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ABSTRACT

We present TripleBeat, a mobile phone based system that
assists runners in achieving predefined exercise goals via
musical feedback and two persuasive techniques: a glance-
able interface for increased personal awareness and a vir-
tual competition. TripleBeat is based on a previous system
named MPTrain. First, we describe TripleBeat’s hardware
and software, emphasizing how it differs from its predecessor
MPTrain. Then, we present the results of a runner study
with 10 runners. The study compared the runners efficacy
and enjoyment in achieving predefined workout goals when
running with MPTrain and TripleBeat. The conclusions
from the study include: (1) significantly higher efficacy and
enjoyment with TripleBeat, and (2) a unanimous preference
for TripleBeat over MPTrain. The glanceable interface and
the virtual competition are the two main reasons for the im-
provements in the running experience. We believe that sys-
tems like TripleBeat will play an important role in enhancing
the exercise experience and in assisting users towards more
active lifestyles.

Categories and Subject Descriptors

H.5.2 Information Interfaces and Presentation|: User
Interfaces; D.2.2 [Software Engineering]: User Interfaces;

1.5.4 [Pattern Recognition|: Applications; K.8.m [Personal

Computing]: Miscellaneous

General Terms

Algorithms, Design, Experimentation, Human Factors, Ver-
ification.

1. INTRODUCTION

A sedentary lifestyle is a major underlying cause of death,
disease, and disability. Unfortunately, levels of inactivity
are high in virtually all developed and developing countries.
It has been estimated that the proportion of adults who are
sedentary or nearly so ranges from 60 to 85% [18].

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

MobileHCI 2008 September 2-5, 2008, Amsterdam, the Netherlands.
Copyright 2008 ACM 978-1-59593-952-4/08/09 ...$5.00.

Nuria Oliver
Microsoft Research & Telefénica Research
Redmond, WA & Barcelona, Spain
nuriao@tid.es

According to the World Health Organization (WHO) [18],
approximately 2 million deaths every year are attributable
to physical inactivity. Physical inactivity increases all causes
of mortality, doubles the risk of cardiovascular disease, type
II diabetes, and obesity [4, 8]. It also increases the risks of
colon and breast cancer, high blood pressure, lipid disorders,
osteoporosis, depression and anxiety.

Fortunately, technology can play a very important role in
promoting and supporting an active lifestyle, i.e. a lifestyle
that incorporates physical activities, sports and healthy life
choices [1, 10]. Both sedentary and active individuals could
benefit from personalized and guided workouts, performance
monitoring, action-directed instructions and competition as
an additional motivating factor.

In this paper we present TripleBeat, a mobile phone based
system that encourages users to achieve specific exercise
goals. TripleBeat allows users to establish healthy cardiovas-
cular goals from high-level desires (e.g. lose fat); it provides
real-time musical feedback that guides users during their
workout; it creates a virtual competition to further moti-
vate users, and it displays relevant information and recom-
mendations for action in an easy-to-understand glanceable
interface.

The paper is structured as follows: First, we review the
most relevant previous work in the area of persuasive in-
terfaces for exercise systems. Then, we describe the soft-
ware and hardware architectures of the TripleBeat system.
TripleBeat’s competition and glanceable interface are pre-
sented in the next two sections, followed by the runner study
that we carried out to validate the system. Finally, we
present our conclusions and outline our future directions of
research.

2. RELATED WORK

Motivation is a key element when developing health mon-
itoring systems, as these systems typically assist users in
changing their behavior to maintain or improve their health.
While some people engage in regular physical activity with-
out the need of external incentives, we believe that a major-
ity of users would benefit from a motivational tool to support
and encourage an active lifestyle.

Fogg’s work [9] has described persuasive technologies as
computer-based tools that persuade people to change their
behavior. Some of the strategies presented in his book in-
clude self-monitoring, computer-originated recommendations
and tailoring.

Additional research on wearable physiological monitoring
systems has revealed an array of techniques to motivate users



to follow a desired workout routine. In particular, we would
highlight four distinct methods for persuading users:

2.1 Personal Awareness

Several commercial products® and research prototypes have
been developed that improve the jogging experience with in-
formation about the user’s performance and workout goals.
In such systems, current physiological and activity data col-
lected on-the-fly using accelerometers, heart-rate monitors,
GPS sensors, etc. is captured and presented to the user in
a general purpose system [2], or targeted to specific groups,
such as children [12] or women [21, 6, 11].

