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Abstract. Patching the normal eye for more than two hours daily is the standard method for 
treating amblyopia, although compliance issues often obstruct treatment efficacy. Video game (VG) 
treatment is an engaging alternative for treating amblyopia, but its newness causes its effectiveness 
and weaknesses to be unknown. Through the review of literature, this study aims to find the most 
effective form of VG treatment and compare the effectiveness between different types of VG treat-
ment. Four features of VG – game graphics type, genre, the device used, and the type of visual stimuli 
provided – were categorized. The improvement in visual acuity (VA) is measured in logMAR. Differ-
ent categories of the four variables were compared to each other using the value of the average visual 
acuity (VA) improvement. Results show that virtual reality (VR) games are more effective than 2D 
and 3D games, with an average VA improvement of 0.37 logMAR. The action game genre is the most 
effective game genre associated with an average of 0.25 logMAR improvement, significantly more 
than strategy and casual games. For devices, the most effective type of device is VR of an unspeci-
fied immersion (unclear if it is immersive or non-immersive) with an average improvement of 0.62 
logMAR. Treatments that provided only monocular visual stimuli were slightly more effective than 
dichoptic and binocular treatments. Limitations of this study are discussed. This literature review 
study suggests an optimized form of video game treatment may be superior to patching, as patients 
can improve at a faster rate.
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Introduction
Amblyopia is a visual disorder that is caused by 

the underutilization of one eye, leading to mon-
ocular visual acuity loss (Elflein [7]) in that eye. 
If left untreated, the amblyopic eye may affect 
one’s employment productivity, as well as nega-
tively influence their fine motor skills (Levi et al. 
[21]). Furthermore, amblyopes may not qualify 
for certain careers because of blurry vision from 

the amblyopic eye. The two main subtypes of 
amblyopia are anisometropia (i. e., the eyes have 
different refractive powers), which accounts for 
50% of amblyopia cases, and strabismus (i. e., the 
eyes do not look in the same direction), which 
accounts for 25%, and a combination of the two, 
which accounts for 16% (Maurer & Mc Kee [27]). 
Amblyopia is the leading cause of monocular visu-
al impairment in many countries, with childhood 
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prevalence rates of up to 6.2% worldwide (Mo-
canu & Horhat [29]).

Patching the better eye is a method of treat-
ing amblyopia, and improvements are seen mostly 
in children (Magramm [25]). As the good eye is 
patched, the brain receives all visual stimuli from the 
amblyopic eye (Levi et al. [21]). However, patching 
has compliance issuesbecause it requires the patients 
to wear the patch for many hours of the day, enforced 
by the patients themselves or a guardian. Atropine 
eye drops may also be a viable treatment, with results 
similar to those achieved by patching (McConaghy 
& McGuirk [28]). Dichoptic treatment, which pres-
ents the two eyes with different visual stimuli, is also 
an option in treating amblyopia.

Recently, some researchers have turned to vid-
eo games as a possible amblyopia treatment (Foss, 
[8]). Some studies have used monocular or dichop-
tic gaming as a form of treatment, which yielded an 
increase in visual acuity (Gambacorta et al. [9]). 
Compared to patching, video games are consider-
ably more engaging for young patients. However, 
there are compliance issues with video games too 
(Hess et al. [13]; Kraus & Culican [18]). Playing 
video games for multiple hours a day is more time-
consuming than patching or using eye drops. Video 
game treatment with a visual handicap of the better 
eye generally yields similar or better results when 
compared with patching alone ( Jeon et al. [14]).

Purpose
Video game treatment has been proven to be as 

effective or even superior to patching in treating am-
blyopia; however, there is a variation of effectiveness 
in each type of video game treatment (Birch [1]). 
This variation of effectiveness is likely to be impacted 
by the graphics and genre of the video game, the de-
vice used to play it, and the type of visual cues avail-
able. Research of literature on this matter revealed a 
large number of experiments that had varying condi-
tions. 2D games were the most common, likely be-
cause of easier adaptability for treatment purposes. 
The main goal of this study is to find the most effec-

tive video game treatment for amblyopia through a 
review of relevant literature.

