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Abstract
Background: Physical activity can prevent or delay age-related impairments and prolong the ability of older adults to live
independently. Community-based programs typically offer classes where older adults can exercise only once a week under the
guidance of an instructor. The health benefits of such programs vary. Exercise frequency and the duration of the program play a
key role in realizing effectiveness. An auxiliary home-based exercise program can provide older adults the opportunity to exercise
more regularly over a prolonged period of time in the convenience of their own homes. Furthermore, mobile electronic devices
can be used to motivate and remotely guide older adults to exercise in a safe manner. Such a blended intervention, where technology
is combined with personal guidance, needs to incorporate behavior change principles to ensure effectiveness.
Objective: The aim of this study was to identify theory-based components of a blended intervention that supports older adults
to exercise at home.
Methods: The Medical Research Council framework was used to develop the blended intervention. Insights from focus group,
expert panels, and literature were combined into leading design considerations.
Results: A client-server system had been developed that combined a tablet app with a database in the cloud and a Web-based
dashboard that can be used by a personal coach to remotely monitor and guide older adults. The app contains several components
that facilitate behavior change—an interactive module for goal setting, the ability to draw up a personal training schedule from
a library containing over 50 exercise videos, progress monitoring, and possibilities to receive remote feedback and guidance of
a personal coach.
Conclusions: An evidence-based blended intervention was designed to promote physical activity among older adults. The
underlying design choices were underpinned by behavior change techniques that are rooted in self-regulation. Key components
of the tablet-supported intervention were a tailored program that accommodates individual needs, demonstrations of functional
exercises, monitoring, and remote feedback. The blended approach combines the convenience of a home-based exercise program
for older adults with the strengths of mobile health and personal guidance.
(JMIR Res Protoc 2018;7(5):e117) doi: 10.2196/resprot.9244
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Introduction
Background
Physical activity (PA) is vital to a healthy life. A sedentary
lifestyle is associated with numerous health-related problems
such as obesity, diabetes, cardiovascular diseases, various forms
of cancer, and depression [1,2]. Furthermore, for older adults,
PA can prevent or delay the onset of functional impairments
and prolong the ability to live independently [3]. Due to these
well-acknowledged health benefits, community-based PA
programs have spawned across the world [4,5].
A prototypical example of such a program that has been running
for over 35 years in The Netherlands is “More Exercise for
Seniors,” abbreviated as MBvO in Dutch. Weekly, 300,000
older adults exercise in a group under the guidance of an
instructor. A study evaluating the effects of this specific
program, however, concluded that exercising once a week is
not sufficient [6]. Studies show a higher frequency and a longer
exercise duration is needed to capitalize on the health benefits
of PA. At least 5 days a week 30 min of moderate-intensity PA
is recommended [7,8], and additional weekly strength and
balance exercises prevent the decline of muscle mass and
flexibility of older adults [9,10].
This raises the question of how older adults can be stimulated
to achieve the recommended levels of PA. First, convenience
plays a role. Exercising in a community center several times a
week is difficult to achieve due to the cost, time, and effort
needed to travel [11]. To attain the recommended intensity, a
home-based exercise program could prove a useful addition to
a community-based program—in the convenience of their home,
older adults can continue the exercises they have learnt during
the weekly community classes.
Second, older adults need support in following an exercise
program. In community classes, an instructor chooses which
exercises are suited for the participants, provides instructions
how they can be performed safely, and motivates the older adults
to persevere. However, technology is increasingly being used
for these functions. The potential to reach a large population
and low costs are reasons for its emerging popularity. Various
reviews indicate that technology-supported interventions can
increase the effectiveness of exercise programs [12-17]. Most
of the reported studies used websites to deliver the intervention.
More recently, mobile health (mHealth), the use of mobile
devices to deliver health solutions, however, has become popular
[18]. In particular, for older adults, the use of tablets seems
promising. Studies show that due to its large touchscreen, older
adults are able to operate tablets better than personal computers
[19,20] or smartphones [21]. The usability of tablets may be
the reason for its increasing popularity in the United States [22]
and The Netherlands [23,24] and its use in mHealth
interventions for older adults [25].
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Nevertheless, there are also limitations in the scope of mHealth.
Automated feedback and guidance (ie, avatar coach) do not
correspond well with the subtlety and social support that a
person can provide [26]. A blended intervention, where personal
guidance by a coach is matched with the possibilities technology
can deliver, can be an effective approach. The blended
intervention might be a useful extension of traditional
community-based PA programs. It can increase the exercise
frequency of such programs while relying on an existing
infrastructure, such as the availability of instructors and the
social support of peers.

Objective
As part of the VITAMIN (VITal Amsterdam elderly IN the city)
and MOTO-B (MOtivating Technology for Older adults’
Behavior) projects that aim to increase the vitality of older
adults, we conceived a tablet-supported intervention to increase
PA in older adults that currently participate in a
community-based program by combining the convenience of a
home-based program, the potential of mHealth, and the strengths
of personal guidance. To develop an effective intervention, the
following research question was addressed: How can theoretical
principles and scientific evidence on behavior change be
translated into features of a tablet-supported intervention to
increase the PA levels of older adults?
The effectiveness of the intervention will be determined with
a randomized control trial (RCT) that is currently ongoing. The
procedure of the RCT is detailed in a protocol study [27]. In
this study, we describe the design process that led to the blended
intervention. The study meets the plea to transparently report
how behavioral change interventions are developed [28]. In
typical effect studies, either no theoretical underpinnings are
provided or are loosely mentioned without giving a detailed
report about how they have led to specific design and
implementation choices. By sharing the process that led to the
design, we attempt to contribute to this field.

