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Figure 1: Three proposals for interaction using the foot: (a) navigating in a FPS game by tracking the foot position and orientation with a
webcam; (b) precisely hitting a target in a shooting game introducing a novel use of the Balance board; and (c) accelerating and braking in
a car racing game with an iPod.

Abstract

The evolution of graphics hardware in the past decade has made it
possible to generate scenes in computer games with a high degree
of realism, which in turn, requires richer interactions. However,
while the number and complexity of possible interactive tasks in-
creases, the motor capabilities of humans remains almost constant.
One solution for this issue is to use other communication strate-
gies. In this paper, we explore the foot as an interaction channel
and demonstrate its viability to accomplish different tasks. We also
show that interaction using the foot can be easily and efficiently
implemented under different hardware configurations. To validate
our hypothesis, we present results of three experiments involving
different hardware and software configurations, and summarize the
lessons learned and discuss potential avenues to continue this work.

Keywords:: natural interaction, foot interaction, navigation,
shooter games, racing games

1 Introduction

The advances in the last decade of the graphics hardware used in
portable computers and video games consoles are highly contribut-
ing to increase the visual realism of virtual environments of 3D
games. The high degree of graphics realism we experience nowa-
days allows publishers to create games with more interesting fea-
tures and high complexity scenes. Interaction with such games be-
comes similarly more challenging and in need of richer abstrac-
tions. In fact, while the number and complexity of possible interac-
tive tasks increases, the motor capabilities of human beings remain
almost constant [LaViola et al. 2001].

As an example, interactive tasks in First Person Shooting (FPS)
games are complex and normally involve the use of a mouse and a
keyboard simultaneously, along with memorization of many short-
cuts. Since FPS games are highly based on the movement of a
character in a virtual world, a combination of both hands (in the
keyboard and the mouse) is used to control navigation and action.
In fact, the solution for the problem of increasing interaction com-
plexity used in FPS games is common to other game styles, and
forces the overload of a single human channel.

More recently, with the release of the Nintendo Wii console in 2006,
the use of multiple channels of interaction became popular, and
since then, many natural and engaging interfaces are being pro-
posed. The success achieved by the Nintendo Wii – mainly be-
cause of the natural interaction available – encouraged the release

of several other input devices designed to improve the interaction in
games. Examples include the BalanceBoard and MotionPlus (from
Nintendo), the Sony Move controller (for the Play Station 3 con-
sole), and last year, the Microsoft Kinect, that allows full body in-
teraction and can be used with the the Xbox console, as well as with
portable computers.

In this paper, we explore the use of the foot as an interaction chan-
nel, and demonstrate its viability to accomplish different tasks as-
sociated to different game styles. Additionally, we demonstrate that
interaction using the foot can be easily and efficiently implemented
with the hardware available nowadays.

In order to demonstrate our hypothesis, we performed three experi-
ments. In the first experiment, we propose an interaction technique
where the player controls navigation with the foot in a FPS game.
The foot movement is tracked using a webcam. The second exper-
iment proposes the use of a Nintendo BalanceBoard in a shooting
game. In this case, the player use both feet to perform a precise
task, while remaining seated in a chair. The third experiment takes
place in a car racing game. We propose the use of a mobile device –
e.g. a smart phone or an iPod – attached to the foot of the player to
accelerate and brake using the accelerometers of the mobile device.

This paper is organized as follows. Section 2 reviews previous
works involving interaction with the feet. Sections 3, 4, and 5
present the three implementations for the experiments mentioned
above, along with the results obtained in each one. Finally, Sec-
tion 7 presents our conclusions, final comments and future work.

2 Related Work

The foot is used together with the rest of the body in many real
world tasks. It is surprising that it has not yet been used more
frequently as an interaction possibility in virtual environments.
Raisamo and Pakkanen [Pakkanen and Raisamo 2004] evaluated
the use of the input given by the foot, its efficiency and usability
compared against a traditional hand-based interface. The conclu-
sion was that foot interaction is less efficient than traditional inter-
action, but it is still appropriate for non-accurate spatial tasks. Ac-
cording to them, it is important to remember that an efficient input
method is not necessarily the one preferred by the users. The sub-
jective satisfaction of an input method strongly affects which input
methods the user prefer. In other words, interaction can and should
be fun.

Partially supported by these assumptions, for years the use of feet
interaction is being used for navigation in virtual environments.
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LaViola et al. [LaViola et al. 2001] proposed a set of hands-free
techniques for navigation in virtual environments to leverage hu-
man capabilities (e.g. walking, bending, turning, and leaning).
They tested techniques in a CAVE environment assuming that the
user is standing up. Slater et al. also proposed a walk-in-place
technique to navigate in virtual environments [Slater et al. 1995],
while Beckhaus et al. [Beckhaus et al. 2005] introduced an inter-
face based on a dance pad (like the ones used for dance games).

