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Eye-gaze interaction with computerized systems holds a number of benefits. For instance, users’ hands are free to perform other tasks while interacting with the computer [1] and individuals with severe motor disabilities can communicate with their environment more easily [2, 3]. In addition, gaze interaction can be highly useful when screens are larger and when objects are in motion because time to move one's eyes between objects changes very little with distance [4] and tracking them when they are moving (as in video games) draws upon an inherent and especially adapt eye-brain mechanism [5, 6].
The interest in using gaze interfaces has led to empirical investigations of user-centered design questions. For instance, how should users select on-screen objects (e.g., icons) that they would like to interact with [7]?  Wheth-er or not users should receive feedback on where they are looking [1] and what kind of feedback? [3, 8]. Findings have shown that when users selected objects for interaction by dwelling on them for a certain duration, selection times were faster than with the "traditional" mouse [3, 4]. Yet, other studies have demonstrated that when targets were smaller than 40 of visual angle, users had to confirm choices by key press or by moving their facial muscles to compete with the computer mouse in speed and in accuracy [9, 10].  Finally, Alonso, Causse [1] found that for targets smaller than 2.140, cursor feedback on where users were looking improved their accuracy in selecting these targets. 
Interestingly, although pointing accuracy on smaller objects has been identified as key factor in the effective-ness of gaze interaction, the question of what eye points more accurately on targets has not been studied. This question may hold even greater importance in gaze interaction with moving targets that currently suffer from low success in target acquisition [10, 11). In the current study, we compared tracking accuracy between the “cyclope-an”, dominant and non-dominant eye.
Missing of targets and the higher accuracy of the “cyclopean eye” 
Cui and Hondzinski [12] conducted an experiment where they tested the gaze accuracy of participants. Partic-ipants viewed targets (i.e., weighted fishing anchors) suspended from the ceiling at three different heights while their binocular points of gaze were recorded at 60Hz. Errors were quantified as the absolute and angular distanc-es between targets and points of gaze of the right and of the left eye. Then, a third type of error was defined as the absolute and angular distances between targets and the average of the positions of the right and left eye. Findings showed that mean error of averaged positions were either smaller or not significantly different from the mean error of the right or of the left eye alone. Based on these findings, the conclusion from this study was that for a range of viewing conditions, averaged gaze positions would produce the most accurate results for viewing tasks.
From a broader theoretical perspective, Cui and Hondzinski [12] suggested that their findings resonate with the "cyclopean eye" theory that accounts for how people set their relative direction to objects in space. Accord-ing to this theory, people set their egocentric visual direction according to a line connecting the target and a point on an imaginary line between their eyes. In other words, when one assesses her relative positions to targets, it is a point between her eyes that designates her position. This point was metaphorically termed the "cyclopean eye" [13] and numerous studies have indeed demonstrated that individuals set “cyclopean” direction to objects in their field of view [e.g., 14, 15-17]. Cyclopean eye position, in turn, may be approximated by averaging left and right eye positions as in Cui and Hondzinski [12] study. 
 Although Cui and Hondzinski [12] did not account for why the right and left eye would miss targets in the first place, their findings do correspond with a well-documented phenomenon in optometry and the human vision and perception domains, termed “fixation disparity”. In fixation disparity, vergence eye movements fail to inter-sect both lines of sight on the intended targets and consequently, eyes do not land on the same spot, but rather fixate on slightly different locations from each other and from the intended targets [18, 19]. Hence, while right and left eyes may sometimes miss targets, the "cyclopean eye", who sets the direction to targets, may be the one that is placed on them more accurately. Cyclopean eye theory, therefore, resonates with that averaged gaze posi-tions, or cyclopean positions, may "land" closer to targets than single gaze positions. Still, another theory, that of eye dominance suggests that at least in some cases gaze positions of the dominant eye may land closer to targets.
Experiment 1: Exploratory study
The purpose of the first experiment was to obtain first impression on what eye tracks a moving target more accurately before we test this question with gaze-interface tracking.
Method
Participants
27 undergraduate psychology and engineering students participated in the experiment in partial fulfillment of the requirements of a course in human factors engineering. Age ranged from 21 to 31 years (Mean=26, SD=2.7). 48% of the participants were males. We tested participants for normal binocular vision using Snellen test and for binocular stability using the “Parallel infinity balance test” (PTIB) [37]. 
Participants' ocular dominance was tested using the Dolman's Hole in the card/Peephole test [e.g., 24, 25, 26]. 19 of the 27 participants (70 %) were right-eyed. 24 of the 27 participants (89%) were right-handed. 6 of the 27 participants (22%) had an opposite eye-hand lateral dominance (i.e. right dominant eye with left dominant hand and vice versa). All mentioned proportions comply with the proportions reported in Bourassa, Mcmanus [27] meta-analysis.
Task and procedure
Participants arrived at the lab for individual sessions that lasted approximately 20 minutes. Upon arrival, they were briefed about the procedure by the experimenter that encouraged participants to ask questions throughout and after the briefing. Participants signed the informed consent form only after the experimenter confirmed that they understood the procedure. Then, the experimenter tested participants for normal binocular vision and eye-dominance. The experiment was conducted in a sound-attenuated and darkened room. Participants sat in front of the display screen and the binocular eye tracker`s desktop camera (“Eyelink 1000” see apparatus). 
Participants performed a free gaze-tracking task (see Figure 1). They were instructed to “track the moving tar-get with their eyes”. The moving target was a red circle, 80 pixels in diameter and 1.87° from a viewing distance of 65cm. Mean percent time on target of a similar size in a previous study we conducted with joystick tracking was approximately 55% [38] and we therefore anticipated that participants in the current study would be able to track the target with their eyes. We created six tracking conditions: 3 target velocities X 2 maneuvering types. Target velocities were: 1.7°/sec, 3.1°/sec and 4.5°/sec. Maneuvering types were straight lines and curved lines. Lowest and medium velocities were also adapted from Wagner, Sahar [38] and maneuvering types were chosen to create lower (straight lines) and higher (curved lines) degrees of difficulty [39].
Figure 1. The experimental task.



Table 1. The 6 tracking conditions within an experimental block according to 3 velocities X 2 maneuvering types
	
	Velocity

	Maneuver
	Slow
(1.7°/sec.)
	Medium
(3.1°/sec.)
	Fast
(4.5°/sec.)

	Straight Lines
	Slow & Straight
	Medium & Straight
	Fast & Straight

	Curved Lines
	Slow &
Curved
	Medium & Curved
	Fast & Curved
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