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1 General Introduction







Introduction

Many countries are facing an aging population. Currently, 20% of the Dutch
population is 65 years old and above, similar to other European countries [1]. The
United Nations expects that in 2050, over 35% of the European population and
25% of Asian and Latin American populations will consist of older adults [2]. To
cope with the aging of the population, an appeal is being made on the resilience
of older adults to age in place, that is, “the ability of older people to live in their
own home and community safely, independently and comfortably” [3]. However,
this poses a challenge. Aging is associated with a declining ability to carry out daily
tasks, such as general housecleaning, running errands or personal hygiene [4—-6].
Fortunately, an active lifestyle and physical activity can delay or diminish the
decline that is associated with aging, thereby increasing the ability of older adults to
live independently at home [7—9].

To foster physical activity in older adults, local community centers across the
world offer exercise classes for senior citizens. In the Netherlands, for instance,
approximately 300,000 older adults participate weekly in the nationwide program
More Exercise for Seniors (‘Meer Bewegen voor Ouderen’ in Dutch, or in short
MBvO) [10]. In small groups, older adults exercise together under the supervision of
a qualified trainer. A previous study, however, could not find any benefits in terms
of health-related quality of life or functional status for the older adults who were
participating in the weekly MBvO exercise classes [11]. Exercising once a week in
programs such as MBvO is not enough to have an effect on fitness or physical health
[12—14]. To attain health benefits, the frequency, intensity and duration of physical
activity should meet the global recommendations of the World Health Organization
(WHO) [15]. That is, older adults should follow these recommendations:

a) At least 150 minutes of moderate-intensity aerobic physical activity should
be done throughout the week, in bouts of at least 10 minutes duration.

b) Muscle-strengthening activities involving major muscle groups should be
performed on 2 or more days a week.

¢) Older adults with poor mobility should perform physical activity to enhance
balance and prevent falls on 3 or more days per week.

To meet those guidelines, older adults could participate in group-based exercise
classes several times per week. However, this is not always possible. Older adults are
limited in energy, time and money, which are needed to commute to a community
center [16,17]. Additionally, community centers often have practical or economic
limitations in hiring an instructor or securing a location that is needed for group-




Chapter 1

based activities.

An alternative approach is to combine a group-based exercise program with home-
based exercises [18]. This allows older adults to continue exercising besides the
weekly group-based classes. In the comfort of their homes, older adults can perform
additional exercises at their convenience. Furthermore, home-based exercises can
be extensively tailored to individual needs [19]. Guidance of a personalized exercise
program, however, remains crucial. In recent years, technology has been used to
deliver physical activity and exercise interventions for various populations [20—23].
Although it is possible to rely on technology to fully automate guidance, eHealth and
mHealth interventions thatincorporate human guidance and feedback are associated
with increased efficacy [24—26]. Nevertheless, such blended use of technology has
not often been utilized to specifically support older adults in their exercise behavior.
Furthermore, to our knowledge, only one study has examined the use of blended
technology in conjunction with a group-based exercise program. In a pioneering
pilot study by Lee et al [27], older adults in Korea were provided with an iPad that
supported them in performing home-based exercises, which was combined with a
supervised group-based exercise program. Unfortunately, the researchers did not
find any effects of the combined intervention on participants’ physical function or
perceived health status. There were, however, several limitations of the pilot study.
The study involved only 26 older women. Participants were not randomly assigned
to the control group, and the duration of the intervention was limited to 8 weeks.
Furthermore, neither the content nor the underlying design choices of the iPad
application were properly described, making it hard to draw any clear conclusions
from it. To advance knowledge of the scientific community, Michie et al [28] have
called on researchers to make theoretical assumptions more explicit and to increase
transparency by describing design choices in detail. The hiatus in a well-described
blended mHealth exercise intervention for older adults has led to the following
central research question of this thesis:

How can mHealth be employed, in a blended manner, to support older adults
in performing home-based exercises, as a supplement to a group-based
community exercise program?

To address this research question, as part of the VITAMIN project at the Amsterdam
University of Applied Sciences (AUAS), an intervention was developed and evaluated
according to the Medical Research Council (MRC) framework [29,30.] See Figure 1
for how the structure of this PhD thesis mirrors the MRC framework.

10



Introduction

Figure 1. MRC Framework for Complex Interventions Mirrored By the Thesis Structure

Feasibility and piloting

g - Testing procedures
- Estimating recruitment and retention
- Determining sample size

Development Evaluation

- Identifying the evidence base - Assessing effectiveness
- Identifying or developing theory - Understanding change process
- Modeling process and outcomes - Assessing cost effectiveness

Implementation

- Dissemination
- Surveillance and monitoring
- Long-term follow-up

The framework prescribes that the first activity to develop an intervention is to
gain a thorough understanding of the target audience. In Chapter 2, therefore,
the following research questions will be addressed: (a) What motives do older
adults have to participate in a group-based exercise program? (b) What are their
attitudes and expectations toward performing additional exercises at home? (c)
What are their attitudes and expectations for supporting technology to facilitate
home-based exercises? To answer those research questions, eight focus groups were
held with older adults who were participating in a supervised group-based exercise
program of the earlier described MBvO. The interviews were analyzed according
to the self-determination theory, relating the motives and attitudes to the basic
psychological needs of competence, autonomy and relatedness.

1
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The next key activity the MRC framework prescribes is identifying relevant theories.
In Chapter 3, therefore, the following research question will be addressed: How can
theoretical principles and scientific evidence on behavior change be translated into
features of a tablet-supported intervention to increase the physical activity levels
of older adults? Many physical activity interventions either lack sound theoretical
underpinnings or claim to be based on a specific theory but do not clarify how this
has actually been done. In Chapter 3, the use of blended technology and behavior
change through self-regulation are identified as a solid theoretical basis, and
subsequently, it details how this has been incorporated into the design of a tablet
application.

After developing an intervention, MRC recommends piloting the intervention
meticulously before evaluating its efficacy. This is often neglected, leading to the
evaluation of suboptimal and ineffective interventions. Usability plays a key role
in the success of eHealth or mHealth interventions. In Chapter 4, therefore, the
following research question will be addressed: Can first-time users operate the app
that was designed to support older adults in performing home-based exercises?
To answer this question, older adults were asked in a laboratory setting to complete
a series of standardized tasks on a tablet while verbalizing their ongoing thoughts.
Their performance was tracked, and after completing the tasks, a post-use interview
was held to gauge their experience.