In recent years, other foot-based interactive techniques were pro-
posed mainly for navigation in games. Several techniques were
based on the Nintendo Wii Balance Board device, that uses the
weight of the person and the body lean to define a movement vector,
thus making the interaction quite natural. The work of Hilsendeger
et al. [Hilsendeger et al. 2009] and Fikkert et al. [Fikkert et al.
2009] are examples of this approach. Obviously, the use of the Bal-
ance Board for navigation is also observed on game titles for the
Nintendo Wii console. The common points we observe in almost
all of these experiments is that the interaction happens with the user
standing up, and the interactive tasks are non-accurate, as verified
by Rasamo and Pakkanen [Pakkanen and Raisamo 2004].

Rovers and Essen [Rovers and van Essen 2006] proposed a model
to derive design-guidelines for the exploration of foot interaction
styles. They observed that applications involving foot interaction
used the foot only for relatively simple tasks. However, it is impor-
tant to state that, considering the physical properties of sensor and
motor skills of feet, more complex interactions should be possible.
They classified foot-based interaction into 4 groups. In the first
group, the foot is used for simple toggle actions in case of hands-
busy situations. For example, a button press can be simulated by
tapping the heels against the floor [LaViola et al. 2001]. The sec-
ond group uses foot interaction to control a single parameter (e.g.
a foot pedal to control effects of musical instruments). In the third
group, the foot is used to control multiple parameters, as in the con-
trol of a car. Finally, the fourth group comprises devices such as
intelligent footwear equipped with micro-controllers, sensors and
actuators. These devices define the foot version of wearable com-
puters, and are used to control complex interfaces. An example is
the CyberShoe by Paradiso et al. [Paradiso et al. 2004].

The three experiments presented in this work relate to the third
group, allowing the control of multiple parameters with the foot.
While the first and last experiments involve non-accurate tasks,
the second experiment requires very precise interaction. Results
demonstrate that foot-based interaction can also be used for accu-
rate tasks, contradicting what was said in [Pakkanen and Raisamo
2004]. Additionally, all the experiments presented below assume
that the user should remain seated in a comfortable way, unlike most
other proposals.

3 First experiment: Tracking the foot

3.1 Overview

Interaction in First Person Shooting (FPS) games normally involves
the simultaneous use of the mouse and keyboard, the latter associ-
ated with the memorization of many shortcuts. A combination of
left and right hands (keyboard and mouse) is used to control naviga-
tion and action. We propose a technique where the player controls
navigation with the foot, while keeping both hands free for other
types of interaction, such as shooting, weapon selection or object
manipulation.

This foot-based navigation technique allows walking forward and
backward, turning left and right, and controlling the acceleration.
The tracking of the foot can be done using any motion capture de-
vice with at least two degrees of freedom, one for translation and
the other for rotation. Additional degrees of freedom if available
can also be very useful.

The navigation technique proposed allows the player to control the
speed and direction of his movement in a FPS game using only one
of his feet. Firstly, the user chooses whether to sit-down or stand-
up. To start walking at constant speed, the user must move the
foot forward (see Figure 2(c)). The farther the user puts the foot,

the faster he/she will move in the virtual environment. To stop,
it suffices to move back to the starting position (see Figure 2(b)),
while to walk backwards, the user should slightly move his foot a
few centimeters back (see Figure 2(a)). If the user wants to turn left
or right, he/she must just turn the foot left or right, as can be seen
in Figure 2(d,f).

Figure 2: Game navigation control using the right foot: backward
(a); rest position (b); forward (c); turn left (d); rest position (e);
and turn right (f).

3.2 Implementation

We implemented this navigation technique in two different ways.
In the first implementation a very precise magnetic tracker (Flock
of Birds from Ascension Technology Corporation) was used to cap-
ture the translation and rotation of the foot. Despite the very good
results achieved, this device is too expensive for domestic users.
As an alternative, we tested a low cost and wireless solution. In the
second implementation, we used the ARToolKit – an open source
library – and a regular Webcam to capture and identify the transla-
tion and orientation of a printed marker attached to the players foot
(see Figure 1 for an overview of the setup). This second implemen-
tation also presented good results, and can be easily reproduced.
Details about this second implementation can be found in a previ-
ous work [Farias et al. 2008].

ARToolkit is able to track the position and orientation of special
markers – black squares with a pattern in the middle – that can be
easily printed and used to provide interactive response to players
gestures. In this case, the marker should be printed and attached
over the players foot in such a way that it remains always visible by
the Webcam, as shown in Figure 1.

The implementation of the interaction is nearly trivial once you
know how to extract the right information from ARToolkit. The
first step consists of checking the foot rotation, the direction (left
or right), and where it is pointing (forward or backward). It might
be necessary to use a different multiplier for each direction, since
most people find it easier to turn to one direction than the other,
depending whether the right or the left foot is used to control the
program.

We start by defining a minimum value that controls the start of the
movement of the character. When it is detected that the players foot
has moved more than this threshold, the character starts to move
accordingly, forwards or backwards. The farther the player moves
the foot, the faster he/she goes.

