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Abstract. The creative process behind new videogames always encour-
aged the development of innovative gameplay mechanics. However, the
gamepad used to play is frequently overlooked, used only as a simple
input device. This work proposes an improvement to an adaptive inter-
face [12], using a smartphone as gamepad, with machine learning algo-
rithms employed in real-time to tune the interface to the ergonomic needs
of the current user. Now it includes an API that allows the game to
change the interface elements anytime, creating a new gaming experi-
ence. Several statistics about the interaction with this interface were
logged during test sections with 20 volunteers, with different levels of
gaming experience. With these data, we seek to determine how to tune
the interface in order to improve the experience, resulting in an iterative
approach to controller design.

Keywords: Adaptive interface · Gamepad · Virtual gamepad ·
Touchscreen

1 Introduction

Innovation is at the heart of game development. Since the early days, where
characters were represented by a few pixels, until the era of 4K gaming, more
and more titles arrive in the market with groundbreaking innovations regard-
ing level, character and sound design, gameplay mechanics and even introducing
completely new game genres. However, even when a new game is revolutionary,
the input device used to play it hardly is. Mouses and keyboards remained basi-
cally the same on the last few decades, only adding extra keys for shortcuts to
allow quicker actions. The joystick, the most iconic interface used by consoles
or PCs, also did not change that much. If one compares an original DualShock
controller, launched in 1997 for the first PlayStation console, and a modern Dual-
Shock 4 [6], introduced in 2013 for the PlayStation 4, it is easy to see that they
are strikingly similar. If we go as far as 1983 with the Nintendo Entertainment
System, we can see that modern controllers only improved ergonomics and added
more buttons [7].
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Of course, it would not be accurate to claim that nobody tried to disrupt the
joystick paradigm in the last decades. In 2006, Nintendo launched the Wii, a con-
sole that included a revolutionary controller: the Wiimote. Using accelerometers
and infrared sensors to detect motion, the Wii allowed gamers to interact using
gestures that were more intuitive and natural than simply pressing a button.
The console became a resounding success, selling more than 100 million units [3].
As this trend was quickly replicated by its competitors, a new gaming audience
appeared: casual gamers [3]. This market segment wanted simplified experiences,
avoiding the complexities of regular games and gamepads that demanded quite
a bit of dexterity from players to interact with multiple buttons simultaneously
[5]. This trend continued with the rise of smartphones, making gaming more
accessible than ever before.

In our previous work [12], we introduced a new type of gamepad. This new
game controller is a mobile app running on a smartphone or tablet, displaying
a virtual gamepad on its screen. This app communicates with a game running
on a PC using sockets over a local Wi-fi network, sending all button presses to
the computer. The traditional gamepad is replaced by a smartphone, while the
game on the PC only has to implement a simple API to communicate with the
new controller. This new gamepad is context-sensitive, showing only the but-
tons that the game needs in a simplified and more casual-friendly interface. It
can also show GUI elements such as switches and dials, not possible on regular
controllers, creating a completely new experience. This controller also includes
several machine learning routines to correct and adjust its interface to the inter-
action patterns of a user, in real-time, avoiding interaction errors that occur
on touch based interfaces. These corrections have the potential to significantly
improve the experience [12], but they take some time to reach a better interface.
The user has to, at least momentarily, deal with a sub-optimal UI design.

As we are dealing with a full touch interface, several data about the interac-
tion between gamer and gamepad can be collected. While this was used before
to fine tune the interface [13], this data will now be used to propose new designs
for the adaptive game controller, using testing sections to determine troublesome
UI decisions that will be fixed in a next version, proposing an iterative approach
to controller design. These new and optimized layouts will then become the new
default, potentially decreasing the time that the interface needs to adapt to a
new user and solving the initial issue of playing with a sub-optimal UI. This
process can then be repeated, until reaching the best layout for the gamepad.

This work will start discussing the related literature regarding touch inter-
faces and video game controllers. In the next section, the adaptive interface will
be presented in details, showing how it can change the way we play videogames.
We will then show the methodology used for our tests and the results of our
testing sections, with the new proposed designs and the reasoning behind each
changes.
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2 Related Work

There are several works that try to address the impact that the lack of haptic
feedback has on touchscreen interfaces, that normally results in more user mis-
takes. In this work, it will be measured as the success rate, the percentage of
touches that correctly performed an action (in our case, the ones that hit any
button instead of an empty screen area).

