
  

 

In most interfacing systems based on visual feedbacks, e.g., personal computers, tablet PC, smart phones, and smart TVs, 

time delays between command inputs and feedbacks are generally inevitable. The ideal systems should provide non-delayed 

visual feedbacks as the users might feel bad (unpleasant) to the delayed visual feedback. However, reducing the visual feedback 

delay generally requires a large amount of system resources, and thus degrades the overall system performance. Thus, it is 

necessary to determine an optimal visual feedback delay that balances the users’ subjective preference and the system resource 

occupation. In a previous study [1], a survey result was presented, but the brain activity in response to the delayed visual 

feedback was not investigated. The goal of this study was to investigate the changes of brain electrical activity in response to the 

delayed visual feedback using quantitative EEG analyses. 

Twenty-five healthy subjects (seventeen males and eight females, 22-35 yrs old) participated in our experiments, and they 

were asked to move a computer mouse horizontally at a constant speed. The mouse movements were fed back to the 

participants as the movements of a mouse cursor on the computer monitor. The time delay between the command input and the 

visual feedback was randomly selected from nine different time delay values (0, 30, 60, 90, 120, 150, 180, 210, and 240 ms 

except basic system delay of 78 ms). After each trial, we asked the participants whether they recognized the time delays. EEGs 

were also recorded from 19 electrodes, which were attached to the scalp according to the international 10-20 system. This 

procedure was repeated 10 times for each time delay condition (90 trials in total). 

After applying filtering and baseline correction, the EEG data were epoched into 2-s segments with 50 % overlapping. The 

spectral power of each 2-s segment was obtained using FFT, and the results were averaged across trials for each time delay and 

each electrode. Then, the spectral powers of each time delay condition and electrodes were accumulated over 6 frequency 

bands; delta (1-3 Hz), theta (4-7 Hz), alpha (8-12 Hz), low beta (13-21 Hz), high beta (22-30 Hz), and gamma (31-50 Hz). To 

compare the difference in spectral power with respect to time delays, repeated measures analysis of variance (RM-ANOVA) 

was applied. Finally, electrodes and frequency bands showing significant difference with respect to time delays were selected.  

Figure 1 shows the survey result (first figure) and the EEG analysis results (next four figures). The ‘S-shaped’ curve in the 

survey result coincided well with that of the previous study [1]. The frontal-alpha power was tightly correlated with the survey 

results, which reflects the sense of agency (SoA) as a recent study showed that frontal alpha correlates with the degrees of SoA 

[2]. The decrement of frontal-theta and occipital, temporal-alpha power (ERD) with respect to the time delay increment reflects 

the increment of unpleasantness (or decrease of preference) of the participants in response to the visual feedback delay [3].  

In this study, we have shown that recognition of the visual feedback delay has close relationship with the subjective 

preference to the visual stimuli, demonstrating that the system time delay should be reduced to a level that can hardly be 

recognized by the users of the system.  

 
Figure 1. The result of survey and EEG analysis 
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