3.3 User tests

In order to allow the user evaluation of the foot navigation interac-
tion regarding usability and playability, we implemented a sample
FPS game. It contains a very simple map that the user can explore
using the navigation technique proposed here.
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In the first contact with the game, the player interacts in the train-
ing zone. This is the first area of the map (see Figure 3), which the
player uses for training, gaining confidence and input calibration,
and can be done as long as necessary. The game only starts when
the user passes over a cyan tile. In the remaining of the environ-
ment, there are a few obstacles and red checkpoints on the floor
that become green when crossed by the user (see Figure 4). Every
time a collision with obstacles and walls is detected, a visual feed-
back (represented by a change of color in the screen) is given to the
player. The game is over when, after passing over all checkpoints,
the player reaches the exit (yellow tile). The goal of the player is
to complete this task in the shortest time with as few collisions as
possible with obstacles and walls.

Figure 3: Sketch of the game circuit

Figure 4: View of the environment with a checkpoint to be reached
(marked as red in the left) and the same checkpoint reached
(marked as green in the right).

All game events are logged in a text file to detect when users have
difficulty to avoid a wall or to find a checkpoint.

We tested the proposed navigation technique with 15 people using
the sample game. We measured their performance and collected
their feedback. We asked how comfortable they felt playing the
game, how easy it was to use and learn, and how efficient they think
it is.

3.4 Results

Six people found the navigation with the foot comfortable, while
four others found it more or less comfortable. Only one person
considered the technique hard to use. Three people found the tech-
nique hard to learn (as opposed to ”hard to use”). Regarding the
efficiency, three people thought the technique was inefficient, seven
rated it as more or less efficient, and five people found it to be effi-
cient.

These data shows us that the interaction is very intuitive (easy to
learn) and reasonably easy to use after some learning. We expect it
can get even easier to use after some time practicing. In our sample
game we measured the number of collisions and the time the user
took to cross all checkpoints and reach the end point. Since most
users had large experiment in the use of a keyboard-mouse com-
bination, it is expected that they were not as fast when using their
foot as compared to a video-game controller. However, all of them
reached the exit in a reasonable time, and were able to avoid all ob-
stacles easily. We noticed that it is especially easy to move fast and
suddenly stop, since the acceleration control is intuitive (just move
your foot forwards as far as you can, as long as the camera still sees
it) and when one wants to stop, the player only needs to go back to
the rest position.

4 Second experiment: Walking, strafing
and shooting

4.1 Overview

The interaction in most parts of shooting games involves navigat-
ing, targeting and shooting over the surface of a 3D world (mainly
in FPS games). The navigation may be quite complex, involving
actions such as walking, jumping, crawling, crouching, and step-
ping aside (or strafing), which requires simultaneous use of many
commands. Targeting is normally done in 2D by looking for a spe-
cific position on the screen. At the same time, it is a simple task that
requires a continuous movement in the x and y axes, which should
be very accurate. Shooting is the consequence of targeting, and
normally involves only pressing a button, confirming the position
achieved during targeting.

The implementation of shooting games in consoles normally in-
volves the use of both hands on a gamepad. The player controls
the movement of the character and the target using his/her thumbs
on analogical thumbsticks, while the rest of the commands (shoot-
ing for example) are controlled by the other fingers (of both hands).
Even when this classic solution is efficient, it is difficult to master.

Our proposal is to control the movement (navigation or targeting)
with the feet, leaving both hands free for more demanding tasks.
We believe that even precise tasks can be achieved by the feet in a
comfortable and fun way.

The interface conceived by us uses a large surface sensible to touch
and pressure, that senses where and how intense is the force that
the user applies. By slightly moving the center of mass, the user
determines a velocity vector that is mapped to the movement, as
in tradition analogical joysticks. The setup assumes the combined
use of the feet surface with a gamepad and should be used with the
player sitting, as usual for this genre of game. Figure 1(b) and 5
illustrate this setup.

Figure 5: User playing with a Balance Board and a gamepad.

4.2 Implementation

The implementation was done using the Nintendo Balance Board,
that is reasonably close to what we want, with the following con-
siderations:

• Sensors: the Balance Board has four sensors (see Figure 6)
that can have their weight measured, but only after a calibra-
tion process. This calibration serves to determine the neutral
point and is used as a reference for measurements, and should
be done each time the user puts the feet over the surface;

• Interaction: the surface is neither touch sensitive nor very sen-
sible since the only sensors are the four weight ones, being
very well adapted to the sensibility we have with the feet.
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Figure 6: Overview of the Balance Board: up and downsides.

The device is used sitting down to reduce the weight of the ankles
as much as possible, without compromising the contact of the feet
and user interaction. This allows the user to move the feet easily
and react faster, and consequently take it longer to get tired.