Video games have many genres, which feature 
wide ranges in the pace of the games, as well as vari-
ances in the required skillsets to master them. Action 
games, making up the most popular genre of video 
gaming, require real-time decision-making, as well 
as large amounts of visual feedback. This genre is be-
lieved to be more engaging because it utilizes one’s 
vision and attention more; therefore, participants in 
one study surmised that it also may be more effective 
in treating amblyopia (Birch [1]). However, this was 
not the case, as a non-action video game was found 
to yield similar results. In a previous study (Li et al. 
[22]), it was proven that playing SimCity Societies, a 
simulation game, improved visual acuity. The group 
that played this game as a form of treatment was able 
to improve its crowded-letter acuity by 28.1% and its 
single-letter acuity by 15.1% over 40 to 80 hours of 
gameplay. This VA improvement is slightly below that 
of action games, however, as the action games group 
improved by 31.2% for crowded-letter acuity and 
27.2% for uncrowded-letter acuity. Therefore, it is sug-
gested that non-action games can improve visual acu-
ity but maybe not as well as the action video games.

Research question
The effectiveness of video game treatment might 

be impacted by the type of graphics, genre, the de-
vice used, and the type of visual stimuli available 
to each eye. Game graphics can be 2D, 3D, or VR, 
which may affect how the patients view the game and 
thus affect their binocular vision. Various factors may 
also cause motion sickness for patients, which can 
in turn cause compliance issues, thus affecting the 
results. The game genre can also affect how visually 
demanding a game is since action games typically 
have a faster pace while strategy games are typically 
slower. The device used may affect gameplay as well 
as binocular vision: if a device is smaller, for instance, 
one would not have to move their eyes as much as 
they would need to for a larger device. The visual 
stimuli each eye receives can affect the amount of in-
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put received by the visual cortex from the amblyopic 
eye, which may impact treatment effectiveness. This 
study will focus on these four elements of treatment 
to determine what type of video game treatment is 
the most effective.

Q1: How do the types of game graphics, game 
genres, devices used, and the types of visual stimuli 
affect the effectiveness of video game treatment for 
amblyopia?

Factors that influence treatment efficacy
Game graphics can come in many dimensions: 

2D, 3D, and VR, all of which may influence the effi-
cacy of the treatment. Based on the limited data avail-
able, it appears that video game treatment presented 
in a VR format resulted in higher VA improvement 
than that with 2D and 3D games. This may be be-
cause VR uses both monocular and binocular cues, 
whereas 2D games do not have binocular cues and 
3D games do not have many monocular cues. There-
fore, both eyes are given both types of visual cues 
more frequently. VR treatment allowed the study 
to make the treatment dichoptic, which could force 
the amblyopic eye to receive most of the monocular 
cues. Few studies have examined the correlation be-
tween the presentation format of the video game and 
the effectiveness of video game treatment; however, 
it is believed that VR may induce neuroplasticity in 
children (Coco-Martin et al. [3]).

Game genre influences the speed and activity level 
the player must maintain while playing, which leads to 
different degrees of effectiveness in the corresponding 
video game treatment. Action games are said to im-
prove the spatial resolution of the human eye (Green 
& Bavelier [10]). Crowding is a visual phenomenon 
that causes one to have more difficulty in identify-
ing a target when there are other distracting targets 
near it. Using perceptual learning, video games with 
many objects on the screen have helped patients over-
come crowding. Similarly, many studies have shown 
that shooting games, which are a sub-genre of action 
games, enhance spatial selective attention (Wu et al. 
[33]). Although there are many types of video game 

genres, only three types were consistently reflected 
in the literature review: action, casual, and strategy 
games. Existing research has mainly focused on using 
only one or two games as treatment (Gambacorta et 
al. [9]). Therefore, the effect genre may have on the 
treatment effectiveness is unknown. Game genres can 
affect the pace of a game, which affects how fast the 
brain needs to process visual information. One study 
hypothesized that action video games would be more 
effective for treatment purposes than non-action video 
games (Birch [1]), although studies show that other 
genres may yield similar results. If a game is fast-paced, 
visual stimuli will typically appear more frequently, 
so the visual cortex needs to work harder to process 
the information. This presents a challenge to the brain, 
which may help the development of the visual cortex.