The next stage in the MRC framework is to evaluate the intervention in practical use.
The effectiveness should ideally be assessed with a randomized clinical trial (RCT)".
However, the framework prescribes not only to evaluate the effectiveness with a RCT
but also to gain an understanding of the underlying change process. By omitting such
a process evaluation, the results of an RCT cannot properly be explained. Therefore,
a process evaluation of the developed intervention is presented in Chapter 5. The
research questions that will be addressed are as follows: (a) Was the tablet usable
in a real-world setting for an extensive period of time, and (b) How does the
tablet, in conjunction with a personal coach, support older adults in performing
home-based exercises? The questions were answered by administering a validated
usability questionnaire and by in-depth follow-up interviews with participants who
had used the tablet for over six months. The interviews were analyzed according to
the various phases of self-regulation, i.e., the theoretical basis of the intervention.

1 Please note, assessing the effectiveness in terms of health outcomes falls outside the scope of this thesis.
Van den Helder et al have reported the protocol and results of a randomized controlled trial elsewhere
[31,32].

12
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To further a deeper understanding of the underlying change processes, a secondary
analysis of the interviews was also conducted from the perspective of the self-
determination theory. Chapter 6 addresses the research question: How does the
blended intervention influence participants’ exercise motivation, specifically their
basic psychological need for competence, autonomy and relatedness?

Chapter 7 addresses the actual exercise behavior participants exhibited. It describes
how often the participants performed exercises during the 6-month intervention
period and attempts to quantify the contribution the tablet made to this effort.
Specifically, the research question that will be addressed in this chapter is as follows:
To what extent does engagement with the tablet predict exercise adherence and
physical activity? This question is answered in a post hoc study by conducting
statistical analysis on clinical trial data that was logged with the tablet. Finally,
in Chapter 8, the overall conclusions that can be drawn from this thesis, lessons
learned and future directions are discussed.

13
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Abstract

Ageing is associated with a decline in daily functioning and mobility. A physically
active life and physical exercise can minimize the decline of daily functioning and
improve the physical-, psychological- and social functioning of older adults. Despite
several advantages of group-based exercise programs, older adults participating
in such interventions often do not meet the frequency, intensity or duration of
exercises needed to gain health benefits. An exercise program that combines the
advantages of group-based exercises led by an instructor with tailored home-
based exercises can increase the effectiveness. Technology can assist in delivering
a personalized program. The aim of the study was to determine the susceptibility of
older adults currently participating in a nationwide group-based exercise program
to such a blended exercise program. Eight focus-groups were held with adults of 55
years of age or older. Two researchers coded independently the remarks of the 30
participants that were included in the analysis according to the three key concepts
of the Self Determination Theory: autonomy, competence, and relatedness. The
results show that maintaining self-reliance and keeping in touch with others were
the main motives to participate in the weekly group-based exercises. Participants
recognized benefits of doing additional home-based exercises, but had concerns
regarding guidance, safety, and motivation. Furthermore, some participants
strongly rejected the idea to use technology to support them in doing exercises at
home, but the majority was open to it. Insights are discussed how these findings can
help design novel interventions that can increase the wellbeing of older adults and
preserve an independent living.



Attitudes

Introduction

The number of older adults in Europe will rise in the coming years [1]. Ageing is
associated with a decline in daily functioning and mobility [2,3]. A physically
active life and physical exercise can minimize the decline of daily functioning [4].
Older adults with a sedentary lifestyle are at higher risk of health related problems,
becoming dependent and facing a lower quality of live [5,6]. Studies have shown that
older adults benefit from regular exercise that increases muscle strength, balance,
endurance, and flexibility [7,8]. Physical exercise improves physical-, psychological-
and social functioning and preserves an independent living [3,4,7,8].

To execute physical exercises correctly and persistently, however, knowledge,
skills and tenacity is needed [9]. It has been argued that the Self-Determination
Theory (SDT) is useful for understanding the initiation and maintenance of physical
exercise behavior and is successful in predicting the adherence to exercise programs
[10—12]. SDT poses that intrinsic or internalized extrinsic motivation is determined
by the extent that three basic psychological needs are met [13]. Firstly, the need for
autonomy. People need to feel in control of their behavior and goals they strive.
Exercise programs should match the personal goals of an individual. Secondly,
the need for competence. People need to gain mastery of relevant tasks and skills
to achieve those goals. Guidance in executing exercises properly plays a key role.
Thirdly, the need for relatedness. People need to feel connected to other people
and have a sense of belonging. Exercising with peers can motivate to persevere.
The beneficial role of supervision and peers is reflected by the higher adherence to
supervised group-based programs then to programs where individuals are expected
to exercise in solitude without supervision [5,14].

Although older adults can benefit from the supervision of an instructor and the
company of peers, there are several disadvantages too. First of all, it is not always
feasible. Employing an instructor and renting a location that can accommodate a
group of participants can be costly. Secondly, in a group-based exercise program
there is less opportunity to tailor to the individual needs of participants. Thirdly,
participants need energy, time, and money to commute to the location. This is
especially true for older adults that have, in general, more financial and physical
limitations than others do. Because of those barriers the exercise frequency of
supervised group-based programs is often too limited to attain health benefits

[9,15].
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Chapter 2

However, a combined intervention can compound the benefits of a supervised
group-based exercise program with the benefits of an individual exercise program
to achieve the required intensity, frequency and duration of exercises [5]. The
American College of Sports Medicine recommends exercising three to five times a
week 30—60 min with moderate intensity [16]. Furthermore, technology, such as a
computer, tablet, or smartphone can provide support for home-based exercises and
tailor the program to the individual needs [17-19].

To explore the attitudes of the older adults toward such a blended exercise program
a qualitative study was carried out as part of the VITAMIN and MOTO-B project
that intent to develop an intervention to increase the vitality and functional ability
of older adults (=55 years of age) in the Netherlands. The aim of the study was to
determine the susceptibility of older adults currently participating in a nationwide
group-based exercise program to a personal tailored home-based exercise program
supported by technology. The research questions were:

(a) What motives do older adults have to participate in a group-based exercise
program?

(b) What are their attitudes and expectations toward doing additional exercises
at home?

(c) What are their attitudes and expectations of supporting technology to
facilitate home-based exercises?

To address the research questions focus-groups were held. In line with the SDT the
results were analyzed in order to identify the motives, attitudes and expectations
of older adults toward of blended exercise programs. The insights of this study will
help the design of novel interventions that increase the health benefits of older
adults and contribute to an independent living.

Materials and Methods

Design

Focus-group interviews are an effective means to understand what people feel or
think about various issues [20], including health related believes [21], and were
therefore used in this study to infer the attitudes of older adults toward a blended
exercise program. As prescribed by the methodology of focus-group interviews [20],
the recruitment of focus-group was ended when the saturation point was reached
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and no new information was presented.

