the study, regardless of the pandemic.
Accordingly, an approximately 3,000-steps/day increase was observed in the first week
and maintained before the pandemic; although PA levels decreased during the onset of
the pandemic, they remained higher than at baseline. The decrease in the number of steps
and activity calories in COVID-19-non-affected participants was 2%. In the affected par-
ticipants, an 11% decrease in steps and an 8% decrease in activity calories were observed,
indicating that 3% was compensated by other activities.

Conclusion: Positive effects of activity trackers were observed on older adults” awareness
of PA benefits. Thus, future studies are required to verify the effects of increased PA ben-
efits awareness on older adults’ long-term activity levels for their health.
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INTRODUCTION

Aging is an urgent global concern. According
to the 2022 Revision of World Population Pros-
pects published by the United Nations (2022),
older adults (aged 65 years or older) will repre-
sent 16% of the world’s population by 2050. The
aging population poses substantial social and
financial challenges. For instance, it has pushed
the world’s healthcare costs to rise to trillions
of dollars annually (World Health Organization,
2020). Japan is the world’s fastest-aging country
due to the long life expectancy and low birth
rate among its population (D'Ambrogio, 2020;
The World Bank, 2022). According to the Japa-
nese Statistics Bureau, Japan has become a “su-
per-aged” society, with over 29% of its popula-
tion aged 65 years or above in 2021 (Statistics
Bureau of Japan, 2021). For good quality of life
in older adults, it is of vital importance to en-
sure a healthy lifestyle during aging (Hamer et
al., 2014). Physical activity (PA) has been encour-

aged due to its correlation with good physical
and mental health in older adults (Garatachea et
al., 2009; Hansen et al., 2020; Persson & While,
2012; Song et al., 2015), and it reduces the risk
of cognitive decline, dementia, and chronic dis-
eases (McPhee et al., 2016). However, physical
inactivity is prevalent in older adults as people
aged 60 years or older have been reported to
spend approximately 80% of their awake time
on sedentary behaviors (Seol et al., 2020). A lon-
gitudinal study also reported an overall increase
in sedentary time and a decrease in average PA
among older adults (Hagstromer et al., 2015).

Currently, advanced sensor technology, such as
commercial activity trackers, is expected to be a
useful technique for behavior change to improve
public health (Lyons et al., 2014). Wearable activ-
ity trackers provide users with real-time feedback
on biometric and PA measures, such as walking
steps, burned calories, sleeping time, and heart
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rate. However, existing studies related to wear-
able activity trackers in older adults have mainly
focused on the adoption (Zhang et al., 2017) and
sustained use of trackers (Kononova et al., 2019).
They have addressed older adults’ acceptance
and user experience of wearable trackers (Fang
& Chang, 2016; McMahon et al., 2016), includ-
ing mental effort, usability, technical affinity, and
habit formation (Peng et al., 2021; Talukder et al.,
2021). Surprisingly, few studies have measured
the changes in older adults’ PA levels and health
outcomes by the tracker’s intervention (Cad-
mus-Bertram et al., 2015; Hodgson et al., 2021;
Sookhai et al., 2015). Furthermore, the outcome
assessment of the interventions has focused only
on the physical effects but not on the mental and
psychological effects. Therefore, wearable activ-
ity trackers may be useful for older adults, but
the effects have not been well investigated.

Many researchers who conducted studies on PA
intervention explored changes in behavior but
often neither measured changes in attitudes nor
awareness (Albarracin & Shavitt, 2018). Similarly,
to date, very few studies have focused on the ef-
fects of wearable activity trackers on psychologi-
cal changes in older adults, that is, whether their
awareness of the impact of PA on a healthier life-
style increases (Hodgson et al., 2021). To achieve
a long-term commitment to PA, people should
be aware of its benefits for their lifestyle and
health (Haskell et al., 2007). Based on behavior
change theories, one significant factor for a per-
son to perform a behavior is the person’s beliefs
about this behavior (Ajzen & Fishbein, 2005).
This is consistent with the Health Belief Model
(Janz & Becker, 1984) that if people perceive
benefits to their health, then they are motivated
to engage in health-promotion behavior. Thus,
we hypothesize that wearable activity trackers
may positively impact users’ awareness of PA
and health beliefs, contributing to higher levels
of PA. Therefore, the effects of activity trackers
should be evaluated in older adults not only in
terms of behavioral changes by PA levels but
also in terms of psychological changes by aware-
ness and motivation toward PA and monitoring.

