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Introduction: Recent studies highlight the significance of visual cognition in sports officiating. This study investigates how official type and officiating expertise influence visual tracking performance using the Multiple Identity Tracking (MIT) and dot-detection tasks.



Methods: 36 officials aged 20–38 years were recruited and classified into interactors (basketball referees), reactors (badminton judges), and monitors (gymnastics judges) according to official type, and into expert and non-expert groups according to officiating expertise.



Results: Results revealed significant main effect of official type on tracking accuracy (P < 0.001), detection stimulus awareness rate (P < 0.05), and tracking time (P < 0.001). Officiating expertise had a significant effect on tracking accuracy (P < 0.05), and detection stimulus awareness rate (P < 0.001). Notably, their interaction effect was not significant. Pearson's analysis revealed a positive correlation between the detection stimulus awareness rate and tracking accuracy, but not between tracking time and tracking accuracy.



Discussion: Research suggests that officiating activities are closely related to visual cognition. Reactors demonstrate the advantage of objective fact-based decision making and their officiating characteristics are capable of exhibiting excellent visual performance in the MIT and dot-detection tasks. Furthermore, expert officials with the advantage of systematic training and a high level of officiating expertise, possess excellent visual tracking ability and decision-making skills in specific sports tasks.
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1 Introduction

Referees, umpires and judges are collectively known as sports officials, are crucial components of sports competitions (1). In the sports scenarios, official's visual tracking and decision-making abilities are essential for maintaining fair competition (2). They must focus on the most pertinent environmental cues while disregarding irrelevant information that may interfere with their decision-making process (3). Officials in all sports share the common requirement to quickly and accurately process visual stimuli (4). Visual tracking ability is critical because perceptual-cognitive efficiency, Which directly determines decision accuracy. In complex sports contexts, even seconds of delay or misallocated attention can lead to incorrect calls (5). Moreover, superior visual tracking helps officials maintain situational awareness, reducing the influence of crowd pressure or athlete deception (6). Consequently, exceptional visual tracking and information processing are indispensable skills for sports officials (7, 8).

Officials need to encode the relevant environmental cues by applying perception and attention strategies (i.e., visual scan, attentional focus, anticipation of events) (9). Also, they must process complex information through an ongoing interaction between working memory to induce action-related DM (10). This places high demands on the ability to allocate attentional resources. The Multiple Object Tracking (MOT) paradigm has long been used as a classic method to simulate the assessment of attentional resource allocation and visual cognitive abilities, providing convenience for research on visual attention. Although the MOT paradigm effectively measures basic attentional allocation, its inability to simulate identity-based tracking limits ecological validity for officiating research (11). The MIT paradigm addresses this by incorporating target identity processing, better aligning with officials’ needs to track dynamically interacting individuals (12, 13). This paradigm aligns well with the continuous and dynamic characteristics of attentional processing in officiating, providing theoretical support for our research. Additionally, the study of visual allocation processes employs a dual-task paradigm, combining a target tracking task with a dot-probe detection task (14), which requires individuals to simultaneously detect stimuli appearing at different locations on the screen during the target tracking process. This approach offers a novel perspective and methodology for our study. On one hand, the dual-task paradigm enhances the ecological validity of the research; on the other hand, it simulates the context of competitive scenarios for studying officials’ attentional allocation abilities to unexpected events.

Current research employs three primary assessment paradigms. Traditional screen-based video observation, while controlling variables, fails to replicate physical movement during actual officiating (15); real-world dynamic tracking using mobile eye-trackers captures gaze behavior in live games but suffers from environmental noise or stress, emotions (16); and emerging virtual reality (VR) technology, by parametrically adjusting viewing angles or distances, enhances ecological validity while ensuring experimental reproducibility (17). This paradigm evolution reflects ongoing efforts to balance experimental control with ecological validity, with VR now established as a pivotal tool for investigating officials’ visual attention mechanisms. The aforementioned visual assessment methods are primarily suited for specialized contexts, such as studying visual behavior differences between athletes or officials of varying skill levels within the same sport. However, our study focuses on comparing general visual tracking capabilities across different types of sports officials, without employing sport-specific images or videos in testing. Therefore, the MIT paradigm combined with a dot-probe detection task proves more appropriate for our research objectives.

