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Abstract

Background: Only a minority of adults aged over 50 years meet physical activity (PA) guidelines of the World Health
Organization (WHO). eHealth interventions are proven effective tools to help this population increase its PA levelsin the short
term, among which the Active Plus and | Move interventions have been developed by our own research group. To achieve
long-term effects, increase intervention use, and decrease dropout rates, 3 emergent but different mobile elements (an activity
tracker, an ecological momentary intervention [EMI] program, and a chatbot) were added separately to Active Plusand | Move.
In this study, the prototype development and pilot-testing of these interventionsis described.

Objective: This study aims to enhance 2 existing PA-stimulating computer-based interventions with 3 mobile elements (an
activity tracker, an EMI program, or a chatbot) and test the prototypes on usability and appreciation within a target population
of adults aged over 50 years.

Methods: A systematic design protocol consisting of development, evaluation, and adaptation procedures was followed with
involvement of the target population. Literature searches separated per mobile element and interviews with the target population
(N=11) led to 6 prototypes: Active Plus or | Move including (1) an activity tracker, (2) EMI, or (3) a chatbot. These prototypes
were tested on usability and appreciation during pilot tests (N=47) and subsequently fine-tuned based on the results.

Results. Theliterature searches and interviews provided important recommendations on the preferences of the target population,
which enabled usto devel op prototypes. The subsequent pilot tests showed that the mobile elements scored moderate to good on
usability, with average System Usahility Scale (SUS) scores of 52.2-82.2, and moderate to good on enjoyment and satisfaction,
with average scores ranging from 5.1 to 8.1 on a scale of 1-10. The activity tracker received the best scores, followed by EMI,
followed by the chatbot. Based on the findings, the activity tracker interventionswere fine-tuned and technical difficultiesregarding
EMI and the chatbot were solved, which is expected to further improve usability and appreciation.

Conclusions: During this study, 6 prototypes of online PA interventions with added mobile elements were devel oped and tested
for usability and appreciation. Although al prototypes scored moderate to high on usability, enjoyment, and satisfaction, it can
be concluded that the integration of an activity tracker with acomputer-based PA intervention isthe most promising option among
the 3 mobile elements tested during this study. The prototype development steps of the systematic design protocol followed can
be considered useful and successful for the purposes of this study. The interventions can now be evaluated on a larger scale
through arandomized controlled trial.
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Introduction

Physical inactivity has been shown to be a major predictor for
mortality in adults aged over 50 years [1]. According to the
World Health Organization (WHO) guidelines, they should be
physically active from moderate to vigorous levels for at least
150 minutes per week. Additionally, they are recommended to
train for strength and flexibility at least 2 times per week [2].
However, it has been shown that only aminority of adults aged
over 50 years meet these guidelines [3]. Increasing physical
activity (PA) levels among this population is thus of major
importance and is associated with improved physical, functional,
psychological, and cognitive health [4-6].

eHealth interventions are proven effective tools to help adults
aged over 50 years increase their PA levels in the short term,
being the first weeks after completion of the intervention [7].
Additionally, these online interventions have potential
advantages compared to traditional interventions, including a
wide reach, more accessibleinformation, and reduced workload
for practitioners [8,9]. In the past decade, our research group
has also developed online interventions to promote PA levels
focused on different target populations [10-13]. Although the
interventions were proven effective in increasing PA levelsin
the short term, these positive effects were not maintained in the
longer term [10,11]. Therefore, during this study, the online
interventions Active Plus [14] and | Move [15] were renewed
by separately adding 1 of 3 mobile elements to the web-based
interventions. Asaresult, it is expected that (long-term) effects
on PA improve, intervention use increases, and attrition rates
decrease. Additionally, thisisin line with the recent increases
in smartphone and tablet ownership observed in adults aged
over 50 years[16].

Active Plus is a computer-based intervention targeted at adults
aged 50 years and older and includes the provision of tailored
advice regarding PA on 3 occasions delivered during 3 months.
Tailoring takes place based on the answers of userson questions
regarding, for example, demographics, diseasesand limitations,
current PA levels, the intention to be (more) physically active,
and preferences for exercise activities [14]. | Move is a more
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interactive computer-based intervention targeted at adults, based
on motivational interviewing and self-determination theory
[17,18]. | Move comprises 4 sessions regarding PA, delivered
during 3 months, where users are given information about
various topics, such as planning, current PA behavior, barriers,
and videos with narratives on confidence and motivation rel ated
to PA [15]. Moreinformation about Active Plusand | Move can
be found in Multimedia Appendices 1 and 2.

One of the selected mobile elements to integrate with Active
Plus and | Move is an activity tracker with an accompanying
app. In addition to the proven effectiveness in increasing PA
[19,20], it has been shown that older adults are willing to use
thistool [21-23]. An ecological momentary intervention (EMI)
program was developed and integrated with Active Plus and |
Move as a second mobile element. Although EMI is often used
and researched to help with smoking cessation [24,25] or to
reduce alcohol consumption [26], less is known regarding its
effectiveness in improving PA behavior. Lastly, a chatbot app
that delivers persuasive tailored walking messages throughout
the day was integrated with Active Plus and | Move. These
mobile interactive virtual coach apps are promising tools with
regard to the stimulation of PA [27].

As described in a design paper [28], during the renewal of the
interventions, asystematic design approach was used to preserve
and further strengthen the already proven effectiveness of the
computer-based Active Plus[10] and | Move[11] interventions.
Efforts were made to involve the target population, which has
been shown to be an essential factor for successful eHealth and
mobile health (mHealth) development [29,30]. Roughly, the
applied systematic approach was divided into a 6-step prototype
development phase, a2-step effect eval uation phase, and a2-step
implementation phase, which is shown in Figure 1.

In this paper, the prototype development and pilot-testing of
theinterventionsisdescribed. The aim wasto enhance 2 existing
PA-stimulating computer-based interventions with 3 mobile
elements (an activity tracker, an EMI program, or a chatbot)
and test the prototypes on usability and appreciation within the
target population of adults aged over 50 years.
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Figure 1. Schematic overview systematic design approach with the prototype devel opment phase highlighted.

Step 1 Literature search —
v
Step 2 Developing the first prototypes
v
Step 3 Semistructured interviews Prototype
v — development
Step 4 Adapting the first prototypes phase
v
Step 5 Pilot tests and interviews
v
Step 6 Fine-tuning prototypes —
v
Step 7 Effect evaluation Effect
v evaluation
Step 8 Selecting and reinforcing interventions phase
v
Step 9 Implementation plan Implementation
v phase
Step 10 Field study

Methods

The prototype development phase of the systematic design
approach [28] comprised 6 steps. A schematic overview of these
stepsand their relationship to subsequent steps of the systematic
approach is provided in Figure 1. Methodological procedures
per step are described next.

Steps1and 2: Literature Search and Development of
the First Prototypes

Literature searches regarding the additional mobile elements
were performed to provide a base for development of the first
prototypes. For the activity tracker, amarket study on available
trackers in the Netherlands with a maximum price of
approximately 100 euros (US $106.41) each was performed
(unpublished). Results of the market study were applied on a
literature search, where particular attention was paid to design
preferences, perceived easiness of use, and attitude toward
activity trackers within the population of adults aged over 50
years. Based on this literature search and market study, an
appropriate activity tracker was selected to be integrated with
Active Plusand | Move. Costs of the activity trackersin relation
to usability were aso considered during this phase. The
development of the EMI prototype was based on a literature
search where the barriers and motivators for adults aged over
50 years to participate in PA were studied. Additionaly, the
existing literature regarding EM1 use for PA promotion and the
use among adults aged over 50 years was studied. For the
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chatbot, an aready existing app originally developed for the
Supreme Nudge project [31] was adapted according to the study
needs and integrated with the online interventions. Since the
chatbot was devel oped according to a systematic design process,
the literature search phase for this element had already taken
place during its original design process [27]. As aresult, more
attention was paid to step 2 of our systematic approach, where
the element was adapted to fit the study demands. Additionally,
emphasis was put on achieving a high degree of integration of
the chatbot with our existing online interventions.

