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Abstract

Background: Wearable activity trackers offer potential to optimize behavior and support self-management. To assist older
adults in benefiting from mobile technologies, theory-driven deployment strategies are needed to overcome personal, technological,
and sociocontextual barriers in technology adoption.

Objective: To test the effectiveness of a social group–based strategy to improve the acceptability and adoption of activity
trackers by middle-aged and older adults.

Methods: A cluster randomized controlled trial was conducted among 13 groups of middle-aged and older adults (≥45 years)
performing group dancing (ie, square dancing) as a form of exercise in Guangzhou from November 2017 to October 2018. These
dancing groups were randomized 1:1 into two arms, and both received wrist-worn activity trackers and instructions at the baseline
face-to-face assessment. Based on the Information-Motivation-Behavior Skill framework, the intervention arm was also given a
tutorial on the purpose of exercise monitoring (Information), encouraged to participate in exercise and share their exercise records
with their dancing peers (Motivation), and were further assisted with the use of the activity tracker (Behavior Skill). We examined
two process outcomes: acceptability evaluated by a 14-item questionnaire, and adoption assessed by the uploaded step count data.
Intention-to-treat analysis was applied, with the treatment effects estimated by multilevel models.

Results: All dancing groups were followed up for the postintervention reassessment, with 61/69 (88%) participants of the
intervention arm (7 groups) and 56/80 (70%) participants of the control arm (6 groups). Participants’ sociodemographic
characteristics (mean age 62 years, retired) and health status were comparable between the two arms, except the intervention arm
had fewer female participants and lower cognitive test scores. Our intervention significantly increased the participants’ overall
acceptability by 6.8 points (95% CI 2.2-11.4), mainly driven by promoted motivation (adjusted group difference 2.0, 95% CI
0.5-3.6), increased usefulness (adjusted group difference 2.5, 95% CI 0.9-4.1), and better perceived ease of use (adjusted group
difference 1.2, 95% CI 0.1-2.4), whereas enjoyment and comfort were not increased (adjusted group difference 0.9, 95% CI
–0.4-2.3). Higher adoption was also observed among participants in the intervention arm, who were twice as likely to have valid
daily step account data than their controlled counterparts (adjusted incidence relative risk [IRR]=2.0, 95% CI 1.2-3.3). The average
daily step counts (7803 vs 5653 steps/day for the intervention and control, respectively) were similar between the two arms
(adjusted IRR=1.4, 95% CI 0.7-2.5).
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Conclusions: Our social group–based deployment strategy incorporating information, motivation, and behavior skill components
effectively promoted acceptability and adoption of activity trackers among community-dwelling middle-aged and older adults.
Future studies are needed to examine the long-term effectiveness and apply this social engagement strategy in other group settings
or meeting places.

Trial Registration: Chinese Clinical Trial Registry ChiCTR-IOC-17013185; https://tinyurl.com/vedwc7h.

(JMIR Mhealth Uhealth 2020;8(4):e14969) doi: 10.2196/14969
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Introduction

The use of mobile technology in health care is becoming
increasingly common [1], especially technologies that can
support self-management [2]. By quantifying personal health
data, mobile devices can facilitate behavior tracking and
optimization [3]. Wearable activity trackers represent a subset
of consumer mobile devices that can monitor physical activity
and collect fitness-related data [4]. These trackers have gained
popularity because of their affordable, nonintrusive, and useful
features. In addition, recent reviews have suggested their
effectiveness in promoting physical activity and improving
health [5,6].

Despite their potential effectiveness, the voluntary use of activity
trackers among older adults for health purposes remains limited.
Compared to younger generations, middle-aged and older adults
generally are less technology savvy [7] and continue to lag
behind in technology adoption [8,9]. To date, three interrelated
categories of barriers in technology adoption among older adults
have been identified [10,11]. Person-related factors such as low
literacy, limited income, poor health, and declined cognition
have been associated with low technology acceptability [12]
and adoption [9]. Technology-related factors, particularly
perceived ease of use and usefulness, have been shown to largely
explain variations in intention to use [13]. Finally, the social
context under which technology is being used has also emerged
as an important factor limiting adoption [13], such that the lack
of assistance and a supporting environment may significantly
reduce older adults’ intention and ability to use technology
[10,14].

The complexity of older users’ reactions to mobile technology
requires studies targeting improving technology acceptability
and adoption in this population [8]. A few small-scale trials on
activity tracker usage indicated that adults over the age of 50
years perceived their physical activity self-tracking experiences
as acceptable and useful [15-17], particularly for fostering
awareness of and motivation for physical activity [16,17].
Although most older adults held a positive attitude toward
activity trackers, training and deployment strategies are still
essential to overcome usage barriers [18]. Training on the core
functions of activity trackers [15] combined with physical
activity education [19] has been typically provided to older
users as part of the deployment intervention, mainly targeting
personal and technological barriers. Although crucial, training
alone seems insufficient to meet the unique needs of older adults
[19]. Given that activity trackers are less disease-oriented and
require frequent user engagement [16], social influence and

enjoyment components may be particularly relevant for their
adoption [18]. A handful of recent studies examined the impact
of sociocontextual drivers. By encouraging social support and
comparison via face-to-face group discussions [20], online
communications with virtual team members [21], or a
combination of offline and online interactions [22], these studies
found small yet significant increases in activity tracker usage.
Despite these promising findings, two of these studies were not
randomized controlled trials (RCTs) [21,23], and the only RCT
pilot conducted to date was not properly designed to account
for the social clustering effect [20]. Therefore, effective
strategies for promoting technology acceptability and adoption
among older adults remain elusive.

Considering this previous evidence, we adopted a social
group–based deployment strategy and tested its effectiveness
to improve the acceptability and adoption of activity trackers
by middle-aged and older adults. The social group–based
deployment strategy was developed based on the
Information-Motivation-Behavioral Skills (IMBS) framework
[23]. The IMBS framework specifies three components of
behavioral change:

• Information: is directly related to the performance of the
given behavior and permits cognitively effortless
behavior-related decision making;

• Motivation: includes personal attitudes toward the outcomes
(personal motivation) and perceived social norms for
engaging in the behavior (social motivation);

• Behavior Skills: are essential for performing the behavioral
change through enhancement of individuals’ skills and
perceived self-efficacy.