Expertise has been defined as the ability to consistently demonstrate superior athletic performance (18, 19). Researches have showed that expert officials develop synergistic integration of extensive procedural knowledge (information on “how to” perform a task) and declarative knowledge (understanding the “whats and whys”), enabling them to extract critical information from the environment to anticipate future events (20, 21). This knowledge architecture allows them to anticipate and manage potential “flashpoints” uring competitions (22). In sports contexts, the default interventionist model demonstrates how automated processing of procedural knowledge facilitates rapid anticipatory judgments (23). While enhanced mental representations and information processing further optimize experts’ predictive mechanisms, leading to more efficient visual search patterns and improved decision-making accuracy (24). According to the sports officials’ decision-making model, this enhanced perception-anticipation capability represents a core characteristic of expert performance, with empirical evidence showing experienced officials significantly outperform novices in both decision-related skills and accuracy (8, 24). This superiority manifests particularly in superior attentional control (25), evidenced by faster initial fixation times on task-relevant information and reduced dwell time on irrelevant areas (26). These differences stem from specialized perceptual patterns and cognitive strategies developed through prolonged training, where long-term working memory (LTWM) development helps elite officials overcome working memory capacity limitations (27).

As mentioned above, long-term officiating expertise can lead individuals to form stable internal models in specific domains, influencing their encoding and prediction of situational information. For sports officials, the type of officiating sport also determines their strategic tendencies in attention resource allocation and judgment approaches. The specific requirements for a official are strongly associated with the particular sport. Based on these characteristics, researchers can categorise general officials as interactors, monitors, or reactors (28, 29). Interactors with high interaction and physical movement demands and often a large number of cues to process, such as soccer and basketball referees. Monitors with low to medium interaction and physical demands, but often a medium to large number of cues to monitor, such as volleyball and gymnastics judges. Reactors with low interaction and movement demands and a low to medium number of cues to track, such as badminton and tennis line judges (2).

The officiating requirements of different types of officials vary. This is primarily due to the distinct characteristics and nature of each sport, as long-term engagement in officiating the same sport shapes unique cognitive styles and decision-making processes. Interactors have high demands from an attention perspective, as they must endure both physical and mental stress while balancing between making calls and managing the game. This requires attention allocation under different task demands (23). This is closely related to the identity processing tasks of the MIT model. In contrast, monitors only need to observe while remaining stationary, they must track the performances of five athletes and score according to the rules. However, at certain moments, monitors need to track up to ten objects (five athletes and five pieces of equipment), which requires them to observe body posture, positioning, coordination, the trajectory of the equipment, and the coordination between athletes and equipment, further increasing their attentional capacity (30). For monitors, if attention is focused on a single object of interest, it can only be guided to one athlete through foveal vision, resulting in a loss of information about other athletes. Thus, monitors have a substantial amount of information to process. Reactors often make decisions based on objective facts with minimal involvement of perceptual-cognitive skills during the decision-making process, primarily judging whether the ball is in or out of bounds. However, this places higher demands on their reaction times and decision accuracy. In summary, different types of officials exhibit variability in perceptual-cognitive abilities, task complexity, and the number of attention information cues. Despite the adoption of this mature form of officials classification, there are still two key problems. One is the lack of a comparison of the differences in visual cognitive abilities among different types of officials, especially reactors. Second, there are very few cognitive mechanisms behind the differences in official types.

Visual cognitive ability not only vary between types of officials but also within the same type. There are differences in visual attention requirements among officials of different positions or roles within the same category. In interactors, the visual search behavior of basketball referees changes with the position on the court. Such as, the lead referee and the trail referee have different visual attention demands due to their differing view positions, with the trail referee showing longer fixation times and greater attention to the basket (31). In soccer, the visual demands of the main referee and assistant referee differ due to their view angles and distances (17). We must acknowledge that there are also differences in visual cognitive demands among officials of the same type. The current research mainly focuses on referees in the same sports event. There are a large number of studies on interactors. Conversely, there are very few studies on reactors (1). Despite MacMahon's proposed categorisation of officials, there is still a lack of sufficient evidence to show the effect of official type on visual tracking performance.