Steps3and 4: Semistructured I nterviewsand Adapting
the First Prototypes

Semistructured interviews regarding the 3 mobile elementswere
held among the target population of adults aged 50 years and
older. The aim of these interviews was to improve the first
prototypes and better meet the preferences of the target
population. Recruitment took place via online advertisements,
and the sampl e size was based on when thematic saturation was
reached [32]. We tried to include a sampl e of participants who
varied by characteristics, such aslevel of education, age, gender,
and digital skills (Table 1). Prior to the interview, participants
signed an informed consent form and filled in a questionnaire
consisting of questions related to sociodemographic variables
and digital skills, based on a combination of validated tools,
such as the Digita Hedth Literacy Instrument [33]. A
semistructured interview guide based on models, such as the
unified theory of acceptance and use of technology (UTAUT)
[34] and the technology acceptance model (TAM) [35] was
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followed for the first mobile element (ie, the activity tracker;
see Multimedia Appendices 3 and 4). During the interview, the
first prototypes and accompanying manuals were tested by
interviewees and their usability was discussed. Based on the
input of the interviewees and the time needed to discuss the
activity tracker, it was decided whether the EMI or chatbot
element could be discussed as well during the 45-60-minute
range of 1 interview. In case not all mobile elements could be
covered within the time frame of 1 interview, participants were
asked whether they gave permission for afollow-up interview.
All concerning participants (N=4) gave permission for this

Table 1. Characteristics of participants.
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second interview (Table 1). The interviews were audio-taped
and transcribed verbatim, where names and other personal
information about the participants were pseudonomized. First,
the transcripts were read for familiarization. Subsequently, an
initial thematic framework was developed based on the
semistructured  discussion guide and the familiarization
procedure. Afterward, the transcripts were coded by one
researcher and checked by another researcher, and any
uncertainties or inconsistencies were discussed. The resulting
data were used to improve the first prototypes of the renewed
versions of Active Plusand | Move.

Characteristics

Participants (N=11)

Sociodemogr aphic variables
Gender (men), n (%)
Level of education (low educated), n (%)
Age (years), means (SD)
1interview needed to discuss 3 mobile elements, n (%)
2 interviews needed to discuss 3 mobile elements, n (%)
Digital skills questionnaire® score, mean (SD)
Handling a smartphone (1=really poor to 10=perfect)
Use of the internet (1=really poor to 10=perfect)
Installation and use of apps (1=very difficult to 10=very easy)
Frequency of using health apps (1=never to 10=very often)

Searching health information on the internet (1=very difficult to 10=very easy)

8(73)
2(18)
59.1(3.4)
7(64)
4 (36)

6.8(1.1)
73(1.2)
7.0(1.4)
36(23)
75(1.1)

3Based on a combination of validated tools (eg, Digital Health Literacy Instrument).

Step 5: Pilot Testsand Interviews

The 6 renewed interventions (Active Plus+activity tracker, Active
PlustEMI, Active Plust+chatbot; | Movetactivity tracker, |
Move+EMI, and | Move+chatbot) were pilot-tested for usability
and acceptability by the target population of adults aged over
50 years. Previous interview participants of step 3 who gave
consent to approach them again were invited to participate in
step 5, supplemented with recruitment via social media
advertisements. We aimed for a sample with a variation in
factors, such asage, gender, and level of education. An overview
of the characteristics of the pilot test participants is shown in
Table 2. Although some variation was found between groups
regarding baseline minutes of the moderate-to-vigorous physical
activity (MVPA) per week, 1-way ANOVA showed no
significant differences (P=.83).

For the pilot tests, shortened interventions with a duration of 2
weeks were used instead of the original 12 weeks (Multimedia
Appendices 1 and 2). Asaresult, participantsin the Active Plus
interventions only received the first and the second advice and
participants in the | Move interventions only followed the first

https://formative.jmir.org/2023/1/e42394

and the second session. In theintervening 2 weeks, participants
used 1 of the mobile elements: the activity tracker or EMI or
the chatbot. Prior to thefirst advice or session, participantsfilled
in an online baseline questionnaire (T ) assessing, among other
things, demographic variables and PA levels via the short
guestionnaire to assess hedlth-enhancing physical activity
(SQUASH) [36]. During the 2-week use period of the assigned
mobile element, participants were instructed to fill in a short
daily paper-based testing diary consisting of questions related
to experiences, technical issues, and usability of the mobile
element on that specific day. They received this testing diary
viapost at the start of the test, together with instruction manuals
for the mobile element. Directly after receiving the second
advice of Active Plus or completing the second session of |
Move, participants were asked to fill in an online usability and
acceptability questionnaire. This questionnaire and the daily
testing diary were both based on a combination of validated
tools and models, such as the System Usability Scale (SUS)
[37], the TAM [35], and the UTAUT [34], earlier extensively
described in adesign protocol paper [28]. A schematic overview
of the pilot tests procedure is shown in Figure 2.
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Table 2. Characteristics of participantsin the pilot tests.
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Characteristics Activity tracker (n=18) EMI2 (n=15) Chatbot (n=14)
Gender (male), n (%) 7(39) 4(27) 3(21)
Age (years), mean (SD) 62.3 (7.4) 56.1 (4.4) 58.5 (7.0)
BMI (kg/m?), mean (SD) 28.3(4.2) 29.1(5.7) 276 (34)
L evel of education

Low 2(12) 1(7) 1M

Middle 8(44) 5(33) 3(21)

High 8(44) 9 (60) 10(72)
MVPAP TS (minutes per week), mean (SD) 925.2 (452.1) 9459 (630.)  720.9 (417.1)
Intention to be more physically active T (1-10), mean (SD) 8.2(1.7) 8.3(0.9) 8.4 (1.0)

3EMI: ecological momentary intervention.
BMVPA: moderate-to-vi gorous physical activity.
“To: baseline questionnaire.

Figure 2. Schematic overview of the procedure of pilot tests. AT: activity tracker; CB: chatbot; EMI: ecological momentary intervention.
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A sample of pilot-test participants who gave consent for
approaching them again after completing the pilot test were
invited to participate in asemistructured interview that was also
part of step 5. The aim of this interview was to obtain more
in-depth information about the usability and acceptability of
the mobile elements and renewed interventions, in addition to
the already completed questionnaires during the pilot test. The
sampl e size was based on when thematic saturation was reached
(N=3 per mobile element). A semistructured discussion guide
was followed, and the same procedures regarding
audio-recording and data analysis were applied as during the
previous semistructured interviews of step 3.

https://formative.jmir.org/2023/1/e42394

Ethical Consider ations

All aforementioned procedures, being part of the prototype
devel opment phase of the systematic design approach [28], were
approved by the central ethical review committee of the Open
University of the Netherlands (approval no. U202004903,
approval date July 7, 2020). Additionally, all datawere obtained
and stored anonymously according to the composed data
management plan and following the General Data Protection
Regulation (GDPR). All participants provided informed consent
for participation in the study. Interview participants received a
small gift in theform of adrinking bottle. Among the pil ot-test
participants, 3 book vouchersworth 15 euros (US $15.96) were
raffled.
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Results

Intervention Including the Activity Tracker

In the subsequent sections, the results of the prototype
development phase of the intervention including the activity
tracker are described.

Steps 1 and 2: Literature Search and Development of
the First Prototypes

First, a market study on available trackers in the Netherlands
was performed (January 2020). Considering future
implementation of our interventions in practice (eg,
municipalities) combined with our focus on groups with low
socioeconomic status, a selection of activity trackers was made
based on price aswell. Only trackers with a maximum price of
approximately 100 euros (US $106.41) were included in the
presel ection shown in Multimedia Appendix 5. The subsegquent
literature search was based on the preselected trackers, which
is summarized in this section and in Multimedia Appendix 5.

Considering our target population of adults aged 50 years and
over with often lower digital skills and the aim to improve PA
behavior, we decided to focus the activity tracker intervention
element only on the step count and not on other parameters,
such as calorie estimates and heart rate. The aim of focusing on
only the step count wasto prevent overloading participantswith
information. As a result, particularly the step count of the
preselected trackers was studied and no other parameters.
Additionally, it has been shown that the step count is the most
popular parameter among activity trackers [38]. However, this
parameter is associated with some disadvantages aswell, which
mainly concern the elderly: measurements can be influenced
dueto altered walking patterns [39,40], and it could be difficult
to measure the step count validly during low walking speeds
(<0.8 m/s) [41]. Despite these possible drawbacks, it appears
that the most frequently investigated Fithit devices are highly
valid for measuring stepsin older adults[42]. The mean absolute
percentage error for step counting of our preselected Xiaomi
devices is comparable to that of a Fitbit device [43], and the
accuracy is good in proportion to the low price [44]. Although
studies on the accuracy of measuring the step count with Fitbit
and Xiaomi devices were found during the literature search
[42-44], substantially fewer studies were found regarding
accuracy of the preselected Huawei, Samsung, and Garmin
trackersfor the target population of older adultsin our literature
search performed in January 2020.