Methods
The Medical Research Council Framework
To develop the blended exercise program, insights were drawn
from scientific literature as well as from practice-based
expertise. On the basis of the Medical Research Council (MRC)
framework [29], the following steps were undertaken:
•
•
•
•
•

Step 1: Identify attitudes of older adults
Step 2: Identify scientific evidence and formulate design
considerations
Step 3: Identify requirements of the blended intervention
Step 4: Design functional components
Step 5: Implement components of the blended intervention.

After developing the intervention, the MRC framework
recommends testing the intervention procedures and assessing
the effectiveness in a controlled manner. These validation
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(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
measures are discussed in the last section of the paper in light
of follow-up studies.

Step 1: Identify Attitudes of Older Adults
Before developing the blended intervention, 8 focus groups
were held with 48 older adults currently participating in the
weekly MBvO community-based exercise classes. The aim was
to explore the need for a blended intervention by investigating
the attitudes of older adults toward an additional home-based
exercise program and the possibility of supporting technology.
The results show that participants recognized the benefits of
doing home-based exercises. They had, however, also concerns
regarding guidance, safety, and adherence to a home-based
exercise program. The majority were open toward technology
that could support them on those aspects, though some of them
lacked the confidence to operate technical devices (see [30] for
more details about the focus group study). Those insights fed
into further development of the blended intervention.

Step 2: Identify Scientific Evidence and Formulate
Design Considerations
To identify relevant literature, the ACM, IEEE, Google Scholar,
PsycINFO, and PubMed databases were consulted. A
combination of the following search terms was used—(“older
adults” OR seniors OR elder*), (“physical activity” OR
exercise), (app OR internet OR web OR “mobile phone” OR
smartphone OR tablet OR mHealth OR eHealth OR technology),
and (“behavior change” OR adoption OR prevalence OR use
OR attitude OR acceptance OR intent*). Forward and backward
references were screened, and the recommender feature of
Mendeley Reference Manager was used to identify additional
sources. Studies that were assessed to be relevant, where
precedence was given to reviews and meta-analysis, were
selectively discussed with supervisors and peers from varying
disciplines.
On the basis of the scientific evidence, 3 design considerations
were formulated that address the issues identified in step 1.
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Design Consideration 1: Functional Exercises
As people age, they lose muscle strength, flexibility, balance,
and endurance. The decline across these 4 domains decreases
their ability to perform activities of daily living (ADL); for
instance, getting up from a chair, carrying groceries, or opening
a jar [8]. A functional training program has shown to be more
effective to counter this decline than general PA (ie, walking)
or resistance training (ie, exercises with dumbbells) [31,32].
Functional training consists of exercises across the varying
domains and is specifically designed to improve the performance
of ADL. A functional exercise not only targets a daily task but
also mimics its pattern. For instance, a functional exercise
aiming to improve the mobility of older adults may contain
exercises of walking up and down the stairs several times. Due
to this close proximity to everyday life, older adults can integrate
it autonomously into their daily routine. Furthermore, due to
the resemblance, older adults recognize the relevance of the
exercises more easily, which in turn improves the adherence to
the training [33].

Design Consideration 2: Behavior Change
To regularly perform exercises at home, older adults have to
develop new habits. The needed behavior change is hard to
achieve, as indicated by the large part of the population that
does not meet the recommended levels of PA and the low
adherence rate to PA programs that seek to increase this [34,35].
Insights from the behavioral sciences can improve the
effectiveness of these interventions. Notably, Michie et al [36]
developed a taxonomy of 91 behavior change techniques (BCTs)
that were synthesized from a wide body of evidence and
afterwards refined to the CALO-RE taxonomy [37]. Techniques
that are associated with the self-regulation of behavior appear
particularly effective: goal-setting and self-monitoring [38]. In
addition, techniques that increase self-efficacy, such as action
planning and demonstrating behavior, are also shown to be
effective [39]. When these techniques are combined with an
evaluation phase in an iterative manner, it corresponds with the
widely adopted control theory [40]. See Figure 1 for a schematic
representation of the behavior change process adopted in this
paper.

Figure 1. Behavior change through self-regulation.

http://www.researchprotocols.org/2018/5/e117/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 5 | e117 | p. 3
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Mehra et al

Design Consideration 3: Blended Technology

Requirement 3: Adaptability

Although the effectiveness of eHealth and mHealth to increase
PA has been debated [41], 2 common success factors emerge
from the literature.

Following design consideration 3, the user should be able to
create and customize a personal training schedule according to
individual needs. Users should be able to increase or decrease
the complexity as well as the physical load of the exercise.