The present study commenced before the COV-
ID-19 outbreak in Japan and ended during the
2020 pandemic, which resulted in worldwide
implementation of restrictive measures to reduce
social contact and viral spread. The measures
varied by country but generally involved restric-
tions on nonessential movement and have re-
sulted in approximately 10%-50% PA decrease
(Hamasaki, 2021; McCarthy et al., 2021). In ad-
dition, even under no restrictions, some people
consciously changed their lifestyle— particularly
PA. Studies have expressed concerns about the
negative impact of reduced PA during the pan-

demic and the importance of maintaining PA
(Jiménez-Pavon et al., 2020; Suzuki et al., 2020)
as sedentary behavior and low levels of PA may
have negative physical and psychological effects
on older adults (Ekelund et al., 2019). Performing
light PA may help alleviate some of the negative
mental health impacts that older adults experi-
ence while being isolated and adhering to gov-
ernment guidelines during the pandemic (Callow
et al., 2020). Wearable activity trackers might
have been promising in encouraging PA during
the pandemic; thus, studies are also required to
confirm the effects of activity trackers on older
adults during this special period.

Based on the aforementioned background, this
study had two main objectives. The first was to
clarify the effects of wearable activity trackers on
psychological and behavioral changes in older
adults. The second was to confirm whether the ef-
fects were maintained during the pandemic com-
pared to before. The main contributions of this
study to the literature are as follows: (1) it explores
the effects of wearable activity trackers on older
adults’ psychological changes, on which very
few studies have focused; (2) rather than merely
making comparisons before and after wearing
the activity trackers, as in most existing studies,
this study examines time-series physical and psy-
chological changes; and (3) the effects of activity
trackers are compared for older adults with differ-
ent characteristics and under different situations.

METHODS

Research design

Focusing on time-series changes, particularly
psychological ones, we adopted a quasi-exper-
imental approach. Older adult participants were
required to wear Fitbit trackers for 12 weeks in
a real-life setting between January 20 and April
12, 2020. An overview of the research design is
presented in Figure 1. All questionnaires were
self-reported. A few weeks after the study com-
menced, the COVID-19 pandemic began. There-
fore, as the first national restrictive measure in
Japan (i.e., school closure) started on March 2,
the 12 monitoring weeks were divided into two
periods: before the pandemic (weeks 1-6) and
during the onset of the pandemic (weeks 7-12).
This study was conducted following the proce-
dures approved by the Ethics Committee of the
researchers’ university (Approval No. 2019130).

Participants

Participants were recruited via an agency for
older adults (KOUREISHA Co., Ltd.). Those who
registered in the agency were randomly selected
and invited. The inclusion criteria were as fol-
lows: aged >65 years, owned a smartphone, had
an active e-mail address, and had an Internet
connection. The exclusion criteria were as fol-
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lows: inability to perform activities of daily liv-
ing due to health issues, cognitive impairment
or dementia, and mobility disorder. Thirty-two
older Japanese adults meeting the criteria agreed
to participate, two of whom were excluded be-
cause the tracker’s setup on their smartphone
devices failed. Therefore, 30 participants were
included in this study.

Awareness and motivation measurement

To capture the change trends in participants’
awareness and motivation toward PA and moni-
toring by the tracker, we used a Weekly Ques-
tionnaire including 20 items for four factors
(Appendix I). The questionnaire was developed
and its reliability and validity were validated in
a previous study on young adults (Hamido et al.,
2021). As the questionnaire was administered re-
peatedly by participants to detect weekly chang-
es, a 7-point Likert scale ranging from 1 (strongly
disagree) to 7 (strongly agree) was used to make
the measurement sensitive. Examples of the
items were “PA/exercise does not contribute to
my health condition” and “PA results in physical
and psychological improvements”. Participants
were asked to respond to this questionnaire be-
fore wearing the tracker and at the end of every
week during the 12-week monitoring period.

PA measurement

We collected the participants’ PA data using
a Fitbit tracker (Fitbit Charge) because it is re-
ported as the most reliable type of tracker, par-
ticularly for measuring the number of steps (Fer-
guson et al., 2015) and for older adults (Paul et
al., 2015). The tracker is a wristband-type tracker
that provides real-time feedback via its screen,

mobile app, and website personal account. The
tracker’s default daily goal is 10,000 steps per
day, although we suggested 6,500 for the par-
ticipants before monitoring, as recommended
by the Japanese Ministry of Health, Labour, and
Welfare (2013). However, participants were free
to change their goals at any time before or dur-
ing the self-monitoring period. In this study, the
number of steps and activity calories were used
as PA indicators. The number of steps is consid-
ered a reliable estimate of PA level (Tudor-Locke
etal., 2002). As a simple, low-impact PA, walking
is particularly beneficial for older adults, whose
daily step counts are highly associated with all-
cause mortality and cardiovascular disease mor-
bidity (Hall et al., 2020). Activity calories inter-
pret activity levels based on the calories burned
while walking, doing housework, or undertaking
other PA. To determine the baseline values, be-
fore self-monitoring by the tracker, participants
were asked to report their own steps per day.
However, to assure reliability, it was instructed
that only those who knew their steps report the
data. The number of steps could be obtained
from a traditional pedometer or a default smart-
phone pedometer used by the participant.