We here report the results of phase 1 of a community-based
cluster RCT (ChiCTR-IOC-17013185) to assess mobile
technology–assisted interventions on the health of middle-aged
and older adults. Mapping onto the IMBS framework, the phase
1 study aimed to address key personal, technological, and
sociocontextual barriers simultaneously. We hypothesized that
older adults who were facilitated by adequate information and
behavior skills, and motivated by peers of their social groups
would be more likely to accept and adopt wearable activity
trackers than their counterparts exposed to these trackers
independently.
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Methods

Trial Design and Setting
This phase 1 report covers the trial conducted between
November 2017 and October 2018, consisting of a 7-month
recruitment and baseline assessment stage, a 3-month
intervention stage, and the postintervention reassessment. Phase
2 focuses on health outcomes, whereas this phase 1 study
prioritizes implementation outcomes. The study was carried out
in Guangzhou, the capital city of Guangdong province, China.
The trial development was guided by the CONSORT-eHEALTH
Checklist [24] and CONSORT-Checklist for reporting a cluster
RCT[25].

Participants
In light of the fact that the social influences embedded in an
existing social network can better motivate behavior change
and adherence [26], the Chinese middle-aged and older adults
who routinely practice dancing as a form of physical exercise
on squares or other public spaces in groups (ie, square dancing)
were chosen as our study population. Their main
sociodemographic characteristics have been reported in a related
study [27]. Briefly, major public squares and parks of three old
districts of Guangzhou, namely Yuexiu, Haizhu, and Liwan,
were identified via an online map (Baidu map), considering
their land area, visitor flow, and residential locations. Using a
restricted randomizing sampling approach, 8 squares and parks
per district were chosen at random. We recruited participants
in the selected squares and parks using advertisements and
flyers. Square dancing groups regularly practicing in the selected
places were used as the sampling frame. Dancing groups were
eligible for the current study if the dancing style was not
ballroom dance, and the total group size was no less than 20
with more than half of the dancers aged 45 years and older.
Square dancers of the eligible dancing group were (1)
community residents of Guangzhou, (2) regularly practiced
square dancing at least once per week in the past 12 months,
(3) aged 45 years and older, and (4) agreed to participate in our
study if recruited. Participants were excluded if they (1) had
serious and uncontrolled diseases related to the heart, brain,
lung, liver, and kidney, or any acute complications; and (2) had
no smartphone devices (as the data recorded by the wearable
activity trackers can only be uploaded to the cloud via a paired
smartphone device). Participants were initially screened for
eligibility via onsite interviews, and eligible participants were
invited for health checkups at the local community health centers
on a scheduled date. All participants read and signed the written
informed consent form approved by the Institutional Review

Board (No. L2016-004) of the School of Public Health of Sun
Yat-sen University.

Random Allocation
All random allocation was performed at the cluster level, namely
by the square dancing groups. After the recruitment of all
eligible participants, a statistician otherwise not associated with
the project allocated participants by their square dancing groups
equally into two arms (1:1) following a simple randomization
process. Although the participants were aware of the
interventional nature of the study, they were blinded to their
allocation status. Outcome assessors were blinded to the group
assignments and were different from the researchers who
conducted and monitored the interventions.

Intervention and Procedures

Overview of Intervention
Both the intervention and control arms were equipped with
wrist-worn activity trackers free of charge at the baseline
assessment. Lifesense MAMBO2 wristbands [28] were used in
this study, as their features were deemed to be suitable for our
intervention. These activity trackers can automatically record
and display participants’ step counts, heart rate, and exercising
modes (eg, walking, dancing), and generate visualized daily
physical activity reports on the paired smartphone via WeChat
(the most popular communication and social media platform in
China) or the Lifesense app available for ISO and Android
systems. Participants’ WeChat IDs were linked with their
Lifesense accounts to enable physical activity data sharing
among peers. Individual participant data were securely
aggregated and stored in the managerial account, which were
then exported for analysis.

Participants in both arms received a 30-minute demonstration
on the core functions of these activity trackers (eg, how to wear,
read the displays, and charge the trackers), and were instructed
to wear them throughout the day until going to bed. They were
encouraged to ask questions and to test these functions during
the tracker setup with the researchers. One project facilitator
was assigned to assist one dancing group, who conducted the
initial setups, provided troubleshooting, and monitored
participants’ uploaded physical activity data via the managerial
accounts.

The control arm received no other assistance, and these
participants were left to use the activity trackers independently.
The intervention arm was further assisted by the following three
intervention components, grounded in the IMBS framework
[23] (Figure 1).
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Figure 1. The Information-Motivation-Behavioral skills (IMBS) framework for intervention components.

Information Component
Educational information on the benefits of using activity trackers
to monitor daily physical activity was delivered in two ways.
The first involved a single 1-hour health education session on
the recommended age-specific physical activity intensity,
duration, and frequency. The participants also received a
pamphlet with cartoon and bullet-point messages. The second
involved six booster educational voice messages on physical
activity-related topics such as warming up and relaxing
exercises, which were delivered twice a month via the
participants’ WeChat groups (defined further below). These
messages consisted of a 1-minute voice message, along with
the corresponding transcript and illustrations. The content of
the education session and voice messages was designed based
on the World Health Organization recommendations on physical
activity for health [29] and the Chinese adult physical activity
guideline [30].

Motivation Component
To motivate participants in using activity trackers for daily
activity monitoring according to the physical activity
recommendations, we teamed up participants of the same
dancing group into their WeChat group, which was named after
their dancing group. They were encouraged to share their daily
physical activity progress recorded by the activity trackers with
their peers in the WeChat group. At the end of each month,
individual participants’ physical activity rankings identified by
their WeChat nicknames were announced within their own
group alongside their group’s overall physical activity ranking
compared to that of other groups of the intervention arm. The
participants and the groups with high rankings were awarded
with corresponding points, which could be used to redeem gifts.

Behavior Skill Component
Skills on how to use these activity trackers for self-monitoring
were delivered through the education sessions described above,
assisted by our facilitators who provided in-time technology
support and supervision. Additionally, a 2-hour dancing training
session was delivered to the lead dancers of the intervention
arm, regarding how to design their dancing exercises according
to the physical activity recommendations with the assistance of
the activity trackers. These lead dancers were identified as the
pioneer of their own dancing group, who were able to reinforce
behavioral change skills to their dancing peers.

