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Abstract. Extensive studies show that regular physical activity is one of the
crucial factors to determine one’s prolonged health and wellbeing. But although
this knowledge is fairly widespread, many people still fail to meet the WHO
recommendations for the weekly average of physical activity. While the reasons
for this shortcoming are manifold, a lack of motivation on the one hand and a lack
of awareness on the other may be considered to be the two main culprits. Inter-
ventive fitness and health applications, being both pervasive and persuasive, may
help to counteract this problem by assisting the user during her daily routine in
finding both the required motivation and good opportunities for being physically
active. This contribution focuses on one of the main challenges of such applica-
tions, namely the identification of situations which are suited for notifying (“trig-
gering”) the user of a chance for physical activity.
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1 Physical Activity and Health

Studies show that a minimum of 15 min of physical activity a day will significantly
reduce all-cause mortality [1]. Consequently, the World Health Organization (abbr.
WHO) recommends that “Adults aged 18-64 should do at least 150 min of
moderate-intensity aerobic physical activity throughout the week or do at least
75 min of vigorous-intensity aerobic physical activity throughout the week or an
equivalent combination of moderate- and vigorous-intensity activity” [2]. By using
the terms “moderate-intensity” and “vigorous-intensity”, the WHO refers to the
Metabolic Equivalent of Task (abbr. MET) classification of physical activities. This
convention assigns intensity values (“MET-values™) to different types of physical
activities, thereby arranging them in a hierarchy that ranges from the least intense
physical activity - sleeping with a MET-value of 0.9 - to the most intense physical
activity - running at 22.5 km/h (14 mi/h) with a MET-value of 23. The intensities of
all other types of physical activity, such as dancing, gardening, or playing a musical
instrument, lie somewhere in between those two extremes [3]. When referring to
“moderate-intensity activities”, the WHO means activities with a MET-value in
between 3.0 and 6.0, and analogously, a “vigorous-intensity activity” is anything
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with a MET-value of above 6.0. According to this classification, a few examples of
moderate-intensity physical activities would be brisk walking (MET 3.8), practicing
Tai-Chi (MET 4.0), and mowing the lawn with an electric mower (MET 5.5). In
other words: the WHO recommendations for the minimum amount of physical
activity per day could already be reached by accelerating one’s pace on the way to
the bus stop in the morning and the evening, and by investing a few minutes into
Tai-Chi exercises during the lunch break or after work.

As such, it may be considered somewhat surprising that a significant — apparently
growing — part of the population fails to meet the WHO recommendations. According
to Hallal et al. “roughly three of every ten individuals aged 15 years or older - about
1.5 billion people - do not reach present physical activity recommendations” and “the
situation in adolescents is even more worrying, with a worldwide estimate that four of
every five adolescents aged 13—15 years do not meet present guidelines” [4]. This prev-
alence of physical inactivity, especially among adolescents, is prone to negatively affect
not just the life of individuals, but the state of societies as a whole. Janssen calculated
that in 2009, “the total annual economic burden of physical inactivity in Canadian adults
was $6.8 billion”, which equaled almost 4 % of that year’s total Canadian health care
costs [5]. Pratt et al. point out that the surprising low number of publications on the
matter in recent years is probably due to the fact that at least in North America, Australia,
and Europe, the awareness for the fact that the physical inactivity of their populace
induces a financial burden on these societies has become widespread enough [6]. So,
what is stopping so many people from not even reaching the low-end goals?

In several studies conducted among a total of 17,000 Australian adults, the top three
barriers to being physically active were found to be a lack of time, a lack of ability, and
a lack of motivation, in this order [7]. In the light of the previously made considerations
that the WHO recommendations for physical activity can be reached fairly easily by
simply integrating a few moderate-intensity physical activities in one’s daily routine, it
must be concluded that for the majority of non-active individuals, either a lack of aware-
ness or a lack of motivation (or both) are the actual problems. Here, “lack of awareness”
means that while most people probably have knowledge of the fact that physical inac-
tivity is bad for them, they may not be aware of how small the amount of physical activity
actually is that is required in order to profit from associated health benefits. Furthermore,
many may not be aware that physical activity is not only helpful for fighting obesity,
but also to reduce the risks of suffering from heart diseases, high blood pressure, diabetes,
and certain types of cancer [8]. In this regard, both the lack-of-ability and lack-of-time
arguments may be based on the misconception that reaching physical activity goals
implies having to endure highly stressful tasks such as the dreaded 10-mile runs.