Impact of the short-term COVID-19 pandemic
To measure the impact of COVID-19 on the
participants’ daily lives, attitudes toward activ-
ity monitoring, and efforts regarding PA per-
formance during the short-term pandemic, we
designed a questionnaire (COVID-19 Ques-
tionnaire). In general, participants were asked
whether their life/work style had changed be-
cause of COVID-19, and the following main
section included 16 items (refer to Appendix
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Il) using a 5-point Likert scale from 1 (strongly
disagree) to 5 (strongly agree). Participants were
asked to complete the questionnaire at the end
of this study.

Health status and quality of life (QOL) measurement
Participants’ health status and QOL were selfre-
ported using another questionnaire (General
Questionnaire) before and after the 12-week
monitoring period. It comprised 13 items (refer to
Appendix [ll) measured on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly
agree). The first eight items on health status and PA
were adopted from a previous young adult study
(Hamido et al., 2021). The remaining five items on
psychological QOL were adopted from the reli-
able and validated WHOQOL-BREF scale devel-
oped by the WHO (2012).

Research procedures

Before the 12-week monitoring period, we con-
ducted face-to-face instruction, informing each
participant about the purpose, procedures, ac-
tivity tracker usage, ethical issues, and how to
respond online questionnaire. Relevant materi-
als were also provided, such as the document
for experiment instructions and the Fitbit user
manual. After signing the consent form, each
participant was assigned an ID number to be
used throughout the study period. Each par-
ticipant then completed a personal information
sheet (including self-reported steps per day for
those who had the information as baseline data),
the Weekly Questionnaire (as baseline), and the
General Questionnaire (pre-). Subsequently, the
researchers helped each participant download
the app and set up the tracker. During the 12-
week monitoring period, the participants were
asked to keep wearing the tracker except during
battery charge and shower time, but they were
allowed to change the settings as they liked. A
weekly report summarizing the participant’s
activity level for the previous week was sent to
the participant every Monday morning by email.
The online link to the Weekly Questionnaire
was sent in the afternoon, and the participants
were asked to fill out the questionnaire on the
same day. After the 12-week monitoring period,
the participants were asked to fill out the on-
line COVID-19 Questionnaire and the General
Questionnaire again (post-).

Statistical analysis

Awareness and motivation

We first conducted analyses to capture the
change trends in older adults’ awareness and
motivation using four factors: (I) awareness of
PA benefits, (II) satisfaction with monitoring, (Ill)
motivation toward monitoring, and (IV) norma-
tive feeling for PA. Internal reliability, as assessed
by Cronbach’s alpha (a = 0.876, 0.836, 0.714,

and 0.635), was high enough at > 0.70 (Nunnally,
1978) or at an acceptable level at > 0.60 (Hair,
2010). As normal distribution was not met due
to a small sample size, we applied non-paramet-
ric analyses; in addition, we used the Friedman
and Wilcoxon signed-rank tests to explore the
weekly changes in the impacts of PA monitoring
and the short-term pandemic. We then divided
the 30 participants into three groups (COVID-
19-affected, non-affected, and neutral) based
on their responses to the COVID-19 Question-
naire and compared change trends between
the affected and non-affected groups. In addi-
tion, we conducted comparisons by sex, body
mass index (BMI) (overweight or not), presence
of chronic disease, and regular performance of
PA (i.e., engaging in regular PA such as walking
or other sports/exercise activities at least once a
week) using the Mann-Whitney test.

PA levels

Subsequently, we conducted analyses to capture
the change trends in the participants’ PA levels
and evaluated valid daily activity data using the
monitoring (>21 h/day) and three sigma limits. The
tracker’s non-wearing time for each participant
was calculated using the duration of no heart rate
data for each day. We removed daily PA records
from the analysis sample if a participant did not
wear the tracker for three hours or longer on that
day. Based on this criterion, 7% of the data were
excluded. In addition, we eliminated a daily record
outside 30 (three times the standard deviation;
SD) from the participant’s 84-day mean score;
thus, another 1% of the data were invalid and re-
moved. Then, for each participant, we calculated
the weekly mean from Monday to Sunday from
the daily sample for each PA indicator, that is, the
number of steps and activity calories. We applied
analyses of awareness and motivation data to the
PA data to explore weekly changes as the impacts
of PA monitoring and the short-term pandemic.

Detailed impacts of the short-term pandemic
and pre-to-post general changes

To explore the different impacts of COVID-19
on affected and non-affected participants, we
applied the Mann-Whitney test to the responses
collected by the COVID-19 Questionnaire. Fi-
nally, we used the Wilcoxon signed-rank test to
examine the participants’ health statuses and
QOL changes according to their pre- and pos-
tresponses to the General Questionnaire. All sta-
tistical analyses were performed using IBM SPSS
Statistics 26 (Chicago, IL, USA).

