
• The recent COVID-19 pandemic has forced vision scientists to 
develop innovative, online solutions to their research questions

• The expansion of open-source software and hardware 
capabilities have opened new avenues in remote experimentation

• Here we explore the boundaries of online research to answer:
• Can we perform eye-tracking remotely on a laptop device?
• What are the capabilities and challenges? 
• What is the spatial and temporal resolution of remote eye 

tracking?

RESULT : GAZER
• An online tool that combines open-source eye-tracking [1] with the 

popular web-based experimental framework jsPsych
• We have created experiments that are fully remote and hosted on 

Heroku with data being saved to a cloud MongoDB database

• A new algorithm is necessary to perform eye-tracking online, 
distinct from an in-person system such as the Eyelink 1000

• A face mesh is superimposed onto participant’s faces in the video 
feed of their personal laptops (shown in Figure 1)
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Figure 1. A face mesh by itself and superimposed onto a Gazer experiment 
video feed. The individual points of the face mesh are mapped onto the facial 
features of participants to measure the orientation of their head and face.

• Participants perform self-calibration to provide the eye-tracker with 
pairs of gaze coordinates and face mesh orientations (see Gazer 
Calibration)

• During the experiment, the algorithm repeatedly uses a Bayesian 
system to predict the current gaze position based on a combination 
of the past gaze data (from calibration) and the current orientation 
of the face mesh on the video feed

Figure 2. A simulated calibration click. Clicks calibrate the eye tracker by associating the face mesh from the 
video feed at the time of the click with a gaze at the click’s location. The face mesh and gaze coordinates are 
inserted together into a Bayesian algorithm to predict future gaze. Participants click on 5 stimuli, each 5 times.
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Figure 3. The timeline of one trial. After recording 
500ms of continuous fixation on the cross, trials 
would proceed. The onset of the target dot at one 
of eight positions occurred at 500ms. Target 
remained for 1500ms. 
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Figure 4. Average Euclidean distances between gaze and target in one trial as recorded by the Gazer (left) and 
Eyelink (right) system. The inflection points of the movement indicate a 230ms lag in the Gazer data.

• A clear saccadic action is present, preparation and eye movement occurs after the onset 
of the target at 500ms, as shown in Figure 4
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• Participants were 
presented a series of 
red circles (50px by 
50px).  Their task was 
to fixate on the red 
target circles as they 
appeared

• Trial initiation was 
gaze-contingent on 
500ms of consecutive 
fixation the cross
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• We demonstrated that on a simple attention task, performance of 
our online Gazer program was comparable to a state-of-the-art 
Eyelink system

• Gazer recorded similar gaze patterns to an Eyelink 1000 with 
reasonable temporal resolution (Figure 4) and spatial resolution 
(Figure 5)

• Our results suggest that remote, user-driven eye-tracking methods 
hold much promise for creating new avenues of research in visual 
attention

DISCUSSION

Figure 5. Average gaze coordinates for one Gazer (left) and Eyelink (right) 
trial. Each point reflects average x and y coordinates for a gaze point within a 
20ms time bin. Each row shows the results for the target in one of the eight 
locations, beginning with a target in the upper left-hand corner and moving in 
clockwise direction.

• Participants proceed to the experiment after calibrating with at least 70% accuracy
• Performed using only written instructions, no researcher presence is necessary
• 42 participants attempted calibration, 41 were successful

• Participants 
performed 6 blocks 
of 8 trials

• The experiment was 
conducted remotely 
using Gazer (n = 41) 
and with a lab group 
(n = 16) using the 
Eyelink 1000 device