First of all, feedback and guidance play a key role in enriching
the various phases of the control theory. Several reviews
underline the effectiveness of combining home-based exercise
programs for older adults with (remote) guidance [39,41-44].
Geraedts et al [44] identified numerous studies that show higher
adherence for home-based exercise intervention programs that
included remote feedback. For instance, King et al [45] found
the adherence rate of the home-based exercise program initially
to be higher than the center-based program, but in a follow-up
study [46], they reported a strong drop in adherence levels when
the phone calls were ceased according to protocol after 1 year.
Geraedts et al plead that PA interventions for older adults should
utilize technology to support remote feedback and personal
guidance.
The second success factor identified was tailoring. Krebs et al
[14] concluded from a meta-analysis of various health behavior
change studies, of which 25 targeted PA, that interventions with
computer-tailored exercise programs were more effective than
the control groups, with effect sizes varying from small to
moderate. On average, 43% of participants in the eHealth groups
adhered to the PA recommendations compared with 34% in the
control groups. Furthermore, iterative tailoring was associated
with a larger effect size than tailoring that was only done on the
basis of baseline measurements, and this effect was stronger for
longitudinal outcomes.
The importance of these 2 factors is also reflected by
practice-based findings. The previously described focus group
study (step 1) indicated that prospective participants believed
additional home exercises would be a useful addition to the
group-based classes, but also had worries about the motivation
and adherence to such a program [30]. They value the personal
guidance and feedback that the instructor provides during the
weekly group-based classes. The majority of the participants
were open to the idea of using supporting technology in doing
exercises at home, though there were concerns if they were able
to operate it.

Step 3: Identify Requirements of the Blended
Intervention
By consulting experts from health sciences (requirement 1 and
3) and behavior science (requirement 2 and 4), leading
requirements were formulated.

Requirement 1: Comprehensiveness
Following design consideration 1, the app should contain
functional exercises that vary across domains and difficulty
level that can be performed safely in a home setting. The
exercises should target the strength, endurance, flexibility, and
balance of older adults.

Requirement 2: Effectiveness
Following design consideration 2, the app should facilitate
behavior change by supporting self-regulation.
http://www.researchprotocols.org/2018/5/e117/
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Requirement 4: Remote Guidance
Following design consideration 3, the app should facilitate
remote guidance by a personal coach to motivate and counsel
users.
The identified requirements were discussed with practitioners
who were involved with the community-based exercise programs
for older adults. They confirmed the relevance of the
requirements.

Results
After identifying the needs, design considerations, and
requirements (step 1 to 3), consultation of behavioral scientist,
computer scientist, and designers resulted in the design and
implementation of the blended intervention (steps 4 and 5).

Step 4: Design Functional Components
By consulting a physical therapist and behavioral scientist, the
4 requirements that were formulated were translated into the
components described below.

Comprehensiveness: Exercise Library
Users can browse through a library of 17 functional exercises.
For each exercise, 3 variations are available that differ in
complexity, amounting to a total of 51 exercise variations. Each
exercise variation contains a video demonstration with a
voice-over for verbal instructions, a factsheet with written
instructions, and background information. The instructions stress
how the exercises can be performed safely.

Effectiveness and Adaptability: Goal Setting
When using the app for the first time, older adults start out by
filling in an interactive series of questions. First, they select the
activities they value from a set of predefined ADLs. They then
prioritize the selected ADLs by ranking these into a top 5 list.
Finally, in the last step, the app recommends a number of
exercises that match their goals. The user has the possibility to
either add those exercises to their personalized exercise program
or to ignore the suggestions. Moreover, users can commit to
personal goals that they formulate themselves (free-choice
alternatives).

Effectiveness and Adaptability: Action Planning
The exercise can subsequently be added to the personal training
schedule of the user. When adding the exercises, users select
the variation and the day they would like to perform the exercise.
Optionally, they can set a reminder for a specific time to be
alerted.

Effectiveness and Adaptability: Behavior Execution
Before performing the exercises as scheduled by the action
planning app, users have the opportunity to watch a video in
which an older adult demonstrates the exercise along with a
JMIR Res Protoc 2018 | vol. 7 | iss. 5 | e117 | p. 4
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voice-over explaining various aspects. Furthermore, before
execution, they can alter the physical load with 3
parameters—the duration of the exercise (30, 60, or 90 seconds),
the number of repetitions (1, 2, or 3), and the intensity level (1,
2, or 3). During execution of the exercise, users are supported
by a countdown timer that keeps track of the duration and
repetitions.

Effectiveness and Adaptability: Self-Monitoring
After an exercise is performed, users are asked to rate the
exercise with a visual analogue scale (slider) on 3 aspects: (1)
the complexity of performing the exercise, (2) the effort it took,
and (3) the likeability of the exercise. After rating the exercise,
it is marked as completed. With checkmarks and progress bars,
users can view their progress at a glance.

Remote Guidance: Videoconference
Users can make a video call to a personal coach. This coach has
remote access to the personal schedule, the exercise parameters,
and the ratings of the user. In dialogue with their personal coach,
users can reflect on their progress by comparing their goals with
their performance. If needed, they can adjust either their goals
or the training schedule.
By employing creative brainstorming techniques (eg, scenarios,
personas, wire-frames) during sessions with physical therapists,
behavior scientists, and interaction designers, BCT defined by
CALO-RE (Coventry, Aberdeen & London–Refined taxonomy)
[37] were translated into envisioned functions of the tablet app.
See Table 1 for the mapping.