Rogers et al. [10] proposed models that treat touch input during the handover
of control between user and system, trying to correct inputs when interacting
with a map mobile application. Weir et al. [14] used machine learning to treat
specific models of touch input, remapping incorrect touches to a different loca-
tion on the screen, based on historical input data. A different approach was
presented on Bi et al. [2], that improved touch accuracy using a Bayesian target
selection criterion to treat input. Virtual keyboards are another important real-
world application that has to deal with incorrect inputs. Solutions like key-target
resizing [1] have been applied to increase the accuracy.

The approach on this work is the same used on Torok et al. [12], proposing
machine learning routines to redesign the interface of a virtual gamepad in real-
time, increasing the success rate. This solution will be described with more
details in Sect. 3.2. When comparing this interface to a traditional gamepad, the
first notable thing that it lacks is the haptic feedback that a physical button
provides. Zaman and Mackenzie [15] compared a virtual gamepad with different
physical controllers, showing that using a touchscreen for gaming decreases the
in-game performance of users. While this application is different, since the game
runs on a PC screen (avoiding the problem caused by the fingers concealing
part of the screen), the lack of haptic feedback still is an issue. However, the
tests performed in the previous work showed that the success rate of a simple
virtual gamepad can be substantially improved using an adaptive interface with
machine learning routines to improve the performance of a user.

While the lack of haptic feedback is clearly a disadvantage, this controller
has a significant improvement when compared with the previous version. Now
the game can configure the controller layout anytime, allowing the controller to
display a simplified and casual-friendly interface that contains only the buttons
that are necessary at the moment. A regular gamepad has to provide a large set of
buttons since it is a generic interface used by a plethora of games, having to work
with the simplest platforming game and with the most complex strategy game.
When we reduce the amount of options displayed on the screen, a virtual interface
on a mobile device can outperform a traditional controller due to demanding less
mental effort [8]. We will discuss this aspect in Sect. 3.1

3 Adaptive Controller and Game

3.1 Game Context Adaptation

The adaptive controller, based on a full-touch interface on a mobile device, cre-
ates several new possibilities [9]. The first one is that it can display only the
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buttons that are necessary in the current section of the game, while a tradi-
tional gamepad has dozens of buttons regardless of how many the current game
actually needs, being more intimidating to novice players. The second improve-
ment is the possibility to display GUI elements on the screen that are not possible
on traditional controllers, like switches, dials and gesture areas. With these new
elements, we can map in-game actions to a more natural interface, an approach
similar to the one introduced by motion controls. With a simplified interface
and less buttons, we will try to bring the simplicity of mobile gaming to PC
and console games, creating a more attractive experience to a new generation of
casual gamers.

As the game itself can determine every element of the controller layout, being
able to radically change it anytime, this new gamepad is adapted to the game
context. This means that the controller becomes part of the gameplay and of
the game challenges. With this interface, the game designer now can develop the
game and the controller used to play it at the same time, creating an entirely
new experience. Figure 1 shows a gamer using the controller to play our game,
illustrating how radically the interface can change during the game.

Fig. 1. A player using the adaptive controller to play our prototype game in two
different moments.

3.2 User Behavior Adaptation

According to Langley [4], an adaptive interface is an interactive software system
that aims to improve its interaction with a user based on a partial experience. In
our case, we will use the input data of the current interaction to perform adjust-
ments to the controller layout. This fine tunning happens constantly, always
using the latest data to improve the interface. The proposed controller is fully
virtual and touch based, lacking any kind of haptic feedback (except for vibrating
when a button is pressed). So, unlike what happens on a traditional gamepad,
the user can miss buttons when trying to interact.
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The adaptive controller employs several tactics to improve the interface. The
first one is touch approximation: when the user misses a button, the touch is
associated to the closest button. This guarantees that mistakes will be corrected.
The second tactic is preventive instead of corrective [13], analyzing the user
behavior to determine how to improve the interface. All touches are used as
input for a K-means clusterization [11], where K is the amount of buttons on
the screen that were used at least once. This results in K clusters, each one with
a centroid. As the touches are normally located close to (or inside) a button,
the clusters also end up close to their boundaries. The centroids will then be
associated to the closest button, and the app will start moving the buttons
towards its associated centroids. The size of each button is also changed: the 1/3
most used buttons will receive a slight size boost, becoming 50% bigger. This
tactics are the same employed in [12].