ResuLts

Participant characteristics

This study included 30 participants (10 women
and 20 men) with a mean age of 71.7 (67-75)
years. Their mean BMI was 23.1 (17.4-30.1) kg/
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Table 1. The overall change trends of awareness, motivation and PA (N=30)

Self-monitoring period

Measures Baseline Before the pandemic  During the pandemic  p,
(Week 1-Week 6) (Week 7-Week 12)
Awareness and motivation factors
I. Awareness of PA benefits 5.66 (0.72) 6.10 (0.70) 6.19(0.75) A
p, (between weeks) NA ok
II. Satisfaction with monitoring 4.96 (0.87) 5.24 (1.02) 5.22(1.11)
Ps NA
I1l. Motivation towards monitoring 4.33 (0.84) 5.27(0.87) 5.45(0.93) o
Pa NA
IV. Normative feeling for PA 4.40 (1.70) 4.54 (1.16) 4.67 (1.21)
Ps NA
PA levels
I;IIZT;;er of steps (/day) (Baseline obtained 7529 (2035) 10963 (3717) 9953 (3962) .
P NA
Number of steps (/day) (In total N=30) NA 10789 (3313) 9777 (3466) A
Pz NA =
Activity calories (kcal/day) NA 1057 (391) 985 (412) *
NA *

8
PA: Physical activity. NA: Not applicable.
Figure: Mean (standard deviation).
* p<0.05 **: p<0.01; *** p <0.001.

pi: Significance level of difference between baseline, before and during the pandemic by the Friedman test or Wilcoxon signed-rank test.
Prpg: Significance level of difference between 6 weeks (Week 1-6 or Week 7-12) by the Friedman test.

m2, and seven participants were overweight
(BMI = 25 kg/m2). Half of the participants had
a chronic disease, and 23 performed PA regu-
larly (i.e., engaging in regular PA such as walking
or other sports/exercise activities at least once
a week). In addition, although half the partici-
pants had pedometer usage experience, none
had experience using wearable activity trackers.
Regarding lifestyle changes due to COVID-19, 24
participants agreed or slightly agreed (affected
group) with the change; five participants disa-
greed or slightly disagreed (non-affected group),
and the remaining one participant had a neutral
response as neither agreed nor disagreed.

Change trends of awareness and motivation
Overall change trends

Table 1 shows the transitions of the four aware-
ness and motivation factor scores for all 30 par-
ticipants in terms of the baseline, before the pan-
demic, and during the short-term pandemic. The
results of the Friedman test showed significant
differences in two out of the four factors. Over-
all, participants’ awareness of PA benefits and
their motivation toward monitoring significant-
ly increased after PA monitoring, and the high
level was maintained throughout the 12-week
monitoring period even during the short-term
pandemic. For the comparisons between weeks,
the only significant difference was observed in
participants’ awareness of PA benefits between
the six weeks before the pandemic, as shown
in Table 1. This difference was because of a sig-
nificant increase from week 1 to week 2 (mean
= 5.98 versus 6.15; p < 0.05 by the Wilcoxon
signed-rank test). For the detailed weekly transi-
tions, please refer to Figure 2.

Comparisons by participant characteristics

For each week of the four factors, we com-
pared the COVID-19-affected and non-affected

groups, and the results of the Mann-Whitney test
showed no significant differences. The weekly
transitions of the two groups are shown in Figure
2. In addition, participants’ awareness and moti-
vation were compared by sex, BMI, presence of
chronic disease, and participation in regular PA.

We only observed significant differences in the
BMI category (BMI < 25; BMI = 25) and most-
ly for their awareness of PA benefits (p < 0.05).
However, although the lower BMI group (5.84
for baseline, 6.25 before the pandemic, and
6.36 during the short-term pandemic) had higher
awareness than the overweight group (5.07, 5.61,
and 5.63, respectively), the two groups shared
the overall change trends.

Change trends of PA

Overall change trends

Seventeen participants reported the number of
steps before monitoring. Thus, these reported 17
data were used as baseline data, and the remain-
ing 13 participants’ baseline were dealt with as
missing values. We did not observe significant
differences between those who reported and
those who did not for each of the following 12
weeks (p > 0.05 by the Mann-Whitney test). Ta-
ble 1 shows the transitions of the participants’ PA
for daily number of steps and burned activity cal-
ories for all 30 participants in terms of the base-
line, before the pandemic, and during the short-
term pandemic. Compared with the baseline, we
observed a significant increase (approximately
3,000 steps/day) in the 17 participants” daily steps
after monitoring, and the steps remained constant
during the six weeks before the pandemic started;
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Figure 2. The weekly change trends of awareness and motivation

then, we observed a decrease in steps due to the
pandemic, although it remained higher than that
at baseline. For all 30 participants, the overall
change trend was observed similarly as no signifi-
cant difference during the six weeks before the
pandemic, and then a decrease because of the
pandemic. Due to the restrictive measures dur-
ing the short-term pandemic, participants’ steps
changed significantly between the six weeks. For
the detailed weekly transitions and the restrictive

measures, refer to Figure 3. Regarding the activity
calories, the change trend was almost consistent
with that of the number of steps. However, dur-
ing the short-term pandemic, we observed a de-
crease in activity calories (7%) smaller than that
in steps (9%; Table 2).