Participants

Participants were recruited by convenience sampling from a community-based
program known as More Exercise for Seniors (in Dutch Meer Bewegen voor
Ouderen, abbreviated as MBvO). In this nationwide program 300,000 older adults
of 55 years and older across the Netherlands participate in a weekly group-based
exercise class under supervision of a certified trainer. An e-mail with information
about the study and the goal of the focus-group was send to a number of trainers
asking permission to pay a visit. During the visit the study was verbally explained to
the older adults and were asked to sign-up for the focus-group that was to be held
at a later date. Also flyers were given with additional information. Participants had
to be 55 years or older and live independently in order to participate in the study.

The recruitment of focus-group was ended when saturation point was believed to
be reached based on a preliminary analysis of the results. In total 15 trainers were
contacted and eight focus-groups were held, including two pilots, with in total 48
older adults.

Materials

An interview guide was developed according to the instruction manual for focus-
group of the Dutch quality institute for healthcare [22]. The interview guide was
reviewed by a panel of experts with a diverse background, ranging from human
movement to ICT. Two pilot focus-groups were conducted to test and refine the
guide. The resulting interview guide is presented in Table 1.

Procedure

The focus-groups took place at the locations where the weekly MBvO-class were
held and at average consisted of six participants. During the focus-group a semi-
structured interview and brainstorming session was held, guided by a moderator
and an assistant that took notes. Prior to the focus-group the participants provided
demographic information and signed an informed consent to agree to an audio-
recording of the interview. The focus-group started with an introduction, informing
participants that questions would be asked regarding their opinions about an
additional home-based exercise program. It was emphasized that there were no
right or wrong answers and that all opinions were equally valued by the moderator.
During the focus-group the moderator asked questions, in line with the interview
guide (see Table 1), and gave some examples when no responses were contributed.

21




Chapter 2

The focus-groups lasted approximately 1 h. The Medical Ethics Committee of the
VU University Medical Center Amsterdam approved the study.

Table 1. Interview guide.

Introduction

(1) What is your name and what is your mean reason to participate in MBvO?
(2) What do you think about MBvO?

Transition

(3) What are your activities besideMBvO?

(4) Which activities do you like?

(5) Which activities are the most important for you?

(6) What are the activities that are more difficult when you are older?

(7) What is the reason that activities are more difficult now?

(8) What motivates you to do activities and exercises?

(9) What are the barriers to do activities and exercises?

Core

(10) What is your opinion about an additional home-based exercise program?
(11) Do you want to do more activities or exercises? What do you like to do?
(12) Are you already doing exercises at home?

(13) What kind of exercises do you like to do?

(14) What do you think about exercising at home?

(15) Do you think you would do exercises at home?

(16) What are your requirements for a home-based exercise program?

(17) What motivates to participate in a home-based exercise program?

(18). What do you think you need to do exercises at home?

(19) What do you think about technology to support a home-based exercise program?
(20) Would technology help you to do activities and exercises?

(21) What are your requirements for technology?

(22) What do you think about different technologies?

(examples: video’s,music,virtualcontact,wearables)

End

(23) What is your most important recommendation to develop an additional home-based exercise
program?

Data Analysis

After each focus-group the moderator and assistant evaluated and discussed the
most notable statements and common themes. The results of each focus-group
were compared with other groups in order to find common patterns related to the
research question. On basis of this preliminary analysis the researchers assessed if
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new information was obtained or saturation was reached. Afterward the assistant
transcribed the audiotapes anonymously and the transcripts were analyzed with
software for qualitative data analysis (MAXQDA). The transcripts were analyzed
using a sequential coding strategy. Three types of coding are used consecutively:
open, axial, and selective coding [23]. The initial codes (themes) were created
by studying the segmented information and the assistant’s notes (open coding).
Then the open codes were subcategorized to provide more details of each category
and to indicate connections between different categories (axial coding). At the
end the core categories were identified and matched with the three elements of
the SDT; autonomy, relatedness, and competence (selective coding). All data
was independently coded for themes by two researchers. When they differed in
classifying participant’s remarks, a discussion was held in order to reach consensus.
If they failed to do so, a third researcher decided which theme was most appropriate.

Results

Participants

Due to technical problems, the recording of one focus-group was lost and could not
be analyzed. Furthermore, participants of the two pilot-groups were excluded from
data-analysis. Data from the remaining 30 participants was included in the analysis
and reported below.

The mean age was 74 years (SD = 9, range 58—88). The mean length of participation
in the weekly MBvO-classes was nine years (SD = 9, range 3 months — 28 years).
All participants were female (N = 30). The level of completed education the
participants received varied, ranging from no schooling or elementary school (IV =
3), lower vocational schooling, or lower secondary schooling (IV = 12), intermediate
vocational schooling or intermediate/higher secondary schooling (IV = 13) to higher
vocational schooling or university (N = 2).

Motives do Older Adults to Participate in a Group-Based
Exercise Program

Autonomy

Staying physically fit and being self-reliant was identified as a major reason for
the participants to join the weekly MBvO classes. They indicated they considered
themselves to lead an active lifestyle, doing household chores (washing windows,
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gardening, vacuuming, cooking, e.g.) and various leisure time activities (tennis,
swimming, dancing, fitness, e.g.). Examples of typical remarks were: “...being on the
move is for me reason number 1; I believe it is very important for staying healthy,”
“...living independently is for me the main reason. It is crucial” or “...to be able to
take a stroll on a nice day. To the forest or along the sea. Imagine that you can’t do
that!”

Nevertheless, they believed doing additional exercises would contribute to their
ability to remain mobile and live independently for a longer time. Some participants
stated specific complaints as the reason for joining the exercise program (arthritis,
e.g.). A few participants expressed clearly a fear of becoming dependent on others,
as illustrated by the following remarks: “...the mere thought of being dependent on

9«

neighbors, friends, or whosoever. I wouldn’t want that,” “...I want to remain mobile,
to buy groceries, cook and not have to rely on others,” and “...I am scared to death

of becoming dependent on others. That is the worst thing that could happen to me.”

Competence

The majority of the participants stressed that they felt that expert guidance was
crucial. The instructor that led the MBvO classes indicated the importance of each
exercise and how it can be carried out safely. They clearly valued the supervision of
the instructor, as illustrated by the following remarks: “I believe what plays a part
is the guidance. Someone who tells you what you should do” or “...[the instructor]...
how you should do it and what you are able and aren’t able to do.”

Relatedness

Besides staying physically fit, as mentioned before, social relations and ‘having fun’
were identified as other major reasons for the participants to join the weekly MBvO
classes. Unanimously participants referred to this social aspect. They indicated they
had good rapport with the group, felt that the presence of their peers motivated
them to exercise and enjoyed each other’s company. In some cases participants
even formed close friendships since they exercised across the years together. Typical
remarks made by the participants were “for me it’s all about the social atmosphere”
and “I wouldn’t want to miss out on being in touch with the others.”
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Attitudes and Expectations Toward Doing Additional
Exercises at Home

Autonomy

Participants felt that a home-based exercise program could have several benefits.
First of all, it could be tailored to their individual needs, allowing such a program to
match their personal goals. Secondly, they indicated doing exercises at a moment
that suits them, would also be a benefit compared to a group-based exercise program.
Thirdly, participants were positive about the possibility of an exercise program that
could be followed at different difficulty levels and was self-paced.