3.3 Prototype Game

For the testing sections, a prototype game was developed for the adaptive con-
troller, called Guardians of Eternity. The objective is to escape the planet with
the main character. It’s a simple game, with two stages. The player just has to
reach the far right of the stage to finish it, avoiding getting hit by enemies or
colliding with obstacles. Each hit decreases its health bar (or kills it instantly
on level 2). If the player dies, he will return from the last checkpoint. In level
1, the player controls a robot and has to perform simple platforming tasks to
defeat enemies and avoid hazards. The controller uses a simple layout with two
directional arrows and a jump button, plus a transform button. Pressing the
latter changes the character to the spaceship form. Now the gameplay is a clas-
sic dual-stick shooter and the controller layout changes to two analog sticks (left
one to move the ship and right one to shoot at any direction). Figure 2 shows the
game screens for this stage while Fig. 3 shows the respective controller layouts
used to play.

After completing the level, the main character is too damaged to keep going
and it is necessary to disable several of its weapons and powers. In Fig. 2 we
can see the minigame screen, where the player has to turn off the switches on
the controller and turn down the power using the dial. This is an example of
the kind of direct and natural interaction that this controller provides (as shown
on Fig. 3), mapping a real-world action to an interface that is way more similar
to real devices than mere buttons on a gamepad. The player, now stuck in the
spaceship form, proceeds to enter a maze, where he has to avoid colliding with
walls or asteroids. The weakened guardian has troubles to fight the effects of
gravity. The player must constantly press “up” to avoid falling to the ground. The
controller (as seen in Fig. 3) has buttons to control the vertical and horizontal
movements, separated in the opposing sides of the interface in an attempt to
provide a more ergonomic alternative to a regular d-pad.
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Fig. 2. Game screens for both levels. Level 1 has two gameplay modes: platforming as
robot (a) and dual-stick shooter with the spaceship (b). After finishing this stage, the
player enters a minigame (c) that precedes the second level (d).

Fig. 3. The layout displayed by the adaptive controller during the different stages of
the game.

4 Experiment

The tests were performed with 2 groups of 10 users each. The first one repre-
sented the advanced players: people that play videogames as a hobby, several
hours per week, and usually expend a fair amount of money in gaming hardware
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(consoles or GPUs for PCs) and games. The second group was the less expe-
rienced users, or casual players. These volunteers rarely play games and never
expend any cash on gaming hardware, usually playing only in their smartphones.

All users had a single task: to finish the Guardians of Eternity game using
the adaptive controller. Each level was preceded by screens explaining the plot
of the game and teaching how to control the characters. In addition, as soon as
a level started, we explained briefly the objective and gameplay mechanics to
the users. A 20 min hard time limit was also defined in case any user failed to
complete the game. However, as it was pretty short, no user failed to complete
the task.

The mobile app collected a large variety of logs about the interaction, like the
number of touches on the screen and its coordinates, the current active controller
layout and several in-game events, like deaths and checkpoints. These data will
be used for the evaluations in the next section.

The smartphone used as gamepad was a Motorola Moto X Play, running
Android 6.0.1. It has a multitouch 5.5′ full HD display. The game was running
on a laptop with a Core i7 3537U CPU, 6 GB of RAM and a Nvidia GeForce
GT735M GPU. The operating system was Ubuntu 16.04.

5 Results

With all testing sections performed, all the log files were gathered and we started
evaluating which kind of improvements to the interface could be made. This
analysis started by grouping the touches for all users of each group, creating
a heatmap that showed which points of the screen were being touched more
frequently. In the same heatmaps, the positions that the buttons reached during
their real-time optimization were also mapped. These two information combined
will be used to improve the layout of the controller. Heatmaps were created for
all layouts, except the ones used on menus or in the minigame, since these screens
only demanded a few touches in the screen. The second part of our analysis will
be a detailed evaluation of the data in the log files, verifying how the changes in
the controller interfered with the success rate (that is the percentage of touches
that correctly hit any button and performed an in-game action).