2.2 Social Factors

Social factors are a strong motivating element. Previous
research has supported the value of providing real-time in-
formation about the performance of other users who are en-
gaged or have been engaged in the same activity. Maitland
et al. [13] proposed using a mobile phone as a health pro-
motion tool. Their prototype application tracks the daily
exercise activities of people carrying phones — using fluc-
tuation in signal strength. They have validated their sys-
tem with a short-term user study where participants shared
activity information amongst groups of friends, and found
that awareness encouraged reflection on, and increased mo-
tivation for, daily activity. Brien and Mueller concluded
in [16] that a jogging experience supporting a conversation
between remote partners during the workout was desirable
and motivating. Other systems support interaction with a
group of friends or peers via instant messaging after a work-
out session [20]. Vorderer and Hartmann could empirically
demonstrate in [22] that competition is the major factor in
explaining video game enjoyment. Hence, the big popularity
of community-based gaming environments such as XBOX
live. Social pressure is so relevant as an external motiva-
tional factor that users lose their interest in a competition
that is easy to cheat [20].

2.3 Enjoyable Interaction

Other systems exploit the benefits of music on exercise.
Reddy et al. tackle the problem of consciously selecting
songs [19] while recent approaches go further and automati-
cally determine the playlist according to the user’s workout
goals and physiological responses during the workout [17,
3]. These systems can also adapt the song’s tempo to adjust
the runner’s pace. In [5], Buttussi et al. develop an appeal-
ing 3D virtual trainer to monitor the user’s position during
physical activity in an outdoor fitness trail. Finally, other
game related approaches try to bring indoor exercises to a
virtual environment [14].

2.4 Unobtrusive/intuitive Notification

A big challenge in wearable exercise and activity monitor-
ing systems is the need to provide the user with relevant in-
formation without interrupting or disturbing their workout
or current activity. One example of unobstrusive notifica-
tion is the use of sound spatialization to make it easier to
identify the position of the partner while jogging apart [15].

TripleBeat’s approach for persuading users includes: (1)
personal awareness by allowing users to monitor their heart-
rate and pace in real-time, (2) computer-originated recom-

1iPod (http://ipod.com), Polar (http://polarusa.com).

mendations by providing real-time feedback on what needs
to be done to achieve specific workout goals, (3) tailoring
by learning from past interactions to provide a personal-
ized experience, (4) social pressure by establishing a virtual
competition with other runners, (5) enjoyable interaction
via musical feedback and (6) unobtrusive notifications via a
glanceable interface.

Given all previous work, the main contributions of the
TripleBeat system presented in this paper are: (1) a glance-
able interface to provide real-time feedback to the user on
workout performance and easy-to-understand recommenda-
tions on what should be done to improve performance; (2)
a virtual competition with other runners that are either se-
lected by the user or automatically selected by the system
to further motivate the user; (3) an automatically proposed
optimal workout schedule, based on high-level goals; (4) a
score function to quantitatively evaluate the user’s perfor-
mance; and (5) a runner study with 10 runners to validate
the system.

3. SYSTEM DESCRIPTION

TripleBeat’s software and hardware architectures are based
on MPTrain’s architecture [17]. MPTrain is a mobile phone
based system that takes advantage of the influence of mu-
sic in exercise performance, enabling users to more easily
achieve their exercise goals. MPTrain is designed as a mo-
bile and personal system that users wear while exercising
(jogging, walking or running). Before an exercise session,
MPTrain’s user interface allows the user to enter a desired
exercise pattern (in terms of desired heart-rate over time). It
then constantly monitors the user’s physiology via a heart-
rate monitor (heart-rate in beats per minute) and movement
via a 3-axis accelerometer (steps per minute). Based on the
current heart-rate and pace data, MPTrain selects and plays
music with specific features that will encourage the user to
speed up, slow down or keep the pace to be on track with
his/her exercise goals.

Figure 1 depicts the architecture of the TripleBeat sys-
tem. The left side of the Figure shows a block diagram
of the sensing module with its main components: (1) a
set of physiological and environmental sensors (electrocar-
diogram -ECG- and 3-axis accelerometer), (2) a processing
board that receives and digitizes the raw sensor signals and
(3) a Bluetooth transmitter to get the processed data and
send it wiressly to the Mobile Computing Device (cell phone,
PDA, etc.). The right side of the Figure depicts a block di-
agram of the Mobile Computing Module with its relevant
components. The Bluetooth Receiver gets the sensed data
and makes it available to TripleBeat’s software, which then
processes the raw physiological and acceleration data to ex-
tract the user’s heart-rate and speed®. After logging this
and other relevant information (e.g. song being played, per-
centage of time inside the training zone, etc.), the software
selects and plays a song from the user’s Digital Music Li-
brary (DML) that would guide the user towards following
his/her desired workout: a song with faster tempo than the
current one will be chosen if the user needs to speed up,
with slower tempo if the user needs to slow down and with
similar tempo if the user needs to keep the current pace.