Considering the decline of vision with age, display type, screen
size, and resolution are crucia factors for the usability of the
tracker for our target population. Multimedia A ppendix 5 shows
that Xiaomi Mi Smart Band 4 and Huawei Band 3 Pro are both
featured with a colored screen, high screen resolution, and big
screen size. Additionally, costs of the tracker are important due
to future large-scale implementation of our renewed
interventions in practice. As a result, the earlier mentioned
advantages of Fitbit Inspire, Huawei Band 3 Pro, Fitbit Charge
3, and Garmin Vivosport do not outweigh the costs compared
to the less expensive devices. Xiaomi Mi Smart Band 4 with
the accompanying Mi Fit app scores the best among the
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remaining less expensive trackers, since accuracy isimproved
[43] and screen size and resolution are sufficient. Combined
with abattery life of 20 daysand thelittletime needed to charge,
we decided to integrate Xiaomi Mi Smart Band 4 with Active
Plus and | Move. Based on this choice, a manual (manual A)
for install ation and use of the tracker and the accompanying Mi
Fit app was devel oped. For these step-by-step instructions, short
sentences [45], alarge font, and a combination of textual and
visual elementswere used in order to reach both those with low
literacy and those with high literacy [46]. Additionally, hel pdesk
contact details were provided in case the users encountered
difficulties or had other questions.

Most trackers are equi pped with the behavior change techniques
(BCTs) of goal setting, feedback, rewards, self-monitoring, and
social support, which are all considered valuablefor reinforcing
the origina Active Plus and | Move interventions [47]. Within
the Mi Fit app, users can connect with other Mi Fit users, which
is expected to increase social support. With regard to goal
setting, it is important that users can adapt the step goal to fit
their personal situation instead of having an automatically
determined goal within the software. Therefore, 2 paper-based
manuals were developed to guide users in setting feasible step
goals and help with self-monitoring. In manua B, instructions
are based on intensive use of the Mi Fit app, where participants
are instructed to extract weekly average steps from the app.
Participants less familiar with the use of apps can use manual
C, where day-to-day paper-based schemes are provided and
weekly average steps need to be calculated manually. With
regard to self-monitoring and rewards, advisory texts were
developed for the advices of Active Plus and the sessions of |
Move, in which usersreceive feedback on whether their number
of stepshasincreased or decreased in time and whether afurther
increase in their steps could benefit their health. In addition to
textual advice, visual elements were included as well. The
advisory texts are based on anumber of questionsrelated to the
activity tracker and the measured steps, which were added to
the intervention questionnaires. Examples of the advisory step
count texts and visual s within the interventions are provided in
Multimedia Appendix 6.

Steps 3 and 4: Semistructured I nterviews and Adapting
the First Prototypes

The semistructured interviews resulted in numerous suggestions
and findings regarding the interventions including the activity
tracker, resulting in the following themes: (1) user experiences,
(2) attitude and preferences, (3) application, (4) opinion on the
testing procedure, (5) instruction manual, (6) reaching the target
population, (7) step goals, and (8) combination with Active Plus
and | Move. The findings that led to adaptations of the first
prototypes are described next. Based on the feedback of
interviewees that the addition of instruction videos would be
valuable, 3 videos that cover the information in manuals A, B,
and C were developed and integrated with the online
interventions. Additionally, the majority expected that the
concept of setting weekly step goals would be challenging and
could motivate them to increase their activity levels. However,
some interviewees stated that only setting step goals would not
motivate them enough. They preferred to set up a more
long-term goal that motivates them to increase their steps, such

JMIR Form Res 2023 | vol. 7 | 42394 | p. 6
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

as a hedth-related goal. Based on this information, a
“motivation-box” was added to the schemes of manuals B and
C, where the users can fill in their long-term goals. Lastly, the
interviewees indicated that they would like to receive more
practical tips on how to increase or maintain the step count in
daily life. Therefore, advices regarding this topic were added
to Active Plusand | Move. An overview of the adapted prototype

Collombon et al

of the intervention including the activity tracker is shown in
Figure 3. In this figure, the intervention | Move is used as an
example. In general, the same structure is used for Active Plus.
However, Active Plus consists only of 2 advices, whereas |
Move consists of 4 sessions. Asaresult, Active Plus participants
receive the activity tracker information about sessions 2 and 3
of | Move combined in advice 2.

Figure 3. Overview of the onlineintervention | Move including the activity tracker.

I Move + activity tracker
Session 1 3 week Session 2 3 weeks Session 3 6 weeks Session 4
Baseline T; "“ e ‘; 3 weeks after T, - 6 weeks after Ty < » 12 weeks after Ty
Video instructions and Looking back: Feedback: feedback Progression:
manual A: how to ) looking back on [} 0n awareness () comparing steps
nstall and use the wear tracker past J)) ,)) from the beginning
activity tracker? V ')) weeks and step — Progression: — of I Move and
- goals comparing steps from session 3 to now
Benefits: information — v . the beginning of T
- rack acki N . .
about the benefits of “U7 | Reminder: ek | Move to now Usewracker | Tips: new tips for
taking sufficient steps bascline steps reminder for setting step goals step goils taking more steps in
week 1 and et ale weeks 4-6 . cecks 712 ilv i 1
step goaks first step goals or Tips: tips for taking weeks 7212 dallythfe or llpSlEO
. endats . - maintain curren
Goal-setting video and weeks 2 and 3 rucmlmnuﬂdallon to more steps in dally life K !
manuals B and C: continue number of steps
instructions for setting
step goals

Steps 5 and 6: Pilot Tests, Interviews, and Fine-Tuning
Prototypes

Pilot-test participants of theinterventionsincluding the activity
tracker had a mean score of 77.5 (SD 9.9), which isrelatively
high on the SUS. Additionally, reported days of use, enjoyment,
satisfaction, and motivation scores were the highest among the
3 mobile elements (Table 3). In line with this, it emerged that
participants faced little to no technical difficulties. Further,
participants reported that the activity tracker isless suitable for
peoplewho prefer activities other than walking, since activities

such as cycling and swimming need to be specifically started
via the workout function of the tracker. In contrast, steps are
continuously monitored. Additionally, the step goal schemes
are waking oriented as well. Based on these findings, the
following adaptations were made to the prototypes including
the activity tracker: Information was added to the step goal
schemes on how to attach the tracker around the ankleto express
the cycling movement in steps, and some missing information
regarding installation and use of the tracker was added to the
instruction manual. Results regarding EMI and the chatbot are
described next.

Table 3. Summary results of the evaluation questionnaire, daily testing questionnaire, and compliance with EMI2,

Questionnaires Activity tracker, mean (SD) EMI, mean (SD) Chatbot, mean (SD)
Evaluation questionnaire
sus® (0-100) 77.5(9.9) 82.2(16.8) 529 (22.7)
Enjoyment (1-10) 8.1(1.0) 7.4(1.8) 59(21)
Satisfaction (1-10) 7.5(1.3) 7.3(2.3) 5.1(2.8)
Daily testing questionnaire
Days of use per participant 135(1.1) 11.9(3.3) 9.0(5.1)
Daily degree of mativation (1-10) 6.7 (2.4) 5.1(3.0) 5.0 (2.6)
Daily enjoyment (1-10) 7.8(1.4) 5.3(2.9) 5.0 (2.5)
Compliance with EMI (%) N/AC 71.8 (27.3) N/A

3EMI: ecological momentary intervention.
bsus: System Usability Scale.
°N/A: not applicable.

https://formative.jmir.org/2023/1/e42394

RenderX

JMIR Form Res 2023 | vol. 7 | e42394 | p. 7
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Intervention Including EMI

In the next sections, the results of the prototype development
phase of theintervention programsincluding EMI are described.

Steps 1 and 2: Literature Search and Development of
the First Prototypes

Substantial PA research has been conducted using ecological
momentary assessment (EMA). However, studies combining it
with EMI, where participants are also provided with atailored
advice after completing each EMA, are surprisingly scarce for
PA [48]. EMI programs for smoking cessation [24,25], anxiety
[49], and weight loss[50] are more common. Although different
types of technology are used to deliver EMI messages, we
decided to use short messaging service (SMS) texts, given the
expectation that our target population is most familiar with this
method. Since text messages are sent via the software of our
online interventions, account variables of participants, such as
gender and age, gathered during the intervention were used for
tailoring within the EMI program.

Although theliterature reveal s no conclusive recommendations
regarding an acceptabl e frequency for EMI messages, the period
over which they are delivered probably playsan important role.
A trade-off had to be made between intervention intensity
(possibly related to effects) and participant load, since
participants accept in general more frequent EMI when the
intervention duration is shorter. A protocol where the message
frequency decreases as the intervention progresses could be
considered as well [51]. Given the relatively long duration of

Collombon et al

our online interventions of 12 weeks, we decided to follow a
decreasing-frequency protocol. For example, in the first week,
participants receive 3 text messages per day, whereas in the
sixth week, participants receive 4 text messages per week. The
time prompts could be user initiated, fixed, or random.
Considering the technical capabilities of the software used, we
decided to plan the time promptsin advance according to 3 time
windows during the day (8:00-11:00 a.m., noon-3:00 p.m., and
5:00-8:00 p.m.). To avoid predictability, text messages are sent
at different times within these windows.