5.1 Heatmaps

Figure 4 shows the heatmaps for the layout used to play as the robot on level 1.
The scale goes from blue (lower concentration of touches) to red (higher concen-
tration of touches), with a yellow cloud showing the positions occupied by the
center of the buttons when trying to adapt to the interaction patterns. In this
case, we can see that the more experienced users had a more consistent pattern
of touches, focused on a smaller area, indicating that they are generally more
precise when hitting the screen. In both groups, we saw a tendency to approxi-
mate the right-side buttons, allowing the player to reach both buttons with less
effort and more agility. This is a case where the original interface was not very
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Fig. 4. Heatmaps for the layout used to play as robot, for both groups. The yellow
clouds show the areas that the button occupied when adapting its position, while the
colored regions show the heatmaps for the touches of the users. (Color figure online)

Fig. 5. Heatmaps for the layout used to play as the level 1 spaceship, for both groups.
The yellow clouds show the areas that the button occupied when adapting its position,
while the colored regions show the heatmaps for the touches of the users. (Color figure
online)

well designed and the controller automatically fixed this mistake and reached a
more ergonomic position. Also, as all tests where performed with a 5.5′ phone,
we could theorize that on a smaller device this effect would not be so aggres-
sive since the buttons would not be so far apart. Anyway, it shows that this
adaptation can also be useful when dealing with devices with different screen
sizes.

The layout for the level 1 spaceship resulted in the heatmaps displayed on
Fig. 5. Both groups showed again a tendency to bring the upper side buttons
closer to the right analog stick, decreasing once more the effort to reach multiple
buttons. The more experienced users, however, maintained the distance between
the transform and super buttons, while the less experienced group tried to get
them closer. A stark contrast is on the right analog stick, with the less expe-
rienced users showing way more touches. This was caused by a big difficulty
in understanding how to play a dual stick shooter among the less experienced
users. While the expert players already knew how to play such type of game and
simply pointed the right analog stick towards the enemies, the less experience
players tried to press the right stick as if it was a button each time they intended
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Fig. 6. Heatmaps for the layout used to play as the level 2 spaceship, for both groups.
The yellow clouds show the areas that the button occupied when adapting its position,
while the colored regions show the heatmaps for the touches of the users. (Color figure
online)

to fire the main weapon, even after being informed about the correct way to play
several times. Their lack of gaming skill and experience made this kind of con-
trol too complex. This showed that maybe the less experienced players should
receive a different layout, simplified, with a normal button to simply fire forward
instead of the more advanced gameplay mechanics of dual stick games. Provid-
ing different interfaces for more casual or more experienced gamers is one of the
possibilities that the adaptive controller brings to gaming.

The level 2 ship controller resulted on the pattern indicated by Fig. 6. As
the buttons are already close to each other, we did not have a lot of variation
in the positions. The more experienced players rarely used the down button,
while the less experienced players relied on it more constantly. Indeed, it is not
mandatory to use this button, since the stage already has a gravity effect so the
ship is always gently going down. The experienced players usually only moved
up moderately and calculated their movements so most of the times they had to
lower the position of the ship, it could be done with the natural force of gravity
(showing superior skills). The less experienced players usually lacked this kind
of control and had to compensate constantly their less gracious movements to
avoid colliding to the walls.