Typical remarks that illustrate the opportunities they identified were: “... a
program with different difficulty levels, that allows you to take it each time further,”
“...something like the television program The Netherlands on the Move (in
Dutch Nederland in Beweging), but with the opportunity to adjust it to your pace”
and “I belief having a choice is important and the pace, I should be able to decide
for myself.”

Competence

Besides recognizing benefits of a home-based exercise program, the participants
also expressed concerns if they would carry out exercises at home without guidance.
Firstly, the felt the need for background information about the exercises. They
indicated they would want to know which exercise contributes to which goals and if
the exercise will improve strength, flexibility, balance, or endurance. They believed
this information would motivate them to do the exercises. Secondly, the participants
felt the need for instructions how to perform the exercises properly, thereby
minimizing the chance of injuries. Some participants indicated that safety was an
important concern. Thirdly, some participants mentioned that they need structure.
To exercise at a specific day or time would help them to maintain their exercise
routine. Fourthly, participants expressed the need for variation in a home-based
exercise program as they valued this in the weekly MBvO classes. Fifthly, numerous
participants indicated they considered themselves to have a busy life and felt that
daily physical exercises should not take up more than 15 min a day.

Typical remarks that illustrate the competence related opinions: “I want to know

» &«

which joints will benefit from a specific exercise,” “then it becomes enjoyable,
because you know what the benefits are” and “I believe you should build up a

routine, like it’'s Monday so let’s get started!” and “I hava a lot of activities... such an
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exercise program should be 15 min at the most.”

Relatedness

The participants recognized the benefits of doing exercises at home in addition to
the weekly group-based exercises, but expressed concerns if they would be able to
motivate themselves to do so, as illustrated by the following remark: “...if I would get
a list of exercises I should do at home, I would manage for 2 days, but that’s about
it.” They felt the social support of the weekly classes were crucial. The participants
expected to miss the peer pressure and the social control if they would do exercise at
home. Some typical remarks were: “...I don’t think I would enjoy going about on my
own” or “...I don’t believe that people that are active, will exercise at home without
any guidance.” Some participants referred to the fact they had similar experiences
with exercises that were prescribed by physiotherapists. Initially they would adhere
to it, but in time their motivation drops and fail to maintain their home-based

exercises.

A few participants raised, however, the idea of doing exercises with a spouse or with
friends in order to mobilize social support in absence of a group led by an instructor,
as illustrated by the remarks “... I might exercise with my husband” and “... if on
Sundays I could go walking with a group instead.”

Attitudes and Expectations of Supporting Technology to
Facilitate Home-Based Exercises

Autonomy and Competence

When participants were asked if they believed technology like computers, tablets
or smartphones could assist them in doing exercises at home, the opinions varied
greatly. A few participants rejected the notion strongly, stating “...it doesn’t interest
me,” “I think it’s awful” and “I oppose it. My children try to impose it, but I won’t
have it!” Several participants indicated the fear of not being competent. They voiced
a lack of confidence, even shame. Typical remarks were “...as an elderly, you don’t

»

understand computers really and feel a bit dumb,” “... I don’t have any brains, so I

never have learned it” and “...I feel embarrassed to ask my children for help.”

On the other hand, the majority of the participants were receptive to the idea of
technology assisting them in home-based exercises and some were even enthusiastic.
Typical remarks were “Thave the feeling 1 day it’s bound to happen [using computers],

” «

I am the only family member who doesn’t have one,” “...I wouldn’t mind giving it a
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» «

try,” “... 'm actually curious about it,” “I have never learned to type, but I have an
iPad, that’s very easy” and “that would be fun!”

When the participants were asked how technology could support them in doing
exercises at home, the responses ware limited. First thing that came to mind were
videos of photos how exercise should be performed. Some participants, however,
expressed concerns that exercises recommended by a computer or tablet would
not know their physical limitations to the same extent as the instructor does,
illustrated by the following remark: “...has been operated on her hip and then she
says [the instructor], bending forward is ok, bending backward is ok, but don’t bend
sideways.... She gives all those kind of instructions.”

Relatedness

If technology could not only support the participants in performing exercises, but
also foster the social relationships they grew fond of in the weekly face-to-face
classes, the participants held mixed opinions about. Some participants indicated
they had no need for additional contact outside the weekly classes, while others
stated they had already ample means if they wanted to reach out (“we can also pick-
up the phone”). A few participants, however, came up with the notion to use video
calls (Skype, FaceTime, e.g.) to form a virtual group and do exercises simultaneously
at home. Finally, one participant welcomed video calls as a means to combat
loneliness and stay in touch with others: “I have been thinking about it. I don’t only
want to have enough exercise, but also to get by. You lose family, I don’t have kids,
friends pass away, so you are left on your own. To be in touch with someone who
lives on the other side of the county would be very nice...”

Discussion

As outlined in the introduction, ageing is associated with a decline in mobility and
daily functioning that is needed for independent living. Physical activity and physical
exercise can prevent or limit the decline and improve the overall wellbeing of older
adults. An intervention, in line with ACSM recommendations, that combines group-
based exercises led by an instructor with home-based exercises will help to achieve
the needed intensity, frequency and duration of exercises in a functional context.
The aim of this study was to determine the susceptibility older adults currently
participating in a nationwide group-based exercise program to such a blended
exercise program. The results of this study bear insights which should be taken into
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account when designing novel exercise programs.

Firstly, the motives of older adults to participate in an exercise program seem to be
twofold. Older adults strive to remain self-reliant. Exercises that contribute to their
autonomy can count on their support, on condition that they receive proper guidance
in which the benefits of each exercise is stressed and instructions are provided how
exercises are to be performed correctly. Self-efficacy, outcome expectation and
perceived benefits play a key role in the adherence to exercise programs [24]. On
the other hand forming social relationships amongst peers and being in touch with
others seems to be another clear motive of older adults to join an exercise program.
The need for relatedness should be taken into account when designing interventions
promoting physical activity or physical exercise.

Secondly, older adults recognize a number of benefits of additional home-based
exercises. It allows them to a greater extent to tailor the exercises to their personal
goals and needs in the level of difficulty, speed and timing, compared to group-
based exercises. However, as also noted by Picorelli et al. [14], older adults have
concerns missing the guidance they receive in instructor led group-based exercises.
Ahome-based exercise program should have detailed instructions how exercises are
to be performed correctly and safely. Furthermore, due to a perceived lack of time,
also noted by others [25,26], the exercise program should be concise.