Summarizing this chapter, we find that the WHO recommendations for physical
activity could be met fairly easily by slightly adjusting one’s daily routine, but that a
lack of motivation and a lack of awareness seem to keep many people from achieving
this. Methods for effectively counteracting this problem should thus be able to motivate
people on the one hand, and to highlight opportunities for a few minutes of medium-
intensity activity on the other.
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2 Pervasive Applications for Health

Since the introduction of the first iPhone in 2007, smartphones have become incredibly
prevalent. More than 1.4 billion new devices have been sold in 2015 alone [9]. In a
similar manner, the introduction of the first Apple Watch in 2015 had a significant impact
on the wearable market and helped it grow by 170 % in comparison to the previous year,
up to almost 80 million units sold in 2015 [10]. Smartphones and wearables are different
to classic laptops, desktops, and video game consoles in that they accompany their users
throughout the entire day. This characteristic of being almost always readily available
to interact with the user is called “pervasiveness” and smartphones and wearables are a
huge step towards pervasive computing, as originally envisioned by Weiserin 1991 [11].

As we have pointed out before, their pervasive nature makes smartphones and wear-
ables ideal tools for technology-based health-related interventions [12]. Frequently
reminding the user of the necessity of doing (or not-doing) something specific increases
the likelihood of her actually showing the desired behavior. Social sciences have coined
the term “nudging” for this kind of friendly reinforcement [13]. There are a growing
number of smartphone applications that aim to stimulate and support “healthy behavior”
during the day by “nudging” the user. Examples include applications meant to ensure
that the user is drinking a sufficient amount of water in order to avoid dehydration!, and
applications that want to ensure that the user stays compliant to her goal of quitting
smoking?.

The stimulation of a sufficient amount of physical activity throughout the day is one
of the main features of the Apple Watch. The so-called “Activity App” of the device
uses three concentric colored rings to visualize the user’s daily progress in the categories
“Move”, “Stand”, and “Exercise”. For the red-colored Move-ring, the user initially
specifies the extra amount of calories that she wants to burn during the day besides her
basal metabolic rate. The goal represented by the green Exercise-ring is to achieve a
total of at least 30 min of at-least medium-intensity physical activity. And finally, the
blue Stand-ring is filled if the user manages to stand or walk for at least sixty consecutive
seconds in at least twelve different hours of the day. The device relies on its built-in
inertial sensors for the assessment of all of these values. The images of Fig. 1 show the
Activity App in different stages.

The Apple Watch and its Activity App represent a milestone towards effective tech-
nology-based health interventions. The Move-ring enables users to set personal goals
for the day. The Exercise-ring only fills if the watch detects at least medium-intensity
physical activities, thus making it easier for the user to identify relevant physical activ-
ities. And finally, the Stand-ring frequently encourages — nudges, if you will — the user
to interrupt her prolonged sitting. The corresponding “Time to stand!” message (see
Fig. 1) comes with a little beep and a soft vibration of the device, a friendly reminder to
be physically active. However, in its current state, the Activity App of the Apple Watch
also has several shortcomings.

! “Plant Nanny” by Fourdesire, available for iOS, Android, and Windows Phone.
% “Smoke Free” by David Crane, available for iOS and Android.
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Activity

Fig. 1. Apple Watch Activity App screens.

Leaving aside reports on inaccurate activity detection, one of the main problems of
the Activity App is certainly the way that the “Time to stand!” feature is implemented.
The notification comes once every hour, more specifically ten minutes before the next
hour if the user has not been very active during the last. The application does not differ-
entiate between contextual situations and as such it also tries to activate users sitting in
meetings, movie theatres, or those driving a car. This “stubbornness” is prone to irritate
and eventually annoy users and may ultimately lead to them entirely disabling the
feature. In this regard, it must be subsumed that the Activity App does nothing to assist
the user in identifying opportunities for being active; it merely functions as a frequent
and possibly ill-timed reminder that activity is important.