Step 5: Implement Components of the Blended
Intervention
Functional Exercises
The exercises were developed by a team of human movement
scientists and physiotherapists. During the development of the
program, active involvement of the older adults, PA trainers,
and health professionals was arranged to guarantee that all
exercises were understandable, feasible, and could be performed
safely. Exercises were first piloted under supervised conditions
in the group exercise setting, then under supervision at the older
adults’ homes, and finally by the older adults without direct
supervision. During this process, the exercises and instructions
were fine-tuned to achieve optimal functioning.

Envisioned Use Case During Randomized Controlled
Trial

Mehra et al
screened for eligibility, and a research coordinator assigns a
personal coach to a user. The coach hands out the tablet to the
user, along with a short written instruction on how to operate
the device. Moreover, a short demonstration is given, and the
user can try out the app himself. Then, the user starts by setting
goals and drawing up a personal training schedule, assisted by
the coach. After this, the user can perform the exercises
independently at home. All activity on the tablet is sent to the
server (goals, training schedule, and exercise ratings), which
can be remotely monitored by the coach. At agreed times, the
user seeks guidance of the personal coach by starting a video
call within the app. User and coach reflect on the progress, and
if needed, the user modifies his goals or training schedule
afterward. This process can be done iteratively to support the
self-regulation cycle. See Figure 2 for an overview of the use
case.

Software Architecture
The functional components described in the previous step were
implemented in a client-server system consisting of an app that
was optimized for a 10-inch Android tablet, a back-end for data
storage and communication, and a Web-based dashboard to
establish communications with the human coaches. See Figure
3 for an overview.
On the tablet, users can set goals, view video demonstrations,
create and modify personal training schedules, and rate
exercises. The goals, training schedule, and exercises ratings
of the user are securely sent to the back-end server and stored
in a database. Personal coaches assigned to the users can login
on a secured website and view the goals, training schedule, and
exercise ratings of the user.

User Interface
To ensure the usability for older adults with no prior experience
with mobile devices, simplicity was the guiding principle.
Information was layered in various tabs, a metaphor based on
an agenda or a Rolodex that older adults are familiar with was
used. Furthermore, the visual design was also kept simple. The
interface was kept clean with a limited number of elements.
Exercises were represented by pictograms that could be viewed
at a glance. Large font sizes and contrasting colors were used
to ensure readability. To validate the interface, a small-scale
usability test was done with 3 prospective users. Various minor
modifications were made to improve the usability. See Figures
4-11 for an impression of the resulting user interface.

In line with the MRC framework, the blended intervention will
be tested with an RCT. During this study, older adults are
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Table 1. Mapping between behavior change techniques and functions of the tablet app.

a

BCTsa as defined by CALO-REb

Function of the tablet app

Identifying barriers or problem resolution

Videoconference with personal coach (intake)

Goal setting

Prioritize activities of daily living and formulating SMART (Specific, Measurable, Attainable, Realistic and Timely) goals

Setting graded tasks

Three variations of each exercise; before 3 execution parameters can be altered

Action planning

Tailored daily and weekly schedules

Prompt practice

Reminders or alarm

Instruction on how to perform the behavior

Voice-over instructions during video, written instructions in the specification sheet of
each exercise, and countdown timer during exercises

Demonstrate behavior

Video depicting an older adult demonstrating how the exercise should be performed

Self-monitoring

Marking exercises as done; rating exercises on effort, complexity, and likeability

Provide feedback on performance

Videoconference with personal coach

Review of behavioral goals

Video conference with personal coach; modification of weekly schedule

Review of outcome goals

Video conference with personal coach; modification of SMART goals

Informing when and where to perform the behavior

Videoconference with personal coach

Environmental restructuring

Videoconference with personal coach

Training to use prompts

Videoconference with personal coach

Motivational interviewing

Videoconference with personal coach

Generalization of target behavior

Videoconference with personal coach

Facilitate social comparison

Weekly face-to-face classes

Plan social support

Weekly face-to-face classes

BCT: behavior change techniques.

b

CALO-RE: Coventry, Aberdeen & London–Refined taxonomy.

Figure 2. Overview of the use of the tablet app.
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Figure 3. Information Technology architecture. MySQL: open-source relational database management system; APACHE: open-source web server;
VITAMIN DB: database containing all relevant data; CMS: content management software; MBvO: More Exercise for Seniors; Android: operating
system for tablet computers; Ubuntu: operating system for the server; HTTP/TLS: encrypted network traffic.
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Figure 4. Exercise library.

Figure 5. Selecting exercise variation.
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Figure 6. Personal training schedule.

Figure 7. Today’s program.
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Figure 8. Modifying execution parameters.

Figure 9. Countdown timer during executing.
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Figure 10. Rating an exercise.

Figure 11. Initiating video call to coach.

Discussion
Principal Findings
By following the MRC framework, a novel intervention has
been developed to perform functional exercises at home. It is
designed for older adults currently participating in weekly
community classes to increase the frequency, duration, and
intensity of exercises in a safe and convenient manner in a
familiar setting. With a tablet, a customized training schedule
can be compiled that matches the personal goals of the user.
http://www.researchprotocols.org/2018/5/e117/
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Furthermore, for motivation and advice, the tablet facilitates
remote guidance by a personal coach. Moreover, older adults
not participating in community exercise programs can use the
tablet autonomously, albeit without the auxiliary guidance of a
personal coach. All the components of the blended intervention
have been carefully selected and are based on the behavior
change theory.