Comparisons by participant characteristics
As shown in Figure 3, the COVID-19-affected
and non-affected groups shared a trend before
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the pandemic but differed during the short-term
pandemic. The decrease in steps and activity
calories in the non-affected group was 2%; in the
affected group, we observed an 11% decrease
in steps and an 8% decrease in activity calories
(Table 2). In addition, we compared the partici-
pants’ PA change trends by sex, BMI, presence
of chronic disease, and regular PA participation.
As shown in Table 2, although PA levels differed,
all groups shared the change trends, in that the
tracker had positive effects. Furthermore, during
the short-term pandemic, we observed a slightly
smaller decrease in activity calories (4%-10%)
than that in steps (6%—-14%) for each group.

Detailed impacts of the short-term pandemic

We examined the detailed impact of the shortterm
pandemic on participants using the COVID-19
Questionnaire, the results of which are shown in
Table 3. In both the COVID-19-affected and non-
affected groups, we observed positive attitudes
toward PA monitoring during the short-term pan-
demic. However, we identified significant differ-
ences in the impact of the shortterm pandemic
on their daily lives and efforts regarding PA. No
participant in the non-affected group perceived
the activity level to decrease significantly, as op-
posed to 42% in the affected group (I-6). How-
ever, a larger percentage of the affected-group
participants attempted to make substantial efforts,
such as shortening their sitting time (38%; I-4) and
engaging in indoor activities to compensate for in-
sufficient outdoor activities (71%; 1-15). All these

results are consistent with the results of awareness,
motivation, and PA level changes.

Health status and QOL pre-to-post changes

Changes in the participants’ health condition and
QOL were investigated using their pre- and post-
responses to the General Questionnaire. Their
health condition and QOL did not change even
after the short-term pandemic. Only a single item
showed a significant change at the 10% level (p
= 0.052) by the Wilcoxon signed-rank test. More
participants (increased from 43% to 63%) were
confident in their health condition after monitoring.

DiscussioN

Increased awareness, motivation, and im-
proved PA

This study’s findings showed that wearable activ-
ity tracker usage increased participants’ aware-
ness of PA benefits, and the trends matched their
PA behavior change (before the pandemic). In
addition, increased PA resulted in higher confi-
dence in their health condition. Thus, promoting
PA awareness, motivation, and behavior using
activity trackers is well supported by behavior
change theories. Furthermore, because of the
increased awareness of PA benefits on lifestyle
and health, achieving a long-term commitment
to PA could be expected (Haskell et al., 2007);
however, further studies are required to verify
the long-term effects. The positive effects ob-
served in this study may be attributed to wear-
able trackers combined with self-regulatory tech-
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Table 2. Changes of PA by participants’ characteristics

Characteristics PA indicators Baseline®

Before the pandemic During the pandemic
(Week 1-Week 6)

Self-monitoring period Changes by

(Week 7-Week 12) pandemic (%)

COVID-19
Affected (N=24) Number of steps 7786 (1847) 10872 (3434) 9668 (3628) 1%
Activity calories (kcal) NA 1063 (413) 979 (438) -8%
Non-affected (N=5) Steps 6333 (2887) 11199 (2732) 10931 (2644) -2%
Activity calories NA 1082 (333) 1056 (323) -2%
Sex
Man (N=20) Steps 8500 (1261) 11244 (3259) 10268 (3639) -9%
Activity calories NA 1238 (320) 1150 (381) -7%
Woman (N=10) Steps 5200 (1605) 9880 (3401) 8822 (2990) -11%
Activity calories NA 695 (239) 662 (231) -5%
BMI
<25 kg/m? (N=23) Steps 7542 (2137) 10590 (3185) 9595 (3278) -9%
Activity calories NA 1041 (388) 967 (390) -7%
>25 kg/m? (N=7) Steps 7500 (2000) 11446 (3899) 10382 (4254) -9%
Activity calories NA 1110 (426) 1040 (509) -6%
Chronic disease
Yes (N=15) Steps 7850 (1510) 11645 (3961) 10970 (4161) -6%
Activity calories NA 1114 (424) 1068 (476) -4%
No (N=15) Steps 7071 (2684) 9934 (2342) 8566 (2191) -14%
Activity calories NA 1000 (361) 900 (336) -10%
Regular PA
Yes (N=23) Steps 7643 (1737) 11560 (3269) 10455 (3612) -10%
Activity calories NA 1136 (391) 1053 (417) -7%
No (N=7) Steps 7000 (3606) 8258 (2035) 7605 (1566) -8%
Activity calories NA 797 (272) 763 (315) -4%
Total (N=30)
Steps 7529 (2035) 10789 (3313) 9777 (3466) -9%
Activity calories NA 1057 (391) 985 (412) -7%

PA: Physical activity. NA: Not applicable. *: The baseline data were from 17 participants.