TripleBeat adds new functionality to the basic MPTrain

*We refer the reader to [17] for a detailed description of the
heart-rate and pace extraction algorithms.
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Figure 1: MPTrain/TripleBeat architecture.

system, as it will be described in detail in the next sec-
tions. TripleBeat innovations include: (1) a proposed work-
out schedule based on high-level goals (e.g. lose fewer calo-
ries but more fat, improve cardiovascular/respiratory health,
etc.), (2) a glanceable interface that allows users have instant
information about their performance and feedback on what
they should do to keep their heart-rate inside the proposed
training zone, (3) a virtual competition with other runners,
and (4) a novel score function to quantify the user’s perfor-
mance.

4. PERSUASIVE TECHNIQUES

In this section, we focus on two of TripleBeat’s persuasive
techniques to motivate runners in achieving their exercise
goals: (1) a virtual competition with other runners and (2)
real-time personal awareness via a glanceable interface.

Before doing so, we shall provide some background infor-
mation in cardiovascular training.

4.0.1 Heart-rate Training Zones

Measuring heart-rate during a workout is one of the pri-
mary indicators in determining the intensity level at which
the heart is working. The heart-rate reserve formula is one
of the most effective and widely used methods to calcu-
late the desired training heart-rate. The heart-rate reserve,
HRyeserve, is the difference between the user’s mazimum
heart-rate, H Rimaxz, and his/her resting heart-rate, H Ryest,
where H Rpq. is typically given by HRpaz = 220 — Age.
TripleBeat’s exercise goals are defined as percentage of the
user’s heart-rate reserve, as given by the Karvonen formula:
HRyiarget = (ZonePercentage X HRyeserve) + HRrest.

Where and how often the users place themselves in the
heart-rate reserve will determine the fitness improvements.
With the user’s HRy.qc as the reference point, zones in
10% increments help define more precisely the benefits that
will be achieved during a workout [7]. Table 1 summarizes
the procedures and benefits when exercising in the different
training zones.

Based on the user’s personal information and high-level
goals, TripleBeat will automatically select the ideal training
zone for the user.

4.1 Competition as a Motivating Factor

We are particularly interested in exploiting social factors,
such as the effect of social pressure and support to assist
users in achieving a predefined workout goal. The hypothesis
is that users will be more motivated to achieve their goals
when they are competing against other users. Therefore,
TripleBeat implements a competition between the user and
other runners. The opponents can be fictional runners, real

Table 1: Training zones and their respective proce-
dures and benefits

Zone Procedures and Benefits
Healthy Walk: Decrease body fat, blood
(50 — 60% H Rynaz) pressure and cholesterol.

Temperate
(60 — T0%H Rmaz)

Slow jog: Same benefits as healthy
zone, but burns more calories.

Aerobic
(70 — 80%H Rmaxz)

Steady jog: Improves cardiovascular/
respiratory system and increases
heart’s size/strength.

Anaerobic “Burning” run: Same benefits as

(80 — 90%H Rimaz) aerobic, but burns more calories (less
fat).

%ﬁz}:mal/Red Full out run: Used in interval training.

(90—100%H Ronaz )

runners that have previously run with the system, or the
actual user on past runs. The competition is defined by
how well users achieve their predefined goals, and not by
who runs faster, burns more calories or arrives earlier to
a particular landmark. The goal is to encourage users to
achieve their exercise goals in a healthy manner. TripleBeat
will reward the user when his/her heart-rate stays as close
as possible to the proposed target heart-rate.

There are two key elements in establishing an engaging
and fair competition: the evaluation criterion and the selec-
tion of the competitors. We describe next these two aspects
of the TripleBeat system.

4.1.1 Performance Score Function

TripleBeat proposes a novel score function that summa-
rizes how well users achieve their predefined exercise goals.
We believe that the design of the score function is critical in
effectively motivating users to follow their particular work-
outs.