Similar to the presentation format of video games, 
the type of device used to play the games may affect 
the degree of VA improvement. Because VR treat-
ments allow the study to limit the visual stimuli given 
to patients, this is a more effective way to create a 
dichoptic treatment that allows the amblyopic eye to 
receive all the monocular cues. This may strengthen 
the eye, and since video games cause neuroplasticity, 
improvement of vision may result. Of note, the de-
vice used might have too small a screen size, which 
leads to fatigue (Lin et al. [23]) and lower effective-
ness and sustainability of the treatment. Addition-
ally, if the device’s screen is smaller, the patient may 
not need to rely on peripheral vision. If the device 
used is an immersive VR device, the patient will be 
able to use their eyes as they can in real life, which 
also affects how much they rely on peripheral vision. 
Moreover, advanced devices may be able to observe 
changes in interocular suppression, which may assist 
amblyopia treatment (Coco-Martin et al. [3]).

The types of visual stimuli patients receive dur-
ing the video game treatment could affect its efficacy 
in treating amblyopia. Research shows that during 
monocular treatment (patching), the dominant eye 
may continue to inhibit the amblyopic eye (Liu & 
Zhang [24]). Dichoptic treatment does not have this 



Section 7. Physiology

54

interocular suppression and is effective in treating 
amblyopia (Liu & Zhang [24]). One study found 
that after monocular deprivation, there is a period of 
induced plasticity (Dylda et al. [6]). The emphasis 
placed on a particular eye(s) in the treatment will 
affect how much the amblyopic eye is used. If the 
treatment is monocular or dichoptic, then the am-
blyopic eye will be used more than the healthier eye, 
so the treatment will be more effective. Monocular 
video game treatment requires the patching of the 
stronger eye, so only the amblyopic eye is used. Di-
choptic treatment allows the amblyopic eye to see 
more things, or to only see color. Binocular treat-
ment requires the engagement of both eyes as this 
would occur in normal use. Since action, adventure, 
and casual formats are all very popular video game 
genres, amblyopia treatment using these genres may 
be more effective because people are already familiar 
with these types of games (Brown et al. [2]).

Action games are thought to have a much greater 
treatment impact than all other game genres, as this 
format requires high visual focus and the ability to 
manipulate the controls at a fast pace; despite this, 
the difference in efficacy is proven to be smaller than 
originally thought (Birch [1]). In this study, an action 
game improved VA by 0.15 logMAR, while a non-ac-
tion game improved VA by 0.13 logMAR. Therefore, 
the difference of treatment effectiveness depending 
on the genre employed should be explored, with more 
emphasis on the efficacy of non-action games.

Are visual acuity improvements sustainable af-
ter treatment?

No previous study has observed participants’ VA 
after video game treatment without any other ambly-
opia therapy. However, certain research documenta-
tion revealed that the greatest VA improvement was 
still present in the video game group, compared to 
the patching group (Singh et al. [31]). Using chil-
dren aged 6 to 14 the experiment was separated into 
groups: the video game and patching group and the 
patching-only group. The former group played one 
hour of video games every day during the six hours 

of occlusion of the better eye, while the latter group 
patched for six hours a day without video games. The 
video game group was asked to stop playing after one 
month. Both groups patched for up to 3 months. The 
video game group achieved a VA improvement of 
0.1 logMAR one month after treatment, and 0.21 
logMAR three months after treatment, while the 
patching-only group achieved a VA improvement of 
0.05 and 0.17 logMAR, respectively. This suggests 
that improvement in visual acuity is sustained, even 
after 3 months, and that vision even improved in the 
months after treatment.

