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Abstract. As many as three quarters of a million preschoolers are at risk for 
amblyopia in the United States, so appropriate screening and accessible 
treatment are very important. Recent studies have shown that playing action 
video games results in a range of improved spatial and temporal visual 
functions, including visual acuity. Lazy Eye Shooter is a game treatment that 
takes advantage of these findings in that the software contains a dichoptic 
display in a First Person Shooter (FPS) action video game. FPS games are 
unfortunately among the most difficult games to learn for naïve subjects. Given 
that the treatment requires over 40 hours of playtime, we wanted to make sure 
that subjects were successful at the game from the very beginning. We describe 
several methods we have used to make the overall experiences of subjects more 
positive and discuss current preliminary results from the use of Lazy Eye 
Shooter.  
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1 Introduction 

As many as three quarters of a million preschoolers are at risk for amblyopia (also 
known as ‘lazy eye’) in the United States, and roughly half of those may not be 
detected before school age [1]. Amblyopia is characterized by reduced vision in the 
amblyopic eye and the potential loss of stereo vision. Appropriate screening and 
accessible treatment for amblyopia are therefore very important. Recent studies with 
both normal subjects [3] and amblyopic adults [2,6] have shown that playing action 
video games result in a range of improved spatial and temporal visual functions, 
including visual acuity.  

Lazy Eye Shooter is a game treatment that takes advantage of these findings. The 
software contains a dichoptic display in a first person shooter (FPS) action video game 
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that requires player responses using their “bad” (amblyopic) eye. This is not the only 
game treatment for amblyopia. Thompson, Blum, et. al. [4] reported the release of an 
Apple iPod Touch game for treatment that uses an overlay lenticular lens in 
combination with a modified game of Tetris. It is unknown if this game will show the 
same broad range of visual improvements that action video games have shown [5].   

FPS games are also among the most difficult games to learn for naïve subjects. 
Difficulties encountered by the new player range from control of their player avatar 
with the mouse to trouble against computerized opponents. Poor mouse control may 
commonly lead to nausea due to jerky and uncontrolled avatar movements. After 
becoming used to the video game controls, subjects still have potential difficulties as 
they play against computer-controlled opponents or “bots” that often have better skills 
than they have. Given that the treatment requires over 40 hours of playtime, we wanted 
to make sure that subjects were successful at the game from the very beginning. This 
took the form of both a training paradigm as well as several adaptations to the game to 
improve usability for new players. 

Current preliminary results from the use of Lazy Eye Shooter show that all subjects 
tested had improved visual acuity, reported a dramatic reduction in switching between 
eyes with training, and were able to use their eyes simultaneously. A large sample 
clinical study is currently underway to further assess game efficacy. 

2 Methods 

Lazy Eye Shooter is a game modification or “mod” which uses Unreal Tournament 
2004 (UT2004) in order to combine conventional anti-suppression therapy principles 
for amblyopia with the benefits rendered by action video games for visual recovery and 
binocularity. The new game type for UT2004 included the following features, most of 
which are shown in Figure 1: 

• Display of two screens in a single game window with the same game view for 
display to each eye either with a stereoscope or through the use of video eyewear 

• The ability to change the contrast dynamically in order to degrade whichever 
screen appears to the subject’s “good” eye in a manner that is exclusive for each 
subject 

• The ability to display an item (in our case a Gabor patch) to only the amblyopic 
eye within the game world and to have the player able to interact with it 

• A calibration image to move the two screens in software in order to account for 
individual subject ocular deviation 

• A network connection and interaction with an outside program that controls the 
dynamic difficulty adjustment for the player as well as records and saves all 
necessary data for an experimental session 

• Movement of all user interface functionality to the dichoptic display with the 
ability to have some parts of the user interface split between the two eyes as a 
suppression check 

• Training levels and a training paradigm for subjects inexperienced with games 
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• The ability for experimenters to change various parameters in the game from 
session to session as well as some of the parameters while the game is in play 

• The ability to pause the game 
 

 

Fig. 1. Two game screens are shown. The good eye is shown the dimmed screen and the 
amblyopic eye is shown the screen with the extra object in it.  

Players that are not used to digital video games commonly had problems learning how 
to play the game. The constant action and required movement accuracy in FPS games 
that makes them ideal candidates for visual acuity improvements also makes them 
harder to learn for new players. As we ran the first pilot subjects, we found the 
following common difficulties experienced by new game players: 

• Mouse control difficulties: New players did not have the accurate mouse control 
skills required to play FPS games. This commonly caused nausea due to 
“spinning” the in-game camera too much when the player tried to move their 
player avatar. Additionally, new players tended to physically pick up the mouse 
and move it n order to try and move their character in the game. 