Finally, the role technology could play in supporting older adults to perform
exercises at home is indistinct. Some older adults oppose the notion of using
supporting technology for an exercise program in whatsoever form. However, this
does not apply to all older adults. The majority does seem to be either enthusiastic
or open to it, albeit they have no clear view or expectations about it.

The insights of this study should be interpreted with caution, however. Firstly, the
choice to explore motives, attitudes and expectations with focus-groups relies on
introspection and self-report. This implies that the participants in this study were
able to consciously reflect on those aspects and accurately report them. As with
all introspection techniques, this may not have been the case [27,28]. The authors
believe this played especially a role with questions regarding the use of technology.
Most of the participants did not seem to have any experience with ICT. The answers
they gave were largely based on general views they held about it. Although this
should not be disregarded, future research could extend the findings by presenting
older adults detailed scenario’s with use cases or working prototypes in order to
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further investigate this matter.

Secondly, the focus-groups were led by either a psychologist with an ICT background
or a human movement scientist. It was believed that the broad academic background
of these researchers reflected the diverse key issues that play a role. In moderating
the focus-groups the differences in academic background may, however, also have
led to minor differences in which topics were elaborated upon. Yet the impact of
those differences were minimized by the fact that the results of each focus-group
were reviewed and analyzed by both researchers, safeguarding the comparability.

Finally, one should be careful in generalizing the results of this study to older
adults by and large. In line with the aim of the study, attitudes toward a blended
exercise program were explored amongst older adults currently participating in a
nationwide group-based exercise program. It is reasonable to assume that these
attitudes may differ from older adults that are not engaging in such activities.
Furthermore, all the participants in this study were women and varied strongly in
age and schooling. Although these characteristics of the sample are indicative of the
targeted population of this study in which women are in the vast majority, is does
raise questions how gender, age and education level influences the attitudes toward
exercise and supporting technology amongst other populations of older adults.
Reviews indicate that, in general, education has a positive correlation and age a
negative correlation with exercise behavior [29,30]. Those reviews also conclude
that the majority of studies show that men are physically more active than women.
In contrast, Mesters et al. [31] reported in a recent study that for older adults in
the Netherlands the opposite appears to be true; older women attain more physical
activity than older men. The authors stipulate this may be the result of the type of
activities Dutch men prefer, but cannot keep up at late age (i.e., outdoor sports).
Women might also be more susceptible to the social support provided by the group-
based program. Concerning differential attitudes toward supporting technology, a
review by Or and Karsh [32] shows that the majority of studies found a positive
relation between education and acceptance of health information technology, but
no effect of gender. The effects of age were found to be inconclusive. Some studies
report a negative relation, while other studies report a positive relation or no relation
at all between age and the acceptance of supporting health technology [32]. Future
research could expand upon the findings of the present study and clarify remaining
issues by investigating different populations. By taking the attitudes of specific older
adult populations into account, novel interventions can be designed that contribute
to a healthy and independent living.
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Abstract

Background: Physical activity (PA) 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
PA 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.
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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
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[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].

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.
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Methods

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 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
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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.

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
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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.

goal setting
action
planning

self- behaviour
monitoring execution

Design Consideration 3: Blended Technology
Although the effectiveness of eHealth and mHealth to increase PA has been debated
[41], 2 common success factors emerge from the literature.

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,
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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.

Requirement 3: Adaptability

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.

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
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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
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the opportunity to watch a video in which an older adult demonstrates the exercise
along with a 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.
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Table 1. Mapping Between Behavior Change Techniques and Functions of the Tablet App.

BCTs® as defined by CALO-RE

Function of the tablet app

Identifying barriers or problem
resolution

Goal setting

Setting graded tasks

Action planning
Prompt practice

Instruction on how to perform the
behavior

Demonstrate behavior

Self-monitoring

Provide feedback on performance

Review of behavioral goals

Review of outcome goals

Informing when and where to perform
the behavior

Environmental restructuring
Training to use prompts
Motivational interviewing
Generalization of target behavior
Facilitate social comparison

Plan social support

Videoconference with personal coach (intake)

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

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

Tailored daily and weekly schedules
Reminders or alarm

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

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

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

Videoconference with personal coach

Video conference with personal coach; modification of weekly
schedule

Video conference with personal coach; modification of
SMART goals

Videoconference with personal coach

Videoconference with personal coach
Videoconference with personal coach
Videoconference with personal coach
Videoconference with personal coach
Weekly face-to-face classes

Weekly face-to-face classes

4BCT: behavior change techniques.

PCALO-RE: Coventry, Aberdeen & London—Refined taxonomy.

Envisioned Use Case During Randomized Controlled Trial

In line with the MRC framework, the blended intervention will be tested with an

RCT. During this study, older adults are 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
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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.
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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.

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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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.

Figure 4. Exercise Library.
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Figure 5. Selecting Exercise Variation.

PN T .4 72% 0 1833

Zittend bukken en tillen van de
grond @ VaiantA

Variant B

() VariantC

INFORMATIE

VOEG TOE

VANDAAG WEEKSCHEMA OEFENINGEN HVA COACH PROFIEL ﬂ @

Figure 6. Personal Training Schedule.

73% il 18:27

1/4 3/28
vandaag deze week
N
@ WIJZIGEN | ,I
Maandag | Gister Morgen |

& Slalom Loy (Snel)wandelen % (Snel)wandelen Ly (Snel)wandelen %’

Opstaan uit een Opstaan uit een o . Opstaan uit een
" stoel met handen % stoel met handen Q s/ Zittend reiken stoel met handen ]

. : Voorwaarts op en Gaan zitten op Gaan zitten op ﬂ
w/ Zittendireiken % afstappen J bed, vanuit zijlig J bed, vanuit zijlig *~ %

VANDAAG WEEKSCHEMA OEFENINGEN HVA COACH PROFIEL (_J:a @

47




Chapter 3

48

Figure 7. Today’s Program.
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Figure 8. Modifying Execution Parameters.
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Figure 9. Countdown Timer During Executing.
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Figure 10. Rating An Exercise.
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Figure 11. Initiating Video Call To Coach.
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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. 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.
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Contribution and Related Work

Thereis awidebody of evidence that health interventions that support self-regulation
in the general adult population are 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.
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Asnoted 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
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
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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 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 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.
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Abstract

Background: For older adults, physical activity is vital for maintaining their
health and ability to live independently. Home-based programs can help them
achieve the recommended exercise frequency. An application for a tablet computer
was developed to support older adults in following a personal training program. It
featured goal setting, tailoring, progress tracking, and remote feedback.
Objective: In line with the Medical Research Council Framework, which prescribes
thorough testing before evaluating the efficacy with a randomized controlled trial,
the aim of this study was to assess the usability of a tablet-based app that was
designed to support older adults in doing exercises at home.