Is there a limit to how much visual acuity video 
game treatment can restore?

Although no theoretical VA improvement value 
has been derived from existing studies, video game 
treatment is effective in adult patients even after the 
critical end period, which is about 8 years of age 
( Jeon et al. [14]). In one video game amblyopic 
treatment study, a patient who had previous experi-
ence with playing video games improved his visual 
acuity by 0.4 logMAR, which was the experiment’s 
highest improvement ( Jeon et al. [14]). The mean 
age of participants in the experiment was 23, which 
suggests that visual impairment may still be possible 
in adults above the age of 18. The video game train-
ing was conducted for 40 hours over one month, 
which suggests that further improvement over time 
is possible. In another study, where the mean age was 
31.2 years, the logMAR VA improvement seen over 
4 weeks (two 40-minute sessions weekly) was 0.15 
logMAR. Furthermore, video game treatment may 
be able to eliminate residual amblyopia, which patch-
ing appears to be incapable of treating (Lee & Kim, 
[19]). Using dichoptic treatments to stimulate pa-
tients’ binocularity, it has been possible to treat chil-
dren (aged approximately 9) with residual amblyo-
pia that further patching could not treat. Although 
these studies do not provide a conclusive answer 
about the theoretical limit of visual acuity improve-
ment attributed to amblyopia video game training, 
it can be inferred that if treatment took place over 
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a longer duration, many experimental participants 
could achieve normal levels of vision.

At what age is it more viable to use video game 
treatment instead of traditional patching?

Most studies used prepubescent children as par-
ticipants; however, a study that used adult amblyo-
pes aged between 19 and 30 showed that playing 
video games is much more effective than patching 
( Jeon et al. [14]). Excluding a specific patient who 
was deemed an outlier and had significantly greater 
VA improvements, the adult amblyopes gained an 
average of 0.1 logMAR, while the patching group im-
proved by an average of 0.02. Another study that fo-
cused on children aged 6 to 14 recorded 0.1 logMAR 
VA improvement in the video game group, whereas 
the patching group improved VA by 0.05 logMAR 
(Singh et al. [31]. This implies that video game treat-
ment might be more efficient than patching in youth 
older than 6 years old.

Plasticity of video game treatment
Video game play is suggested as a means to induce 

plasticity of the visual cortex so that amblyopia can be 
treated. A previous study showed that video game play 
can induce cortical plasticity in adult amblyopes (Li, 
[22]). This may be caused by the high engagement 
required from video games, which improves spatial 
resolution and visual attention (Li [22]). Therefore, 
the greater effectiveness of action games (as opposed 
to those in other genres) may be a result of the fast 
pace and stronger focus on detail, which push the 
brain to its limit and induce plasticity.

Immersive vs. non‑immersive VR
There may be a difference in efficacy between im-

mersive and non-immersive VR. In immersive VR, 
the player is “placed” in the virtual environment and 

his or her head movement correspond with his or her 
head movement in the game. In non-immersive VR, 
the player wears a 3D head-mounted display device 
that looks like those used in immersive VR but the 
player’s head movement in the real environment does 
not correspond with his or her head movement in the 
virtual environment. The immersion may cause the 
brain to learn differently, thus improving the efficacy 
of the treatment. This is a deciding factor in visual 
acuity improvement, as amblyopia is often caused 
by underdevelopment in the visual cortex, located in 
the brain. VR devices that were defined as immersive 
achieved a VA improvement (0.15 logMAR), while 
non-immersive VR achieved 0.09 logMAR. Immer-
sion may provide more feedback, visually or through 
other senses. As more stimuli may provide greater 
engagement for patients, immersive VR may be able 
to induce more plasticity through perceptual learn-
ing. However, as of the present, there is insufficient 
research to form an accurate conclusion on whether 
immersive or non-immersive VR may make a differ-
ence in improving VA in amblyopes, as there is only 
one treatment in each of the two categories of VR 
immersion.