Outcomes
The current study focused on the process outcomes, namely the
acceptability and adoption of wearable activity trackers.

Acceptability was defined as users’ subjective perception and
experiences [6], and was evaluated by a 14-item user feedback
questionnaire (Multimedia Appendix 1), adapted from a previous
usability and acceptability study [15]. Rated on a 5-point Likert
scale from 1 (“strongly disagree”) to 5 (“strongly agree”), this
questionnaire assessed users’acceptability in four main domains:
enjoyment and comfort (3 items, range 3-15; Cronbach
alpha=.85), motivation to use (4 items, range 4-20; Cronbach
alpha=.83), usefulness (4 items, range 4-20; Cronbach
alpha=.89), and perceived ease of use (3 items, range 3-15;
Cronbach alpha=.76). A total score was calculated to indicate
the users’overall experience (Cronbach alpha=.93, range 14-70).

Adoption was defined as users’ interaction and usage behavior
[6], and was evaluated objectively via the uploaded step count
data in two ways: (1) the percentage of days with valid step
records over individuals’ follow-up days (average 90.7 days),
and (2) the average daily step counts per person of these valid
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step records. Daily step counts less than the 5th percentile of
the study sample’s daily step counts (ie, 1311 steps per day)
were treated as invalid records and were removed, as these steps
might represent nonwear and inappropriate use of the activity
trackers [31].

Control Variables
Participants’ demographic characteristics (age, gender, marital
status, children), socioeconomic status (education, retirement
status, income), as well as self-reported health and any
doctor-diagnosed chronic disease were assessed by a
self-reported questionnaire. Health-related quality of life was
examined by the Short Form Health Survey (SF)-12 [32], and
cognitive function was evaluated by the Telephone Interview
of Cognitive Status (TICS) and word recall tests, indicating
participants’ executive function and short-term memory,
respectively [33].

Data Collection
Control variables were collected during the recruitment and
baseline health checkup prior to the intervention by investigators
and clinical staff who were blinded to the intervention
assignment. During the intervention, data on participants’ daily
physical activity level (eg, step counts) were automatically
captured and uploaded by the wearable activity trackers and
their paired smartphones as indicators for adoption. At the
postintervention assessment, participants evaluated their
satisfaction with the activity trackers by the 14-item
questionnaire as an indicator for acceptability.

To further explore users’ experiences with the activity trackers,
participants’ qualitative feedback was also collected by the
group facilitators. In reference to the acceptability questionnaire,
participants were encouraged to elaborate their self-monitoring
experiences regarding enjoyment and comfort, motivation to
use, usefulness, and ease of use. Their feedback was analyzed
in a deductive manner to extract information concerning the
barriers and facilitators of each acceptability domain. A formal
coding process was not applied.

Statistical Methods
The main study sample size was calculated based on changes
in physical activity levels. This analysis showed that 12 square
dancing groups with an average of 15 participants per arm would
have 85% power to detect an increase in physical activity from
1302 to 1500 metabolic equivalent of task minutes per week,
assuming an intracluster correlation coefficient (ICC) of 0.05
and a 5% type I error. To further account for a 20% attrition
rate, 24 dancing groups across 3 districts were needed to fulfill
a total sample size of 440 individual participants.

Descriptive analyses showing participants’ baseline
characteristics for each arm were summarized at both the
individual and cluster levels. The intention-to-treat (ITT)
analysis was adopted to examine the treatment effects, minimize
selection bias, and maintain the original randomization design
[34]. Missing baseline covariates and missing outcomes were
multiply imputed under the missing at random assumption,
using individual demographic information, health status, and

other outcomes and cluster identifiers, separately by randomized
arms to avoid biasing treatment effects toward the null [35].
Altogether, 20 sets of complete datasets were imputed based
on the chained equations. Primary analyses were then performed
on each complete dataset, and combined results were obtained
according to Rubin’s combination rules [36]. As participants
were clustered within dance groups, multilevel linear regression
models were used to test for the intervention effect on
continuous outcomes (ie, acceptability) at the individual
participant level, while taking the cluster-level variation due to
dancing groups into account. Similarly, multilevel negative
binomial models were fitted to count outcomes (ie, adoption),
which followed an overdispersed Poisson-like distribution. All
models were adjusted for baseline covariates that were
empirically suggested to be strong predictors for the adoption
of wearable trackers. The length of individual follow-up days
was further adjusted in the multilevel negative binomial model
for daily step counts. Sensitivity analyses were conducted among
participants with complete cases. Analyses were conducted
using STATA 15 (StataCorp, College Station, TX, USA).

Results

Participant Profile
Figure 2 shows the participant flow. Of the 88 dancing groups
initially assessed for eligibility, 26 groups did not meet the
cluster inclusion criteria mainly because of dancing style and
group size. Nearly half of the groups (38/88, 43%) assessed
declined to participate due to lack of trust or time. The remaining
11 groups were also not eligible, as their group members were
not local residents (n=2), had not been regularly practicing
square dancing in the past 12 months (n=5), or less than 2
participants of the given group were willing to participate (n=4).
The remaining 13 dancing groups were 1:1 randomized into the
intervention arm (n=7) and the control arm (n=6). Among these
eligible groups, 69 out of 82 (84%) participants of the
intervention arm and 80 out of 98 (82%) participants of the
control arm received the allocated treatment. During the follow
up, no dancing groups withdrew; 5 participants of the
intervention arm and 19 participants of the control arm were
lost to follow up, 2 participants of each arm discontinued the
intervention due to technical problems, and 1 participant of the
intervention arm and 3 participants of the control arm withdrew
from the study. The final ITT analysis sample was based on the
149 participants of 13 dancing groups, 117 (78.5%) of whom
filled out the user feedback questionnaire of the wearable
activity trackers.

Participants’ baseline characteristics are presented in Table 1.
Sociodemographic characteristics and health status were similar
between the two arms. Most of the participants were married
older women (mean age 62 years), retired, with an education
degree of senior high school; although some had been diagnosed
with chronic diseases, all participants were physically and
mentally sound. The intervention arm had fewer female
participants and lower mean TICS scores than the control arm.
The average group size was 9.9 and 13.3 participants for the
intervention arm and the control arm, respectively.
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Figure 2. The flowchat of participants flow.
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Table 1. Participant characteristics at baseline by intervention and control arms (N=149)a.