Another shortcoming of the Activity App regards user motivation. The goal of
closing the three activity rings each day will certainly appeal to the intrinsically moti-
vated and studies conducted with one of the Apple Watch’s competitors in the market,
the Fitbit wristband, showed that wearables and their ability to quantify physical activ-
ities can indeed have a long lasting positive effect on the physical activity of their users
[14]. In direct comparison, the increasing effects of pure reminders — such as the Apple
Watch’s “Time to stand!” messages — seem to last for only a few days [15]. However,
we need to ask the question if the mere quantification of activity is also a sufficiently
large motivator to those that do not enjoy physical activity for its own sake.
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3 Overcoming Physical Activity Barriers

Indeed, the problem of how to encourage the not-intrinsically-motivated for more phys-
ical activity is heavily debated. In recent years, the industry tried to improve the motiva-
tional appeal of its fitness trackers and healthy living applications with the widespread
integration of gamification mechanics [16], although the actual effectiveness of gamifica-
tion in this context remains questionable [17]. The incredible commercial success of the
Wii Sports game for Nintendo’s TV-screen based console Wii [12], released in late 2006,
sparked a significant amount of research on so-called exergames — video games that
require the user to be physically active in order to advance in the game — and on the ques-
tion, whether or not these exergames can effectively motivate users for physical activity.
But although it has been found that such games are motivating to many users in the short-
term [18], long-term studies that prove a lasting effect are still hard to come by.

In order for interventive health applications to be effective, they need to be provided
with the means to be able to overcome the barriers for the desired activities. The psycholo-
gist BJ Fogg created the “Fogg Behavior Model” (abbr. FBM) through which he explains
the factors that decide, whether or not someone will show an intended behavior. According
to Fogg, in order for a person to behave in a specific way, that person must “(1) be suffi-
ciently motivated, (2) have the ability to perform the behavior, and (3) be triggered to
perform the behavior. These three factors must occur at the same moment, else the behavior
will not happen” [19]. The FBM explains that motivation and ability can compensate one
another within certain limits. If a person is highly motivated for doing something specific,
she may do it although she finds the task itself difficult or unpleasing. An example for this
might be someone attending evening classes in addition to a stressful day job in hopes of
obtaining a higher degree. On the contrary, if something is very easy to do, the person in
question may still show the target behavior although her motivation for doing so is actually
low. The final element in the FBM is the creation of awareness, represented by an acti-
vating mechanism called a “trigger”. Fogg states that “a trigger is something that tells
people to perform a behavior now” and goes on to point out that “in fact, for behaviors
where people are already above the activation threshold — meaning they have sufficient
motivation and ability — a trigger is all that’s required’ [19].

The FBM is a great tool for understanding the requirements for effective interventive
health applications, or more specifically, for understanding the necessities for making
people be more physically active. In the previously mentioned survey by Owen et al. [7],
the main reasons given for sedentary behavior were “I have no time”, followed by “I
am not physically able”, and finally “I do not want to”. Leaving aside the possibility of
a response bias that may have led to the “no time” argument instead of the “no motiva-
tion” argument placing first, we find in either case that the main factors that keep people
from being physically active are well reflected by the components of the FBM: (1) we
need to find ways of motivating users, especially those that do not take joy in physical
activity, (2) we need to make it as easy as possible for users to be physically active,
especially in regard to the time that needs to be invested, and finally, (3) we need to
trigger users when both motivation and ability are sufficiently high (and ideally only
then). Fogg explains that such an opportune moment to persuade was called a KaLpOg
(“kairos”) in ancient Greek.
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When we consider the features of contemporary devices and applications meant for
promoting their users’ health and fitness — and in early 2016, the Apple Watch must be
counted among the most advanced of these — we find that although the progress made
towards effective interventive health measures is clear, the state of the art still falls short
of the actual goal. There are elements meant to motivate —quantification of physical
activities and gamification — but it is at least questionable, whether these also have an
effect on the actual problem group, namely those that endure physical activity rather
than enjoying it. However, as can be learned from the FBM, a lack of motivation can at
least in part be compensated through a sufficiently high ability. In other words: if we
can find ways of making physical activity easy and simple enough, the motivational
problem may indeed turn out to be a secondary one.