Method
PubMed was the main source this study used 

to find papers pertaining to video game treatment 
for amblyopia. To search for such information, key-
words were put into three groups, which generated 
12 possible keyword combinations. The first group 
included “amblyopia” and “amblyopic,” the second 
group included “video games,” “PC games” and 
“computer games,” and the third group included 
“treatment” and “training.” These groups are shown 
in the table below.

Table 1. – Groups of keywords used in literature search

Group 1 Group 2 Group 3

Amblyopia Video game Treatment

Amblyopic PC games Training

Computer games
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Each of the keyword combinations was then 
searched using PubMed advanced search, separated 
by using the AND function (e. g., amblyopia, video 
game, treatment). If written in English and referenc-
ing logMAR units, all literature that involved treating 
amblyopia using video games was used in the study; 
otherwise, the literature could not be used. In total, 
25 total articles and 43 treatments were considered. 
Four variables were used to analyze the effectiveness 
of the treatment. The average visual acuity improve-
ment in logMAR was to be graphed against each of 
the four variables.

Variables & coding book
Each variable measures a study’s details regarding 

the video game treatment, which made it convenient 
to compare the variables to the VA improvement. Af-
ter defining each variable and adding number keys for 
each possible variable, a testing phase was held for the 
variables. Peer review sessions, where two coders re-
corded the VA improvement as well the four variables 
within a treatment and then compared them, were 
hosted to achieve consistency while maintaining ac-
curacy. The coding book was updated and changed 
every peer review session so that each variable could 
have a definition agreed upon by the two coders.

In the coding book, each variable had individual 
categories that were assigned code numbers (e. g., 
in the device group, smart tablets were coded as ‘1’ 
and laptops as ‘3’) which made it more convenient 
to code each study with numbers instead of words. 
With respect to the categories that had subcatego-
ries, such as immersive and non-immersive VR, they 
were categorized using the number of the main type 
‘4’ and the number of the subtype ‘1’ and ‘2’: this 
created the subtypes ‘41’ and ‘42.’ If the type of VR 
was unspecified, it would be coded as ‘4.’

Missing values
In some of the studies, there was insufficient in-

formation to create a concludable code for the vari-
ables. These instances were coded as ‘99.’ If the treat-
ment was not conducted using a video game, then ‘0’ 
was coded. Non-video game treatments were only 

included in the study if they were part of another 
study’s control group. In one case, two genres were 
presented: an adventure game (Pan’s Remarkable 
Adventure) that is also a casual game; therefore, this 
study chose to remove the adventure genre designa-
tion and assess the game in a different genre (casual). 
This was done to prevent inaccuracy because of the 
presence of only one treatment to determine the av-
erage VA improvement of an entire genre.

Results
First, the amount of VA improvements across 

video game treatments that involved 2D games, 3D 
games, and VR games was compared. As shown in 
Figure 1, studies that involved video games presented 
in VR format reported higher VA improvements on 
average (0.46 logMAR), compared to studies that 
involved 2D (0.11 logMAR) or 3D games (0.15 log-
MAR). However, there were only three VR treatments, 
which yielded VA improvements of 0.15, 0.6, and 0.63 
logMAR. Fifteen groups used 2D games as treatment, 
with the VA improvement ranging from 0.01 to 0.351 
logMAR. There were eight 3D video game treatments, 
with the range of improvement recorded as 0.06 to 
0.4 logMAR. Due to the limited availability of data, a 
quantitative comparison of the effectiveness of these 
three types of games was not possible.