• Learning the game: Many commercial FPS games assume that players are familiar 
with the game genre and do not include any tutorial or overall introduction to their 
game. Allowing new players to play without training them meant that they lose 
consistently against computerized opponents. 

• Learning the treatment paradigm: Subjects not only have to learn the game, but 
they also need to concentrate on learning to respond to the patch object placed in 
view of their amblyopic eye at random intervals. They must not play the rest of the 
game at the expense of the treatment paradigm, but they also should not ignore the 
original gameplay either.  

2.1 Addressing Mouse Control Problems 

Mouse control problems can cause nausea in new players and would make our 
treatment paradigm meaningless if they could not be overcome. Our first idea was to 
train players to better use their mouse for control by slowing the game down. 
Unexpectedly, this did not work at all – the slowed down game was still too difficult 
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for our pilot subject that tried it. We then tried several tactics to improve control and 
the combination worked very well. The list of changes we made to the game appears 
below: 

• We trained naïve subjects on games that had less movement (or movement 
primarily in one direction) on the screen and simpler control schemes. These 
games took the form of 2D side scrolling games with primarily horizontal or 
vertical movements. The goal behind this was to just get our users “used to” 
playing games before moving them onto the more difficult FPS genre. 

• We used a track ball rather than a mouse. After noticing that new players wanted to 
physically pick their mouse up and move it in order to move their in-game avatar, 
we decided to use a track ball for control. The track ball was a more natural fit for 
how naïve subjects wanted to move their game character. 

• We removed all “busy” textures from the walls/floor and made the ceiling black 
for the training levels. We noticed that new players tended to move the in-game 
camera more often than players with some experience. This meant that normal 
game textures on the walls, floor, and ceiling could cause nausea due to how 
quickly new players were moving across them while playing. Removing the 
“business” from the textures helped solve this problem. A sense of direction was 
added to training levels via wall patterns to encourage movement. An example 
from the “Cylinder” level is shown in Figure 2. 

2.2 Learning the Game 

Unreal Tournament 2004 is one in a succession of several FPS games for the Unreal 
Tournament franchise and the game came with no real tutorial levels for beginning 
players. This made it difficult for new players to both orient themselves on the large, 
confusing game maps for the original game as well as to perform well on those maps. 
Additionally, our treatment paradigm for amblyopia involved subjects watching for an 
object to appear within view of their amblyopic eye and then responding to whether 
or not the object contained a Gabor patch at any one of several different frequencies. 
In order to keep the treatment as part of the game, players shoot objects containing a 
Gabor patch and ignore objects that do not have a patch (a “blank” patch) or they may 
be instructed to shoot a patch tilted in a particular direction and ignore anything tilted 
in another direction. They obtain a health or ammunition reward if they’re correct and 
are punished with an extra non-player character known as a “Gabor monster” that will 
fight them if they are wrong. In this way, subjects must pay attention to the treatment 
paradigm as part of the game. Examples of a Gabor patch are shown in Figure 3. 

In order to allow new players to learn the game as well as the treatment paradigm 
within the game, we created several training levels. These training levels were generally 
small and simple game maps composed of easily recognizable shapes such as a cylinder, 
a square, and a figure eight. This allowed players to easily orient themselves on the map. 
Additionally, these maps had areas where a player could “get away” from computerized 
opponents and the opponents commonly had only one spawn point where they would  
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Fig. 2. The left image shows an example from the Cylinder map with the original game’s DM 
Rankin map on the right. The Cylinder map shows how textures were changed in terms of the 
black ceiling, simple textures on the walls and floor, and a sense of direction for movement 
shown through the use of horizontal lines on the walls. The textures from the DM Rankin map 
were “busy” and promoted nausea for players with poor mouse control. The image on the right 
shows a wood grained floor, horizontal grating on the left wall, a brick wall on the right wall, 
and lots of lights and piping on the ceiling. 

 

Fig. 3. Example Gabor images that could be shown in the game to the amblyopic eye. For 
treatment as part of the game, subjects are required to shoot patches with a Gabor and ignore 
patches without the Gabor. 

start on the map. This made it easy to know where “opponent rich” areas of the game 
map were as well as “opponent poor” areas. Computerized opponents can have their 
difficulty set at the beginning of a game, so that those more used to playing can have 
more challenging opponents. 

The difficulty level for subjects in terms of performance with their amblyopic eye 
was dynamically increased and decreased throughout playing the game within 
sessions. The Gabor patches shown to the amblyopic eye would become more 
difficult to see for those correctly identifying them and the Gabor patches would 
become easier to see for those having problems with correct identification.  
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This means that the treatment program is different for every subject as it depends on 
subject performance in order to dynamically adjust the treatment during play. 