Fogg lists several elements of simplicity. Some of them, such as the investment of
money and brain cycles, will usually not be obstacles to physical activity, leaving the
investment of time, the required physical effort, a possible social deviance, and the
question of whether or not it is a non-routine task to determine, whether the activity in
question is considered easy to do by the user. In the first chapter, we found that both of
the arguments that state “I cannot”, namely the self-perceived “lack of time” and “lack
of physical ability”, are oftentimes actually a lack of awareness: awareness in regard to
how (comparably) little time and effort must be invested to profit from health benefits.
In order to promote physical activity, these two “I cannot” arguments must thus be
countered at an opportune moment — a kairos moment — with a friendly but determined
“yes you can, if you do it now and here”.

In the light of the previously made considerations that low motivation can in part be
compensated by simplicity, helping the user to identify good opportunities for being
active, and possibly even telling her how to be active, seems to be key for the design of
effective interventive applications to promote physical ability. In this regard, the stub-
born “Time to stand!” reminder of the Apple Watch that comes every hour, regardless
of the actual situation that the user is in, might be considered a first step in the general
right direction and by chance, it may sometimes even be successful. But much more
often it will not. What effective interventive applications rather need are mechanisms to
allow them to precisely identify opportune situations — kairoi — when both motivation
and, more importantly, ability are sufficiently high and when it is thus meaningful to
activate — trigger — the user. And while basic versions of these user triggering mecha-
nisms might concentrate on identifying opportunities for being active in which the user
is not occupied in any other way, more advanced versions should also elaborate on the
exact way of activity and possibly even point out its benefits, such as in: “There is a bus
at the stop, which will wait for another three minutes. If you accelerate your pace now,
you will be home 20 min early.”

The identification of opportunities suited for physical activity that integrate smoothly
into the user’s daily routine, meaning that they are as simple as possible to perform, is
the core element for the design of effective means to promote physical activity. In the
next chapter, we will discuss a possible architecture for such systems and present the
evaluation results of its first prototypical implementation.
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4 An Architecture for Effective User Triggering

First and foremost, effective triggering requires an understanding of the user and her
situation. Even if a person is highly motivated to comply, asking her for as little as to
stand up may be asking too much in certain situations — left alone asking for a medium-
intensity physical activity such as taking a brisk walk around the block. As such, the
first requirement for devices and applications that intend to promote physical activities
pervasively during the day is the ability to assess the state of the user and of her
surrounding as precisely as possible. Where is the user, when is her next appointment?
The second necessity is to then make sense of the bits of information that have been
gathered. If the GPS module states that the user is in her office but according to the
system clock, it is late Monday evening, does this mean that the user is “working”? Or
is this already “spare time”? The third and final challenge lies in understanding the user:
Is this a good moment for reaching out to her? Will she consider the proposed activity
to be simple enough, and will she be sufficiently motivated?

By arranging these three questions in the given order, answering them becomes
increasingly user (and task) dependent. While information about the state of the user’s
environment can be assessed independently of any knowledge of the subject itself, the
implications that come from putting these facts together are already dependent on the
individual user. For assessing that the user is “at work”, for example, we need to have
knowledge about where “at work™ is. Finally, anticipation of how the user will react to
a triggering attempt at a given moment can only succeed if intimate knowledge about
the user’s behavior patterns and preferences is taken into account. These behavior
patterns and preferences are in turn dependent on the target behavior that the trigger tries
to provoke: at a given moment, the user’s motivation and ability to drink a glass of water
will oftentimes be different from her motivation and ability to run around the block.