Second, the degree of VA improvement was com-
pared across studies that involved different genres of 
video games. As shown in Figure 2, VA improvement 
from video game treatment differed across different 
genres of video games. Specifically, studies that in-
volved action video games achieved the highest VA 
improvement on average (0.25 logMAR), which is 
much higher than studies that involved strategic vid-
eo games (0.12 logMAR). Of all the genres, casual 
video games appeared to have resulted in the lowest 
VA improvement on average (0.07 log MAR).

Third, the degree of VA improvement was com-
pared across video game treatments that involved 
different types of devices, as displayed in Figure 3. 
Of all the types of devices listed, VR of an unspeci-
fied type achieved the highest VA improvement on 
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average (0.62 logMAR). However, non-immersive 
VR and immersive VR achieved 0.09 logMAR and 
0.15 logMAR on average, respectively. The lowest 
VA improvement was observed in tablets (0.073 log-
MAR), which included smartphones and similarly 

sized devices. Other types of video game devices 
achieved similar results, however, and the range of 
VA improvement, excluding unspecified VR and tab-
lets, was from 0.08 logMAR to 0.19 logMAR. The 
total average VA improvement was 0.16 logMAR.

Figure 1.Comparison of game dimensions vs VA improvement

Figure 1.  Comparison of game genre vs VA improvement

Finally, VA improvements were compared across 
studies that adopted different strategies to present vi-
sual stimuli to the two eyes. As displayed in Figure 4, 
VA improvement differed across what types of visual 
stimuli were available to each eye. Visual stimuli were 
sorted into 3 groups: binocular, dichoptic, and mon-
ocular. The binocular visual stimuli method involves 
the use of both eyes simultaneously and only bin-

ocular cues are given. Dichoptic treatment requires 
each eye to receive different visual stimuli at the same 
time, which means that the left eye may be able to see 
something that the right eye cannot. Dichoptic treat-
ment can also involve changing the color, size, and 
position of objects in the video game and can trans-
mit both binocular and monocular cues. Monocular 
visual stimuli treatment involves patching one eye, 
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usually the eye with better eyesight. Therefore, only 
monocular cues could be present with this type of 
treatment. Video game treatment was most effective 

in improving VA in the monocular category (0.17 
logMAR). Dichoptic and binocular video game 
treatment achieved similar results (0.15 logMAR).

Figure 3. Comparison of the device used and VA improvement

Figure 4. Comparison of the visual stimuli available vs VA improvement

Discussion
The results suggest that the four video game fac-

tors do influence the effectiveness of treatment. It 
appeared that VR action games played monocularly 
with the amblyopic eye were the most effective treat-
ment in restoring visual acuity, although such com-
binations might not be needed for the best results, 
as seen in the most effective treatment – a VR action 

game played on dichoptic settings. As predicted, 
action games were very effective, and provide sig-
nificantly better average results than the other two 
genres, casual and strategy, although the role action 
plays in improving vision is still unclear. The ac-
tion game genre had only 1 treatment out of 13 that 
achieved lower than 0.1 logMAR of improvement, 
whereas the casual genre had 6 out of 8, and the strat-
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egy genre had 5 out of 11. The other two values of VA 
improvement in treatments using casual games were 
0.11 logMAR and 0.12 logMAR, which suggests that 
casual games might not serve as effective amblyopia 
video game treatments, as all the genre’s values are 
lower than the action genre’s average value. However, 
this may be the result of limitations associated with 
this study.

Dichoptic video game treatment was unexpect-
edly less effective than the results recorded by “no 
game” control groups, on average. However, “no 
game” classification also includes new treatments 
such as viewing videos using the i-BiT system (Her-
bison et al. [12, P. 20]) and using Bangerter foil (Lee 
& Kim [19]). As a result, the “no game” category 
may include amblyopic treatment which is more ef-
fective than traditional patching treatment.

Binocularity stimulating treatment may be effec-
tive in treating amblyopes who have reached a pla-
teau in improving visual acuity following occlusion 
(Lee & Kim [19]). However, further research should 
be conducted to confirm this, as recorded binocular 
video game treatments are low in number, and most 
did not reflect the amount of training time that was 
logged in the earlier study.