Control arm (n=80)Intervention arm (n=69)Variables

62.0, 5.061.8, 5.6Age (mean, SD)

80, 10063, 91Female (n, %)

Marital status (n, %)

69, 8660, 87Married

3, 41, 1Divorced

6, 86, 9Widowed

2, 32, 3Single

77, 9667, 97Having children (n, %)

Education degree (n, %)

2, 36, 9Primary school and below

14, 1814, 20Junior high school

52. 6538, 55Senior high school

12, 1511, 15University and above

80, 10065, 94Retired (n, %)

Incomeb (n, %)

7, 1315, 25<10,000 yuan

16, 2920, 3210,000 to <30,000 yuan

26, 4623, 3830000 to <50,000 yuan

6, 113, 550,000 to <10,000 yuan

1, 20, 0≥100,000 yuan

Self-reported health (n, %)

9, 114, 6Very good

34, 4334, 49Good

34, 4330, 43Average

3, 41, 1Bad

0, 00, 0Very bad

48, 6032, 46Diagnosed chronic disease (n, %)

SF-12c scores (mean, SD)

46.3, 7.547.1, 7.7Physical Health Score

53.1, 8.653.5, 8.3Mental Health Score

8.9, 1.58.2, 2.0TICSe score

4.5, 1.64.7, 1.9Word recall test score

Cluster level (mean, SD)

67Number of dancing groups

13.3, 2.59.9, 3.1Number of participants per group

aBaseline descriptions were based on unadjusted raw data without imputations.
bMissing values at baseline were income (n=117) and cognitive function scores (n=139).
cSF-12: Short Form Health Survey-12; divided into physical health and mental health scores, ranging from 0 to 100, where a score of 0 indicates the
lowest level of heath, and 100 indicates the highest level of health.
dCognitive function was evaluated by the TICS and word recall tests scored from 0 to 10, where higher scores indicate better function.
eTICS: Telephone Interview of Cognitive Status.
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Outcomes Evaluation
Table 2 presents the unadjusted distributions of acceptability
and adoption outcomes at the postintervention assessment in
the intervention and control arms, along with the adjusted group
differences for acceptability outcomes and the relative risks for
adoption outcomes. A clustering effect was observed in most
of the measures. The ICC ranged from 0.01 to 0.17 of the
acceptability outcomes, and the between-group variance of the
adoption outcomes was 0.24.

The unadjusted mean overall acceptability score (range 14–70)
was higher for the intervention arm than for the control arm
(Table 2). Raw ratings of individual items in each arm are shown
in Figure 3. After adjusting for the clustering effect, baseline
unbalanced covariates, and predictors for adoption, the absolute
group difference in the overall acceptability score was estimated
to be higher in the intervention arm than in the control arm.

Examination on subdomains of acceptability further indicated
that the difference in the overall score was mainly driven by
promoted motivation, increased usefulness, and better perceived
ease of use, but not due to enjoyment and comfort of using the
activity trackers (Table 2).

Regarding adoption outcomes measured by step count data, the
median percentage of days that participants had a valid step
count record was 44.1% and 11.4% for the intervention and
control arms, with 10% and 25% of each arm having invalid
step counts records, respectively. As estimated by the multilevel
negative binomial models, participants of the intervention arm
were twice more likely to have valid daily step count data than
their controlled counterparts. The average daily step counts
were higher for the intervention arm than for the control arm,
but the difference was not significant (Table 2). Similar findings
were obtained among participants with complete cases and all
covariates in the sensitivity analyses (Multimedia Appendix 2).

Table 2. Participant acceptability and adoption with activity trackers according to intervention status (N=149)a.

Adjusted group difference (inci-

dence relative risk and 95% CI)e
ICCb/ Var-Group

c,dControl Arm (n=80)Intervention Arm (n=69)Variables

Acceptabilityf, mean (SE)

6.8 (2.2-11.4)0.1240.4 (1.3)45.2 (2.9)Overall Acceptability

0.9 (–0.4-2.3)0.099.7 (0.5)10.4 (0.6)Enjoyment and Comfort

2.0 (0.5-3.6)0.019.7 (0.5)11.1 (0.8)Motivation of use

2.5 (0.9-4.1)0.1712.1 (0.4)13.6 (1.1)Usefulness

1.2 (0.1-2.4)0.058.9 (0.5)9.6 (0.5)Perceived ease-of-use

Adoption, median (25%-75% IQRg)

2.0 (1.2-3.3)0.2411.4 (0.5-36.7)44.1 (5.4-84.4)Percentage of days with step
counts (%)

1.4 (0.7-2.5)1.09E-265653 (1052-8462)7803 (5683-9724)Average daily step count
(steps/day)

aEstimates represent the combined results of 20 sets of complete datasets imputed by the chained equations.
bICC: intracluster correlation coefficient.
cVar-Group: between-group variance.
dGroup comparison models were adjusted for age, gender, education degree, income, SF-12 physical and mental health scores, and cognitive scores
measured at baseline; group differences in acceptability outcomes were estimated by multilevel linear regression models.
eIncidence relative rate of the adoption outcomes between groups was estimated by multilevel negative binomial models.
fAcceptability was evaluated by a 14-item user feedback questionnaire on a 5-point Likert scale from 1 (“strongly disagree”) to 5 (“strongly agree”).
The overall acceptability scores ranged from 14 to 70, comprising 4 subdomains: users’ enjoyment and comfort (3 items, range 3-15), motivation of
use (4 items, range 4-20), usefulness (4 items, range 4-20), and perceived ease of use (3 items, range 3-15).
gIQR: interquartile range.
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Figure 3. Indiviudal item rating for acceptability questionnaire by intervetion arms.

Qualitative Feedback From Participants and
Observations From Researchers
Qualitative feedback from participants and researchers’
observations indicated some common problems encountered
by both arms. In terms of enjoyment and comfort of wearing,
participants noted that the activity trackers were extremely
uncomfortable to wear when the weather was hot and humid,
let alone during dancing if they were sweating heavily. Some
participants reflected that the figures displayed on the trackers
were too small to read, such that they had to wear glasses to
read them. Regarding usefulness, a few participants thought
that the function of the wearable activity trackers was quite
limited, whereas other functions such as blood pressure
monitoring were considered to be more useful and relevant from
their point of view. Some participants also commented that they
preferred the sleep monitoring function to the physical activity
monitoring function. As for ease of use, our researchers found
that they most frequently received inquiries about how to charge
the trackers and how to synchronize data with the paired
smartphone.