Methods: A total of 15 older adults, age ranging from 69 to 99 years old, participated
in a usability study that utilized a mixed-methods approach. In a laboratory setting,
novice users were asked to complete a series of tasks while verbalizing their ongoing
thoughts. The tasks ranged from looking up information about exercises and
executing them to tailoring a weekly exercise schedule. Performance errors and
time-on-task were calculated as proxies of effective and efficient usage. Overall
satisfaction was assessed with a posttest interview. All responses were analyzed
independently by 2 researchers.

Results: The participants spent 13-85 seconds time-on-task. Moreover, 79%
(11/14)-100% (14/14) participants completed the basic tasks with either no help or
after having received 1 hint. For expert tasks, they needed a few more hints. During
the posttest interview, the participants made 3 times more positive remarks about
the app than negative remarks.

Conclusions: The app that was developed to support older adults in doing exercises
at home is usable by the target audience. First-time users were able to perform
basic tasks in an effective and efficient manner. In general, they were satisfied with
the app. Tasks that were associated with behavior execution and evaluation were
performed with ease. Complex tasks such as tailoring a personal training schedule
needed more effort. Learning effects, usefulness, and long-term satisfaction will be
investigated through longitudinal follow-up studies.



Usability

Introduction

Physical Activity Interventions for Older Adults

Physical activity is vital for 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, physical activity can prevent or delay the onset of functional impairments and
prolong the ability to live independently [3]. Provided by these well-acknowledged
health benefits, community-based physical activity 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” (“Meer Bewegen
voor Ouderen,” abbreviated as MBvO in Dutch). Weekly, 400,000 older adults
exercise in a group under the guidance of an instructor. Despite the popularity of
this program, however, its effects on physical health appear to be insufficient [6]. In
particular, studies show a need for higher frequency and longer exercise duration to
capitalize on the health benefits of physical activity [7,8].

To achieve the recommended frequency and duration, a home-based exercise
program could prove a useful addition to a community-based program such as
MBvO. With the convenience of their home, older adults can continue the exercises
they have learned during the weekly community classes. A focus-group study
showed that the MBvO participants believed additional home exercises would be
useful but also had worries about the safety, self-efficacy, and adherence to such an
intervention [9].

Technology Use

Mobile health (mHealth), that is, the use of mobile devices and wireless technology
for medical and health practices [10], is increasingly being used to attain health
goals, for instance, increasing physical activity, weight loss, stress reduction, or
chronic disease management like diabetes. In 2017, over 325,000 health apps
were available for the general public through the various app stores [11]. Health
professionals, policy makers, and researchers recognize the opportunity to reach a
large audience through developing technology-enhanced interventions for various
target populations and health outcomes. Increasing physical activity in older
adults is one of such intended health outcomes [12-16]. In contrast to popular
belief that older adults are not inclined to use technology, the ownership of tablet
computers among older adults is growing rapidly [17-19]. The popularity of tablets
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stems possibly from its usability. Studies show that older adults are able to operate
tablets better than personal computers [20,21] or smartphones owing to their large
touchscreen [22]. It is not surprising that recent health interventions for older
adults choose tablets as the primary mode of delivery [23-27].

Development of a Tablet-Based Intervention

To increase the physical activity in older adults and capitalize on the potential
of mHealth, a technology-enhanced intervention was developed as part of the
Motivating Technology for Older Adults’ Behavior (MOTO-B) and VITal Amsterdam
elderly IN the city (VITAMIN) projects. The aim of these projects was to develop an
mHealth intervention that can be used in conjunction with existing community-
based exercise programs. By supporting older adults to perform exercises at home
as well, it helps them to achieve the recommended exercise duration and frequency
[7,8].

To develop the intervention, the Medical Research Council (MRC) framework was
used [28,29]. This framework describes the process of developing, pilot-testing,
assessing the effectiveness, and implementing complex health interventions.
As part of the development stage, focus groups were conducted with prospective
users, and relevant literature was identified, which led to 3 design considerations
[9,30]. First, physical activity should be supported by functional exercises that
can be executed safely within a home environment. Second, to facilitate behavior
change, the intervention should support self-regulation. Third, a blended approach
allows the convenience of a home-based exercise program and the ability to tailor
the intervention to individual needs to be combined with the effectiveness of rich
feedback and social support.

These design considerations were implemented in a tablet-based app called
VITAMIN that delivered a home-based exercise program in conjunction with
coaching. Key components were goal setting, the ability to tailor the program to
individual needs, video demonstration of functional exercises, rating of exercises,
and progress tracking and feedback of a personal coach that could remotely monitor
performance. See Mehra et al. [30] for a detailed account of how behavior change
principles were translated into the blended intervention.

Prior to evaluating the efficacy of the intervention in terms of health outcomes, the

feasibility should be assessed. This stage is often overlooked, leading to efficacy
studies of interventions that have not matured yet and problems that could have
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been prevented with sufficient pilot testing [29]. Usability issues are one of the key
factors that determine the success of mHealth interventions [31,32]. Usability is
defined as the extent that devices can be operated by users to achieve the specified
goals with effectiveness, efficiency, and satisfaction in a specified context of use
[33]. In line with the feasibility stage of the MRC framework, this study sets out
to investigate the usability of the tablet-supported intervention. The aim was to
assess whether first-time users could operate the VITAMIN app that was designed
to support older adults in doing home-based exercises. First-time users are older
adults that have no prior experience of using the app.

Methods

Study Design

Zapata et al [32] conducted a systematic review on how the usability of mHealth apps
isbeing evaluated. The majority of the studies use either interviews or questionnaires
to investigate usability. These methods rely on self-report of prospective users after
having used the device. These methods are suitable to gauge user satisfaction but
in lesser degree effectiveness and efficiency. In contrast, other studies investigate
the usability by observing users as they try to complete prescribed tasks on the
device. This method is a reliable estimate of effectiveness and efficiency but not
user satisfaction. Combining various methods to evaluate usability is therefore the
recommended approach, although only a few studies do so [32].

This study used mixed methods to investigate the usability of the VITAMIN app.
To evaluate effectiveness and efficiency, user performance was recorded and
assessed as they executed tasks in a laboratory setting. Satisfaction was evaluated
by asking the participants to “think aloud” during the execution of tasks. This is a
common technique used in usability studies where users are requested to verbalize
their ongoing thoughts as they execute a task [34]. After performing the tasks,
participants were interviewed about their overall impression of the app.