So far, existing research has mostly been limited to comparing the visual performance differences among officials of varying skill levels within the same sport. There is a need to discuss the differences in visual performance between different types of officials and the underlying reasons for these differences. Therefore, this study investigates how the type of officials and their level of officiating expertise influence visual tracking performance. Understanding these visual requirements will provide a theoretical basis for developing targeted training programs that enhance officiating abilities across various sports. Based on the advantages of officiating expertise in long-term working memory and the individual requires of different types of officials for visual tracking. We hypothesize that expert officials will perform better in visual tracking tasks and that there will also be differences in attention strategies among different types of officials.



2 Materials and methods


2.1 Participants

This study recruited 36 officials from Shanghai and Shanghai University of Sport. Although the sample size in this study is indeed far below the results calculated by G-Power, the limited number of officials in the population itself, particularly those from Shanghai who meet the criteria for the expert group, makes it difficult to achieve the theoretically calculated sample size in practical research. Previous similar studies have been able to provide valuable insights even with smaller sample sizes (4, 32), which also aids in the conduct of this research. To ensure the professionalism of officials in their primary sport, it is essential to consider that they have not officiated in other sports (33). In our study, we first excluded participants with expertise in officiating multiple sports to ensure that officiating skills would not transfer during the tasks in this study, thereby enhancing the rigor of the research. Participants included 12 interactors (expert group, mean age: 30.0 ± 3.69 years, mean officiating expertise: 9.8 ± 2.99 years; non-expert group, mean age: 23.3 ± 1.63 years, mean officiating expertise years: 4.5 ± 2.06 years), 12 reactors (expert group, mean age 27.1 ± 4.07 years, mean officiating expertise 7.3 ± 2.42 years; non-expert group, mean age: 25.6 ± 1.21 years, mean officiating expertise: 3.5 ± 1.64 years), and 12 monitors (expert group, mean age: 27.6 ± 4.71 years, mean officiating expertise: 7.2 ± 3.81 years; non-expert group, mean age: 22.6 ± 1.21 years, mean officiating expertise: 3.5 ± 0.83 years). All participants were male. Among them, basketball referees represented the interactors, badminton judges represented the reactors, and gymnastics judges represented the monitors. They were divided into expert groups (n = 18) and non-expert groups (n = 18) based on officiating expertise (with 6 experts and 6 non-experts from each category). The expert group consisted of officials with 6–15 years of officiating expertise in high-level competitions (professional leagues, national competitions or continental competitions), all of whom were national or international officials. The non-expert group consisted of officials with 3–5 years of officiating expertise in local competitions (provincial and municipal levels), all of whom were level one or level two officials (34). All participants had normal or corrected-to-normal vision and signed a written informed consent form before the experiment. This study has been approved by the Ethics Committee of Shanghai University of Sport (Approval No: 102772024RT070).



2.2 Apparatus and stimuli

Based on the experience of the previous research, the present study used the MIT and the dot-detection task as the research tools. The MIT task mainly tests the tracking accuracy, and the dot-detection task mainly tests the detection stimulus awareness rate, the study aims to examine the official's visual tracking performance in complex dynamic visual scenes. 8 objects with differentiated features were used as stimulus materials in this study (see Figure 1). The stimulus materials were presented through a 16 inch monitor with a screen resolution of 1920 × 1200 pixels and a refresh rate of 90 Hz to ensure the clarity and smoothness of the visual stimuli. MATLAB R2021b (The Math Works Inc., Natick, MA, USA) software and Psychtoolbox 3 (3.0.17) were used to program the multiple identity tracking experiment. This enables precise control of the experimental process.


[image: Flowchart of a visual task experiment. It begins with a presentation phase showing various icons, lasting 2000 milliseconds. The cueing phase follows for 500 milliseconds, highlighting three icons. In the moving phase, icons shift positions for 5000 milliseconds. Next, a red dot appears for 150 milliseconds. During the tracking phase, lasting 5000 to 8000 milliseconds, icons move among blue dots. In the response phase, participants indicate if they saw the red dot by clicking the mouse or pressing \"Y\" or \"N\" on the keyboard.]
FIGURE 1
The figure depicts that the test starts with 8 objects presented on the screen (presentation phase). Then, 4 objects were identified as targets, all objects started to move randomly, during which a small red dot appeared randomly, and after the movement stopped, all objects were covered by blue circles (tracking phase). Participants select four target objects sequentially from eight blue objects by clicking the mouse. After the movement stopped and report whether a red dot was found (response phase).