The precise calibration process takes less than a second to be per-
formed and is automatically performed one time, before the game
starts. The calibration consists in reading a large number (> 100
from each sensor) of values with a small delay between them,
computing their average, and obtaining a reference value for each
sensor. During the game, the system continuously reads values
from each sensor, returning the values obtained from the equation
vout = vread − vcalibrate.

A drawback of this interface is that the user must not release his
feet during the game , with the risk of being unable to reach the
neutral position again. However, a new calibration can be done
when needed, under the command of the user.

The application was written for Windows, in C#, using Visual Stu-
dio and the interface with the Balance Board was provided by
WiimoteLib (available through http://wiimotelib.codeplex.com/).
Both 2D and 3D graphics was implemented using the XNA Frame-
work.

4.3 User tests

In order to evaluate the viability of our interface regarding playabil-
ity, accuracy, and fun we implemented three simple games covering
all aspects we were interested in verifying and tested it with users
in a comparative way: feet + hand interaction against just hand in-
teraction, using the classical approach.

4.3.1 Tasks

Users were invited to play three different simple games and to ac-
complish three tasks. In the first task, called pointing task, the ob-
jective was to point and shoot onto small circular targets with 1/50
of the smaller dimension of the screen (1280x1024) of diameter.
Targets had random coordinates but were always inside a circle of
action with radius of 40% of the smaller dimension and positioned
in the center. A new target is presented when the user fires at it. If
the user fails, the radius of the target is increased by 25%. This task
was executed twice: using the Balance Board and the gamepad, or
only the gamepad. Figure 7 illustrates how it was used.

The movement task consists into following a circular target – iden-
tical to the one in the previous task – with the aim. The target
appears in an arbitrary position and moves in a straight direction

until its destination, also randomly defined. To ease the compre-
hension of the target movement, the destination and next destination
were marked on screen with a yellow and red circle, respectively.
This task was also executed twice: with the Balance Board or the
gamepad, according to the scheme shown in Figure 8.

This strafing task happens in a 3D environment. The user con-
trols his position by moving only to the sides, also called strafing.
Targets appear one at a time at the center of the screen, always at
the same distance intervals – considering depth – and are slightly
smaller than targets used in previous tasks. The aiming sensibility is
high enough that it becomes necessary to strafe to hit the targets in a
fast way. As in other tasks, this task was also executed twice: using
the Balance Board and gamepad, or only with the gamepad. Straf-
ing is controlled using either the Balance Board left-right move-
ments or the left thumbstick of the gamepad. The aim is always
moved using the right thumbstick of the gamepad, which rotates
the camera always parallel to the ground. The right trigger is used
to fire, as in the first task. Figure 9 illustrates the interaction modes
available for this task.

Figure 7: Pointing task: In the left a screenshot of the application is
shown and in the right, the devices used for interaction. Interaction
can be achieved using 1 or 3 to move the target and 2 for shooting.

Figure 8: Movement task: In the left a screenshot of the appli-
cation is shown and in the right, the devices used for interaction.
Interaction can be achieved using 1 or 2.

4.3.2 Procedure

We evaluated tests with 11 users (eight men and three women), be-
tween 22 and 33 years old, all of them computer science students.
A pre-test survey revealed that users were reasonably acquainted
with FPS games, with a median of 3 in a Likert [Likert 1932] scale
ranging from 1 to 5, respectively representing No and High famil-
iarity. Concerning the experimence with FPS games on consoles,
the median was 2, and with competitive FPS games on console, just
1. This means, low or none experience and correlates to low skill
with gamepads. This characteristic of our test population has the
advantage that users are more impartial when judging which de-
vice is better, but, on the other side, makes it hard to evaluate the
performance of experimented players

Each one of the subjects was invited to execute the three tasks pre-
sented above twice, using only the gamepad, and using the Balance
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Figure 9: Strafing task: In the left a screenshot of the application is
shown and in the right, the devices used for interaction. Interaction
can be achieved using 1, 2 and 4 or 2, 3 and 4.

Board and the gamepad. The tasks were executed in the same or-
der presented here, but alternating which device was the first for
each user. Users were allowed to repeat the tasks as many times as
wanted, until they were satisfied with their performance, according
to the judgement of their own abilities. The procedure also involved
a pre-test characterization survey and a post-test questionnaire, that
collected the opinion of the subjects. Numeric data from each task
was logged and analyzed in a separate process.

For tasks one and two – pointing and movement tasks – users were
instructed to prioritize precision, thus avoiding failures. For task
three (strafing), they were asked to play as fast as possible, disre-
garding missing targets before hitting them.

4.4 Results

During the tests with users, for the pointing task we measured the
distances of the shots to each target (in pixels), the time spent in
each shot (calculated in seconds for each successful firing since the
last firing, hit or not), and the number of missed shots (calculated
at each time someone fires outside the target). Each user shot at
30 targets (15 using the Balance Board and 15 with the gamepad),
which gave us data of 330 shots. Table 1 presents the calculated
data.

Table 1: Mean number of targets missed, mean distance (in pixels)
and mean time (in seconds) achieved per hit in the pointing task.