Participants

Atotal of 15 older adults, 4 men and 11 women, were recruited from local community
centers that offer weekly exercise programs. Inclusion criteria were that the
participants be at least 55 years old, living independently at home, and taking part
in the weekly exercise classes offered by the community center. Exclusion criteria
were mental or physical health conditions that could prevent them of operating a
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tablet, such as the presence of tremors or cataract. Both the inclusion and exclusion
criteria match those of a future randomized controlled trial (NTR5888) and the
intended implementation of the intervention as an addition to existing community-
based exercise programs [35].

Materials

Tablet Application

The app was designed for a 10-inch Android tablet. The main functions of the
VITAMIN app were delineated by 5 distinct tabs in the home screen: (1) Exercises, (2)
Profile, (3) Weekly Schedule, (4) Today, and (5) Video Calling. Exercises is a library
that contained 16 functional exercises, designed by human movement scientists,
that were devised to be executed in a home setting with ordinary household objects
as aids. Each exercise consisted of 3 versions that varied in difficulty. For each
variation, a custom-made video with a voiceover was shot (48 in total) that depicted
how the exercise could be executed safely (modeling). The video was accompanied
by a factsheet that contained background information about the exercise (Figures
1 and 2). Profile is the possibility to formulate personal goals and a step-by-step
wizard that helped users to set up a weekly schedule with suitable exercises (goal
setting & tailoring). Weekly Schedule is an overview with icons depicting which
exercises were planned for each day of the week (Figure 3). Users could checkmark
exercises that had been performed and see, in a glance, what still had to be done
(progress tracking). Today is a reel of exercises that were planned for that day. To
aid the execution, a countdown timer depicted the remaining seconds. Prior to the
execution, the user could customize each exercise using 3 parameters: the duration
of the exercise, the amount of repetitions of the exercise, and the difficulty level
(Figures 4-6). After the completion of each exercise, the user could rate the exercise
using 3 scales on difficulty, effort, and fun (Figure 7). Video Calling is the option to
video call an appointed coach that could motivate and assist the user from distance
(motivational interviewing). This coach could also remotely monitor the weekly
schedule and the user ratings of each exercise (Figure 8).

The typical use of the app would be exploring the available exercises (1) and setting
personal goals (2) during the initial use. The Weekly Schedule (3) and Today (4)
tabs are used on a daily basis to assist users in performing their scheduled exercises.
Finally, the Video Calling (5) tab is to be used when users want to evaluate and
discuss their progress with their personal coach.
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Figure 1. Exercise Library.
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Figure 2. Selecting An Exercise Variation.
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Figure 3. Personal Training Schedule.
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Figure 4. Today’s Program.
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Figure 5. Modifying Execution Parameters.
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Figure 6. Countdown Timer During Executing.
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Figure 7. Rating An Exercise.
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Figure 8. Initiating Video Call To Coach.
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Textbox 1. Description of the Tasks That Were Performed By the Participants.

Today
« Today1: Execute the exercises that are scheduled for today. Adjust the duration to 10 seconds
and set the repetition to 1.
« Today2: After completing an exercise, rate the difficulty, effort and fun using three scales.
« Today3: Find and watch the instructional video of exercise X.
« Today4 (expert): During the execution of an exercise, pause the countdown timer.
Weekly Schedule
o Schedule1: Look up which exercises are planned for Friday.
« Schedule2: Add an exercise to your weekly schedule that will increase your capacity to pick up
objects from the floor.
e Schedule3: In the weekly schedule, remove exercises so that the maximum exercises for that
day is three.
e Schedule4: Set an alarm so that you will get a daily reminder at 12.00.
o Schedules (expert): Yesterday you forgot to mark your exercises as completed. Do this in
retroaction.
Exercises
« Exercise1: Look up information about exercise X.
« Exercise2 (expert): Study the different variations of exercise X.
Video Calling
« Video1: Make a video call to your coach.

Usability Tasks

In order to test typical scenarios for novice users that have no to little experience
using the app, a series of basic tasks were defined. The tasks were grouped around
the 4 tabs: Exercise, Today, Weekly Schedule, and Video Calling described above.
The Profile tab could not be tested because it was still in development at the time.
The basic tasks were designed with the novice user in mind. Three additional “expert
tasks” were added to the testing procedure as a “back-up option” in case participants
completed the basic tasks early. The expert tasks were defined as tasks that would be
indicative for advanced users that have been using the app for an extended period of
time (see Textbox 1 for a description for the basic and expert tasks that were tested).

Procedure

Participants were received in the usability lab of the university by an experimenter
and an assistant. After signing an informed consent document and receiving a short
verbal introduction, they were seated behind a desk. The participants were instructed
to think aloud as they performed each task. If needed, they were encouraged to
do so by asking “what do you see?” or “what are you trying to achieve?” during
the experiment. If participants were stuck during the execution of a task, they were
given a verbal hint by the experimenter after 30 seconds, for instance “the button
you are looking for can be found in the top left-hand corner.” In this manner, the
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participant could continue with the rest of the task.

After practicing the procedure with a trial run, they were asked to perform the tasks
as described in Textbox 1. The order of the tasks was fixed in principle, but some
tasks were skipped if the experimenter felt this was appropriate. Occasionally,
some participants deviated from the goal and explored the functions of the app.
In some cases, this situation made certain future tasks irrelevant. For instance, if a
participant already deliberately removed exercises from the weekly schedule during
the task Schedule2, performing Schedule3 was skipped for that specific participant.
Furthermore, the expert tasks were given only to the participants whose pace was
high and when the experimenter believed that the participant would be able to
complete all the tasks within the allocated time.

After completing the tasks, the tablet was put aside and the participants were
shortly interviewed about their general impression of the app. The sessions lasted
45 minutes in total and were video recorded. Furthermore, the user’s interaction
with the tablet was recorded by screen capture software.

Data Analysis

All recordings were transcribed and coded using software for qualitative analysis
(MaxQDA). Two researchers independently coded 4 metrics of the aggregated
dataset:

Time-on-task: the average time the participants spent on executing a task.

2. Hints: the average number of hints that were given during the execution of
a task.

3. Success rate: the proportion of participants that completed the task

successfully without any hints, completed the task successfully with hints,
and could not complete the task.
Errors: the average amount of errors that were made by participants during
the execution of a task. A distinction was made between the following:
strategy errors: not knowing how to approach the task (eg, not knowing how
to add exercises to the weekly schedule); interaction errors: not knowing how
to execute the strategy (eg, unable to find the play button); and operating
errors: being unable to operate the device (eg, swiping).

Furthermore, the remarks of the participants during the execution of a task (think-
aloud protocol) and posttest interview were classified as either positive, neutral,
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negative, or a suggestion for improvement.

After both coders annotated the data independently, they compared the results.
Differences were resolved via discussion. If no consensus was achieved, the first
author settled the rare dispute.