To tailor the EMI messages, a short assessment questionnaire
precedes each advice moment, which increases the acceptability
of the intervention [52]. After clicking the hyperlink provided
in the text message, a questionnaire opens, which assesses
participants’ current state and context. The questionnaire
consists of 6 questions related to the topics current PA level,
intention and barriers to be active, energy levels, and stress
levels. After filling in this short questionnaire, participants
receive a tailored advice related to PA based on the answers
directly afterward. In the beginning, participants receive more
guestionnaires and advices per day, which slowly decreases
during the 12 weeks. For this, a relatively large message
database is needed. Since the performance objective of the EMI
element isto decrease barriers and motivate participants during
the day, aliterature search regarding the barriers and motivators
for adults aged over 50 yearsto participatein PA was performed.
Table 4 shows that the primary barriers differ based on gender,
age, and activity level [53,54].

Table4. Primary barriers for adults aged over 50 yearsto participate in PAZ.

Barrier Gender [53] Age[53] PA level [54]
Men Women 50-60years >60years Inactiveadultsover 5S0years Activeadultsover 50 years
Lack of motivation Applicable AP Applicable  N/A Applicable Applicable
Pe_rceived abilities and (fear of) N/A Applicable N/A N/A N/A N/A
pain
Lack of time N/A N/A Applicable  N/A N/A Applicable
Injury N/A N/A N/A Applicable N/A N/A
Poor health N/A N/A N/A Applicable N/A Applicable
Fear of faling N/A N/A N/A N/A Applicable N/A

3PA: physical activity.
BNI/A: not applicable.

Motivators to participate in PA for adults aged over 50 years
are health, concerns for the future, enjoyment, PA to regulate
stress, increase of social integration, and relational goals [55].
Based on these barriers and motivators, a database of EMI
messages was formed. Examples of topics included in the
database are benefits of PA, muscle-strengthening exercises,
and tips for planning PA. Lastly, an instruction manual was
developed on how to use the EMI program, where the same
design guidelines were applied as mentioned earlier for the
activity tracker.

https://formative.jmir.org/2023/1/e42394

Steps 3 and 4: Semistructured | nterviews and Adapting
the First Prototypes

The themes resulting from the semistructured interviews
regarding EMI were (1) barriers to participate in PA, (2) the
genera principle, (3) technical feasihility, (4) reaching thetarget
population, (5) the EMA questionnaire, (6) intervention
messages, (7) frequency, (8) opinion on the testing procedure,
(9) name of the EMI program, and (10) combination with Active
Plus and | Move. Based on the interviews, some adaptations
were made to the first EMI prototype. First, the EMA
guestionnaire was fine-tuned since interviewees indicated that
they missed some answer options and the definition of the PA
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concept. Second, during the testing procedure, it was noticed
that interviewees faced difficulties while filling in the
Likert-scale questions. Asmost interviewees clicked the number
instead of the bar above it, instructions for answering these
guestions were added. Third, more visual elements, such as
images and videos, were added to the text-based EM| messages

Collombon et al

sinceinterviewees highly appreciated the combination of textual
and visual elements. Lastly, interviewees indicated that they
missed information regarding the frequency of EMI messages.
Therefore, atable with information regarding the frequency of
text messages per week was added to the manual. Figure 4 gives
an example of the EMI protocaol.

Figure 4. Example of the EMI protocol. EMI: ecological momentary intervention; PA: physical activity; TW: time window.

Week 1 -Day 1

Goal setting Planning PA benefit
3x per day
TW 1 TW 2 W3
8:00-11:00 a.m. Noon-3:00 p.m. 5:00-8:00 p.m.
Week 6
Muscle

C hu!!enge

Reflection

4x per week H |i‘

exercise

?

PA suggestion

Day 1 TW 1
8:00-11:00 a.m.

Steps 5 and 6: Pilot Tests, | nterviews, and Fine-Tuning
Prototypes

From the pilot test and interviews of the intervention including
EMI, it emerged that participants faced some technical issues,
which are described in more detail in Textbox 1. This could
have influenced the average reported days of use, enjoyment,
sati sfaction, and motivation scores resulting from the pilot test,
which were considerably lower in the EMI group compared to
the activity tracker group. In contrast, average SUS scores for
EMI were dightly higher compared to the activity tracker (Table
3). Additionally, participantsreported that text messages during
the second time window were often difficult to answer as a
result of work activities. Lastly, participants experienced the

https://formative.jmir.org/2023/1/e42394
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Day 4 TW 3
5:00-8:00 p.m.

Day 5 TW 2
Noon-3:00 p.m.

Day 7TW 1
8:00-11:00 a.m.

advices as stand-al one messages, and they missed the connection
with previous received EMI advices. Based on these findings,
thefollowing adaptations were made to the prototypesincluding
EMI: The technical issues reported in Textbox 1 were solved,
a couple of messages during the second time window were
moved to atime when people often have their lunchbreak, and
references to previously answered questions and advices were
added to the introductory text of new EMA questionnaires to
improve the connection between the follow-up advice and the
previous advice. Moreinformation regarding the EMI pilot test
and interview results, together with results from the activity
tracker and chatbot, is provided in Table 3 and Textbox 1.
Results regarding the chatbot are described next.
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Textbox 1. Technical issues participants faced during the interventions.

Collombon et al

Activity tracker

« Visibility/size screen tracker.

Ecological momentary intervention (EMI)

«  Some technical issues when switching between pages.

« Possibility to review al previous advices.

o  More personalized/tailored messages needed.

«  Personalized timing messages, considering factors such as work.

Chatbot

«  Focusonly on walking and not on other activities.
«  Thestep counter needs to be reactivated regularly to work properly.

«  Thestep counter is not usable on older types of smartphones.

« Add specific installation instructions for the activity tracker app for iOS devices.

« Refer to the instruction manual manufacturer for more/other functions of the tracker.

«  Theactivity tracker focuses on step count registration. Other activities, such as cycling, swimming, and household activities, are more difficult
to measure and do not contribute to the achievement of the step goal.

o One participant reported that they received only 1 text message per day, although they were sent from our system.

«  Moreinteraction with the baseline questionnaire (Tq) and tailoring messages for EMI.

« Not al advices sort with COVID-19 restrictions at the time of the pilot test (eg, curfew, closure of gyms and swimming pools).

« Theinstalation and use of 2 apps (step count + messages) is seen as confusing. One combined app is preferred.
«  Participants often already use similar apps, which they find more sophisticated.

«  Participants were regularly automatically logged out of the step count app.
«  Technical difficultiesin exchanging baseline (Tg) variables with the chatbot database.

Intervention Including the Chatbot

In the subsequent sections, the results of the prototype
development phase of theintervention including the chatbot are
described.

Step 2: Development of the First Prototypes

An aready existing just-in-time walking coach chatbot [27]
was adapted according to the needs of this project. This chatbot
was originally developed for the Supreme Nudge project [31]
and provides personalized walking messages on specific
moments of choice viathe Telegram chat app. The aim of these
messages is to increase (the motivation for) walking during the
day. Taloring of the BCT message is performed by
consideration of baseline data on personal BCT preferences,
added to the baseline questionnaires of Active Plusand | Move.
Additionally, a secure and GDPR-compliant data structure was
built to enable ongoing exchange of data from the intervention
software to the chatbot database.

Furthermore, contextual variables assessed via users
smartphones, such as the step count measured via a separate
app, were used for message tailoring. The chatbot used during
the Supreme Nudge project possessed a function based on the
geographical location of green spaces, where manual mapping
of the environment based on coordinates was needed. As that
study was conducted in the geographical area of Amsterdam,

https://formative.jmir.org/2023/1/e42394

manua mapping was feasible. However, recruitment during
this study took place on anationa level, which impeded the use
of the green space function. The green space function of the
chatbot was therefore deactivated during this study.

Since previous research shows that good weather conditions
areafacilitator for being physically active outside, whereas bad
weather conditions are a hindering factor for being physically
active outside [56,57], a weather function was added to the
chatbot. Especially in the Netherlands, considering its
unpredictable and changing weather conditions, message
tailoring based on weather is vauable. Weather is also an
important factor for walking behavior for those with migraine,
rheumatism, or hay fever, which is common in our target
population [58]. For the weather function, a data structure was
built where weather ratings can be automatically extracted from
a Dutch weather forecast website based on the residence of a
participant. The ratings are calculated automatically by this
website, based on rules composed by meteorol ogists, considering
various factors, such as rain, wind, and temperature. The
residenceis questioned in the baseline questionnaire and is sent
to the chatbot database viathe devel oped ongoing data structure.
The weather ratings are used to tailor the messages according
to the current weather conditions. Additionally, weather ratings
related to the limitations migraine, rheumatism, and hay fever
are extracted. Complaints related to these limitations are,
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namely, influenced by weather conditions. For example,
migraine attacks can be provoked by an acute drop in air
pressure prior to an approaching thunderstorm. All participants
receive tailored messages considering the general weather
ratings of the day in their reported residence. Additionally, those
indicating in the baseline questionnaire that they have 1 or more
of the mentioned limitations receive specific messages based
on the limitation-related weather ratings. The weather function
is used as an additional boost for the intervention, since it was
introduced after the second advice/session (Multimedia
Appendix 1).