Contribution and Related Work
There is a wide body of evidence that health interventions that
support self-regulation in the general adult population are
JMIR Res Protoc 2018 | vol. 7 | iss. 5 | e117 | p. 11
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effective. For older adults, however, there are mixed results.
French et al [47] found, in a systematic review, that interventions
containing goal-setting and self-monitoring were remarkably
associated with lower levels of PA in older adults. They suggest
this may be caused by a decline in executive functioning
associated with aging. Self-regulation requires cognitive effort.
In the systematic review of Devereux-Fitzgerald et al [48],
however, it is argued that supporting self-regulation is also
important for interventions targeting older adults, but specific
characteristics of this population have to be taken into account.
Older adults value maintaining social relations with others and
rather focus on short-term health benefits instead of long-term
benefits. The blended intervention reported here takes those
aspects into account by extending community-based PA
programs, where social relations already exist [30]. Furthermore,
the intervention facilitates personal guidance of a coach. Finally,
the goals revolve around activities of daily living that are
recognizable for older adults, instead of general (long-term)
health benefits. Examples are joining their spouse for gardening
or being able to go for a walk with their grandchildren.
Furthermore, one could argue that providing tools such as a
tablet help older adults overcome their declining ability to
self-regulate behavior. Daily and weekly schedules and
reminders, for instance, lower the cognitive effort needed for
action planning.
The reviews mentioned earlier [47,48] describe general PA
interventions for older adults. Only a few review studies
specifically focus on the role technology can play to promote
PA in older adults [25,41,49]. eHealth interventions that
explicitly take social aspects into account are rare. Notable early
work of Silveira et al [50] describes a pioneering study in which
a tablet not only supported self-regulation but also social
support. Older adults could, for instance, monitor progress of
other participants and could send each other motivational
messages. Nevertheless, the study failed to demonstrate a
beneficial effect of facilitating social support. The question
remains, however, if merely facilitating online communication
between peers who are not acquainted with each other is
sufficient to capture the richness of social interactions. In
contrast to the work of Silveira, the blended intervention
described in this study is designed to extend existing
community-based programs that rely on weekly face-to-face
classes. Therefore, the proposed intervention can rely on social
relations that are already in place.
As noted by Khaghani-Far et al [26], the present
computer-generated support, mostly in the form of a virtual
coach, is not capable of replacing the emotional support
provided by a human coach. The contribution of our work is
the demonstration of how PA in older adults can be stimulated
by a blended approach. To our knowledge, only 1 prior study
had combined the benefits of a face-to-face exercise program
to the possibilities of mHealth. Lee et al [51] provided older
adults with a tablet which they used for doing home-based
exercises 3 times a week during a period of 8 weeks, in
conjunction with weekly group-based exercises. Although
participants showed an increase in motivation, no difference in
physical functioning was observed. As suggested by the authors,
a reason for this absence might be the limited number of
http://www.researchprotocols.org/2018/5/e117/
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participants in the trial (N=26) and the short duration of the
study.

Limitations
The ability for older adults to draw up a personal training
schedule is a key element of the design. Users can choose from
a library containing approximately 50 different functional
exercises. Furthermore, the duration, number of repetitions, and
the intensity level of each exercise can be manipulated,
amounting to roughly 500 unique exercise variations. Despite
the ability to personalize the exercise program in great detail,
there are still limitations to the tailoring. Older adults with
specific limitations will not be able to perform some exercises
in the manner demonstrated in the app or they may prefer
outdoor activities above the home-based functional exercises
(ie, taking a walk, riding a bike, gardening, etc). The variation
in individual preferences is virtually unlimited. To accommodate
this, the app was designed with the ability to add user-defined
activities to the personal training schedule. The app allows the
user to plan, monitor, and evaluate those exercises but does not
contain instructions or video demonstration. The support for
user-defined exercises is therefore somewhat limited.
Another key element of the design is the ability to receive
remote feedback from a coach. As pointed out, the support by
a human is more rich and effective than computer-generated
feedback. There is, however, also a drawback. To be effective,
feedback needs to be timely. Automated feedback can be near
instant. In contrast, depending on the availability of the coach,
older adults will have to wait some time to receive personal
feedback.
A final limitation is the need for validation. The work presented
here is ongoing. In line with the MRC framework, the developed
intervention has to be validated rigorously by feasibility and
effectiveness studies. First, older adults were involved during
the development of the intervention—initially by conducting
focus groups to explore their attitudes toward a blended
intervention and afterwards to pilot the exercises and tablet use.
Due to practicalities, however, the exercises and tablet use were
evaluated separately. Older adults that participated in the
evaluation of the tablet focused on the usability of the app; they
did not actually perform the exercises. In contrast, the older
adults that evaluated the exercises did so without the support
of a tablet. Thus, how users perform exercises at home supported
with a tablet still needs to be addressed with a more extensive
usability study.
Second, the effectiveness of the theoretically underpinned
intervention has yet to be empirically determined. During the
next phase of the study, an RCT will cast light on to which
extent the intervention leads to increased adherence and health
benefits in the long run. This will extend the findings of Lee et
al [51] by testing the blended intervention among a sufficiently
large number of older adults (N=240) for a 12-month period.
In addition, the RCT will investigate how the effects of the
exercise program can be reinforced by dietary intake [27].