In each experiment, 8 experimental objects were randomly selected from 16 objects with different identity information. Each object is a 200 × 200 pixel white graphic. 4 of them were set as target objects, which were highlighted with a red box during the target presentation phase. During the tracking phase, all objects were moved randomly at a speed of 5° /s within a virtual 25° × 25° window. During the movement, a solid red circle with a diameter of 20 pixels was used as a detection stimulus that would randomly appear at any position on the screen. The objects were randomly distributed at their initial positions on the screen, and the direction of motion was randomised when the objects touched the edges of the screen or collided with each other. The experimental design strictly controls the conditions to ensure that the moving objects do not block each other and the detection stimuli are always visible, thus guaranteeing the validity and reliability of the experimental data.



2.3 Design

The study used the MIT task to examine the effects of official type and officiating expertise on visual tracking performance. A 3 (official type: interactors, reactors, monitors) ×2 (officiating experience: expert group, non-expert group) fully within-subjects factorial design was used. Dependent variables included included tracking accuracy, detection stimulus awareness rate, and tracking time. The tracking accuracy was defined as the percentage that each subject correctly selected the target in all experimental trials (35). The detection stimulus awareness rate was the ratio of the number of hits on the detection stimulus to the total number of actual occurrences of the detection stimulus (36). Tracking time was the time from when all objects were stationary until the participant completed the decision.



2.4 Procedure

The experiment was conducted in the Psychological laboratory of the Shanghai University of Sport from May 1, 2024, to June 1, 2024. The entire experiment consists of 40 trials and lasts for 15 min. To familiarize the subjects with the experimental process, there were 3 practices before the formal experiment. The distance between the subjects and the screen was approximately 50–60 cm. Firstly, the instructions “Welcome to our experiment, after understanding the intention of the experiment, press the space bar to perform the practice” appeared on the screen. After completing the practice, the screen displayed “Press the J bar to enter the formal experiment, and press the F bar to continue the practice”. Participants were familiarised with the experimental procedure and press the J bar to start the formal experiment (see Figure 1). In each trial, 8 completely different objects (200 × 200 pixels) were presented against a black screen background for 2000ms. 4 of these objects were marked by a red box and flashed 3 times to identify the target object for 500 ms. After the end of blinking, all objects started to move randomly at a constant speed of 5° /s for 5,000 ms (moving objects will randomly change the direction of motion when they collide with each other or with the edge of the screen). The detection stimulus (abbreviation: small red dot) will appear randomly during the motion of the objects, and if it appears, the small red dot will blink only once time, lasting 150 ms. After 5–8 s of motion, all objects were stationary and occluded by a blue circle (255 pixels). Then, Participants select four target objects sequentially from eight blue objects by clicking the mouse. After selecting the targets, a prompt appears on the screen: “Have you found a small red dot? if found press Y, or if not found press N”. Participants indicate whether the red dot appeared by pressing Y or N, and their response triggers the start of the next trial (37, 38). The experimental process is shown in Figure 1.



2.5 Statistical analysis

All statistical procedures were performed using IBM SPSS software version 27, and the Shapiro–Wilk test was used to assess the normality of all dependent variables as a means of confirming the applicability of subsequent statistical methods. If the dependent variables all fulfilled the characteristics of a normal distribution, a mixed experimental design of 3 (official type: interactors, reactors and monitors) ×2 (officiating expertise: expert group and non-expert group) was used. Analyse main and interaction effects of official type and officiating expertise. If the interaction effect was significant, further simple effects analyses were conducted to clarify the specific differences. The results of the study are presented as mean (M) and standard deviation (SD). A significance level of P < 0.05 indicates a statistically significant difference, and P < 0.01 indicates a highly significant difference. The correlation between the detection stimulus awareness rate and tracking accuracy, and the correlation between tracking time and tracking accuracy were examined using bivariate correlation analyses. Pearson correlation coefficient was used to compare the orientation and strength of correlation between variables. If P < 0.05, it means there is a significant correlation between the two variables; if P > 0.05, it means there is no significant correlation between the two variables.




