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In this study, international and national assistant referees (ARs) were tested on offside decision-making 
accuracy and accuracy of memory. Eye movements were tracked during the observation of video clips and 
frozen frames. The international ARs clearly performed better than the national ARs for response accuracy 
on the video clips, but not for the frame recognition. Interestingly, for the incorrect responses, the 
international ARs chose more frames behind the offside line, and the national ARs more frames ahead. The 
eye movement data only revealed a significant longer observation length on the frames for the international 
ARs. These observations lead us to believe that international ARs used a strategy of compensation for the 
forward displacement of the attacker induced by the flash-lag effect. Future research should focus on the 
awareness of the perceptual illusion and the compensation strategy of the ARs. 
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INTRODUCTION 
The aim of this study is to explore the accuracy of memory of assistant referees (ARs) for 
offside situations using movies and frozen frames. We probe the accuracy of memory for the 
moment of the pass in offside situations. Using two groups of ARs with a different level of 
expertise, we expect international-standard ARs to outperform their national-standard 
colleagues for this offside decision-making task (Gilis et al., 2008; Gilis et al., 2009). Baldo et 
al. (2002) and Helsen et al. (2006) proposed the flash-lag hypothesis to explain errors in 
offside decision making. The attacker is perceived ahead of his actual position on the moment 
of the pass. Consequently, this leads to flag errors. Second, Belda Maruenda (2004) and 
Sanabria et al. (1998) hypothesized that errors were due to the shift of gaze from passer to 
attacker on the moment of the pass. However, Oudejans et al. (2000) and Catteeuw et al. 
(under review) found that ARs focussed on the offside line on the moment of the pass. We 
hypothesized that international-standard ARs have learned to deal with flash-lag effect. In this 
study, we also used a Tobii Eye-Tracker to investigate the eye movements of the ARs when 
they judged the offside situations and frozen frames. 

METHODS 
Eight international-standard and eight national-standard ARs participated in this study. They 
judged 40 potential offside video simulations. First, the video clip was shown. Second, a 
screenshot of five frozen frames was shown. These frozen frames were potential frames of the 
exact moment of the pass. The ARs, first, made a decision on the offside situation after the 
video clip. Then, they chose the correct frame matching the exact moment of the pass. During 
this task, the visual scan pattern was recorded with a Tobii T120 Eye Tracker. Mann-Whitney 
U-Tests were used to study the differences in response accuracy (i.e., the percentage of 
correct offside decisions) and eye movement data (number of fixations, mean fixation 
duration, observation length) with respect to expertise. 

RESULTS 
Response accuracy. For the response accuracy on the video clips, the international ARs 
(79.3% ±7.4) performed significantly better than their national counterparts (66.1% ±7.3) (U 
= 6.0, p < .01). For the frame recognition accuracy, the results did not show a significant 
difference (international ARs: 22.2% ±7.8; national ARs: 21.3% ±5.2) (U = 28.5, p = .713). 
However, the international ARs (32.5% ±11.3) selected significantly more frames behind the 
actual offside line than the national ARs (21.6% ±12.9) (U = 12.0, p < .05). The latter showed 
a tendency to select more frames ahead of the actual offside line (U = 13.5, p = .052). 
Eye movement data. An analysis of the visual scan data on the video clips showed no 
significant differences between the expertise standards in number of fixations (international 
ARs: 5.2 ±1.7; national ARs: 5.7 ±1.6) and in mean fixation duration (international ARs: 0.6 s 
±0.3; national ARs: 0.4 s ±0.1). In line with previous research (Catteeuw et al., under review), 



ARs spent the greatest amount of time fixating the offside line at the moment of the final 
pass. For the frozen frames, no significant differences were found for the number of fixations 
and the mean fixation duration. A distinction was made between fixations on the correct 
frame, and fixations on the incorrect frames. Again, no significant differences were 
discovered, except for observation length (i.e., time from the start of the clip till the answer) 
(see Table 1). 
 Variable Mean (1) Mean (2) U p 

All frames N fixations 7.43 6.78 22.0 0.294 

 Fixation duration 0.34 0.31 25.0 0.462 

 Observation length 2.76 2.47 8.0 0.011* 

Correct frame N fixations 1.55 1.41 22.5 0.318 

 Fixation duration 0.36 0.32 21.0 0.248 

 Observation length 0.59 0.52 20.0 0.207 

Incorrect frames N fixations 5.88 5.37 23.0 0.345 

 Fixation duration 0.34 0.32 23.0 0.345 

 Observation length 2.17 1.95 8.0 0.011* 

Table 1. Mann-Whitney U-Tests of the visual scan data of the frozen frames for the 
international (1) and national ARs (2). *p < 0.05 
DISCUSSION 
The international ARs clearly outperformed the national ARs on the accuracy of the video 
clips. No difference was apparent for the accuracy of the frame recognition. However, for the 
incorrect responses on the frame recognition, the international ARs selected more frames 
behind and the national ARs more frames ahead of the actual offside line. This observation 
together with a clearly longer observation length can point out that international ARs 
compensate for the forward displacement caused by the flash-lag effect (Baldo et al., 2002; 
Helsen et al., 2006). The data showed similar scan patterns for international and national ARs, 
but the meaning given to the information can be quite different. Probably, the international 
ARs learned to cope with the flash-lag effect due to additional higher-level experience and 
specialised training sessions on international seminars. First, ARs should be made aware of 
the effects of the perceptual illusion. Second, future research should focus on the 
compensation strategy and potential training tools. 
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