Targets missed Mean Dist. Mean Time
Gamepad 0.80 76.4 7.92

Balance Board 0.24 7.8 5.57

For the movement task we measured the distance (in pixels) of the
aim to the target in every frame. Each time the moving target
reached its destination, the mean and standard deviation of the val-
ues read were saved. Each user executed this task during 2 minutes
(1 minute with each interaction device). Table 2 summarizes the
calculated data.

Table 2: Mean distance and standard deviation (in pixels) achieved
per path followed by each target during the movement task.

Mean Distance Std. Dev.
Gamepad 24.2 11.4

Balance Board 43.0 19.2

For the strafing task we just recorded the time spent (in seconds) for
each user to hit 15 targets. Table 3 shows the mean time measured.

Figures 10 and 11 present results collected with the questionnaires,
mainly covering the opinion of the users regarding difficulty of use,
comfort, fun (Figure 10), and the difficulty to achieve each one of
the three tasks (Figure 11).

Analysing the data on Tables 1, 2 and 3 we observe that the per-
formance of the Balance Board is much better than the gamepad in

Table 3: Mean time (in seconds) spent for each user to hit all 15
targets in the strafing task.

Mean Time (sec)
Gamepad 40.02

Balance Board 37.63

Figure 10: Users’ opinion about difficulty of use, comfort and fun
while interacting with the Balance Board and the gamepad. We
used the Likert scale to rank the opinions, going from 1 (very easy
or very bad) to 5 (very difficult or very good), depending the case.

the pointing and strafing tasks. In the movement task, on the other
hand, the gamepad was better than the balance board. In part, we
credit this result to the fact that we did not calibrate the Balance
Board for each user. This seems to be very important, especially
for tasks that require accuracy.

From the subjective results collected with the questionnaires we ob-
serve that users judged the gamepad a bit harder but more comfort-
able. The Balance Board was considered more fun– as reported by
some users –, probably due to its surprisingly easy and natural con-
trol of the cursor. Another very positive result is that all three tasks
were considered easier using the Balance Board, and users reported
their strong preference by the Balance Board (see Figure 12).

In addition, some users reported that they had some difficulty to
coordinate fingers of the same hand to simultaneously execute two
different tasks. However, none of them said the same about using
the feet and one hand at the same time.

5 Third experiment: Accelerating and
braking

5.1 Overview

Console games have innovated on dedicated controls since early
days, with different devices for specific games. Racing games
brought devices like steering wheels, pedals and sticks to change
gears. Despite increasing immersion and sometimes performance,
these devices are big, heavy and, most importantly, usually not
portable (it’s difficult to carry them around). In this experiment
we present a novel, portable and easy to use system to control ac-
celeration in racing games. This proposal is based on smartphones,
or any mobile device with accelerometer and network capabilities.
The device is attached over the user’s foot (see Figure 1(c)) and
transmits its orientation to the software controller running on the
computer, which then sends the appropriate command to the game.
This system was named iPedal.
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Figure 11: Users’ opinion about the difficulty to complete each task
with the Balance Board and the gamepad.

Figure 12: Users’ preference about the device used, varying from
1 (gamepad) to 7 (Balance Board) in the Likert scale.

Firstly, the device is tightly attached over the foot using Velcro
stripes, which allows them to be easily installed and removed, with-
out the need to remove shoes. A quick calibration process follows,
consisting of the selection of positions for maximum gas (by laying
the foot flat on the ground and clicking a button on the application),
and maximum brake (by pulling the foot up and clicking another
button). Once this step finishes, the user launches the racing game
and starts controlling the speed using his/her foot (see Figure 13).
By default there are several levels for acceleration/brake, thus al-
lowing the car on the game to respond in a realistic way to the user’s
input.

5.2 Implementation

The system can be described by two modules: a remote applica-
tion running on the mobile device and a local application running
on the computer where the user wants to play. The remote module
is responsible for acquiring the orientation of the device and send-
ing this information throughout the network to the local module.
The local module receives the orientation information gathered by
the remote module, estimates the orientation of the foot of the user
based on previously calibrated values, and emits the right command
to the game.

For this implementation we used an iPod Touch fourth generation
as the virtual pedal and a notebook MacBook Pro as the host com-
puter. The remote module is similar to many apps found on Apple’s
App Store. It was written in Objective-C, and retrieves the position
information based on both gyroscope and accelerometer sensors of
the iPod. Finally, data is sent over the wireless network, on UDP
packets using a quaternion to represent the current orientation.

Figure 13: User playing with the iPedal in his right foot.

On the computer side, the local module reads the network and de-
codes the quaternion from the packets received. Currently, the foot
orientation can be mapped to one of five states (two states for ac-
celeration, one for neutral and two for braking). After computing
the current state based on the calibrated values (one position value
for maximum gas and one for maximum brake), the software sends
a proportional amount of messages of acceleration/brake to the op-
erating system using low level API calls, which are retransmitted
as if they were actually performed by the user. This module was
implemented in C++ using the Qt framework to build the interface,
and Mac OS X 10.6 system calls for command output. Since Qt is
a multi-platform framework, the system can be easily implemented
also on Windows and Linux by only coding the respective system
calls.