Dataexchangeisalso possible from the step count app database
to the online interventions. Within the advices of Active Plus
and the sessions of | Move, thisinformation is used to provide
participants with tailored feedback on their step count. These
advisory texts resemble the activity tracker step count texts, as
presented in Multimedia Appendix 6. Lastly, a manua was
developed with instructions on how to install and use the
chatbot, where the same design guidelines were applied as
mentioned earlier for the activity tracker and EMI.

Collombon et al

Steps 3 and 4: Semistructured I nterviews and Adapting
the First Prototypes

The themes resulting from the semistructured interviews
regarding the chatbot were (1) genera principle, (2) technical
feasihility, (3) reaching the target population, (4) messages, (5)
opinion on the testing procedure, (6) instruction manual, and
(7) combination with Active Plus and | Move. Based on the
interviews, the chatbot instruction manual wasfine-tuned since
intervieweesindicated that they missed someinterim instruction
steps for installation. Further, interviewees indicated that they
preferred to receive some background information about the
benefits of walking and use of the chatbot within thefirst advice
of Active Plus and the first session of | Move. As a resullt,
information regarding these benefits was added to the online
interventions. In general, interviewees were concerned that the
chatbot would not measure their steps correctly, since they do
not always carry their phones with them. This could influence
thetailoring with regard to the step count variable and therewith
lead to the selection of inappropriate messages. To respond to
this, a disclamer was added to the chatbot instructions
describing this problem. A schematic overview of the
intervention Active Plusincluding the chatbot isgivenin Figure
5.

Figure5. Overview of the online intervention Active Plusincluding the chatbot.

Active Plus + chatbot
: < 4 weeks > A < 8 weeks > .
Advice 1 Boseline Advice 2 Advice 3
Baseline T variables 4 weeks after T, 12 weeks after T,
Instruction manual: Feedback: Feedback:
how to install and use Chatbot mmm) | comparing steps Chatbot N comparing steps
the chatbot? database from week 1 of database from week 1 and
Active Plus to now week 4 of Active
Step count Step count Plus to now
C e . de A
Benefits: information ara data
ﬂhnu% the benefits of Use chatbot Use chatbot
walking
(. 8 )
875 875
steps steps
N —

Steps 5 and 6: Pilot Tests, Interviews, and Fine-Tuning
Prototypes

From the pilot test and interviews of the intervention including
the chatbot, it appeared that participants faced several technical
problems. The evaluation and daily-testing questionnaire scores
shown in Table 3 reflect this, since the chatbot group scored
the lowest among the 3 mobile elements. First, participants
reported that they were logged out automatically from the step
count app and needed to reactivate it regularly. Second, it
appeared that the exchange of variables in both directions
between the intervention software and the chatbot database took
place too infrequently. Based on these findings, the following
adaptations were made to the prototypes including the chatbot:
The connection between the database and the step count app
was strengthened and the data structures between the

https://formative.jmir.org/2023/1/e42394

RenderX

intervention software and the chatbot database were improved
to effectuate more regular exchange of variables in both
directions. Asaresult, it isexpected that the technical problems
are solved and the usability of the chatbot has improved. An
overview of the pilot test and interview results of the 3 maobile
elementsis provided in Table 3 and Textbox 1.

Discussion

Principal Findings

During this prototype study, literature searches were executed,
interviews were held, and pilot tests were performed. The aim
was to enhance 2 existing PA-stimulating computer-based
interventions with 3 mobile elements (an activity tracker, an
EMI program, or achatbot) and test the prototypes on usability
and appreciation within the target population of adults aged
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over 50 years. Although the pilot-test results showed that all
prototypes scored moderate to good on usability and
appreciation, the scores differed between the mobile elements.

The devel oped activity tracker intervention was the most usable
and highest-appreciated prototype. Additionally, no major
technical difficulties were faced during the pilot test of this
prototype. In contrast, the EMI and chatbot participants faced
several technical issues while pilot-testing the prototypes. The
lower, but still moderate, usability and appreciation rates of the
EMI and chatbot interventions compared to the activity tracker
could be explained by these issues. Based on the information
provided by participants, the technical difficulties faced could
be solved, which is expected to improve the usability and
appreciation rates of the EMI and chatbot prototypes.

Strengths

The design of a systematic approach [28] prior to starting the
prototype development is considered a strength of our study
since it contributed to the preservation of the already proven
effectiveness of the origina computer-based Active Plus [10]
and | Move [11] interventions. Additionally, the intention of
co-designing the prototypes with our target popul ation of adults
aged 50 years and over is a strength since it has been shown to
be crucial for successful eHealth design [59,60].

Limitations

However, alimitationin linewith thisisthat practical execution
of thetarget population involvement wasimpeded in this study.
The prototype development phase took place in a period when
society was shut down as aresult of the COVID-19 pandemic.
Interview results were affected by this since it was difficult to
conduct face-to-face interviews with our target population. As
a result, our interview samples were smaller than previously
intended, and fewer older adults aged over 70 years with low
education and low digital skillswerereached. The same applies
to the pilot-test sample sinceit was difficult to reach populations
with low digital (health) skills. Although this situation was not
ideal, wetried to respond to this as adequately as possible. First,
we applied the knowledge gathered in our previous eHealth
studies conducted within vulnerable popul ationsto the prototype
development in this study [14,61,62]. Second, more emphasis
was put on design guidelinesfor those with lower literacy during
the literature searches in the first step of the design process.

Collombon et al

Lastly, intervieweeswere asked to put themselvesin the position
of older persons, those with low education, or persons with
lower digital skills whom they knew from their environment
(eg, someone in their family, neighbor, or friend), in addition
to their own opinions and experiences regarding the mobile
elements. This combined approach led to valuable design
guidelinesfor vulnerable populations, which contributed to the
prototype development process. However, for future research,
it is recommended that the prototypes are tested on a larger
sample of those with low education and low digital (health)
skills. It has namely been shown that design preferences with
regard to eHealth interventions differ for these subpopulations
compared to those with higher education and with higher digital
skills, which is often overlooked [63].

The limited time available to execute the separate steps of the
design approach is considered another limitation of the study.
An example is that we were therefore forced to perform broad
literature searches instead of systematic literature searches in
step 1. As a result, we cannot be completely sure that we
included all relevant studies for the prototype development.
Additionally, developments regarding mHealth technologies
and the commercia activity tracker market are quick. New
insights from 2021 and later were not included in this study.

Conclusion

Despite the mentioned limitations, it can still be concluded that
the developed prototypes were sufficiently usable and
appreciated by thetarget population of adultsaged 50 yearsand
over, according to the objective of this study. Based on the
results, it can be concluded that the integration of an activity
tracker with a computer-based PA intervention is the most
promising option among the 3 added and tested mobile elements.
The earlier developed systematic approach proved useful for
the purposes of this study since the prototypes with the added
mobile elements scored moderate to high on usability and
appreciation. Other eHeadth and mHeath developers are
therefore recommended to use the approach asaguidelineduring
their own prototype development process, especidly in
situationsin which already existing interventions are extended
or renewed. In the next phase, effects of the interventions can
be evaluated through a randomized controlled trial, known as
the effect evaluation phase of our systematic design approach.

Acknowledgments

Funding for this study was provided by the Netherlands Organization for Health Research and Devel opment (ZonM W, 546003005),
and publication was supported by the Dutch Organization for Scientific Research (NWO).

Data Availability

The data sets from which the results of this study were derived can be obtained from the corresponding author upon reasonable

request.

Conflictsof Interest
None declared.

https://formative.jmir.org/2023/1/e42394

JMIR Form Res 2023 | vol. 7 | e42394 | p. 12
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH Collombon et al

Multimedia Appendix 1

Overview of the structure of the computer-based interventions Active Plusand | Move.
[DOCX File, 119 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Insight into the computer-based interventions Active Plusand | Move.
[DOCX File, 1209 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Semistructured interview guide for the activity tracker.
[DOCX File, 15 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Semistructured interview guide activity tracker example questions.
[DOCX File, 15 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Market study of activity trackers.
[DOCX File, 17 KB-Multimedia A ppendix 5]

Multimedia Appendix 6
Example advisory texts step count AT and CB Active Plusand | Move.

[DOCX File, 120 KB-Multimedia Appendix 6]

References

1.

2.

10.

11.

Taylor D. Physical activity ismedicinefor older adults. Postgrad Med J 2014 Jan 19;90(1059):26-32 [ FREE Full text] [doi:
10.1136/postgradmed]-2012-131366] [Medline: 24255119]

World Heal th Organi zation. Global Recommendations on Physical Activity for Health. Geneva: World Health Organi zation;
2010.