Figure: Mean (standard deviation) per day. Changes by pandemic (%) = (Mean of Week 7-12 — Mean of Week 1-6)/Mean of Week 1-6

niques (i.e., self-monitoring, real-time feedback,
and goal setting) that enhance self-efficacy for
PA, which is a direct predictor of participation in
PA (Gualtieri et al., 2016; Wu et al., 2023; Zhang
et al., 2022). For many people, PA is a deeply
ingrained habit, and choosing PA over inactiv-
ity tends to occur without awareness (Phillips &
Gardner, 2016). This lack of conscious scrutiny
is one of the main reasons why it is difficult to
change sedentary habits. People are not always
good at monitoring their behavior, especially
when it is unintentionally executed (Wilson,
2002). Supporting self-monitoring abilities by
providing timely and relevant feedback on be-
haviors has proven to be a successful strategy for
disrupting the automaticity of deeply engrained
habitual behaviors such as inactivity and making
them available for conscious scrutiny (Hermsen
et al., 2016). This real-time feedback could also
help sustain the PA level by providing a conveni-
ent method to continuously observe its measure-
ments (Chung et al., 2017). In addition to self-
monitoring, a meta-analysis suggested that goal
setting is another most effective mHealth strate-
gy that leads to more success in PA interventions
(Eckerstorfer et al., 2018). The trackers increased
participants’ self-efficacy by providing a tangible,
visible reminder of their commitment to increas-
ing PA and immediate feedback on PA data and
progress toward a daily PA goal (Gualtieri et al.,
2016). This could be one of the reasons why the

increased number of steps observed in this study
was higher than that reported (1,297 daily steps)
in a self-monitoring systematic review and meta-
analysis study (Larsen et al., 2019), in which PA
monitors were accelerometers and pedometers
with no goalsetting function.

Furthermore, the positive effects observed in this
study may be due to the social value perceived
by the participants. Social value has been re-
ported as one of the most important motivators
of older adults' continued wearable health tech-
nology use (Kononova et al., 2019; Talukder et
al., 2021). The social connection and recognition
associated with wearable trackers contribute to
positive emotions, and it is an important motiva-
tor for continuous use and behavior change.

Different effect patterns of wearable activity
tracker during the pandemic

Regarding attitudes during the pandemic, some
older adults tried to maintain their lifestyles, while
others changed (Suzuki et al., 2020). In addition,
restrictions against the COVID-19 outbreak creat-
ed different situations. Our findings revealed that
all participants maintained high levels of aware-
ness and motivation for PA during the short-term
pandemic. Although the effects of activity track-
ers on PA had different patterns (i.e., engaging
in outdoor activities or making more efforts in
indoor activities), participants in this study had
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Table 3. Detailed impacts of the short-term COVID-19 pandemic

Question items (during the pandemic) Aff((aﬁ‘te:izg;)o P Non-affNec:esd) group (,J (;tglo)

Attitudes to monitoring
I-1. It is meaningless to monitor PA by tracker. 0% 0% 0%
I-11. I disliked checking PA score, as | mostly stayed at home. 0% 0% 0%
1-12. I was reluctant to monitor PA. 0% 0% 0%
l-14.1 wish .the monitoring was extended to compensate for the 29% 20% 27%
inactive period.

Pandemic impacts on daily life
I-2. | stopped taking walks or reduced the number of times. 25% 0% 23%
I-5. We should stay at home as much as possible. 83% 80% 83%
I-6. My daily PA decreased greatly. (*) 42% 0% 33%
I-8. It cannot be helped that daily PA level became lower. (*) 67% 20% 57%
1-9. My sleeping quality was degraded. 17% 0% 13%
I-3. The fear of corona virus became stronger than at the beginning. 96% 80% 93%
I-16. | tried to live as usual as possible. 63% 100% 70%

Efforts for PA
I-4. | tried to make continuous sitting time as short as possible. (*) 38% 0% 30%
I-7. 1 should have tried to maintain my PA level. 2% 40% 40%
I-10. I tried to achieve my goal of walking steps every day. 71% 60% 67%
I-15. | consciously tried to engage in indoor activities to compensate o o o
for insufficient outdoor PA. (*) 71% 20% 60%
1-13. I plan to do more exercise/PA after pandemic. (*) 79% 40% 73%

PA: Physical activity.
Figure: % agreed or strongly agreed.
*: p < 0.05 between affected and non-affected group by the Mann-Whitney test.

a low-level PA decrease during the short-term
pandemic as it was reported that the pandemic
led to approximately a 10%-50% PA decrease
(Hamasaki, 2021). Overall, the positive effects of
wearable activity trackers during the short-term
pandemic also align with behavior change theo-
ries. In particular, the effects on awareness and
PA during the no-restriction period could be ex-
pected in the following COVID-19 era.