Discussion

Principal Findings
We assessed the effectiveness of a social group–based
deployment intervention informed by the IMBS framework to
promote the acceptability and adoption of wearable activity
trackers among community-dwelling middle-aged and older
adults. In line with our hypotheses, the results revealed that our
intervention significantly increased participants’ acceptability,
mainly driven by improvements in the perceived motivation,
usefulness, and ease of use. The intervention also effectively
promoted participants’adoption, quantified as twice the amount
of valid step count data of the intervention arm than the control
arm.

In terms of acceptability, we found that the participants (age
range 47-75 years) perceived their self-tracking experiences
positively, consistent with findings among Western adults over
the age of 50 years [15-18]. Prior trials identified lack of
awareness about activity trackers [18] and lack of support while
using them (eg, setup, charge battery, and data interpretation)
[16,17] as the main use barriers for older adults. Moreover,
social support and social learning from a peer [37] were also
suggested as key factors to sustain long-term use [15]. In view
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of previous findings, our deployment strategy specifically
included a tutorial on the activity trackers’ functions and their
value for participants (Information Component), provided
technology support (Behavioral Skill Component), and
encouraged social support and comparison within/between
groups. Our intervention’s effectiveness was demonstrated by
the promoted overall acceptability of the intervention arm over
the control arm. The three subdomains of acceptability, namely
usefulness, ease of use, and motivation, showed an average
increase of 2 points postintervention, which may be largely
attributed to the corresponding intervention components.
However, our intervention did not alter the participants’
perceived enjoyment and comfort in using activity trackers. It
is suspected that the burden of sharing and synchronizing
physical activity data, and the physical discomfort of wearing
activity trackers during the humid summer (ie, our intervention
period) may have negatively affected their user experiences.

The effectiveness of our deployment strategy was also supported
by the adoption data, such that the intervention arm had more
frequent interactions with and valid use of the activity trackers
than the control arm. These findings agree with prior social
connectivity–enhanced trials with device-generated outcomes
among older adults. McMahon and colleagues [20] reported
that physical activity education delivered to small groups
facilitated by in-class discussion and experience sharing (ie,
interpersonal strategy) was more effective to promote physical
activity than intrapersonal strategies (eg, personal goal setting).
Lyons and colleagues [21] assigned participants into premade
virtual teams to allow anonymous “likes” and comments, and
found small increases in daily walking time and step counts.
Butry and colleagues [22] combined both group sessions and
online community boards to encourage physical activity assisted
by activity trackers, and found frequent tracker usage and
increased physical activity that was well maintained over the
6-month follow up. Our social group–based deployment strategy
was only supported by the percentage of valid step count data,
but not the average daily step counts. Similar daily step counts
between the intervention and control arms may reflect a ceiling
effect among square dancers, who were already physically active
at baseline and were less likely to be more active over a
short-time period.

Strengths and Limitations
Our study contributes to the literature of the technology
acceptance model (TAM) [38] owing to its rigorous RCT design,
and the utilization of existing social networks to foster the
acceptance and adoption of activity trackers. The TAM,
originating from the field of psychology [39], posits the
perceived usefulness and ease-of-use as the only drivers of usage
intention and behavior. Although theoretical extensions on the
basic TAM constructs have been suggested over the years, the
majority of these studies are surveys or single-arm trials without
appropriate comparisons, and the effect of sociocontextual
modifications on technology acceptance is not well understood
[38]. The extent to which older adults would like to interact

with unfamiliar individuals in their age group may be quite
different from their existing social network [26] where privacy
would be less of a concern [17] and constant support is
guaranteed. We deliberately applied our intervention among
amateur Chinese square dancing groups, leveraging their group
dancing routine and frequent interactions to enhance the social
influence on their activity tracker-use behaviors. Despite the
promising effect identified, we note that our participants were
mostly females and middle-aged or slightly older, and thus
extrapolating the implication to general older adults should be
exercised with caution. Our empirical study nevertheless may
inform further investigations on mobilizing community groups
and social networks to promote voluntary technology usage
among older adults.

Several limitations of our study are worth noting. First,
significantly underestimating the challenges in the recruitment,
we recruited only 13 dancing groups rather than the 24 groups
planned. The participants recruited were thus more likely to be
prone to using technology than general middle-aged and older
adults. Nevertheless, this self-selection of the participants should
not affect the internal validity of the effects of our program, as
the intervention and control arms shared similar characteristics
and were randomly assigned. However, the self-selection limited
our program implication to the broader middle-aged and older
population. Second, as our intervention package addressed the
three main barriers of behavior changes jointly according to the
IMBS framework, we were not able to distinguish the unique
contribution of each intervention component to the program
effect. Additional research designs may be considered in future
studies, such as a factorial experiment [20] that may allow for
evaluation of sole and joint effects of such an intervention.
Third, our intervention relied on social interactions and required
regular assistance from the research staff, particularly in the
initial phase. Although social support and comparison functions
have been integrated into many activity trackers recently [40],
our assistance level is likely to be higher than that typically
provided by commercially available activity trackers [16].
Lastly, as a phase 1 study, we have yet to capture and report
long-term acceptability, adoption, and health-related outcomes,
which are needed to establish the intervention’s long-term
behavior maintenance and effectiveness.

Conclusion
To ensure that the older population can benefit from mobile
technologies, effective deployment strategies to promote
technology acceptability and adoption are needed. We applied
a social group–based intervention to address personal,
technological, and sociocontextual usage barriers to amateur
square dancing groups, and found improved acceptability and
adoption of activity trackers among middle-aged and older
square dancers who were mostly female. Our findings warrant
future studies to investigate this social engagement strategy in
other group settings of an existing social structure or meeting
places, especially among less active male older adults.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e14969 | p. 10https://mhealth.jmir.org/2020/4/e14969
(page number not for citation purposes)

Liao et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
The authors thank Hanzhao Fu, Sha Chen, and Qianxin Chen from the School of Public Health, Sun Yat-sen University for their
assistance in data collection and literature research, and the staff of the Division of Health Management, Shayuan Primary Health
Care Center for their support in recruiting the study participants. This work was supported the Guangdong Province Natural
Science Foundation (2017A030310346, 2018A0303130046) and Sun Yat-sen Scientific Research Foundation for Early Career
Researchers (17ykpy15). The funders played no role in the study design, data collection and analysis, or result interpretation.