Imposing a competition that pushes participants with dif-
ferent exercise goals to their limits is not just inaccurate,
but also dangerous. Winning a video game match does not
typically involve getting injuries, but in the context of the
TripleBeat system, the consequences of an excess may be
dangerous. Therefore, TripleBeat includes a score function
that is safe, fair and easy to understand.

The score function should quantify how well users fol-
low their desired workout. The proposed score function is
proportional to the amount of time a certain runner spent
on his/her training zone during the workout. Equation 1
presents a cumulative measure for this score:

Zone Accur(z) = SecondiInZone ()
where z is the duration (in seconds) of the workout.
Although this measure gives a good idea about the run-

ner’s performance, it lacks information on how close the run-
ner’s heart rate was to the target heart rate. In other words,
considering two competitors spending the same amount of
time inside their target zone, it is impossible to discern
which one was doing a better job by just computing this
measure. Therefore, we built an additional function, named



Heart Rate Accuracy (HRaccur), given by Equation 2.

|fac(x) — lowest]|

HRAceur(2) = 2
Aceur (1) |H Rtarget — lowest| @)
where

fac(HR) = HRtarget + (3)

_|HRygrget—HR| [HRtarget —HR|

15 /2*HRiarget _ 1.5 \/2XHRtarget
5 ; (4)
lowest = min(fac(H Ryest), fac(H Rmaz)) (5)

and where H Riqrge: is the target heart rate and HR is
the current heart rate.

Note how HR4ccur has its highest value on the HRiarget
and falls as an hyperbolic function, reaching zero when HR =
HR,cs:. We chose the hyperbolic function to benefit those
that stay closer to the H Riqrget and penalize those that de-
viate from it. The function has similar properties to the
secant function sech(z) = #, but we did some adjust-
ments to make it suitable to our purposes.

The final score is the linear combination of H R Accur and
ZoneAccur, given by:

Score(z) = 0.5 X HR Accur(x) + 0.5 X ZoneAccur(z) (6)

To visually illustrate the behavior of the score function,
Figure 2 depicts a graph of the heart rate, sampled every sec-
ond, from a hypothetical runner with a constant heart rate
acceleration of 1 beat/second. In this example, the heart
rate starts at the runner’s resting heart rate (HRyest = 45
beats per minute or BPM) and ends at his/her maximum
heart rate (HRmaz = 195 BPM). Note that the two func-
tions that constitute the score, ZoneAccur and HRaAccur,
are normalized by the runner’s HRiqrger of 143 BPM to
ease visualization.

TripleBeat’s competition is based on how well users achieve
their workout goals as it is quantified by the score function
defined above. The system computes this score function ev-
ery second, which enables real-time evaluation of the user’s
position with respect to the competitors.

4.1.2  Real-time Competition and Opponents Selec-
tion

The second element in the competition is the selection of
the opponents. This is a key element in characterizing the
competition and will be a determining factor in motivating
users via social pressure.

TripleBeat has access to a database of runners that are
registered with the system. In its current implementation
and for simplicity reasons, the database is locally stored on
the phone.

TripleBeat gives the user two options to select their com-
petitors: (1) manual selection, where the user manually se-
lects who they want to compete against; and (2) automatic
selection, where TripleBeat automatically selects the oppo-
nents. In the latter case, TripleBeat will select the registered
users whose scores are the closest to that of the current user
(using a variation of the k-nearest neighbor algorithm). In
addition, TripleBeat will always provide a challenge to the
user, meaning that it will select at least one competitor with
better performance than that of the user. Following, there is
a simplified pseudo-code version of the automatic opponent
selection algorithm.
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Figure 2: Score function computed for a hypothet-
ical runner with a constant heart rate acceleration
of 1 beat/second. Note how the cumulative score
increases as the runner’s heart rate approaches the
target heart rate band and decreases as the heart
rate leaves the target heart rate band. The target
heart rate band is defined as the +/—5% band around
the target heart rate (from 136 to 150 BPM in the
example).