3 Results

In our study, the Shapiro–Wilk test and Levene's test showed that tracking accuracy, detection stimulus awareness rate and tracking time met the assumptions of normal distribution assumption and homoscedasticity assumption. Therefore, analysis of variance (two-way ANOVA) was used in our study. The means (M) and standard deviations (SD) of tracking accuracy, detection stimulus awareness rate and tracking time of official types and officiating expertise in the MIT and dot-detection task are shown in Table 1.



TABLE 1 Mean and standard deviation of tracking accuracy (%), detection stimulus awareness rate (%) and tracking time (s).



	Variable
	Interactors
	Reactors
	Monitors



	Expert
	Non-expert
	Expert
	Non-expert
	Expert
	Non-expert





	
	M ± SD
	M ± SD
	M ± SD
	M ± SD
	M ± SD
	M ± SD



	Tracking accuracy
	0.80 ± 0.09
	0.77 ± 0.10
	0.84 ± 0.07
	0.81 ± 0.08
	0.78 ± 0.03
	0.65 ± 0.04



	Detection stimulus awareness rate
	0.93 ± 0.14
	0.73 ± 0.04
	0.95 ± 0.04
	0.77 ± 0.10
	0.91 ± 0.08
	0.72 ± 0.04



	Tracking time
	4.29 ± 0.87
	3.46 ± 0.72
	4.27 ± 0.24
	4.46 ± 0.80
	2.79 ± 0.27
	3.05 ± 0.37








3.1 Tracking accuracy

For tracking accuracy, analysis of variance (two-way ANOVA) showed a significant main effect of official type [F(2, 30) = 6.374; P < 0.001; ƞp2 = 0.298]. The main effect of officiating expertise was significant [F(1, 30) = 6.882; P < 0.05; ƞp2 = 0.187; see Table 2; Figuress 2,3]. However, the interaction effect between official type and officiating expertise was not significant [F(2, 30) = 2.004; P = 0.152; ƞp2 = 0.118].



TABLE 2 The analysis of variance results of tracking accuracy.



	Source
	df
	MS
	F
	P
	ƞp2





	Official type
	2
	360.865
	6.374
	0.005
	0.298



	Officiating expertise
	1
	389.602
	6.882
	0.014
	0.187



	Official type × Officiating expertise
	2
	113.475
	2.004
	0.152
	0.118




	Dependent variable = tracking accuracy, aR2 = 0.441, df, degrees of freedom.








[image: Bar and line chart comparing three categories: Interactors, Reactors, and Monitors. Bars indicate tracking accuracy (blue) and detection stimulus awareness rate (pink). The line represents tracking time (yellow). Interactors have lower tracking accuracy and awareness, Reactors are higher, and Monitors have similar awareness but lower accuracy. Tracking time decreases from Interactors to Monitors.]
FIGURE 2
Tracking accuracy, detection stimulus awareness rate and tracking time in the MIT task for different types of officials. Error bars are ±1 SEM.



[image: Box plot comparing tracking accuracy between experts and non-experts. Experts show higher accuracy, ranging from 0.75 to 0.90, with a median around 0.83. Non-experts have a broader range from 0.55 to 0.95, with a median near 0.73.]
FIGURE 3
Comparison of the tracking accuracy between expert groups and non-expert groups. Error bars are ±1 SEM.


Further multiple comparison analyses revealed that in terms of official type, reactors’ tracking accuracy (M = 0.82, SD = 0.08) was significantly better than that of monitors (M = 0.71, SD = 0.08), which reached the level of significant difference (P < 0.001). Interactors’ tracking accuracy (M = 0.78, SD = 0.09) was significantly better than monitors (M = 0.71, SD = 0.08), which reached the level of significant difference (P < 0.001). However, there was no significant difference between interactors and reactors. In terms of officiating expertise, the group of experts had a significantly higher percentage of tracking accuracy (M = 0.81, SD = 0.07) than the group of non-experts (M = 0.74, SD = 0.10), which reached the level of significant difference (P < 0.001).



3.2 Detection stimulus awareness rate

For the detection stimulus awareness rate, analysis of variance (two-way ANOVA) showed a significant main effect of official type [F(2, 30) = 3.547; P < 0.05; ƞp2 = 0.191]. The main effect of officiating expertise was significant [F(1, 30) = 115.756; P < 0.01; ƞp2 = 0.794; see Table 3; Figuress 2,4]. However, the interaction effect between official type and officiating expertise was not significant [F(2, 30) = 0.025; P = 0.975; ƞp2 = 0.002].