Authors' Contributions
JL, SL, YY, and DX contributed to the design of the study. JL and HX wrote the initial draft and conducted the analysis. HX,
XL, and SS conducted the data collection and data cleaning. SL, YY, and DX contributed to the revision and preparation of the
manuscript. All authors have read and approved the final submitted manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Acceptability questionnaire.
[DOCX File , 21 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Participants’ acceptability and adoption with activity trackers according to intervention status with complete cases.
[DOCX File , 18 KB-Multimedia Appendix 2]

Multimedia Appendix 3
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 364 KB-Multimedia Appendix 3]

References

1. Vedel I, Akhlaghpour S, Vaghefi I, Bergman H, Lapointe L. Health information technologies in geriatrics and gerontology:
a mixed systematic review. J Am Med Inform Assoc 2013;20(6):1109-1119. [doi: 10.1136/amiajnl-2013-001705] [Medline:
23666776]

2. Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. J Med Internet Res 2015;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

3. Almalki M, Gray K, Sanchez FM. The use of self-quantification systems for personal health information: big data management
activities and prospects. Health Inf Sci Syst 2015;3(Suppl 1 HISA Big Data in Biomedicine and Healthcare 2013 Con):S1
[FREE Full text] [doi: 10.1186/2047-2501-3-S1-S1] [Medline: 26019809]

4. Evenson KR, Goto MM, Furberg RD. Systematic review of the validity and reliability of consumer-wearable activity
trackers. Int J Behav Nutr Phys Act 2015;12(1):159 [FREE Full text] [doi: 10.1186/s12966-015-0314-1] [Medline: 26684758]

5. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R, et al. Using pedometers to increase physical
activity and improve health: a systematic review. JAMA 2007 Nov 21;298(19):2296-2304. [doi: 10.1001/jama.298.19.2296]
[Medline: 18029834]

6. McCallum C, Rooksby J, Gray CM. Evaluating the Impact of Physical Activity Apps and Wearables: Interdisciplinary
Review. JMIR Mhealth Uhealth 2018 Mar 23;6(3):e58 [FREE Full text] [doi: 10.2196/mhealth.9054] [Medline: 29572200]

7. Watkins I, Xie B. eHealth literacy interventions for older adults: a systematic review of the literature. J Med Internet Res
2014;16(11):e225 [FREE Full text] [doi: 10.2196/jmir.3318] [Medline: 25386719]

8. Fischer SH, David D, Crotty BH, Dierks M, Safran C. Acceptance and use of health information technology by
community-dwelling elders. Int J Med Inform 2014 Sep;83(9):624-635 [FREE Full text] [doi: 10.1016/j.ijmedinf.2014.06.005]
[Medline: 24996581]

9. Heart T, Kalderon E. Older adults: are they ready to adopt health-related ICT? Int J Med Inform 2013 Nov;82(11):e209-e231.
[doi: 10.1016/j.ijmedinf.2011.03.002] [Medline: 21481631]

10. Cajita MI, Hodgson NA, Lam KW, Yoo S, Han H. Facilitators of and Barriers to mHealth Adoption in Older Adults With
Heart Failure. Comput Inform Nurs 2018 Aug;36(8):376-382. [doi: 10.1097/CIN.0000000000000442] [Medline: 29742549]

11. Peek STM, Wouters EJM, van HJ, Luijkx KG, Boeije HR, Vrijhoef HJM. Factors influencing acceptance of technology
for aging in place: a systematic review. Int J Med Inform 2014 Apr;83(4):235-248 [FREE Full text] [doi:
10.1016/j.ijmedinf.2014.01.004] [Medline: 24529817]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e14969 | p. 11https://mhealth.jmir.org/2020/4/e14969
(page number not for citation purposes)

Liao et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v8i4e14969_app1.docx&filename=6fdd5fefca229dd89fc17d8b02aa4d62.docx
https://jmir.org/api/download?alt_name=mhealth_v8i4e14969_app1.docx&filename=6fdd5fefca229dd89fc17d8b02aa4d62.docx
https://jmir.org/api/download?alt_name=mhealth_v8i4e14969_app2.docx&filename=ea40941a43bdfa61a4c016e1b3ebc572.docx
https://jmir.org/api/download?alt_name=mhealth_v8i4e14969_app2.docx&filename=ea40941a43bdfa61a4c016e1b3ebc572.docx
https://jmir.org/api/download?alt_name=mhealth_v8i4e14969_app3.pdf&filename=2e6693c8eb7d0e7c14d2928f3f890ae4.pdf
https://jmir.org/api/download?alt_name=mhealth_v8i4e14969_app3.pdf&filename=2e6693c8eb7d0e7c14d2928f3f890ae4.pdf
http://dx.doi.org/10.1136/amiajnl-2013-001705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23666776&dopt=Abstract
http://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
http://europepmc.org/abstract/MED/26019809
http://dx.doi.org/10.1186/2047-2501-3-S1-S1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26019809&dopt=Abstract
http://www.ijbnpa.org/content/12/1/159
http://dx.doi.org/10.1186/s12966-015-0314-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26684758&dopt=Abstract
http://dx.doi.org/10.1001/jama.298.19.2296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18029834&dopt=Abstract
http://mhealth.jmir.org/2018/3/e58/
http://dx.doi.org/10.2196/mhealth.9054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29572200&dopt=Abstract
http://www.jmir.org/2014/11/e225/
http://dx.doi.org/10.2196/jmir.3318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25386719&dopt=Abstract
http://europepmc.org/abstract/MED/24996581
http://dx.doi.org/10.1016/j.ijmedinf.2014.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24996581&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2011.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21481631&dopt=Abstract
http://dx.doi.org/10.1097/CIN.0000000000000442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29742549&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1386-5056(14)00017-3
http://dx.doi.org/10.1016/j.ijmedinf.2014.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24529817&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Chen K, Chan AH. A review of technology acceptance by older adults. Gerontechnology 2011;10(1):1-12. [doi:
10.4017/gt.2011.10.01.006.00]

13. Holden RJ, Karsh BT. The technology acceptance model: its past and its future in health care. J Biomed Inform 2010
Feb;43(1):159-172 [FREE Full text] [doi: 10.1016/j.jbi.2009.07.002] [Medline: 19615467]