Sun F, Norman 1J, While AE. Physical activity in older people: a systematic review. BMC Public Health 2013 May
06;13(1):449 [FREE Full text] [doi: 10.1186/1471-2458-13-449] [Medline: 23648225]

Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. CMAJ 2006 Mar 14;174(6):801-809
[FREE Full text] [doi: 10.1503/cmaj.051351] [Medline: 16534088]

Hong S, Hughes S, Prohaska T. Factors affecting exercise attendance and compl etion in sedentary older adults: ameta-analytic
approach. J Phys Act Health 2008 May;5(3):385-397. [doi: 10.1123/jpah.5.3.385] [Medline: 18579917]

Hupin D, Roche F, Gremeaux V, Chatard J, Oriol M, Gaspoz J, et a. Even alow-dose of moderate-to-vigorous physical
activity reduces mortality by 22% in adults aged =60 years. a systematic review and meta-analysis. Br J Sports Med 2015
Oct 03;49(19):1262-1267. [doi: 10.1136/bjsports-2014-094306] [Medline: 26238869]

Muellmann S, Forberger S, Méllers T, Broring E, Zeeb H, Pischke CR. Effectiveness of eHealth interventions for the
promotion of physical activity in older adults: a systematic review. Prev Med 2018 Mar;108:93-110. [doi:
10.1016/j.ypmed.2017.12.026] [Medline: 29289643]

Jonkman NH, van Schooten KS, Maier AB, Pijnappels M. eHealth interventions to promote objectively measured physical
activity in community-dwelling older people. Maturitas 2018 Jul;113:32-39. [doi: 10.1016/j.maturitas.2018.04.010] [Medline:
29903646]

Elavsky S, Knapoval, Klocek A, Smahel D. Mobile hedlth interventions for physical activity, sedentary behavior, and
sleep in adults aged 50 years and older: asystematic literature review. JAging Phys Act 2019 Aug 01;27(4):565-593 [FREE
Full text] [doi: 10.1123/japa.2017-0410] [Medline: 30507266]

Peels D, Bolman C, Golsteijn RHJ, de VriesH, Mudde A, van Stralen M, et a. Long-term efficacy of aprinted or a
web-based tailored physical activity intervention among older adults. Int JBehav Nutr Phys Act 2013 Sep 02;10(1):104
[FREE Full text] [doi: 10.1186/1479-5868-10-104] [Medline: 24228862]

Friederichs SA, Oenema A, Bolman C, Lechner L. Long term effects of self-determination theory and motivational
interviewing in aweb-based physical activity intervention: randomized controlled trial. Int JBehav Nutr Phys Act 2015
Aug 18;12(1):101 [FREE Full text] [doi: 10.1186/s12966-015-0262-9] [Medline: 26283094]

https:/formative.,jmir.org/2023/1/e42394 JMIR Form Res 2023 | vol. 7 | 42394 | p. 13

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v7i1e42394_app1.docx&filename=0fddb24e838d5f2296a5156e8342678f.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app1.docx&filename=0fddb24e838d5f2296a5156e8342678f.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app2.docx&filename=8d8be6bc4a6474c1d9c9f095e1d3553e.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app2.docx&filename=8d8be6bc4a6474c1d9c9f095e1d3553e.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app3.docx&filename=79407d20a8129d0eebce92b95d333bcd.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app3.docx&filename=79407d20a8129d0eebce92b95d333bcd.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app4.docx&filename=f42af441e20fea25d54171cf0ccaf0e1.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app4.docx&filename=f42af441e20fea25d54171cf0ccaf0e1.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app5.docx&filename=4b22356944e3180bb0227467276066f6.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app5.docx&filename=4b22356944e3180bb0227467276066f6.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app6.docx&filename=ecb28ab529555b48fd9a755e3966a8c8.docx
https://jmir.org/api/download?alt_name=formative_v7i1e42394_app6.docx&filename=ecb28ab529555b48fd9a755e3966a8c8.docx
https://europepmc.org/abstract/MED/24255119
http://dx.doi.org/10.1136/postgradmedj-2012-131366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24255119&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-449
http://dx.doi.org/10.1186/1471-2458-13-449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23648225&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=16534088
http://dx.doi.org/10.1503/cmaj.051351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534088&dopt=Abstract
http://dx.doi.org/10.1123/jpah.5.3.385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18579917&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2014-094306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26238869&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2017.12.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29289643&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2018.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29903646&dopt=Abstract
https://journals.humankinetics.com/doi/10.1123/japa.2017-0410
https://journals.humankinetics.com/doi/10.1123/japa.2017-0410
http://dx.doi.org/10.1123/japa.2017-0410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30507266&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-10-104
http://dx.doi.org/10.1186/1479-5868-10-104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24228862&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0262-9
http://dx.doi.org/10.1186/s12966-015-0262-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26283094&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Collombon et al

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Golsteijn RHJ, Bolman C, Volders E, PeelsDA, de VriesH, Lechner L. Short-term efficacy of acomputer-tailored physical
activity intervention for prostate and colorectal cancer patients and survivors: arandomized controlled trial. Int J Behav
Nutr Phys Act 2018 Oct 30;15(1):106 [FREE Full text] [doi: 10.1186/s12966-018-0734-9] [Medline: 30376857]
Boekhout JM, Berendsen BAJ, Peels DA, Bolman CAW, Lechner L. Evaluation of a computer-tailored healthy ageing
intervention to promote physical activity among single older adults with a chronic disease. Int J Environ Res Public Health
2018 Feb 15;15(2):346 [FREE Full text] [doi: 10.3390/ijerph15020346] [Medline: 29462862]

Peels DA, van Stralen MM, Bolman C, Golsteijn RH, de VriesH, Mudde AN, et al. Devel opment of web-based
computer-tailored advice to promote physical activity among people older than 50 years. JMed Internet Res 2012 Mar
02;14(2):€39 [FREE Full text] [doi: 10.2196/jmir.1742] [Medline: 22390878]

Friederichs SA, Oenema A, Bolman C, Guyaux J, van Keulen HM, Lechner L. | Move: systematic development of a
web-based computer tailored physical activity intervention, based on motivational interviewing and self-determination
theory. BMC Public Health 2014 Feb 28;14(1):212 [FREE Full text] [doi: 10.1186/1471-2458-14-212] [Medline: 24580802]
Pew Research Center. Mobile Fact Sheet. URL : https.//www.pewresearch.org/internet/fact-sheet/mobile/

Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, socia development, and well-being.
Am Psychol 2000;55(1):68-78. [doi: 10.1037/0003-066x.55.1.68]

Miller W, Rollnick S. Motivational Interviewing: Helping People Change. New York, NY: Guilford Press; 2012.

Franssen WMA, Franssen GHLM, Spaas J, Solmi F, Eijnde BO. Can consumer wearabl e activity tracker-based interventions
improve physical activity and cardiometabolic health in patientswith chronic diseases? A systematic review and meta-analysis
of randomised controlled trials. Int J Behav Nutr Phys Act 2020 May 11;17(1):57 [FREE Full text] [doi:
10.1186/s12966-020-00955-2] [Medline: 32393357]

van der Weegen S, Verwey R, Spreeuwenberg M, Tange H, van der Weijden T, de Witte L. The development of a mobile
monitoring and feedback tool to stimulate physical activity of peoplewith achronic diseasein primary care: a user-centered
design. IMIR Mhealth Uhealth 2013 Jul 02;1(2):e8 [FREE Full text] [doi: 10.2196/mhealth.2526] [Medline: 25099556]
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. IMIR Mhealth Uhealth 2017 Nov 15;5(11):e173 [FREE Full text]
[doi: 10.2196/mhealth.8211] [Medline: 29141837]

OBrien T, Troutman-Jordan M, Hathaway D, Armstrong S, Moore M. Acceptability of wristband activity trackers among
community dwelling older adults. Geriatr Nurs 2015 Mar;36(2 Suppl):S21-S25. [doi: 10.1016/j.gerinurse.2015.02.019]
[Medline: 25771957]

Abouzahra M, Ghasemaghael M. Effective use of information technol ogies by seniors: the case of wearable device use.
Eur JInf Syst 2021 Jan 29;31(2):241-255. [doi: 10.1080/0960085x.2021.1876534]

Businelle MS, MaP, Kendzor DE, Frank SG, Vidrine DJ, Wetter DW. An ecological momentary intervention for smoking
cessation: evaluation of feasibility and effectiveness. JMed Internet Res 2016 Dec 12;18(12):e€321 [FREE Full text] [doi:
10.2196/jmir.6058] [Medline: 27956375]

Hébert ET, Stevens EM, Frank SG, Kendzor DE, Wetter DW, Zvolensky MJ, et al. An ecological momentary intervention
for smoking cessation: the associations of just-in-time, tailored messages with lapse risk factors. Addict Behav 2018
Mar;78:30-35 [FREE Full text] [doi: 10.1016/j.addbeh.2017.10.026] [Medline: 29121530]