Regardless of the actual user and task at hand, however, we find that in accordance
to the FBM, a triggering attempt will be successful if —and only if — the user’s motivation
and (self-perceived) ability to perform the respective task are sufficiently high at that
very moment. The designers of devices and applications for interventive health aiming
to provoke certain types of behavior, such as episodes of medium-intensity physical
activity, need to take this into account when they intend to increase the effectiveness of
their products.

Figure 2 shows an abstraction of an effective triggering mechanism. This six-step
cycle is centered on the question, whether or not to trigger the user and includes the
following phases:

1. User Decision-Making: The cycle starts with the user who has just received a trig-
gering notification through her device or application, for instance asking her to
perform a specific kind of medium-intensity physical activity. During this phase, the
user decides whether or not to show the target behavior, a decision based on her
motivation and ability for performing the requested activity at the moment of the
triggering attempt. This phase is a black box to the system — only its consequences
can be observed.
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2. Attempt Monitoring: After the triggering attempt, the user will either behave in
the intended way, or not. In any case, in order to improve the effectiveness of the
system and reach a higher triggering precision, the user’s reaction to the trigger
should be monitored.

3. Information Gathering: This step of the triggering process consists of the collec-
tion of any kind of information that might be helpful to improving the accuracy of
the two subsequent steps. It involves the gathering of information that can be picked
up by the triggering device itself (e.g., sensory data), but also data coming from other
sources such as external devices or applications, especially web services (which, for
instance, can deliver information on the local weather). This phase is largely inde-
pendent of the user and the target behavior.

4. Information Reasoning: In this phase, the mechanism needs to make sense of the
raw data that has been gathered during the previous step of the process. The aim of
this step is to categorize the current situation as precisely as possible. There is a
certain user-dependence in this step. For example, to be able to state that the user is
“at home”, knowledge is required about where “home” is. Consequently, the system
needs to provide ways for gathering user input, for instance a configuration menu.

5. Triggering Decision: This is where the system decides, whether or not it is mean-
ingful to try to trigger the user. This step is highly dependent on the user and the
intended target behavior, more precisely on the question, whether the system
assumes that the user’s motivation and ability to show the target behavior are suffi-
ciently high given the recognized situation. In other words: whether the system
believes to have recognized a “kairos moment” for triggering the user. If the system
answers this question with “yes” (believing in a sufficiently high probability for a
successful triggering attempt), it continues with step 6 of the process. Otherwise, if
it believes a triggering attempt is likely to fail in the current situation, it returns to
step 3 and restarts the “gathering-reasoning-decision”-loop.

6. Trigger Delivery: If the system has decided that a triggering attempt is worthwhile,
it needs to select a modality for delivering the trigger. This selection is again
dependent on the user and the situation. A user that is already moving might neither
notice a text message nor a vibration of the device, but may pick up a sound. Like-
wise, the system should of course never try to notify a user with hearing impairments
using this modality. The final task of the process is the actual delivery of the trigger
and — if possible — the assurance that it has been received. This is where the cycle
ends and begins anew.

This description of the process is far from being exhaustive and the implementation of
such a system requires various additional design decisions, whereby the majority of open
questions are related to the “information gathering — information reasoning — trig-
gering decision”-loop (steps 3 to 5). One of these questions is what kind of information
should be gathered during step 3 as the basis for the categorization of situations in step
4 which, in turn, is the foundation for the triggering decisions made during step 5.
Whether or not to trigger depends on whether or not the system believes the user’s
motivation and ability to be high enough, so the information gathered during step 3
should be suited to provide the answers to these questions. As a related problem, gath-
ering information will usually require resources such as processing power and — for
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Fig. 2. Triggering process

mobile devices — battery, and in most cases, these resources will be limited. Conse-
quently, since interventive devices and applications must be pervasive and accompany
their users throughout their entire day in order for them to be most effective, there needs
to be a certain management of such limited resources. Constantly gathering data and
reasoning about it will usually not be an option. A workaround may be a timer that wakes
the entire loop — or parts of it — in fixed intervals, but this harbors the danger of missing
valuable knowledge and/or good triggering opportunities.