14. Cajita MI, Hodgson NA, Budhathoki C, Han HR. Intention to Use mHealth in Older Adults With Heart Failure. J Cardiovasc
Nurs 2017 Feb 28;32(6):E1-E7. [doi: 10.1097/JCN.0000000000000401] [Medline: 28248747]

15. McMahon SK, Lewis B, Oakes M, Guan W, Wyman JF, Rothman AJ. Older Adults' Experiences Using a Commercially
Available Monitor to Self-Track Their Physical Activity. JMIR Mhealth Uhealth 2016;4(2):e35 [FREE Full text] [doi:
10.2196/mhealth.5120] [Medline: 27076486]

16. Mercer K, Giangregorio L, Schneider E, Chilana P, Li M, Grindrod K. Acceptance of Commercially Available Wearable
Activity Trackers Among Adults Aged Over 50 and With Chronic Illness: A Mixed-Methods Evaluation. JMIR Mhealth
Uhealth 2016;4(1):e7 [FREE Full text] [doi: 10.2196/mhealth.4225] [Medline: 26818775]

17. Puri A, Kim B, Nguyen O, Stolee P, Tung J, Lee J. User Acceptance of Wrist-Worn Activity Trackers Among
Community-Dwelling Older Adults: Mixed Method Study. JMIR Mhealth Uhealth 2017 Nov 15;5(11):e173 [FREE Full
text] [doi: 10.2196/mhealth.8211] [Medline: 29141837]

18. Preusse KC, Mitzner TL, Fausset CB, Rogers WA. Older Adults' Acceptance of Activity Trackers. J Appl Gerontol 2017
Feb;36(2):127-155 [FREE Full text] [doi: 10.1177/0733464815624151] [Medline: 26753803]

19. Thompson WG, Kuhle CL, Koepp GA, McCrady-Spitzer SK, Levine JA. "Go4Life" exercise counseling, accelerometer
feedback, and activity levels in older people. Arch Gerontol Geriatr 2014;58(3):314-319. [doi: 10.1016/j.archger.2014.01.004]
[Medline: 24485546]

20. McMahon SK, Lewis B, Oakes JM, Wyman JF, Guan W, Rothman AJ. Assessing the Effects of Interpersonal and
Intrapersonal Behavior Change Strategies on Physical Activity in Older Adults: a Factorial Experiment. Ann Behav Med
2017 Jun;51(3):376-390. [doi: 10.1007/s12160-016-9863-z] [Medline: 28188585]

21. Lyons EJ, Swartz MC, Lewis ZH, Martinez E, Jennings K. Feasibility and Acceptability of a Wearable Technology Physical
Activity Intervention With Telephone Counseling for Mid-Aged and Older Adults: A Randomized Controlled Pilot Trial.
JMIR Mhealth Uhealth 2017 Mar 06;5(3):e28 [FREE Full text] [doi: 10.2196/mhealth.6967] [Medline: 28264796]

22. Butryn ML, Arigo D, Raggio GA, Colasanti M, Forman EM. Enhancing physical activity promotion in midlife women
with technology-based self-monitoring and social connectivity: A pilot study. J Health Psychol 2016 Aug;21(8):1548-1555.
[doi: 10.1177/1359105314558895] [Medline: 25488937]

23. Fisher W, Fisher J, Harman J. The information-motivation-behavioral skills model: A general social psychological approach
to understandingpromoting health behavior. In: Inuls J, Wallston KA, editors. Social psychological foundations of health
illness. United Kingdom: Blackwell Publishing; 2003:82-106.

24. Eysenbach G. CONSORT-EHEALTH: improving and standardizing evaluation reports of Web-based and mobile health
interventions. J Med Internet Res 2011;13(4):e126 [FREE Full text] [doi: 10.2196/jmir.1923] [Medline: 22209829]

25. Campbell MK, Piaggio G, Elbourne DR, Altman DG, CONSORT Group. Consort 2010 statement: extension to cluster
randomised trials. BMJ 2012 Sep 04;345:e5661. [doi: 10.1136/bmj.e5661] [Medline: 22951546]

26. Interventions on diet and physical activity: what works. Geneva, Switzerland: World Health Organization; 2009. URL:
https://www.who.int/dietphysicalactivity/whatworks/en/ [accessed 2020-01-03]

27. Liao J, Chen S, Chen S, Yang Y. Personal and Social Environmental Correlates of Square Dancing Habits in Chinese
Middle-Aged and Older Adults Living in Communities. J Aging Phys Act 2019 Mar 25:1-7. [doi: 10.1123/japa.2018-0310]
[Medline: 30747573]

28. Wu ML, Ke J, Zhong CH. Application of sleep quality management based on comfort theory in perioperative period of
knee replacement patients. Orthopaedics 2019;10(03):221-225. [doi: 10.3969/j.issn.1674-8573.2019.03.011]

29. Global recommendations on physical activity for health. Switzerland: World Health Organization; 2010. URL: https://www.
who.int/dietphysicalactivity/factsheet_recommendations/en/ [accessed 2019-12-30]

30. Zhao W. Chinese adult physical activity guideline. Beijing: People's Medical Publishing House; Jun 1, 2011.
31. Bickmore TW, Silliman RA, Nelson K, Cheng DM, Winter M, Henault L, et al. A randomized controlled trial of an

automated exercise coach for older adults. J Am Geriatr Soc 2013 Oct;61(10):1676-1683. [doi: 10.1111/jgs.12449] [Medline:
24001030]

32. Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and preliminary tests of
reliability and validity. Med Care 1996 Mar;34(3):220-233. [doi: 10.1097/00005650-199603000-00003] [Medline: 8628042]

33. Lei X, Smith JP, Sun X, Zhao Y. Gender Differences in Cognition in China and Reasons for Change over Time: Evidence
from CHARLS. J Econ Ageing 2014 Dec 01;4:46-55 [FREE Full text] [doi: 10.1016/j.jeoa.2013.11.001] [Medline: 25530942]

34. Armijo-Olivo S, Warren S, Magee D. Intention to treat analysis, compliance, drop-outs and how to deal with missing data
in clinical research: a review. Phys Ther Rev 2013 Jul 19;14(1):36-49. [doi: 10.1179/174328809X405928]