Wright C, Dietze PM, Agius PA, Kuntsche E, Livingston M, Black OC, et al. Mobile phone-based ecological momentary
intervention to reduce young adults? alcohol usein the event: athree-armed randomized controlled trial. IMIR Mhealth
Uhealth 2018 Jul 20;6(7):e149 [FREE Full text] [doi: 10.2196/mhealth.9324] [Medline: 30030211]

Lakerveld J, Mackenbach JD, de Boer F, Brandhorst B, Broerse JEW, de Bruijn G, et al. Improving cardiometabolic health
through nudging dietary behaviours and physical activity in low SES adults: design of the Supreme Nudge project. BMC
Public Health 2018 Jul 20;18(1):899 [FREE Full text] [doi: 10.1186/s12889-018-5839-1] [Medline: 30029600]
Collombon EHGM, Bolman CAW, Peels DA, de Bruijn G, de Groot RHM, Lechner L. Adding mobile elements to online
physical activity interventionstargeted at adults aged 50 yearsand older: protocol for asystematic design. IMIR Res Protoc
2022 Jul 12;11(7):e31677 [FREE Full text] [doi: 10.2196/31677] [Medline: 35819820]

Neuhauser L. Design for better interactive health communication: a statewide model in the USA. Electron J Commun/La
revue electronique de communication 2001;11(3-4):15pp. [doi: 10.4135/9781446261897]

Hesse BW, Shneiderman B. eHealth research from the user's perspective. Am J Prev Med 2007 May;32(5 Suppl):S97-S103
[FREE Full text] [doi: 10.1016/j.amepre.2007.01.019] [Medline: 17466825]

Stuber IM, Mackenbach JD, de Boer FE, de Bruijn G, Gillebaart M, HarbersMC, et a. Correction: reducing cardiometabolic
risk in adults with alow socioeconomic position: protocol of the Supreme Nudge parallel cluster-randomised controlled
supermarket trial. Nutr J 2022 Jun 28;21(1):44 [EREE Full text] [doi: 10.1186/s12937-022-00795-9] [Medline: 35764992]
Lowe A, Norris AC, Farris AJ, Babbage DR. Quantifying thematic saturation in qualitative data analysis. Field Methods
2018 Jan 22;30(3):191-207. [doi: 10.1177/1525822x17749386]

van der Vaart R, Drossaert C. Development of the digital health literacy instrument: measuring a broad spectrum of health
1.0 and health 2.0 skills. JMed Internet Res 2017 Jan 24;19(1):€27 [EREE Full text] [doi: 10.2196/jmir.6709] [Medline:
28119275]

https:/formative.,jmir.org/2023/1/e42394 JMIR Form Res 2023 | vol. 7 | e42394 | p. 14

(page number not for citation purposes)


https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-018-0734-9
http://dx.doi.org/10.1186/s12966-018-0734-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30376857&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15020346
http://dx.doi.org/10.3390/ijerph15020346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29462862&dopt=Abstract
https://www.jmir.org/2012/2/e39/
http://dx.doi.org/10.2196/jmir.1742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22390878&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-212
http://dx.doi.org/10.1186/1471-2458-14-212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24580802&dopt=Abstract
https://www.pewresearch.org/internet/fact-sheet/mobile/
http://dx.doi.org/10.1037/0003-066x.55.1.68
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-00955-2
http://dx.doi.org/10.1186/s12966-020-00955-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32393357&dopt=Abstract
https://mhealth.jmir.org/2013/2/e8/
http://dx.doi.org/10.2196/mhealth.2526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25099556&dopt=Abstract
https://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://dx.doi.org/10.1016/j.gerinurse.2015.02.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25771957&dopt=Abstract
http://dx.doi.org/10.1080/0960085x.2021.1876534
https://www.jmir.org/2016/12/e321/
http://dx.doi.org/10.2196/jmir.6058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27956375&dopt=Abstract
https://europepmc.org/abstract/MED/29121530
http://dx.doi.org/10.1016/j.addbeh.2017.10.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29121530&dopt=Abstract
https://mhealth.jmir.org/2018/7/e149/
http://dx.doi.org/10.2196/mhealth.9324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30030211&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5839-1
http://dx.doi.org/10.1186/s12889-018-5839-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30029600&dopt=Abstract
https://www.researchprotocols.org/2022/7/e31677/
http://dx.doi.org/10.2196/31677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35819820&dopt=Abstract
http://dx.doi.org/10.4135/9781446261897
https://europepmc.org/abstract/MED/17466825
http://dx.doi.org/10.1016/j.amepre.2007.01.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17466825&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/s12937-022-00795-9
http://dx.doi.org/10.1186/s12937-022-00795-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35764992&dopt=Abstract
http://dx.doi.org/10.1177/1525822x17749386
https://www.jmir.org/2017/1/e27/
http://dx.doi.org/10.2196/jmir.6709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119275&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Collombon et al

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS
Quarterly 2003;27(3):425. [doi: 10.2307/30036540]

DavisF. A Technology Acceptance Model for Empirically Testing New End-User Information Systems : Theory and
Results. Cambridge, MA: Massachusetts I nstitute of Technology; 1986.

Wendel-Vos G, Schuit AJ, Saris WH, Kromhout D. Reproducibility and relative validity of the short questionnaire to assess
health-enhancing physical activity. J Clin Epidemiol 2003 Dec;56(12):1163-1169. [doi: 10.1016/s0895-4356(03)00220-8]
Brooke J. SUS: aquick and dirty usability scale. In: Usability Evaluation in Industry. Boca Raton, FL: CRC Press; 1996:4-7.
Maher J, Dzubur E, Huh J, Intille S, Dunton G. Within-day time-varying associations between behavioral cognitions and
physical activity in adults. J Sport Exerc Psychol 2016 Aug;38(4):423-434 [EREE Full text] [doi: 10.1123/jsep.2016-0058]
[Medline: 27634288]

Lahousse L, Verlinden VJ, van der Geest JN, Joos GF, Hofman A, Stricker BH, et a. Gait patternsin COPD: the Rotterdam
Study. Eur Respir J 2015 Jul 19;46(1):88-95 [FREE Full text] [doi: 10.1183/09031936.00213214] [Medline: 25700390]
Mueller M, Minor S, Sashrmann S, Schaaf J, Strube M. Differencesin the gait characteristics of patients with diabetes and
peripheral neuropathy compared with age-matched controls. Phys Ther 1994 Apr;74(4):299-308; discussion 309. [doi:
10.1093/ptj/74.4.299] [Medline: 8140143]

Beevi FH, MirandaJ, Pedersen CF, Wagner S. An evaluation of commercial pedometersfor monitoring slow walking speed
populations. Telemed J E Health 2016 May;22(5):441-449. [doi: 10.1089/tm].2015.0120] [Medline: 26451900]

Paul SS, Tiedemann A, Hassett LM, Ramsay E, Kirkham C, Chagpar S, et al. Validity of the Fitbit activity tracker for
measuring steps in community-dwelling older adults. BMJ Open Sport Exerc Med 2015 Jul 08;1(1):e000013 [FREE Full
text] [doi: 10.1136/bmjsem-2015-000013] [Medline: 27900119]

XieJ, Wen D, Liang L, JiaY, Gao L, Lei J. Evaluating the validity of current mainstream wearable devicesin fitness
tracking under various physical activities: comparative study. IMIR Mhealth Uhealth 2018 Apr 12;6(4):€94 [FREE Full
text] [doi: 10.2196/mhealth.9754] [Medline: 29650506]

El-Amrawy F, Nounou MI. Are currently available wearable devicesfor activity tracking and heart rate monitoring accurate,
precise, and medically beneficial? Healthc Inform Res 2015 Oct;21(4):315-320 [FREE Full text] [doi:
10.4258/hir.2015.21.4.315] [Medline: 26618039]

Sudore RL, Schillinger D. Interventions to improve care for patients with limited health literacy. J Clin Outcomes Manag
2009 Jan 01;16(1):20-29 [FREE Full text] [Medline: 20046798]

Chaudry B, Connelly K, Siek K, Welch J. Mobileinterface design for low-literacy populations. 2012 Presented at: IHI '12:
2nd ACM SIGHIT International Health Informatics Symposium; January 28-30, 2012; Miami, FL. [doi:
10.1145/2110363.2110377]

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. IMIR Mhealth Uhealth
2016 Jan 27;4(1):e7 [FREE Full text] [doi: 10.2196/mhealth.4225] [Medline: 26818775]

King AC, Ahn DK, OliveiraBM, Atienza AA, Castro CM, Gardner CD. Promoting physical activity through hand-held
computer technology. Am J Prev Med 2008 Feb;34(2):138-142 [FREE Full text] [doi: 10.1016/j.amepre.2007.09.025]
[Medline: 18201644]

GeeBL. The Devel opment and Evaluation of an Ecological Momentary Intervention for Social Anxiety. Canberra, Australia:
Australian National University; 2018.

