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Abstract: With the development of digital image processing technology and computer supported cooperative work, eye tracking has
been applied in the process of multiuser collaborative interaction. However, existed eye tracking technique can only track single user’s
gaze, and the computing framework for multiple user’s gaze data tracking is not mature; besides, the calibration process is much complex,
and the eye tracking data recording, transition, and visualization mechanisms need to be further explored. Hence, this study proposed a
new collaborative calibration method based on gradient optimization algorithms, so as to simplify the calibration process; and then in
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order to optimize the eye tracking data transition and management, the computing framework oriented to multiple user’s eye tracking is
proposed. Furthermore, to explore the influence of visual attention caused by visualization of eye tracking data sharing among multiple
users, visualizations such as dots, clusters and trajectories are designed, and it is validated that the dots could improve the efficiency for
collaborative visual search tasks. Finally, the code collaborative review systems are designed and built based on eye tracking, and this
system could record, deliver, and visualize the eye tracking data in the forms of dots, code borders, code background, lines connected
codes, among the code reviewing process. The user experiment result shows that, compared to the no eye tracking data sharing condition,
sharing eye tracking data among multiple users can reduce the bug searching time with 20.1%, significantly improves the efficiency of
collaborative work, and it validates the effectiveness of the proposed approach.

Key words: eye tracking; computer supported cooperative work; visual cognition; human-computer interaction; information visualization
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Fig.1 Distribution mechanism of basic eye tracking model in the collaboration environment
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Fig.2 Computing framework of multi-user collaborative eye tracking
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Fig.3 Packet structure of communication protocol in the network application layer
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Fig.4 Eye tracking data visualization
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Fig.5 Experiment of collaborative visual search task
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Fig.6 Average task completion time (error bars are standard deviation)
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Fig.7 Example of cross-recurrence for each Fig.8 Example of cross-recurrence for each

AOI with shared gaze visualization AOI without shared gaze visualization
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Fig.9 Heat map based on gaze fixation
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Fig.10 Visualization of code line borders
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Fig.12 Visualization of the connections between code lines
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Fig.13 Timeline based scan path playback
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Fig.15 Visualization displayed in the experiment
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Fig.16 Multi-factor variance analysis of the task completion time
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Table 3 Cross-recurrence calculation results of tasks with different difficulty (average)
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Fig.17 Timeline based scan paths comparison
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