Opponents* ChooseOpponents (user, *opponents, toChoose) {
vector S = score differences between user and opponents
vector S_ABS = absolute values of S
sort vector S
sort vector S_ABS

// find the closest better opponent to the user
int C = index of smallest positive value from S

// load (toChoose-1) closest opponents to the user
for (i = 0; i < toChoose - 1; i++)
vector OPP[i] = opponent indexed by S_ABS[i]

// load the remaining opponent

if OPP has only opponents with lower score than the user’s
OPP. Append (opponent indexed by S[CI)

else
OPP. Append (opponent indexed by S_ABS[toChoose-1])

return &O0PP;

}

4.2 Persuasion with a Glanceable Interface

TripleBeat is designed to provide real-time feedback to
the user, both auditory via the automatically selected music
and visual by means of its graphical interface. The use of a
mobile device presents the additional challenge of having a
very small display that is typically viewed while in motion.
There is no universal solution to the problem of present-
ing the user with easy-to-understand, real-time physiologi-
cal and pace information on a small display. In TripleBeat,
we have developed a glanceable interface that would enable
quick intake of visual information with low cognitive effort.
The two motivating factors are: (1) the need to present the
physiological and pace data, together with the system’s rec-



ommendation of action, in an intelligible manner, and (2)
the constraint of a small display that is going to be looked
at while running outdoors.

Figure 3 displays two screenshots of TripleBeat’s glance-
able interface as seen during a workout session. The interface
aims to give accurate real-time information (every second)
about the runners heart rate and pace, and a recommenda-
tion on what should be done to maximize the running score.
The interface needs to clearly inform the user about the need
to increase, decrease or maintain the current pace to remain
in the proposed training zone. Additionally, the interface
presents information about the competition, including the
user’s current position and the difference in score to the next
and previous opponents. Finally, the bottom part of the in-
terface displays, from left to right and top to bottom, the
total number of calories burned, the total time of workout
and the name of the song being played.
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Figure 3: TripleBeat’s glanceable interface. The
screen on the left uses red color semantics to in-
form the user that his/her current heart rate is out
of the suggested training zone. The plus sign in-
dicates the need to speed up the heart rate by 6
BPM. The screen on the right illustrates the case
where the user’s heart rate is inside the target zone
—hence the green background color—. In this case,
TripleBeat displays the actual heart rate, as there is
no need to increase or decrease the heart rate. The
user’s position in the competition is shown on the
right side of the interface. Right below, there are
the names and distance in score to the opponents.
The lower part of the interface displays, from left to
right, the total number of calories burned and the
total time of workout. Finally, the name of the song
currently being played is shown at the very bottom
together with a progress bar underneath.

S. EXPERIMENTAL RESULTS

To validate the TripleBeat prototype, we conducted a user
study with 10 runners. The goals of the study were to both
evaluate the persuasive techniques proposed in this paper,
and the TripleBeat system as a final product. Next, we shall
summarize materials and methods applied and discuss the
results and conclusions of the runner study.

5.1 Material

5.1.1 Hardware and Software

All participants used the same hardware and software.
The hardware consisted of an AliveTec ECG and accelera-
tion monitor attached to either a leather chestband that con-
tained the 2-lead ECG sensors, or to 2 adhesive ECG elec-
trodes by Ambu which are designed for ambulatory record-
ing. The sensors were wirelessly connected via Bluetooth to

an Audiovox SMT5600 or a Cingular 2125 mobile phone®*running

the MPTrain / TripleBeat software. The DML stored in the
phone had about 70 songs of different genres and tempos
(see [17] for more details on the DML).

5.1.2  Participants

From an initial pool of 20 participants who registered for
the study, 10 (8 men and 2 women) were able to finish all
the required running sessions and fill out the correspondent
questionnaires. They were recruited by email advertisement
to several running groups within a big corporation. Their
ages ranged from 25 to 41, with an average of 33 years.
Except for one participant, all others were regular runners
of various levels of expertise and fitness. All of them were
in good health.

Before their first run, participants filled out an online
pre-run questionnaire about their demographic information,
running habits and general health. We shall present next a
summary of their answers to the pre-run questionnaire.

The 9 regular runners used to run 4 times per week, for
an average of 56 minutes each time. Three of them ran with
other partners, mostly because it increased their motivation
to finish the workout. The remaining six who did not run
with other people pointed out two main reasons: difficulty in
matching their schedules (2 participants) and coordinating
the same workout (4 participants).

It is interesting to note that only 1 participant used to
carry his cell phone while running. Some of the reasons men-
tioned for not taking the mobile phone include not having
a place where to put it, worrying about it getting damaged,
not being able to talk and run, avoiding being disturbed and
not being able to play music with it. On the other hand, 5
participants listened to music while running with a portable
media player. The main reasons for listening to music were
to pass time faster (3 participants) and to better focus on
the workout (2 participants). Most runners who did not lis-
ten to music while exercising pointed out that they preferred
a quiet run with less distractions.