TABLE 3 The analysis of variance results of detection stimulus awareness rate.



	Source
	df
	MS
	F
	P
	ƞp2





	Official type
	2
	96.923
	3.547
	0.041
	0.191



	Officiating expertise
	1
	3,163.500
	115.756
	<0.001
	0.794



	Official type × Officiating expertise
	2
	0.696
	0.025
	0.975
	0.002




	Dependent variable = detection stimulus awareness rate, aR2 = 0.804, df, degrees of freedom.








[image: Box plot comparing detection stimulus awareness rates. Experts have a median rate near 0.95, with interquartile range from about 0.9 to 0.96. Non-experts have a median around 0.7, with interquartile range from about 0.65 to 0.75, and an outlier at approximately 0.5.]
FIGURE 4
Comparison of the detection stimulus awareness rate between expert groups and non-expert groups. Error bars are ±1 SEM.


Further multiple comparison analyses revealed that on official type, reactors (M = 0.85, SD = 0.11) were significantly better than monitors (M = 0.79, SD = 0.11), which reached the level of significant difference (P < 0.05). In contrast, there was no significant difference between interactors and reactors or monitors. In terms of officiating expertise, the group of experts had a significantly higher percentage of tracking accuracy (M = 0.92, SD = 0.05) than the group of non-experts (M = 0.73, SD = 0.05), which reached the level of significant difference (P < 0.001).



3.3 Tracking time

For tracking time, analysis of variance (two-way ANOVA) showed a significant main effect of official type [F(2, 30) = 17.813; P < 0.001; ƞp2 = 0.543; see Figures 2; Table 4]. However, the main effect of officiating expertise was not significant [F(1, 30) = 0.392; P = 0.536; ƞp2 = 0.013]. The interaction effect between official type and officiating expertise was not significant [F(2, 30) = 3.304; P = 0.063; ƞp2 = 0.168].



TABLE 4 The analysis of variance results of tracking time.



	Source
	df
	MS
	F
	P
	ƞp2





	Official type
	2
	6.504
	17.813
	<0.001
	0.543



	Officiating expertise
	1
	0.143
	0.392
	0.536
	0.013



	Official type × Officiating expertise
	2
	1.108
	3.034
	0.063
	0.168




	Dependent variable = tracking time, aR2 = 0.584, df, degrees of freedom.







Further multiple comparison analyses revealed that the tracking time of monitors (M = 2.92, SD = 0.34) was significantly better than interactors (M = 3.87, SD = 0.88). Which reached the level of significant difference (P < 0.01). Monitors had better tracking time (M = 2.92, SD = 0.34) than reactors (M = 4.36, SD = 0.57), and there was also a significant difference between them (P < 0.001). In contrast, there was no significant difference between interactors and reactors.



3.4 Relevance analysis

There was a moderate positive correlation between the detection stimulus awareness rate and tracking accuracy, and when the detection stimulus awareness rate increased, the tracking accuracy also increased. There was a significant correlation between them (P < 0.01, see Figure 5). There was no significant correlation between tracking time and tracking accuracy (P = 0.489, see Figure 6).


[image: Scatter plot illustrating the relationship between detection stimulus awareness rate and tracking accuracy, with a trend line equation of y = 0.48 + 0.36x. Purple data points are scattered around the trend line, indicating a positive correlation.]
FIGURE 5
Correlation between the detection stimulus awareness rate and tracking accuracy.



[image: Scatter plot showing tracking accuracy versus tracking time with a line of best fit. The equation y = 0.73 + 0.01x indicates a slight positive trend. Dots are distributed around the line.]
FIGURE 6
Correlation between the tracking time and tracking accuracy.





4 Discussion

The purpose of this study was to investigate the effects of official type and officiating expertise on visual tracking performance. Results confirmed that official type showed significant differences in tracking accuracy, detection stimulus awareness rate and tracking time. The results provided evidence to support our hypothesis. Specifically, reactors (badminton judges) showed better visual performance than interactors (basketball referees) and monitors (gymnastics judges). In addition, our study confirmed that officiating expertise showed significant differences in visual tracking performance. The expert group had significantly better tracking accuracy and detection stimulus awareness rate than the non-expert group.