5.3 User tests

The proposed system was conceived to be used on racing games.
It is well known that high-level players of racing games prefer to
play these games in personal computers using a keyboard instead
of video game consoles with game pads.

Our hypothesis is that iPedal enables a greater immersion experi-
ment since the pedal system is much more realistic than a keyboard,
while also giving a sense of control using a real car pedal. Another
factor we wanted to investigate was if iPedal enabled a greater pre-
cision since it could be easier to control the speed of the car with
a multi-level pedal than a single key (in the case of the keyboard).
The ease of use of this system versus the traditional interaction ap-
proach was also assessed in this research. The last aspect analyzed
was the ‘fun factor” since it is important for a game controller to be
fun to use.

As the traditional way of measuring performance on a race is the lap
time, we decided to record laps to see if the use of this system could
bring a gain in performance versus the traditional keyboard-only in-
put even though our primary goal was portability not performance.
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5.3.1 Tasks

We decided to test the proposed system versus the keyboard-only
control. We asked users to perform a set of three races on three dif-
ferent circuits. When the users completed the tasks, they were given
to a questionnaire about usability and level of immersion provided
by each system. Users were told to run as fast as possible, but with
care to not leave the tarred road or take shortcuts, and avoid crash-
ing the car.

Racing circuits can be categorized according to the amount of
curves or straights they have. Tracks with long straights are usu-
ally easier to control than the ones with many curves because they
require the player to be careful and reduce the speed before curves
to not crash the vehicle. We used a slightly modified open source
racing simulator called VDrift (vdrift.net) to allow us to record rac-
ing data.

We decided to use three different tracks to allow a fair compari-
son between the two input methods, with the device attached over
the foot for acceleration control and keyboard for steering, and the
keyboard for both steering and acceleration controls. The first track
had several curves and few straights, the second was a mixed track
with both straights and curves, and the third had long straights and
few curves. Figure 14 shows the three circuits used.

Figure 14: Circuits used on the user experiments: circuit of De-
troit, with many curves (a); circuit of Interlagos, with curves and
long straights (b); and circuit of Ruudskogen, with its eliptical
shape (c).

The first track (T1) we used is a street circuit called Detroit. It has
many curves and corners and few straights requiring constant brake
and a low average speed. The second (T2) is a mixed circuit named
Interlagos. Featuring at least three long straights and some curves,
it allowed a good mix of control and full acceleration, that allows
a good average speed. The third track (T3) chosen, named Ruud-
skogen, has an oval shape with few curves but very long straights.
Players could accelerate full speed throughout most of it getting a
very high average speed.

5.3.2 Procedure

The test was made with 12 volunteer participants with ages between
23 to 30 years old, 11 men and 1 woman, 11 right-handed, and 9
with experience in driving cars. Two subjects installed the device
on the left foot. Before doing the tests, subjects were screened by
a pre-questionnaire about their experience with computer games,
computer racing games, and experience driving cars. The question-
naire used the Likert Scale for measurement with ranges from 1 to
5. The main goal of this stage was to characterize participants and
their experience, removing from the sample participants that had
too much or too little experience.

After that, users were invited to read a standard text describing what
they had to do and how the tasks would be done, as well as a de-
scription about the buttons to control the game. Then, the user in-
stalled the device on his/her preferred foot and started the calibra-
tion process.

Before starting the tasks, time for training was allowed. There
was a specific circuit that all users used to train, starting with the

keyboard-only input and then moving to the iPedal and the key-
board.

The tests started only when the participant felt ready. We alternated
the use of the two inputs, as well as the order of the tasks (T1, T2
and T3) among participants to avoid any training effect. Users ran
only two laps (one for each input) for every circuit.

The last part of the test consisted of a pos-questionnaire with three
items being compared using the Likert Scale (one question for each
input method) concerning ease of control, precision of control, and
level of immersion. Finally a last question asked about how fun was
to use the proposed device to control the speed.

5.4 Results

Racing time and speed for each user and for each race was recorded.
All data was processed and a statistical analysis of variance was
applied using ANOVA One-way. A significant difference was
found between the two methods on tracks T2 (p < 0.01) and T3
(p < 0.02) in favor of the keyboard-only interaction method.

For T2 (mixed circuit) the iPedal was 7.7% slower than the tradi-
tional control, while for T3 (circuit with long straights) it was 12%
slower. Table 4 shows the average and standard deviation computed
for all tracks.

Table 4: Average racing times (in seconds) for each track. Stan-
dard deviation is between brackets.

iPedal Keyboard-only
T1 205.567 (13.94) 197.170 (19.18)
T2 154.184 (11.39) 143.092 (6.99)
T3 121.759 (16.01) 108.601 (9.29)

We found no surprise in this result, since computer users often have
more experience with the keyboard than with the proposed device.
Nevertheless we looked further to see exactly why this happened,
and newer implementations might reduce this difference.