Boh B, Lemmens LHJIM, Jansen A, Nederkoorn C, Kerkhofs V, Spanakis G, et al. An ecological momentary intervention
for weight loss and healthy eating via smartphone and internet: study protocol for arandomised controlled trial. Trials 2016
Mar 22;17(1):154 [FREE Full text] [doi: 10.1186/s13063-016-1280-x] [Medline: 27000058]

Heron K, Smyth J. Ecological momentary interventions: incorporating mobile technology into psychosocia and health
behaviour treatments. Br J Health Psychol 2010;15(1):1-39. [doi: 10.1348/135910709x466063]

Joo N, Kim B. Mobile phone short message service messaging for behaviour modification in a community-based weight
control programme in Korea. J Telemed Telecare 2007 Jun 23;13(8):416-420. [doi: 10.1258/135763307783064331]
[Medline: 18078554]

Booth ML, Bauman A, Owen N, Gore CJ. Physical activity preferences, preferred sources of assistance, and perceived
barriers to increased activity among physically inactive Australians. Prev Med 1997 Jan;26(1):131-137. [doi:
10.1006/pmed.1996.9982] [Medline: 9010908]

LeesF, Clarkr PG, Nigg C, Newman P. Barriersto exercise behavior among older adults: afocus-group study. JAging
Phys Act 2005 Jan;13(1):23-33. [doi: 10.1123/japa.13.1.23] [Medline: 15677833]

Buman MP, Daphna Yasoval, Giacobbi PR. Descriptive and narrative reports of barriers and motivatorsto physical activity
in sedentary older adults. Psychol Sport Exerc 2010 May;11(3):223-230. [doi: 10.1016/j.psychsport.2010.02.002]

Klenk J, Buchele G, Rapp K, Franke S, Peter R, ActiFE Study Group. Walking on sunshine: effect of weather conditions
on physical activity in older people. J Epidemiol Community Health 2012 May 15;66(5):474-476. [doi:
10.1136/jech.2010.128090] [Medline: 21325149]

https:/formative.,jmir.org/2023/1/e42394 JMIR Form Res 2023 | vol. 7 | 42394 | p. 15

(page number not for citation purposes)


http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1016/s0895-4356(03)00220-8
https://europepmc.org/abstract/MED/27634288
http://dx.doi.org/10.1123/jsep.2016-0058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27634288&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=25700390
http://dx.doi.org/10.1183/09031936.00213214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25700390&dopt=Abstract
http://dx.doi.org/10.1093/ptj/74.4.299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8140143&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2015.0120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26451900&dopt=Abstract
https://europepmc.org/abstract/MED/27900119
https://europepmc.org/abstract/MED/27900119
http://dx.doi.org/10.1136/bmjsem-2015-000013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27900119&dopt=Abstract
https://mhealth.jmir.org/2018/4/e94/
https://mhealth.jmir.org/2018/4/e94/
http://dx.doi.org/10.2196/mhealth.9754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29650506&dopt=Abstract
https://europepmc.org/abstract/MED/26618039
http://dx.doi.org/10.4258/hir.2015.21.4.315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26618039&dopt=Abstract
https://europepmc.org/abstract/MED/20046798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20046798&dopt=Abstract
http://dx.doi.org/10.1145/2110363.2110377
https://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
https://europepmc.org/abstract/MED/18201644
http://dx.doi.org/10.1016/j.amepre.2007.09.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18201644&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-016-1280-x
http://dx.doi.org/10.1186/s13063-016-1280-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27000058&dopt=Abstract
http://dx.doi.org/10.1348/135910709x466063
http://dx.doi.org/10.1258/135763307783064331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18078554&dopt=Abstract
http://dx.doi.org/10.1006/pmed.1996.9982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9010908&dopt=Abstract
http://dx.doi.org/10.1123/japa.13.1.23
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15677833&dopt=Abstract
http://dx.doi.org/10.1016/j.psychsport.2010.02.002
http://dx.doi.org/10.1136/jech.2010.128090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21325149&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Collombon et al

57.

58.

59.

60.

61.

62.

63.

Witham MD, Donnan PT, Vadiveloo T, Sniehotta FF, Crombie IK, Feng Z, et a. Association of day length and weather
conditions with physical activity levelsin older community dwelling people. PLoS One 2014 Jan 30;9(1):e85331 [FREE
Full text] [doi: 10.1371/journal.pone.0085331] [Medline: 24497925]

Eysink P, Poos M, Gijsen R, Kommer G, van Gool C. Epidemiologische data van Ziekten van het botspierstelsel en
bindweefsel: Achtergrondrapport voor Programma Zinnige Zorg. 2019. URL : https://www.rivm.nl/bibliotheek/rapporten/
2019-0180.pdf [accessed 2022-12-28]

Eldredge L, Markham C, Ruiter R, Ferndndez M, Kok G, Parcel G. Planning Health Promotion Programs: An Intervention
Mapping Approach. New York, NY: John Wiley & Sons; 2016.

Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventionsfor health behavior change. Prev Med
2010 Sep;51(3-4):214-221 [FREE Full text] [doi: 10.1016/j.ypmed.2010.06.004] [Medline: 20558196]

Boekhout M, Peels DA, Berendsen BA, Bolman CA, Lechner L. An eHealth intervention to promote physical activity and
social network of single, chronically impaired older adults: adaptation of an existing intervention using i ntervention mapping.
JMIR Res Protoc 2017 Nov 23;6(11):€230 [EREE Full text] [doi: 10.2196/resprot.8093] [Medline: 29170146]

Golsteijn RHJ, Bolman C, Volders E, Peels DA, de Vries H, Lechner L. Development of a computer-tailored physical
activity intervention for prostate and colorectal cancer patients and survivors: OncoActive. BMC Cancer 2017 Jun
26;17(1):446 [FREE Full text] [doi: 10.1186/s12885-017-3397-z] [Medline: 28651586]

Cheng C, Beauchamp A, Elsworth GR, Osborne RH. Applying the electronic health literacy lens: systematic review of
electronic health interventions targeted at socially disadvantaged groups. J Med Internet Res 2020 Aug 13;22(8):€18476
[FREE Full text] [doi: 10.2196/18476] [Medline: 32788144]

Abbreviations

BCT: behavior change technique

EMA: ecological momentary assessment

EMI: ecological momentary intervention

GDPR: General Data Protection Regulation

mHealth: mobile health

MVPA: moderate-to-vigorous physical activity

PA: physica activity

SUS: System Usability Scale

TAM: technology acceptance model

UTAUT: unified theory of acceptance and use of technology

Edited by A Mavragani; submitted 02.09.22; peer-reviewed by S Karnes, MDG Pimentel; comments to author 26.10.22; revised
version received 14.12.22; accepted 22.12.22; published 25.01.23

Please cite as:

Collombon EHGM, Peels DA, Bolman CAW, de Bruijn GJ, Lechner L

Adding Mabile Elements to Online Physical Activity Interventions for Adults Aged Over 50 Years: Prototype Development Study
JMIR Form Res 2023;7:e42394

URL: https://formative.jmir.org/2023/1/e42394

doi: 10.2196/42394

PMID:

©Eline H G M Collombon, Denise A Peels, Catherine A W Bolman, Gert-Jan de Bruijn, Lilian Lechner. Originally published
in IMIR Formative Research (https://formative.jmir.org), 25.01.2023. 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 IMIR Formative Research, isproperly
cited. The complete hibliographic information, a link to the original publication on https.//formative.jmir.org, as well as this
copyright and license information must be included.

https:/formative.,jmir.org/2023/1/e42394 JMIR Form Res 2023 | vol. 7 | 42394 | p. 16

RenderX

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0085331
https://dx.plos.org/10.1371/journal.pone.0085331
http://dx.doi.org/10.1371/journal.pone.0085331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24497925&dopt=Abstract
https://www.rivm.nl/bibliotheek/rapporten/2019-0180.pdf
https://www.rivm.nl/bibliotheek/rapporten/2019-0180.pdf
https://europepmc.org/abstract/MED/20558196
http://dx.doi.org/10.1016/j.ypmed.2010.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558196&dopt=Abstract
https://www.researchprotocols.org/2017/11/e230/
http://dx.doi.org/10.2196/resprot.8093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29170146&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-017-3397-z
http://dx.doi.org/10.1186/s12885-017-3397-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28651586&dopt=Abstract
https://www.jmir.org/2020/8/e18476/
http://dx.doi.org/10.2196/18476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32788144&dopt=Abstract
https://formative.jmir.org/2023/1/e42394
http://dx.doi.org/10.2196/42394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