Promoting the use of wearable activity trackers
The present study showed that commercial activity
trackers are promising for older adults’ PA aware-
ness, motivation, and behavioral change. Although
other invasive interventions may be more effective
at increasing PA levels in older adults, activity track-
ers may offer a less resourceintensive approach that
could be implemented on a larger scale (Brickwood
etal., 2021; Larsen et al., 2019).

Wearable devices are mostly designed and pro-
duced considering younger people’s physical
and mental characteristics, as older adults’ ca-
pacity to acknowledge the importance of and
properly use these devices remains a challenge
(Teixeira et al., 2021). In particular, older adults
require greater mental effort to install apps and
connect to activity trackers (Rasche et al., 2015).
Therefore, to recommend the use of activity
trackers in older adults’ daily lives, initial setup
support is suggested, as was done in this study.
The Fitbit device was used in this study because
it has been widely used in research and evalu-
ated as acceptable, useful, and easy to use by
older adults (Alharbi, et al., 2019; Zhang et al.,
2022). Other wearable trackers have also been
approved with adequate accuracy for measuring

PA in older adults and for ease of use (Zhang
et al., 2022). In addition to the Fitbit, Garmin
Vivosmart and Samsung Galaxy Fit are recom-
mended for older adults. However, with fast-
paced technological developments, new contin-
uous devices, frequent upgrades, and redesigned
versions are being released. Thus, up-to-date
reviews and research are required to verify the
validity and reliability of these wearable trackers
(Alharbi et al., 2019; Teixeira et al., 2021).

Behavior change theories suggest that behavior
change is possible if feedback is not only deliv-
ered but also embedded in larger interventions
with clear target behaviors and action plans. The
combined use of activity trackers with other
health apps, participation in a therapeutic regi-
men, and the use of the app and web-based plat-
form that accompany the activity tracker may be
seen as an operationalization of this concept of
integration (Hermsen et al., 2017). Lined mobile
apps also enable users to share health-related in-
formation with friends and healthcare providers
for various purposes. If an effective healthcare
system involving wearable activity trackers is
constructed, health problems due to physical in-
activity will decrease, and the burden of health-
care costs will decline (Hamasaki, 2021).

LiMITATIONS

This study had four main limitations: (1) the small
sample size limited the power of the statistical
analysis results; (2) it had selection bias because
only older adults who had an Internet connec-
tion and a smartphone were selected. This could
be due to the population having a pre-interest
in the technology and already leading an active
life, therefore having a higher PA or being able
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to realize an increased PA more easily. Based on

statistical data from the Japanese Ministry of In-
ternal Affairs and Communications in 2022, 87%
of the population in their 60s and 66% in their
70s had an Internet connection, and 74% in their
60s and 47% in their 70s used a smartphone;
this trend is increasing (MIC, 2022). Therefore,
we believe our findings could be generalizable
to a large proportion of older adults. Even so, fu-
ture studies are required to investigate the effects
of wearable activity trackers on different types
of older adults; (3) the data on the baseline PA
levels were inadequate. The main reason for not
measuring the objective PA levels is that this
study focused more on older adults” psychologi-
cal changes. Potential influences other than those
of the tracker monitoring were eliminated. How-
ever, we believe that the results of the increase
in older adults’ PA levels in this study are reliable
as they are consistent with existing self-monitor-
ing studies (Larsen et al., 2019). In addition, the
change trends in the participants’ PA levels fully
matched their awareness and motivation (before
the pandemic). Nevertheless, we acknowledge
that this is a limitation, and better approaches to
obtain baseline PA levels need to be considered

in future studies. For instance, a tracker could

be used to measure baseline PA levels, but the
screen would be hidden to prevent the partici-
pants from knowing the data; (4) the monitoring
duration was determined to be 12 weeks based

on the literature review result of the median

number of weeks for intervention length (Larsen

et al., 2019). However, the duration should be
longer to investigate the effects of the pandemic.
As the pandemic was unexpected, and critical

timings could not be anticipated, it was difficult
to adjust the original plan. The study duration

should also be longer—independent of the pan-
demic—to evaluate the duration of behavioral

change in general. Accordingly, the long-term ef-
fects could be verified. All the limitations of this

study are to be addressed in future studies.

CONCLUSIONS

In this study, we evaluated the effects of wear-
able activity trackers on older adults” awareness
of and motivation for PA and their actual PA
levels. We examined the effects of their change
trends in a 12-week real-life setting by compar-
ing the periods before and during the onset of
the COVID-19 pandemic.