Conclusions
In summary, an evidence-based blended intervention was
designed to promote PA amongst older adults. The underlying
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design choices are underpinned by behavior change techniques
that are rooted in self-regulation. Key components of the
tablet-supported intervention are a tailored program that
accommodates individual needs, demonstrations of functional

Mehra et al
exercises, (self-)monitoring, and remote feedback. The blended
approach combines the convenience of a home-based exercise
program for older adults with the strengths of mHealth and
personal guidance.

Acknowledgments
This work is part of the research projects VITAMIN (funded by the AUAS program Urban Vitality) and MOTO-B (funded by
NWO, the Netherlands Organisation for Scientific Research, grant number 023.006.013). The authors thank Nazli Cila, Aduen
Darriba, and Jesse Beekman for their help with the design and development of the software.

Conflicts of Interest
None declared.

References
1.

2.
3.

4.
5.

6.

7.

8.

9.

10.
11.
12.
13.

14.
15.

16.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, Lancet Physical Activity Series Working Group. Effect
of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and life expectancy.
Lancet 2012 Jul 21;380(9838):219-229 [FREE Full text] [doi: 10.1016/S0140-6736(12)61031-9] [Medline: 22818936]
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]
Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Cardiovascular Health Study Collaborative Research
Group. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001 Mar;56(3):M146-M156.
[Medline: 11253156]
Taylor AH, Cable NT, Faulkner G, Hillsdon M, Narici M, Van Der Bij AK. Physical activity and older adults: a review of
health benefits and the effectiveness of interventions. J Sports Sci 2004 Aug;22(8):703-725. [Medline: 15370483]
King AC, Rejeski WJ, Buchner DM. Physical activity interventions targeting older adults. Am J Prev Med 1998
Nov;15(4):316-333 This paper was a background paper for the Cooper Institute Conference Series Physical Activity
Interventions, an ACSM Specialty Conference [FREE Full text] [doi: 10.1016/S0749-3797(98)00085-3]
Stiggelbout M, Popkema DY, Hopman-Rock M, de Greef M, van Mechelen W. Once a week is not enough: effects of a
widely implemented group based exercise programme for older adults; a randomised controlled trial. J Epidemiol Community
Health 2004 Feb 01;58(2):83-88. [doi: 10.1136/jech.58.2.83]
Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, et al. Physical activity and public health in older
adults: recommendation from the American College of Sports Medicine and the American Heart Association. Med Sci
Sports Exerc 2007 Aug;39(8):1435-1445. [doi: 10.1249/mss.0b013e3180616aa2] [Medline: 17762378]
American College of Sports Medicine, Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR, et al.
American College of Sports Medicine position stand. Exercise and physical activity for older adults. Med Sci Sports Exerc
2009 Jul;41(7):1510-1530. [doi: 10.1249/MSS.0b013e3181a0c95c] [Medline: 19516148]
El-Khoury F, Cassou B, Charles MA, Dargent-Molina P. The effect of fall prevention exercise programmes on fall induced
injuries in community dwelling older adults: systematic review and meta-analysis of randomised controlled trials. Br Med
J 2013 Oct 29;347:f6234 [FREE Full text] [Medline: 24169944]
Peterson MD, Rhea MR, Sen A, Gordon PM. Resistance exercise for muscular strength in older adults: a meta-analysis.
Ageing Res Rev 2010 Jul;9(3):226-237 [FREE Full text] [doi: 10.1016/j.arr.2010.03.004] [Medline: 20385254]
Schutzer KA, Graves BS. Barriers and motivations to exercise in older adults. Prev Med 2004 Nov;39(5):1056-1061. [doi:
10.1016/j.ypmed.2004.04.003] [Medline: 15475041]
Vandelanotte C, Spathonis KM, Eakin EG, Owen N. Website-delivered physical activity interventions a review of the
literature. Am J Prev Med 2007 Jul;33(1):54-64. [doi: 10.1016/j.amepre.2007.02.041] [Medline: 17572313]
Norman GJ, Zabinski MF, Adams MA, Rosenberg DE, Yaroch AL, Atienza AA. A review of eHealth interventions for
physical activity and dietary behavior change. Am J Prev Med 2007 Oct;33(4):336-345 [FREE Full text] [doi:
10.1016/j.amepre.2007.05.007] [Medline: 17888860]
Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventions for 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]
Davies CA, Spence JC, Vandelanotte C, Caperchione CM, Mummery WK. Meta-analysis of internet-delivered interventions
to increase physical activity levels. Int J Behav Nutr Phys Act 2012;9:52 [FREE Full text] [doi: 10.1186/1479-5868-9-52]
[Medline: 22546283]
Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act 2016 Dec
07;13(1):127 [FREE Full text] [doi: 10.1186/s12966-016-0454-y] [Medline: 27927218]

http://www.researchprotocols.org/2018/5/e117/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 5 | e117 | p. 13
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
17.

18.
19.
20.

21.

22.
23.
24.
25.
26.
27.