As the study had limitations, it presents some 
inaccuracies in its findings. The limitations include: 
low sample size, difference in training and treatment 
time, participant age, different levels of pre-treatment 
visual acuity, and occlusion therapy during video 
game treatment.

A low sample size may have caused inaccuracy 
in assessing the relationship between VA improve-
ment and the variables. This limitation results from 
the smaller number of studies focusing on this topic, 
as well as the lack of equal numbers of studies for 
each variable. For example, in the game graphics 
variable, there were only four VR video game treat-
ments, which is low compared to the fourteen 2D 
video game treatments and eight 3D video game 
treatments. Those with the VR game type variable 
had an average VA improvement of 0.37 logMAR, 

which was caused by two high results (0.6 & 0.63 log-
MAR) and two low results (0.09 & 0.15 logMAR). 
This suggests that a larger sample size is required 
for an accurate measurement of the effectiveness 
of each variable in video game treatment. Similarly, 
the binocular variable of the visual stimuli category 
achieved an average VA improvement of 0.15 log-
MAR, with four results as well: one high result (0.4 
logMAR) and three low results (0.03, 0.07 & 0.1 log-
MAR). These two examples indicate that the studies 
conducted are insufficient in number to recognize 
the effect each variable has in restoring visual acu-
ity. Besides extreme values significantly affecting the 
average, low sample sizes also exacerbate the errors 
caused by the other limitations.

Some studies had a longer treatment time than 
other studies, which allowed patients to restore more 
visual acuity. Because this study did not consider the 
effects of training duration, the low sample size could 
exacerbate the effects of this limitation. This was seen 
in the “VR” category of the game graphics variable.

Of the four VR treatments, one was immersive 
(Žiak et al. [34]), which yielded a VA improvement 
of 0.15 logMAR; the other was non-immersive VR 
(Knox et al. [17]), yielding a VA improvement of 0.09 
logMAR. The average VA improvement of VR devices 
of an unspecified immersion was calculated from the 
two results of the same study (Lee & Kim [19]). The 
average VA improvement of these two results was 
0.62 logMAR, despite being associated with either an 
immersive or non-immersive VR device, which sug-
gests that another factor influenced the results: train-
ing time. While the difference in effectiveness may be 
the result of the unspecified VR study’s main focus on 
an action game, contrasted with the focus on strategy 
games in the other two studies, it may also be the re-
sult of training time differences.

The immersive VR study lasted four weeks, dur-
ing which participants received biweekly 40-min-
ute training sessions. The non-immersive VR study 
lasted one week, with five one-hour sessions. The 
unspecified VR-type study continued for an average 
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of 4.4 months, during which 30-minute daily training 
sessions took place using the head-mounted display. 
Therefore, the total training time of the immersive 
VR study was 8 hours and the total for the non-im-
mersive VR study was 5 hours; the unspecified VR 
study resulted in around 66 hours of training.

Despite amblyopia being treatable in adults, it is 
more easily treatable in children. As children have 
higher plasticity than adults, it is believed that visual 
acuity improvements may also be influenced by age. 
Therefore, this may lead to inaccuracies in the cor-
relation between variables and VA improvement. Us-
ing the results of two similar treatments, (Vedamur-
thy, Gambacorta et al. [32, P. 2; 9], the latter study 
was able to develop a graph that shows that after 10 
hours of training, the VA improvement of children 
was 0.13 logMAR, while that of adults was 0.04 log-
MAR. This difference later decreased at 20 hours of 
training: the children achieved an average improve-
ment of 0.16 logMAR, and the adults achieved 0.12 
logMAR. Nevertheless, these results suggest that age 
affects the degree of treatment efficacy; therefore, 
failure to consider this factor may limit the accuracy 
of the results, especially with a small sample size.