In addition, the ANOVA One-way test found no significative dif-
ference for track T1 among the two methods. From what we saw
during the tests we believe this was the hardest circuit and partic-
ipants had somewhat difficult keeping the car on track, leading to
more crashes and more random results.

All the answers to the pos-questionnaire were also gathered and
processed. Questions used a Likert Scale with ranges from 1 to 5.
There was also an open field at the end where participants could
enter any suggestion or observation regarding the experiment.

The first question was about the ease of use of the control, where
the user was asked to rate how easy was to use the control (from
1-Very Difficult to 5-Very Easy). We can see (Figure 15) that the
keyboard-only method had a little advantage with a median 4 over
the proposed system with a median 3. About 58% of the testers
gave an intermediate rate to the iPedal.

Figure 15: Users’ preference on ease of control

The next question addressed the precision of the control. As in
the first question, testers were asked how precise was the control
used (from 1-Very Imprecise to 5-Very Precise). Results showed
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again the keyboard-only was the preferred method with a median 4,
with at least half of the users giving a precise grade. The proposed
system had a median 3, with 42% of the participants rating it with
an intermediate grade. See Figure 16.

Figure 16: Users’ preference on precision of control

Reading the answers to these two questions helped us to understand
why this system performed worse, since ease of use and precision
are very important features in a control and might have had some
influence for the racing game.

The third question on the survey was about the immersion feeling in
the game environment, since one of the goals of this system was to
increase this aspect. The scale ranged from 1-Very Non-Immersive
to 5-Very Immersive. On Figure 17 we list the results, which show
a clear lead of the proposed system over the traditional input, being
perceived as much more immersive with at least half of the users
classifying it as Immersive and 25% rating it Very Immersive.

Figure 17: Users’ opinion about the sense of immersion

The last question analyzed addresses the fun experienced by the
user when using the device. Users had to give a grade to the sen-
tence “The control using the device was more fun than the control
with the keyboard only”. Rates ranged from 1-Strongly Disagree
to 5-Strongly Agree. The result for this question is shown on Fig-
ure 18. We see that 58% rated 5-Strongly Agree, while 33% rated 4-
Agree. This shows that the experience users had with the proposed
system was more funny than with the traditional input method.

Figure 18: Users’ opinion about how fun was the experience with
the device

6 Lessons learned

The first experiment presented a new technique and a low cost so-
lution based on computer vision to allow navigation for FPS games
using one of the players feet. There are some associated limitations
from purely computer vision based systems. The marker position is
only computed when the tracking marks are in the camera field of
view. This may limit the movement of the interaction, also mean-
ing that, if the user covers up part of the pattern with other objects,
navigation is stopped. Besides, other factors such as range issues,
pattern complexity, marker orientation relative to the camera and
lighting conditions influence the detection.

On the other hand, we can say that here are basically three advan-
tages in this technique against traditional approaches. First, by us-
ing a tracker we have more degrees of freedom to work with. The
user can move his foot in the 1D, 2D or 3D space and rotate around
one axis (left-right rotation). Moreover, the mouse and keyboard
could be used in other ways, since navigation is not a concern any-
more. For example, they can be used for aiming, shooting, selec-
tion and manipulation of on-screen objects. Lastly, using the whole
body to interact with the game gives a deeper immersion for the
player, as we have recently seen in games for the Nintendo Wii
console.

The second experiment proved that it is possible to use the feet
to accomplish tasks that require accurate movements. In the tasks
involving pointing, the Balance Board revealed to be better than
the gamepad, but was inferior in movement tasks. Even if it is a
good result, it is important to mention that, for the position task, we
have tuned the interaction with the Balance Board, making it very
precise and smooth. The same caution should be taken in account
with the gamepad in order to have more reliable results.

In the movement task the lack of frequent calibration really seems
to be the reason for the poor performance of the Balance Board,
because the typical force that each user applies varies greatly.

The Balance Board was used with the user siting down in a chair
without height adjustment. This bothered some users, that reported
discomfort and fatigue and certainly had influence in the results
measured with the experiments. On the other hand, we noticed that
the use of the gamepad suffered when targeting and firing had to be
executed by fingers of the same hand. This problem can be cred-
ited to the low experience the users have with shooting games in
consoles, and can be solved with training.

The third experiment showed that it is possible to provide a more
immersive and pleasant environment using simple devices like
smartphones. Users reported it as being very funny and much more
immersive than the keyboard. However our tests showed that the
overall performance was lower than the traditional input method.
We believe that this issue could be solved by better trained players,
or doing minor tweaks on the system.