28.
29.
30.

31.

32.

33.
34.
35.
36.

37.

38.
39.

40.

Vandelanotte C, Müller AM, Short CE, Hingle M, Nathan N, Williams SL, et al. Past, Present, and Future of eHealth and
mHealth Research to Improve Physical Activity and Dietary Behaviors. J Nutr Educ Behav 2016 Mar;48(3):219-228.e1.
[doi: 10.1016/j.jneb.2015.12.006] [Medline: 26965100]
World Health Organization. eHealth URL: http://www.who.int/ehealth/en/[WebCite Cache ID 6yZWtxKLW]
Murata A, Iwase H. Usability of touch-panel interfaces for older adults. Hum Factors 2005 Sep;47(4):767-776. [doi:
10.1518/001872005775570952] [Medline: 16553065]
Findlater L, Froehlich JE, Fattal K, Wobbrock JO, Dastyar T. Age-related differences in performance with touchscreens
compared to traditional mouse input Internet. New York, NY, USA: ACM; 2013 Presented at: Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems; 2013; Paris, France p. 343-346. [doi: 10.1145/2470654.2470703]
Kobayashi M, Hiyama A, Miura T, Asakawa C, Hirose M, Ifukube T. Elderly User Evaluation of Mobile Touchscreen
Interactions. 2011 Presented at: INTERACT'11 Proceedings of the 13th IFIP TC 13 international conference on
Human-computer interaction - Volume Part I; September 5-9, 2011; Lisbon, Portugal p. 83-99. [doi:
10.1007/978-3-642-23774-4_9]
Anderson M. Pew Research Center. 2015. U.S. Technology Device Ownership 2015 URL: http://www.pewinternet.org/
2015/10/29/technology-device-ownership-2015/[WebCite Cache ID 6yZYDNyWX]
Oosterveer D. Marketingfacts. 2015. 1 op de 5 Nederlandse huishoudens heeft 2 of meer tablets URL: https://www.
marketingfacts.nl/berichten/twee-of-meer-tablets-per-huishouden-in-nederland[WebCite Cache ID 6yZYR9oil]
van der Beek P. Ik Wil Mob Werken. 2015. Oudere heeft liever een tablet URL: https://www.ikwilmobielwerken.nl/
orienteren/oudere-heeft-liever-een-tablet/
Dasgupta D, Chaudhry B, Koh E, Chawla NV. A survey of tablet applications for promoting successful aging in older
adults. IEEE Access 2016;4:9005-9017. [doi: 10.1109/ACCESS.2016.2632818]
Khaghani-Far I, Nikitina S, Baez M, Taran EA, Casati F. Fitness applications for home-based training. IEEE Pervasive
Comput 2016 Oct;15(4):56-65. [doi: 10.1109/MPRV.2016.76]
Helder JVD, Dronkelaar CV, Tieland M, Mehra S, Dadema T, Visser B, et al. A digitally supported home-based exercise
training program and dietary protein intervention for community dwelling older adults: protocol of the cluster randomized
controlled VITAMIN trial. BMC Geriatrics 2018 (forthcoming).
Michie S, Abraham C. Advancing the science of behaviour change: a plea for scientific reporting. Addiction 2008 Sep
25;103(9):1409-1410 [FREE Full text] [doi: 10.1111/j.1360-0443.2008.02291.x] [Medline: 18783495]
Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions: the
new Medical Research Council guidance. Br Med J 2008 Sep 29;337:a1655. [doi: 10.1136/bmj.a1655]
Mehra S, Dadema T, Kröse BJ, Visser B, Engelbert RH, Van Den Helde J, et al. Attitudes of older adults in a group-based
exercise program toward a blended intervention: a focus-group study. Front Psychol 2016 Nov;7:1827 [FREE Full text]
[doi: 10.3389/fpsyg.2016.01827] [Medline: 27920744]
Liu C, Shiroy DM, Jones LY, Clark DO. Systematic review of functional training on muscle strength, physical functioning,
and activities of daily living in older adults. Eur Rev Aging Phys Act 2014 Aug 30;11(2):95-106. [doi:
10.1007/s11556-014-0144-1]
de Vreede PL, Samson MM, van Meeteren NL, Duursma SA, Verhaar HJ. Functional-task exercise versus resistance
strength exercise to improve daily function in older women: a randomized, controlled trial. J Am Geriatr Soc 2005
Jan;53(1):2-10. [doi: 10.1111/j.1532-5415.2005.53003.x] [Medline: 15667369]
Stiggelbout M, Hopman-Rock M, van Mechelen W. Entry correlates and motivations of older adults participating in
organized exercise programs. J Aging Phys Act 2008 Jul;16(3):342-354. [doi: 10.1123/japa.16.3.342]
Dishman RK. Increasing and maintaining exercise and physical activity. Behav Ther 1991;22(3):345-378. [doi:
10.1016/S0005-7894(05)80371-5]
King AC. Interventions to promote physical activity by older adults. J Gerontol A Biol Sci Med Sci 2001 Oct
01;56(Supplement 2):36-46. [doi: 10.1093/gerona/56.suppl_2.36]
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]
Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours: the CALO-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]
Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]
Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res 2010 Feb 17;12(1):e4 [FREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]
Carver CS, Scheier MF. Control theory: a useful conceptual framework for personality-social, clinical, and health psychology.
Psychol Bull 1982;92(1):111-135. [doi: 10.1037//0033-2909.92.1.111]

http://www.researchprotocols.org/2018/5/e117/

XSL• FO
RenderX

Mehra et al

JMIR Res Protoc 2018 | vol. 7 | iss. 5 | e117 | p. 14
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
41.