35. Sullivan TR, White IR, Salter AB, Ryan P, Lee KJ. Should multiple imputation be the method of choice for handling
missing data in randomized trials? Stat Methods Med Res 2018 Sep;27(9):2610-2626 [FREE Full text] [doi:
10.1177/0962280216683570] [Medline: 28034175]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e14969 | p. 12https://mhealth.jmir.org/2020/4/e14969
(page number not for citation purposes)

Liao et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.4017/gt.2011.10.01.006.00
http://linkinghub.elsevier.com/retrieve/pii/S1532-0464(09)00096-3
http://dx.doi.org/10.1016/j.jbi.2009.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19615467&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28248747&dopt=Abstract
http://mhealth.jmir.org/2016/2/e35/
http://dx.doi.org/10.2196/mhealth.5120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27076486&dopt=Abstract
http://mhealth.jmir.org/2016/1/e7/
http://dx.doi.org/10.2196/mhealth.4225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26818775&dopt=Abstract
http://mhealth.jmir.org/2017/11/e173/
http://mhealth.jmir.org/2017/11/e173/
http://dx.doi.org/10.2196/mhealth.8211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29141837&dopt=Abstract
http://europepmc.org/abstract/MED/26753803
http://dx.doi.org/10.1177/0733464815624151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26753803&dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2014.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24485546&dopt=Abstract
http://dx.doi.org/10.1007/s12160-016-9863-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28188585&dopt=Abstract
http://mhealth.jmir.org/2017/3/e28/
http://dx.doi.org/10.2196/mhealth.6967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28264796&dopt=Abstract
http://dx.doi.org/10.1177/1359105314558895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25488937&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://dx.doi.org/10.1136/bmj.e5661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22951546&dopt=Abstract
https://www.who.int/dietphysicalactivity/whatworks/en/
http://dx.doi.org/10.1123/japa.2018-0310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30747573&dopt=Abstract
http://dx.doi.org/10.3969/j.issn.1674-8573.2019.03.011
https://www.who.int/dietphysicalactivity/factsheet_recommendations/en/
https://www.who.int/dietphysicalactivity/factsheet_recommendations/en/
http://dx.doi.org/10.1111/jgs.12449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24001030&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199603000-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8628042&dopt=Abstract
http://europepmc.org/abstract/MED/25530942
http://dx.doi.org/10.1016/j.jeoa.2013.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25530942&dopt=Abstract
http://dx.doi.org/10.1179/174328809X405928
http://europepmc.org/abstract/MED/28034175
http://dx.doi.org/10.1177/0962280216683570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28034175&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Marshall A, Altman DG, Holder RL, Royston P. Combining estimates of interest in prognostic modelling studies after
multiple imputation: current practice and guidelines. BMC Med Res Methodol 2009 Jul 28;9:57 [FREE Full text] [doi:
10.1186/1471-2288-9-57] [Medline: 19638200]

37. Long JA, Jahnle EC, Richardson DM, Loewenstein G, Volpp KG. Peer mentoring and financial incentives to improve
glucose control in African American veterans: a randomized trial. Ann Intern Med 2012 Mar 20;156(6):416-424 [FREE
Full text] [doi: 10.7326/0003-4819-156-6-201203200-00004] [Medline: 22431674]

38. Marangunić N, Granić A. Technology acceptance model: a literature review from 1986 to 2013. Univ Access Inf Soc 2014
Feb 16;14(1):81-95. [doi: 10.1007/s10209-014-0348-1]

39. Davis F. A technology acceptance model for empirically testing new end-user information systems: Theory and results.
Cambridge, MA: MIT Sloan School of Management; 1985. URL: https://dspace.mit.edu/bitstream/handle/1721.1/15192/
14927137-MIT.pdf [accessed 2020-02-21]

40. Lyons EJ, Lewis ZH, Mayrsohn BG, Rowland JL. Behavior change techniques implemented in electronic lifestyle activity
monitors: a systematic content analysis. J Med Internet Res 2014;16(8):e192 [FREE Full text] [doi: 10.2196/jmir.3469]
[Medline: 25131661]

Abbreviations
ICC: intracluster correlation coefficient
IMBS: Information-Motivation-Behavioral Skills
IQR: interquartile range
IRR: incidence relative risk
ITT: intention to treat
RCT: randomized controlled trial
SF: Short Form Health Survey
TAM: technology acceptance model
TICS: Telephone Interview of Cognitive Status

Edited by G Eysenbach; submitted 08.06.19; peer-reviewed by T Mitzner, Y Wang; comments to author 02.12.19; revised version
received 03.01.20; accepted 10.02.20; published 09.04.20

Please cite as:
Liao J, Xiao HY, Li XQ, Sun SH, Liu SX, Yang YJ, Xu D(
A Social Group-Based Information-Motivation-Behavior Skill Intervention to Promote Acceptability and Adoption of Wearable Activity
Trackers Among Middle-Aged and Older Adults: Cluster Randomized Controlled Trial
JMIR Mhealth Uhealth 2020;8(4):e14969
URL: https://mhealth.jmir.org/2020/4/e14969
doi: 10.2196/14969
PMID: 32271151

©Jing Liao, Hai-Yan Xiao, Xue-Qi Li, Shu-Hua Sun, Shi-Xing Liu, Yung-Jen Yang, Dong (Roman) Xu. Originally published
in JMIR mHealth and uHealth (http://mhealth.jmir.org), 09.04.2020. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as
this copyright and license information must be included.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e14969 | p. 13https://mhealth.jmir.org/2020/4/e14969
(page number not for citation purposes)

Liao et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-9-57
http://dx.doi.org/10.1186/1471-2288-9-57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19638200&dopt=Abstract
http://europepmc.org/abstract/MED/22431674
http://europepmc.org/abstract/MED/22431674
http://dx.doi.org/10.7326/0003-4819-156-6-201203200-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22431674&dopt=Abstract
http://dx.doi.org/10.1007/s10209-014-0348-1
https://dspace.mit.edu/bitstream/handle/1721.1/15192/14927137-MIT.pdf
https://dspace.mit.edu/bitstream/handle/1721.1/15192/14927137-MIT.pdf
http://www.jmir.org/2014/8/e192/
http://dx.doi.org/10.2196/jmir.3469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25131661&dopt=Abstract
https://mhealth.jmir.org/2020/4/e14969
http://dx.doi.org/10.2196/14969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32271151&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