The main findings were four: (1) we observed
significant positive effects of activity trackers on
participants’ awareness of PA benefits and mo-
tivation toward monitoring from the first week
and almost maintained until the end of the study,
even during the pandemic; (2) consistent with the
awareness change, we observed an approximate-
ly 3,000-steps/day increase from the first week
and maintained before the pandemic. Subse-
quently, the short-term pandemic had an impact
on the decrease in PA level; however, the level
remained higher than the baseline. Compared
to before the pandemic, the decrease in steps
and activity calories in COVID-19-nonaffected
participants was 2%. In affected participants, we
observed an 11% decrease in steps and an 8%
decrease in activity calories, which indicates that
3% was compensated by their efforts for other
activities; (3) participants with different demo-
graphic characteristics showed similar trends; (4)
as a general effect, compared with before the
monitoring, although the pandemic had started,
participants became more confident in their
health conditions after the 12-week monitoring.

We observed that wearable activity trackers had
positive effects on older adults” awareness of PA
benefits. Thus, using activity trackers could be a
promising technique for improving older adults’
long-term activity levels for their health. Future
studies are required to verify the long-term effects
of these devices.
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APPENDIX | — WEEKLY QUESTIONNAIRE ITEMS
(-): ltem labeling a reversed meaning.

Factor 1. Awareness of physical activity ben-
efits (Cronbach’s a = 0.876)

Q7. Physical activity/exercise does not contrib-
ute to my health condition. (-)

Q20. I do not need physical activity in my life. (-)
Q18. | get no benefit from the feedback of my
daily activity scores. (-)

Q5. Physical activity results in physical and psy-
chological improvements.

Q4. 1 will continue to carry out my physical ac-
tivity as much as possible.

Q9. When | have time, | try to perform physical activity.

Factor Il. Satisfaction with monitoring (a = 0.836)
Q19. | would recommend this tracker to my
friends and family.

Q11. Wearing this tracker on my wrist bothers me. (-)
Q12. Itis nice to see how many steps | have taken.
Q1. | am satisfied that | can get information
about my daily physical activity.

Q14. | feel satisfied when | have achieved my
daily step goal.

Q3. When the tracker tells me that | require
slightly more steps (e.g., 100 steps) to achieve my
goal at the end of the day, I try to do so.

Factor I1l. Motivation towards monitoring (o = 0.714)
Q10. I check how much I have slept every day.
Q15. | am aware of how many hours | sleep
every day.

Q6. ltis difficult to spend time on daily exercises
due to other activities. (-)

Q8. I seldom check how many steps | have taken
during the day. (-)

Q13. 1 often check indicators other than step
count, such as calories burned and heart rate.

Factor IV. Normative feeling for physical activ-
ity (a = 0.635)

Q2. I think I must walk a bit more than | currently
do for my health.

Q17. If I have not achieved my goal, | will try to
walk more the next day.

Q16. | want to brag to my friends/family about
the number of steps | have taken.

AprPENDIX Il — COVID-19 QUESTIONNAIRE ITEMS
I-1. It is meaningless to monitor physical activity
by tracker during the pandemic.

I-2. Because of the pandemic, | stopped taking
walks or reduced the number of times.

I-3. The fear of coronavirus became stronger
than at the beginning.

I-4. During the pandemic, | tried to make con-
tinuous sitting time as short as possible.

I-5. We should stay at home as much as possible
to protect ourselves from corona virus.

I-6. Due to the fear of corona virus, my daily
physical activity decreased greatly.

I-7. 1 should have tried to maintain my physical
activity level even during the pandemic.

I-8. It cannot be helped that daily physical activ-
ity level became lower during the pandemic.

I-9. Because of the pandemic, my sleeping qual-
ity was degraded.

I-10. | tried to achieve my goal of walking steps
every day even during the pandemic.

I-11. 1 disliked checking physical activity score, as
I mostly stayed at home because of the pandemic.
I-12. I was reluctant to monitor physical activity
during the pandemic.

I-13. I plan to do more exercise/physical activity
after pandemic.

I-14. 1 wish the monitoring was extended to com-
pensate for the inactive period because of the
pandemic.

I-15. During the pandemic, to compensate for
insufficient outdoor physical activities, | con-
sciously tried to engage in indoor activities like
stretching, cleaning and TV gymnastics.

I-16. 1 tried to live as usual as possible even dur-
ing the pandemic.

ApPPENDIX I1l — GENERAL QUESTIONNAIRE ITEMS

1. My daily physical activity level is higher than
the average people in my age.

2. | take better care of my health than others do.

3. I like exercise/physical activity more than aver-
age people in my age.

4. It's important for me to find time for daily exercise.
5. I intend to use the activity tracker (even after
this research).

6. I need to do more physical activities than | do now.

7. 1 am confident in my health condition.

8. It’s annoying to monitor activity with a tracker.
9. I enjoy my life very much.

10. My life is very meaningful.

11. 1 am able to concentrate whenever | have to.

12. I accept my physical appearance.

13. 1 am very satisfied with myself.