42.
43.

44.

45.
46.

47.

48.

49.

50.

51.

Mehra et al

Aalbers T, Baars MA, Rikkert MG. Characteristics of effective Internet-mediated interventions to change lifestyle in people
aged 50 and older: a systematic review. Ageing Res Rev 2011 Sep;10(4):487-497. [doi: 10.1016/j.arr.2011.05.001] [Medline:
21628005]
van der Bij A, Laurant MG, Wensing M. Effectiveness of physical activity interventions for older adults: a review. Am J
Prev Med 2002 Feb;22(2):120-133. [doi: 10.1016/S0749-3797(01)00413-5] [Medline: 11818183]
Simek EM, McPhate L, Haines TP. Adherence to and efficacy of home exercise programs to prevent falls: a systematic
review and meta-analysis of the impact of exercise program characteristics. Prev Med 2012 Oct;55(4):262-275. [doi:
10.1016/j.ypmed.2012.07.007] [Medline: 22813920]
Geraedts H, Zijlstra A, Bulstra SK, Stevens M, Zijlstra W. Effects of remote feedback in home-based physical activity
interventions for older adults: a systematic review. Patient Educ Couns 2013 Apr;91(1):14-24. [doi:
10.1016/j.pec.2012.10.018] [Medline: 23194823]
King AC, Haskell WL, Taylor CB, Kreamer HC, DeBusk RF. Group- vs home-based exercise training in healthy older
men and women. J Am Med Assoc 1991 Sep 18;266(11):1535. [doi: 10.1001/jama.1991.03470110081037]
King AC, Haskell WL, Young DR, Oka RK, Stefanick ML. Long-term effects of varying intensities and formats of physical
activity on participation rates, fitness, and lipoproteins in men and women aged 50 to 65 years. Circulation 1995 May
15;91(10):2596-2604. [doi: 10.1161/01.cir.91.10.2596]
French DP, Olander EK, Chisholm A, Mc Sharry J. Which behaviour change techniques are most effective at increasing
older adults’ self-efficacy and physical activity behaviour? A systematic review. Ann Behav Med 2014 Mar 20;48(2):225-234.
[doi: 10.1007/s12160-014-9593-z] [Medline: 24648017]
Devereux-Fitzgerald A, Powell R, Dewhurst A, French DP. The acceptability of physical activity interventions to older
adults: a systematic review and meta-synthesis. Soc Sci Med 2016 Dec;158:14-23 [FREE Full text] [doi:
10.1016/j.socscimed.2016.04.006] [Medline: 27104307]
Valenzuela T, Okubo Y, Woodbury A, Lord SR, Delbaere K. Adherence to technology-based exercise programs in older
adults: a systematic review. J Geriatr Phys Ther 2018 Jun 29;41(1):49-61. [doi: 10.1519/JPT.0000000000000095] [Medline:
27362526]
Silveira P, van de Langenberg R, van het Reve E, Daniel F, Casati F, de Bruin ED. Tablet-based strength-balance training
to motivate and improve adherence to exercise in independently living older people: a phase II preclinical exploratory trial.
J Med Internet Res 2013 Aug 12;15(8):e159 [FREE Full text] [doi: 10.2196/jmir.2579] [Medline: 23939401]
Lee J, Jung D, Byun J, Lee M. Effects of a combined exercise program using an iPad for older adults. Healthc Inform Res
2016 Apr;22(2):65-72 [FREE Full text] [doi: 10.4258/hir.2016.22.2.65] [Medline: 27200215]

Abbreviations
ADL: activities of daily living
BCT: behavior change technique
CALO-RE: Coventry, Aberdeen & London–Refined taxonomy
mHealth: mobile health
MRC: Medical Research Council
PA: physical activity
RCT: randomized controlled trial

Edited by C Hoving; submitted 23.10.17; peer-reviewed by C Greaves, P Gellert; comments to author 17.11.17; revised version
received 11.01.18; accepted 31.01.18; published 02.05.18
Please cite as:
Mehra S, Visser B, Dadema T, van den Helder J, Engelbert RHH, Weijs PJM, Kröse BJA
Translating Behavior Change Principles Into a Blended Exercise Intervention for Older Adults: Design Study
JMIR Res Protoc 2018;7(5):e117
URL: http://www.researchprotocols.org/2018/5/e117/
doi: 10.2196/resprot.9244
PMID: 29720358

©Sumit Mehra, Bart Visser, Tessa Dadema, Jantine van den Helder, Raoul HH Engelbert, Peter JM Weijs, Ben JA Kröse.
Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 02.05.2018. 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

http://www.researchprotocols.org/2018/5/e117/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 5 | e117 | p. 15
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Mehra et al

Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.researchprotocols.org, as well as this copyright and license information must be included.

http://www.researchprotocols.org/2018/5/e117/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 5 | e117 | p. 16
(page number not for citation purposes)