2.3 Handling Sophisticated Players 

After playing the game for a few hours, subjects do not have problems orienting 
themselves and can take on more challenging opponents. At this point, players are 
moved to play on the original game maps such as DM Rankin and Asbestos. With 
more sophistication, players may also start to try and “game” the system. If computer 
opponents prefer certain areas of the map then players will adjust their playing 
accordingly. Luckily, the game itself comes with different “bot” difficulty settings 
that may be tweaked to make the game more challenging for these more sophisticated 
players. 

The more problematic situations occur with the Gabor patch object that players 
must react to for treatment. So that players cannot run up to a patch to see whether it 
contains a Gabor or is blank, the patch object dynamically leads the player at a 
specific distance. Unfortunately, keeping the patch away from the player means that it 
can potentially hit walls and other obstacles. When this occurs, the patch is removed 
from the game and redisplayed when it would not appear in a wall or obstacle. This 
means that a smart player can purposefully run the patch object into a wall when they 
are not sure if it is a Gabor or blank patch. After all, it will then be redisplayed so they 
can try again. 

In order to stop this potential exploitation of the system, there is a counter that 
keeps track of how many patches are run into a wall in a row. If this number is more 
than a certain amount, then a “Gabor monster” is automatically spawned as a player 
opponent. We find in practice that this is enough to keep players from taking 
advantage of the game in this fashion. 

3 Pilot Test Results 

Lazy Eye Shooter was piloted on four adult individuals with strabismic and or 
anisometropic amblyopia. Subjects were trained for 1-2 hours/day, 3-5 times per 
week, for a total of 40 hours.  

Several outcome measures were used to assess training-induced changes. Figure 4 
shows changes in visual acuity (VA) with training for four subjects (S1-S4) who 
completed the study, measured using a standard clinical test, the ETDRS chart. VA 
improved in all subjects. Stereo vision was assessed before and after training using 
the clinical Randot Stereo test. Subjects S1 and S2 had no stereo vision before and 
after treatment owing to large angle strabismus that was not corrected with the game.  
Subjects S3 and S4 had measurable stereo vision (200 and 70 arc seconds, 
respectively) before training, which improved to 25 and 20 arc seconds (respectively) 
following training. All subjects reported a dramatic reduction in switching between 
eyes after training, and were able to use both eyes simultaneously. This is evidenced 
by an increased tolerance to a high contrast image in the fellow eye. 
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Fig. 4. Visual acuity (in logMAR units) of the amblyopic eye before (pre), during (at 16 & 28 
hours of training), and immediately after training (post-test) obtained from four amblyopic 
patients 

4 Discussion and Future Work 

Unreal Tournament 2004 was used for the first version of a treatment game designed 
specifically to provide good compatibility through using the same game as with 
previous results on increases in visual acuity for action video games ]. Unreal 
Tournament 2004 is known to show good improvements for normal subjects in terms 
of visual acuity [2,3,5].  

The game has only been used with adult participants due to the violence found in 
the gameplay. We have been designing a newer version of the game using the Unreal 
Development Kit (UDK) that is not violent and may be used to treat amblyopia in 
children. The kids version of the LES game has no weapons that look like guns, has 
no blood or gore, and it does not include any human death animations (including the 
player). We have chosen to make the game more cartoon-like and there is a minimal 
amount of cartoon type violence in the new version. This version of the game is 
aimed at children that are aged 7 and older. Figures 5 and 6 show screenshots from 
the game that will be used to treat children. 

While treatment with the game works, users playing the game for 40 hours usually 
become bored. There are several ways of varying gameplay that could help with this 
issue. Right now, Lazy Eye Shooter uses only the original Deathmatch type of 
gameplay. Modern first person shooters normally contain several types of games that 
expand on the initial concept of Deathmatch where players try to get the highest score 
in terms of number of kills through giving players a wider variety of goals such as 
holding control points for a specific amount of time (in the game type Domination)  
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as it can be discouraging for the people that lose. The game is not currently designed 
for multiplayer due to the extent of experimenter control needed in the game.  

More work remains to be accomplished regarding the integration between the 
game and the treatment system within the game. The Gabor patch currently interrupts 
the flow of the game when it appears and it should be a more integral part of the 
game. The reasons for this particular implementation have to do with technical 
considerations for the scope of the project. For the future, we are considering putting 
the Gabor onto the uniform of a computer player and making the game so that 
enemies are those wearing the Gabor uniform. The main technical issue with this is 
the constraint that the Gabor uniform should only appear to the amblyopic eye. Since 
the game world is only a single place two screens  are drawn of the same world and 
then changed after the world is drawn), this could prove difficult to accomplish. We 
are still working on other ways of increasing the involvement of the Gabor patches 
with the gameplay for future versions of Lazy Eye Shooter. 
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