Studies show that occlusion therapy alone is not 
enough to improve visual acuity for some patients 
beyond a certain point, so residual amblyopia re-
mains (Deshpande [5]) (Lee [19]). This may lead to 
a lower VA improvement from later treatments if the 
patients are residual amblyopes. This was shown in a 
study that noted information regarding each patient’s 
pre-study occlusion history, as well as their change 
in VA (Herbison et al. [11, P. 201]). Two studies (Li 
[22]) (Herbison [12]) that predominantly used am-
blyopes who previously underwent occlusion thera-
py resulted in lower average VA improvements com-
pared to the study with fewer residual amblyopes. 
Similarly, the study with the highest improvement 
in visual acuity, 0.3 logMAR, after traditional patch-
ing therapy (Dadeya & Dangda [4]) used only pa-
tients who had never undergone occlusion therapy. 
Since much of the literature reviewed in this study 

analyzed subjects who had previously undergone oc-
clusion therapy, it is suggested that video game treat-
ment might be more effective in restoring vision if 
used on untreated amblyopes.

Some studies (Rajavi et al. [30]) (Manh et al. 
[26]) have required patients to patch their better eye 
during the day, even when not playing video games. 
This may lead to inaccuracies regarding the video game 
treatment’s effectiveness, as patching may be partially 
responsible for the visual acuity improvement. How-
ever, despite this factor being unaccounted for, thus 
affecting the accuracy of the results, this limitation 
showed that patching during video game treatment 
still had an effect on treating residual amblyopia.

One review study in particular (Foss [8]) had re-
sults similar to this study. Action games were more ef-
fective than other genres, though non-action genres 
were comparable in efficacy. It concluded that video 
game play can improve vision even in adult amblyo-
pes. However, that study suggested that most cur-
rent studies are flawed and therefore do not provide 
an accurate indication of the effectiveness of video 
game treatment, adding that they should instead be 
considered exploratory tools. As seen from the lit-
erature reviewed, this is likely true, as many studies 
used patients who had residual amblyopia.

The results of the literature review are similar 
to those of another study (Levi [20]). According 
to that study, monocular and dichoptic video game 
treatments are both shown to be more effective 
than patching alone in restoring vision, with the 
same amount of training time. While this may be 
true, that study used only a few samples, which in-
cluded the use of patients with residual amblyopia. 
Therefore, there can be no certainty that monocular 
and dichoptic video game treatments are more ef-
fective than patching therapy in treating amblyopia. 
Compared to the results of this study (Figure 4), 
dichoptic treatment is less effective than the “no 
game” category that included patching. However, 
it must be noted that our study did not consider 
the effect of training time on treatment. Further-
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more, there is no category for patching alone, and 
the category that includes patching (the “no game” 
category) also includes other nonz-video game 
treatments, such as watching a movie with dichop-
tic glasses (Kelly et al. [16]) employing the i-BiT 
system (Herbison et al. [12]), or using Bangerter 
foil as occlusion (Lee & Kim [19]).

Conclusion
Video game treatment may become an accepted 

alternative to patching and has the potential to be-
come the mainstream treatment for amblyopia. This 
stems from its ability to induce plasticity in even 
adults and residual amblyopes; thus, it may be a bet-
ter treatment than patching in restoring visual acuity. 
The action level of a game may be a key factor in the 

extent of plasticity induced, which is shown through 
the results of this study (Figure 2). Furthermore, 
video game treatment can compound the effects of 
other ongoing amblyopia treatments, such as patch-
ing or using Bangerter Foil on eyeglasses.

The current quantity of video game treatments 
that have training durations sufficiently long to dem-
onstrate the efficacy of treatment is low, so the po-
tential of this type of treatment might not have been 
realized yet. Further studies with sufficiently long 
treatment times should be conducted to explore the 
long-term effects of this treatment, as well as the lev-
els of accuracy in vision months afterward. With the 
assistance of constantly improving digital technol-
ogy, the vision of an amblyopic cure is foreseeable.
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