5.2 Detailed Log Analysis

We also investigated if changes in the controller layout are influencing the game
performance. One user from each group was selected. The more experienced user
chosen for this analysis (Fig. 7a) had the lowest success rate between his group
and the third lowest overall, being a special case. The initial black area is the time
on menus, where the user was experimenting with the interface and missed some
keys. As soon as he starts playing, the success rate constantly increases until he
changes the interaction form (from robot to spaceship). From this moment on he
starts missing buttons until the interfaces adapts to his behavior and improves
his performance, a tendency that remains mainly stable until the next level.
However, he misses a button when playing as robot almost at the same time



Designing Game Controllers in a Mobile Device 465

Fig. 7. Complete history for the test session of one of the more experienced users (a)
and one of the less experienced users (b). The X-axis is the time, in milliseconds, while
the Y-axis is the success rate at that time. The color of the plot area shows which
layout was active, while the dark blue horizontal lines mark each time the user died in
the game. (Color figure online)

that he dies, indicating that these events may be correlated. On stage 2, the
controller keeps improving its success rate, but this time we have 2 deaths close
to moments where he missed buttons. This shows that, for some users, it still
is necessary to adjust the layouts to reach a more optimal performance and the
results of the heatmaps can be a first step to improve these layouts.

On the other hand, the less experienced user shown on Fig. 7b keeps its suc-
cess rate at 100% until changing form to the spaceship. As the layout changed, he
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gets momentarily lost. As he adapted to the interface and the controller adapted
itself to his behavior, he regained his full success rate. The only other radical
decrease is on the beginning of level 2, showing a consistent pattern. He missed
buttons when the interface changed, but his performance quickly improved due
to his own learning of a new interface and the controller adaptations. Also, we
did not have any situation where he missed buttons and died shortly afterwards,
indicating that the interface was not an issue for this user.

In both cases, we can notice that the success rate tends to fall when a new
interface is introduced. After the machine learning algorithms fixed the layout,
the success rate starts to improve until stabilizing at a high value. This provides
an interesting motivation to create a new and fine-tuned initial layout for the
adaptive controller, decreasing the initial frustration with a new interface by
providing a semi-optimized version as default, that is the exact concept of this
work and the objective of the final section.

6 Conclusion and Future Work

Using the touch pattern displayed by the heatmaps (Sect. 5.1), improved versions
of our controller layouts were created. The layout used to play in the second stage
will remain unchanged, since the proximity of its buttons already resulted in a
heatmap without any significant patterns to indicate potential improvements.

When playing as the robot in level 1, the players showed a tendency to bring
both action buttons together, allowing faster access to both buttons. Figure 8
shows the result of the first correction proposed in this new iterative process.
The tendency of decreasing the distance between buttons is also apparent for
the spaceship layout, but the clear difficulty in using a second analog stick to
shoot for the less experienced users made us create two separate layouts, one for
each group, as seen on Fig. 9.

In both cases, we approximated all action buttons following the pattern dis-
played on the heatmap. As the groups positioned the action buttons similarly,
we decided to use the same position for both cases, keeping the two layouts as
similar as possible. While the more experienced group will keep the dual stick
mechanics, we decided to replace the second stick with a single “Fire” button
that shoots straight forwards for casual players. Of course, this layout removes

Fig. 8. New controller layout for the robot on the first level.
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Fig. 9. New controller layouts for the spaceship on the first level.

some extra shooting features, but simplifies the task of hitting enemies by let-
ting the less experienced players focus only on moving the ship instead of dealing
with complex mechanics.

The game can show a screen before level 1 allowing the player to chose how
he wants to play or simply relate these layouts to its difficulty settings. Per
instance, when a user plays on “Easy”, the game could use the simplified layout,
assuming that a casual user will play. Selecting “Normal” or “Hard” would also
select the dual stick layout, assuming that we now have a more skilled player.
The latter approach will be used in the next version of the testing game.

This new iterative approach to controller design intends to improve an inter-
face using data obtained directly from usability testings. By using all input pat-
terns of these gameplay sessions, new interfaces that match more accurately the
real behavior of the players can be designed. These results will become the new
default layouts for the controller. While the machine learning routines will still
optimize it for each user, the starting point will be much closer to an optimum
value, shortening the time it takes to become optimized to a user and avoid-
ing the initial decrease in the success rate when interacting with a new layout
(Sect. 5.2). This process can be repeated after applying the changes, until the
controller reaches the best default layout for a comfortable gaming experience.

Future developments of this research includes the application of this app-
roach in different types and genres of games, evaluating how it can impact the
development of controller interfaces. Another interesting research is to apply the
concept of having different controller layouts for specific user profiles, such as
simplified interfaces for casual users, evaluating how it impacts their performance
and enjoyment of different games.
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