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Attention systems lie at the foundation of a broad range of cognitive skills. Weaknesses in
the ability to shift attention can affect higher-level skills such as executive function and
social processing. The shared neural circuitry underlying both gaze and attention shifting
behavior presented us with an opportunity to train the slow attention shifting observed in
individuals with autism spectrum disorders. We designed a suite of gaze-contingent video
games incorporating training principles to scaffold basic attention skills. Following the 8
weeks of home-based training with these games, we observed significant change in spatial
attention. Our use of gaze as an operant behavior also improved inhibitory control and the
ability to maintain focus. Here, we examine additional potential uses of gaze-contingent
games including as a supplement to traditional vision therapy. We also report our experience adapting an eye tracking system and our games for an individual with cerebral palsy,
who lacks the motor skill to manually control a computer. In summary, this gazecontingent neurogaming approach shows promise as an effective intervention in autism
and has potential as a therapeutic for a broader range of disabilities.
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transfer because 1) spatial attention skills are
foundational for other cognitive skills and 2) we are using
gaze, the overt manifestation of spatial attention, as the
way to control our games.

Introduction
Previous research has demonstrated the perceptual
and cognitive improvements associated with action video
game play (for review see Green and Bavelier, 2012).
These results led to an explosion in the field of ‘brain
training’, but not without concerns about the useful
transfer of these skills to real-world scenarios (see for
example, Span, 2016). Yet clearly training transfer occurs
in some instances (Deveau, et al., 2014). Here, we
describe a suite of video games that are designed to train
accurate and well-timed shifts in spatial attention. We
believe that training with these games will support

Gaze-contingent or interactive eye tracking paradigms
have been used in research, especially reading research,
for many years (Reder, 1973; McConkie and Rayner,
1975; Rayner and Bertera, 1979; Wilms, et al., 2010). Yet
despite years of use of gaze-contingent paradigms in
research, these tools remain novel as a method of
therapeutic intervention. With the advent of low cost—
yet quite capable—eye tracking devices, the possibility
emerged to deliver gaze-contingent interventions at
home. At-home training enables engagement in multiple
weeks of the spaced-yet-repeated practice needed to
produce the kinds of training effects we seek. We
developed a suite of such gaze-controlled video games
with the goal of using the games to improve observed
delays in shifts of spatial attention (Townsend et al.,
1999; Townsend et al., 2012) as well as saccadic eye
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movement control (Miller, et al., 2014) in individuals on
the autism spectrum.

Spatial Attention and Speed of Orienting

Methods
We delivered the gaze-contingent games (Figure 1)
during an 8-week home-based small clinical trial
designed to improve both covert and overt shifts of
attention as well as fixation control in, initially, 6
adolescents on the autism spectrum. We measured
attention-orienting skill on the e-task (Townsend, et al.,
1999) and steady fixation both before and after training
as primary outcome measures. In our current trial (n=20
ASD individuals in gaze-based training) we also
measured covert and overt attention orienting in a driving
and social conversation task to assess if improvements in
attention orienting transferred to disparate tasks.
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Figure 2. Pre- and post-training data (green and orange) for
each ASD adolescent pilot subject for Attention orienting
(left) and duration of fixation (right). Black dashed lines
indicate 95% confidence interval around typical agematched performance on these two tasks.

Active vision is not defined as seeing 20/20; rather it
is the ability to successfully coordinate and control eye
movements to achieve visual fluency in a dynamic environment. Our early experiences with gaze-contingent
training made us curious to investigate whether this style
of video game therapy might be beneficial for a broader
range of individuals. The success of our pilot testing
suggests that it is at least feasible to use gaze-contingent
games as part of home-based vision therapy. The addition of real-time feedback and engaging practice has the
potential to make for more effective therapy simply by

Results
Over 8 weeks of training, we observed the expected
improvements in video game play, but also improvements
in fixation control and covert attention shifting in our
pilot clinical trial participants (see Figure 2).

Figure 1. Two example gaze-contingent games, Space Race
and Shroom digger, train fast orienting and steady fixation
to guide a ship and explode mushroom houses, respectively.

Figure 3. Pupil Labs glasses (left) and image of gazecontingent game play (right) using the glasses.

What is perhaps more interesting and somewhat surprising was that in both the pilot sample and early results
from the larger current trial, we received multiple anecdotal reports from families of increased focus, less difficulty with schoolwork and (in one case) improved ease
with driving after engaging in the training. We are now
evaluating multiple methods for quantifying the anecdotal
reports. We are using survey-based tools for parents, as
well as objective laboratory tests of inhibitory control,
continuous attention performance, ADHD symptoms,
simulated driving performance and gaze behavior measured during a naturalistic social interaction. We are currently engaged in a slightly larger trial with 20 participants in the gaze control arm using an array of outcome
measures to assess training transfer.

virtue of practice occurring with greater regularity, but
perhaps further study will reveal additional benefits.
Gaze-contingent games can be used to provide practice in
fine-scale control of gaze for individuals learning to use
gaze for computer control either using remote eye tracking (standard) or glasses-based eye tracking which allows
greater head movement for the subject (Figure 3). We are
now using these games with a teen who has cerebral
palsy and are hopeful that this training will help him
improve control of gaze so that he can use his eyes for
computer control.
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