With respect to heart rate monitoring, 6 runners used a
heart rate monitor at least once while running, but only 2
wore one regularly. The main reasons to monitor heart rate
were the benefits of being aware of the training zone and
the ability to pace the effort during the run. The reasons
given for not wearing it include the perception of not adding
much value to the run and the inconvenience of having to
wear a chestband to be able to monitor heart rate. Finally,
4 runners were familiar with the MPTrain system as they
had participated in a previous MPTrain runner study that
had taken place in the Spring of 2006.

3Due to an accident where the phone broke, we had to switch
phones from the Audiovox to the Cingular. As the latter has
higher screen resolution, the software was adapted accord-

ingly.



5.2 Methodology

5.2.1 Assays, Treatments and Procedures

We have already validated the impact of musical feedback
to assist runners in their workout in [17]. Therefore, this
study was dedicated to compare TripleBeat with MPTrain.
In particular, we wanted to: (1) compare TripleBeat’s ef-
ficacy in assisting runners to achieve a predefined workout
when compared to MPTrain; (2) evaluate TripleBeat’s en-
joyment of use when compared to MPTrain’s and (3) val-
idate TripleBeat’s persuasive techniques. Thus, two mea-
sures were quantitatively evaluated in the study:

1. Efficacy: This measure evaluates the success in keep-
ing the runner’s heart rate inside the proposed train-
ing zone. We evaluated the efficacy of the system in
two ways: (1) objectively: the runners’ performance
was automatically computed as the percentage of time
spent running inside the target zone'; and (2) sub-
jectively: via the self-reported efficacy on a post-run
questionnaire after each of the running sessions;

2. Enjoyment: This measure was obtained from a subjec-
tive evaluation via a post-run questionnaire after each
of the running sessions.

Hence, the study consisted of two assays:

1. MPTrain vs TripleBeat: The first assay evaluated the
differences in efficacy and enjoyment between the run-
ner’s interaction with MPTrain and TripleBeat.

2. Competition vs No Competition: The second assay eval-
uated the competition feature in the TripleBeat sys-
tem. Thus, we compared the two measures of efficacy
and enjoyment in TripleBeat with and without com-
petition.

In order to carry out these assays, we asked participants
to take part in 3 to 4 outdoor running sessions. Each session
had 3 phases: warm up for 3 minutes, workout for 40 minutes
and cool down for 3 minutes. Physiological and pace data
were recorded and analyzed only during the workout phase.
Each session corresponded to one of the following running
conditions:

1. MPTrain Baseline: TripleBeat needs to analyze first a
database of potential competitors before it can select
the opponents for a given user and perform the real-
time competition. Therefore, all participants had to
do their first run with the MPTrain interface in order
to collect their baseline data. However, this procedure
could spoil a fair comparison between the MPTrain
and TripleBeat systems with respect to the first assay:
every runner would have had their first experience with
the MPTrain system, thus biasing the results. This
potential bias was fixed with an additional MPTrain
run, and an appropriate methodology for selecting the
data to analyse, as explained below.

“Note that this is the second component of the score function
given by Equation 6. We used the score function to select
the opponents and perform the competition, but the efficacy
in the study was measured by the more common measure of
ZoneAccur.

2. TripleBeat (No Competition): 50% of the participants
did their second run using TripleBeat’s interface (Fig-
ure 3) without the competition information. The next
step for this group of runners was a third run using
TripleBeat in competition mode.

3. TripleBeat (Competition): Likewise, the other 50%
of the participants did their second run using Triple-
Beat’s interface in competition mode and the third run
without the competition. When running in competi-
tion mode, participants were given the choice of ei-
ther manually selecting their opponents or letting the
system automatically select them based on their best
previous run.

4. MPTrain Last Run: This session was created to ad-
dress the bias issue raised by the MPTrain Baseline
session. In order to generate the data needed for the
opponents choice algorithm and still allow comparisons
between MPTrain and TripleBeat, we asked 50% of the
participants to do a last run with MPTrain. There-
fore, we split the participant population in two halves:
For first half, we used data from their first interac-
tion with the systems. In the case of the second half,
we used data from their last interaction with the sys-
tems. Therefore, this analysis procedure allowed a fair
comparison on the first assay while still supporting the
second assay.

Using these four sessions, we created four running groups,
as depicted in Table 2. The first assay compared MPTrain
and TripleBeat’s interfaces by considering only data from
the first interaction with the systems on groups 1 and 2°,
and the last interaction for groups 3 and 4°. In the case of
the second assay, all values collected with TripleBeat could
be used as 50% of the runners started in competition mode
(groups 2 and 3) and the remai