We have implemented a comparably simple version of this mechanism as an Android
background service and evaluated it with ten persons for a total of two weeks. Of the
original ten test users, three dropped out during the evaluation, leaving us with seven
complete data sets. The triggering mechanism used simple text messages in order to
encourage users to play the mobile exergame Twostone>. Every fifteen minutes, our
prototypical application activated itself to gather input from six sources of information.
Based on these, it then decided whether or not to try and activate the user. The decision
finding mechanism was realized as a decision tree. Table 1 details the parameters that
were considered during the information gathering phase (step 3) of the process.

The evaluation of our triggering mechanism was split into two phases, each lasting
a single week. During the initial learning phase, the decision tree was relearned after
each triggering attempt, regardless of whether successful or not. Furthermore, in order
to gather a sufficiently large set of examples, the user was not only being triggered when

* Twostone is a mobile exergame developed at the TU Darmstadt, Germany, currently only
available for Android devices. It is the successor of the game PacStudent that we introduced
earlier [12], and requires players to run from virtual enemies while collecting virtual resources.
Although Twostone is a location-based game, it allows players to create their own game levels
and can thus be played almost anywhere. Twostone can be downloaded for free from the Google
Play Store.
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Table 1. Information gathering parameters

ID | Type Source Values

1 Day System {Monday, Tuesday, Wednesday, Thursday,
Friday, Saturday, Sunday}

2 Hour System {00:00, 00:30, 01:00, ..., 22:30, 23:00,
23:30}

3 Location GPS {at_home, at_work, other_1, other_2, else}

Movement Accelerometer/GPS {resting, moving, moving_fast,

moving_very-fast}

5 Temperature openweathermap.org | {<—=5°C, =5°Cto +5 °C, +6 °Cto +15 °C,
+16 °C to 425 °C, >+425 °C}

6 Weather openweathermap.org | 73 different weather conditions®

“See http://openweathermap.org/weather-conditions for details (accessed 2016-02-26).

the attempt was likely to be successful, but also whenever an unknown situation
occurred, and occasionally even when previous triggering attempts had failed during
the recognized situation. This resulted in a significant amount of unsuccessful triggering
attempts during the first week, which required some patience and dedication on part of
the test users. In order to somewhat ease the strain on the users, they were able to specify
times and locations when the system should not try to trigger them, i.e., during the night
or while being at work. Nevertheless, three out of the ten original participants dropped
out during this phase of the evaluation. During the second week of the evaluation, the
decision tree constructed during the first week was kept fixed. Triggering attempts were
limited to those situations when they were considered likely to be successful.

The results of this little test run were promising. After the second week of the eval-
uation, we asked the test users to rate a couple of statements with a score anywhere
between 1 (no agreement at all) and 10 (total agreement). The arithmetic mean of the
scoring of the statement “I found the triggering mechanism helpful” was close to 7, very
similar to the mean score of the statement “The timing of the second week’s triggers
was mostly meaningful”. As expected, the triggering mechanism was also found to be
significantly more annoying during the first week (with a mean score of about 5) than
during the second week (with a mean score of about 2). This indicates that “learning”
triggers that adapt to the user’s preferences may result in a higher acceptance than unin-
telligent triggering mechanisms that stubbornly try to activate their users in fixed inter-
vals or at fixed locations.

5 Conclusions and Future Work

Interventive applications for health have the potential to increase the amount of medium-
intensity physical activities of their users by helping them to identify good opportunities
for such. However, the currently available devices and applications fall short of this task
— even the most advanced of them resort to stubbornly reminding their users in fixed
intervals that they should be more active. In this contribution, we have presented an
abstract architecture for more effective interventive health applications and discussed
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the promising evaluation results of a first, simple implementation. We are currently
working on more sophisticated prototypes that, among other things, will take into
account a larger array of parameters and should thus be able to differentiate situations
more precisely. We hope that this will help to identify good triggering opportunities
more reliably and to thus create highly effective triggering systems able to significantly
increase the daily amount of the medium- and high-intensity physical activities of their
users.
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