Results

Participant Characteristics

The ages of the 15 participants varied from 69 to 99 years old with an average of
77 years (SD 8.5). The majority indicated they had no prior experience operating a
tablet.

Time-on-Task, Success Rate, and Satisfaction of Basic
Tasks

The results of 1 participant were excluded from the study because she turned out to
be insufficient in Dutch to understand the assigned tasks, and her responses could
not be coded reliably. The remaining participants spent 13-85 seconds time-on-task
for the basic tasks that were indicative for novice users. Depending on the task,
79% (11-14)-100% (14/14) of the participants completed the tasks successfully with
either no help or after having received 1 hint.

Despite the fact that the tasks could be completed successfully by the majority of
the participants, their performance varied greatly across different tasks. Executing
an exercise (Today1), watching an instructional video (Today3), and video calling
a coach (Video1) were conducted relatively easy, as demonstrated by the high
success rate without any help. In contrast, adding an exercise to the weekly schedule
(Schedule2) appeared to be a more difficult task, indicated by the relatively high
failure rate (see Table 1 for the average time-on-task, amounts of hints given, and
success rate for the basic tasks). The type of errors that were made ranged from
strategy and interaction errors to operating errors (Table 2).
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Table 1. Number of Participants Who Performed the Task (N), Average Time-on-Task, Number of

Hints Given and Success- and Failure Rates for Basic Tasks.

Basic task Participants, Time-on- Hints Success Success Failure,
n task (s) without with hints, n (%)
hints, n (%) n (%)
Today1 14 78 1.0 10 (71) 3 (21) 1(7)
Today2 14 59 0.9 6 (43) 8(57) o (0)
Today3 12 20 0.8 7 (58) 4(33) 1(8)
Schedule1 12 33 0.8 5(42) 5(42) 2(17)
Schedule2 14 85 0.9 2(14) 9 (64) 3(21)
Schedule3 11 60 0.9 o (o) 10 (91) 1(9)
Scheduleg 13 85 1.1 6 (46) 6 (46) 1(8)
Exercise1 13 19 0.8 6 (46) 6 (46) 1(8)
Video1 11 13 1.1 6 (55) 5(45) o (0)

Table 2. Number of Participants Who Performed the Task (N), and the Average Number of Errors

Made for Basic Tasks.

Basic task Participants, n Strategy errors Interaction Operation errors
errors
Today1 14 0.8 0.2 0.4
Today2 14 0.2 0.0 0.5
Today3 12 0.0 0.2 0.2
Schedule1 12 0.4 0.1 0.0
Schedule2 14 0.5 0.5 0.7
Schedule3 11 0.5 0.5 0.4
Schedule4 13 0.4 0.4 0.1
Exercise1 13 0.8 0.0 0.2
Video1 11 0.1 0.0 0.0

In addition to task performance, the satisfaction per task was assessed with the
think-aloud protocol. The majority of the basic tasks elicited more positive remarks
than negative remarks during the execution (see Table 3 for the type of remarks per
task). Participants were most positive about performing the daily exercises from the
Today tab (Today1). This task elicited 3 times more positive remarks than negative
remarks. Examples are “I think this is great. A short break. A[n] interval,” “...yes,
very easy,” and “...this is very convenient” or “it is quite orderly.” In contrast, the
participants were not enthusiastic about looking up information in the Exercise
library (Exercise1). During this task, participants could read background information
about an exercise. This task elicited 2 times more negative remarks than positive
remarks. Examples are “I think this is a lot of text” or “...this is not of much use.” The
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suggestions made by the participants were “...look, you call it domain. I would use a
different term for this” or “I think the text should be shorter.” Also, for watching an
instructional video (Today3), participants had several suggestions about enlarging
the video to full screen, for example, “enlarging with two fingers would be useful” or
“a different symbol for enlarging the video would perhaps be better.”

Table 3. The Number of Participants Who Performed the Task (N) and the Total Number of Remarks

Evaluated As Either Positive, Negative, Neutral, Or A Suggestion for Basic Tasks.

Basic task Participants,n  Positive Negative Neutral Suggestions
Today1 14 18 6 2 1
Today2 14 3 1 3 o
Today3 12 8 4 o) 5
Schedule1 12 1 2 1 o
Schedule2 14 3 1 1 1
Schedule3 11 3 1 o) 3
Scheduleg 13 9 9 [} 7
Exercise1 13 4 8 1 8
Video1 11 3 2 o) 2

Time-on-Task, Success Rate, and Satisfaction of Expert
Tasks

Besides the basic tasks, a few participants also completed the expert tasks. The time-
on-task varied from 14 to 58 seconds. The success rate varied from 75% to 100%.
As could be expected, more hints were needed to complete the tasks successfully
compared with the basic tasks described earlier. Marking an exercise retroactively
as completed, which required the participant to tap and hold down for a certain
amount of time, proved to be an especially difficult task. This task had the highest
time-on-task, failure rate, and errors. The verbal remarks of the participants
indicated that they appreciated the possibility of retroactively marking exercises as
complete but found its operation difficult (see Tables 4 and 5 for details of the expert
task performance; see Table 6 for the type of remarks per task).
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Table 4. Number of Participants Who Performed the Task (N), Average Time-on-Task, Number of

Hints Given, and Success and Failure Rates for Expert Tasks.

Expert Participants, Time-on- Hints Success Success Failure,

task n task (s) without with hints, n (%)
hints, n (%) n (%)

Today4 4 14 3.5 2 (50) 1(25) 1(25)

Schedules 8 58 1.5 1(13) 5(63) 2 (25)

Exercise2 4 18 3.5 1(25) 3(75) 0 (0)

Table 5. Number of Participants Who Performed the Task (N) and Average Number of Errors Made

for Basic Tasks.

Expert Participants, n Strategy errors Interaction Operation errors
task errors

Today4 4 0.0 0.5 0.0

Schedules 8 0.4 0.4 0.6

Exercise2 4 0.8 0.0 0.0

Table 6. The Number of Participants Who Performed the Task (N) and the Total Number of Remarks

Evaluated As Either Positive, Negative, Neutral, Or A Suggestion for Expert Tasks.

Expert task Participants,n  Positive Negative Neutral Suggestions
Today4 (expert) 4 5 1 o o
Schedules (expert) 8 3 2 1 2
Exercise2 (expert) 4 1 1 o 1

Overall Satisfaction

During the posttest interview, the participants were overall positive; 31 positive
remarks were made against 10 negative remarks. The number of participants in the
posttestinterview (n) was 14. In this interview, 31 remarks were validated as positive,
10 as negative, 10 as neutral, and 22 as suggestions. Typical positive remarks were
“Nice. I found easy to operate and fun,” “it was pretty clear and straightforward,”
and “it’s n