7 Conclusion

There are many ways to explore the possibilities of foot-based in-
teraction to play games. Using the feet is natural for us and we are
very good in managing the use of hands and feet concurrently, since
we use to do this very often in tasks of the real world. At the same
time, the good quality and low price of the motion sensors avail-
able in the market nowadays lead us to explore its capabilities for
non-conventional uses.

In this paper we presented three different implementations we used
to test the viability of using foot-based interaction for games. Re-
sults show that this type of interaction is possible, comfortable, and
have good acceptance by game players, as demonstrated in the ex-
periments presented.

Of course, as discussed in Section 6, we detected issues in the im-
plementations and in the evaluation methods used. However, they
do not invalidate our conclusions and main results, but point out
that there is space for other new proposals.
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As future work, we will consider to treat new commands for navi-
gation, such as jump and crawl.

In general, the Balance Board proved to be promising. But more
detailed and rigorous tests should be done with a larger population.
We also intend to conduct tests with more trained players.

One future development of the iPedal system would be to use it
on action games. A player would walk with the device attached
and the game would reflect this action. Additionally sensing lateral
acceleration or rotation could enable directional selection and the
pace of the walk in game speed control.

Another application for the iPedal might be to control racing games
on tablet devices like the Apple iPad, exploring the portability and
the immersion showed in this study. Given a user that has a tablet
and a smartphone it would be possible for the user to employ the
iPedal system as an immersive game pad for racing games. There-
fore, instead of having to care about big and bulky devices, it would
suffice only a pair of velcro stripes and the software that runs on
computers, which could be extended to run on tablets.

Acknowledgements

The authors would like to thank Microsoft Interoperability
Labs., Brazil and CNPq-Brazil for the support through projects
483947/2010-5 and 309092/2008-6. Thanks are also due to Daniela
Trevisan, Marcus Aurelius Farias, and all the other students that
worked hard in our first experiment, as well as to the volunteers
who kindly tested the system and had fun doing so.

References

BECKHAUS, S., BLOM, K. J., AND HARINGER, M. 2005. Intu-
itive, hands-free travel interfaces for virtual environments. In IN
NEW DIRECTIONS IN 3D USER INTERFACES WORKSHOP
OF IEEE VR 2005, Shaker Verlag, 57–60.

FARIAS, M. A., TREVISAN, D. G., AND NEDEL., L. 2008. Game
Programming Gems 7. Charles River Media, Inc., Hingham,
Massachusetts, ch. Foot Navigation Technique for First Person
Shooting Games, 69–79.

FIKKERT, W., HOEIJMAKERS, N., VET, P., AND NIJHOLT,
A. 2009. Navigating a maze with balance board and wi-
imote. In Intelligent Technologies for Interactive Entertainment,
O. Akan, P. Bellavista, J. Cao, F. Dressler, D. Ferrari, M. Gerla,
H. Kobayashi, S. Palazzo, S. Sahni, X. S. Shen, M. Stan, J. Xi-
aohua, A. Zomaya, G. Coulson, A. Nijholt, D. Reidsma, and
H. Hondorp, Eds., vol. 9 of Lecture Notes of the Institute for
Computer Sciences, Social Informatics and Telecommunications
Engineering. Springer Berlin Heidelberg, 187–192.

HILSENDEGER, A., BRANDAUER, S., TOLKSDORF, J., AND
FROHLICH, C. 2009. Navigation in virtual reality with the wii
balance board. In 6th Workshop on Virtual and Augmented Re-
ality.

LAVIOLA, JR., J. J., FELIZ, D. A., KEEFE, D. F., AND
ZELEZNIK, R. C. 2001. Hands-free multi-scale navigation in
virtual environments. In Proceedings of the 2001 symposium on
Interactive 3D graphics, ACM, New York, NY, USA, I3D ’01,
9–15.

LIKERT, R. 1932. A technique for the measurement of attitudes.
Archives of Psychology 22, 140, 1–55.

PAKKANEN, T., AND RAISAMO, R. 2004. Appropriateness of foot
interaction for non-accurate spatial tasks. In CHI ’04 extended
abstracts on Human factors in computing systems, ACM, New
York, NY, USA, CHI EA ’04, 1123–1126.

PARADISO, J. A., MORRIS, S. J., BENBASAT, A. Y., AND AS-
MUSSEN, E. 2004. Interactive therapy with instrumented
footwear. In CHI ’04 extended abstracts on Human factors in
computing systems, ACM, New York, NY, USA, CHI EA ’04,
1341–1343.

ROVERS, A., AND VAN ESSEN, H. 2006. Guidelines for haptic in-
terpersonal communication applications: an exploration of foot
interaction styles. Virtual Reality 9, 177–191. 10.1007/s10055-
005-0016-0.

SLATER, M., USOH, M., AND STEED, A. 1995. Taking steps: the
influence of a walking technique on presence in virtual reality.
ACM Trans. Comput.-Hum. Interact. 2 (September), 201–219.

SBC - Proceedings of SBGames 2011 Computing Track - Full Papers

X SBGames - Salvador - BA, November 7th - 9th, 2011 9