Regarding the differences by type of official, we found that official type is closely linked to visual tracking performance. Research has shown that differences in visual attention performance are related to the characteristics of movement and tasks, and different sports have varying visual cognitive demands for sports officials. To minimize the impact of these project differences, we adopted MacMahon's classification of sports officials to discuss the visual demand differences among different types of referees. Tracking accuracy on the MIT and dot-detection task among reactors and interactors is markedly better than monitors. A reasonable explanation for this finding is that interactors typically need to process a large number of cues during officiating and must flexibly allocate their attention among their area of responsibility, the ball, the players, and their partners in dynamic scenarios (29, 31). They have likely developed a stable “internal model” for visual tracking, enabling them to efficiently distribute their visual attention in this task.

The judgment of serve placement, baseline shots, and sideline shots are difficult tasks for reactive referees. Among these, the judgment of on-the-line shots is the most common yet also the most challenging. When judging “on-the-line” shots, line judges need to maintain a high level of tracking ability and instant reaction capability. The high stability of attention in reactors necessitates that they focus entirely on the judgment of key information, thereby improving visual tracking performance. The stable and efficient characteristics of attention may be one reason why reactors have an excellent accuracy rate in tracking. In contrast, the performance of gymnasts largely depends on the on-site scoring by monitors (39). When evaluating routines, judges need to repeatedly shift their attention from the performance area to the score sheet to record the scores, and then refocus their attention back on the athletes. Research has shown that judges spend a significant proportion of their time looking at the score sheet. As a result, judges are likely to lose focus on key targets due to a lack of sustained attention or because of interference between targets, which can negatively affect their tracking accuracy (37). Overall, there are significant differences in the visual attention characteristics of different types of officials. Visual attention is strongly correlated with visual performance, and the unique attention models formed by different types of officials directly impact visual tracking performance.

In addition, this study found a significant difference in detection stimulus awareness rate between reactors and monitors, suggesting that reactors make decisions on the basis of objective facts and have less involvement of perceptual-cognitive skills in decision-making (40). This officiating trait contributes to the enhancement of their detection stimulus awareness rate in the MIT and dot-detection tasks. Therefore, reactors have an advantage in detection stimulus awareness rate. Monitors are hampered in their allocation of attentional resources to confirm the presence or absence of detection stimuli during tracking produce. The limitation of the monitors’ visual tracking strategy are difficult to meet the demands of high-load tasks, especially when multiple targets and detection stimuli need to be processed simultaneously. Although the detection stimulus awareness rate and tracking accuracy of interactors were intermediate between those of reactors and monitors, this study did not find significant differences in detection stimulus awareness rate between them. Considering that there was a significant difference between interactors and monitors in terms of tracking accuracy, and that there was a significant positive correlation between detection stimulus awareness rate and tracking accuracy.

This study also confirmed that there were significant differences in visual tracking performance between officials with different officiating expertise, with the expert group significantly outperforming the non-expert group. The results of this study also concordant with our hypothesis. The key to decision-making for sports officials is the accurate extraction of important information from visual scenes through perceptual and attentional processing (2). In the rapidly changing environment of the competition field, sports officials need to analyze their surroundings through effective visual search and attention allocation, extracting key information while also suppressing distracting information from the environment. In such time-constrained tasks, experts are better able to distinguish between relevant and irrelevant sources of information and focus their attention on the most important sources of information (41). From the perspective of the information-reduction hypothesis (42), this result might suggest that through experience, the elite referees have learnt to optimise the amount of information they process, neglecting task-redundant cues and selectively focusing on task-relevant information. The excellent visual performance of officials experienced in officiating is also attributed to their skills or abilities (24). Previous research has shown that the more experienced officials tend to have more superior visual performance. For example, expert gymnastics judges have better visual performance and anticipation skills than novice judges (39). Expert officials perform better visually in dual-tasks (43). Expert fencing officials perform better visually than non-expert officials (44). It has further been shown that levels of expertise are highly correlated with high levels of visual attention performance. We argue that different methods of memory retrieval also lead to differences in information processing. As expert sports officials will usually have more experience, they will develop more refined information retrieval strategies and processing methods. Expert sports officials are able to extract relevant information from long-term memory more efficiently when confronted with comparable situations, directing their visual attention and making accurate decisions. Thus, expert sports officials demonstrate higher decision-making accuracy. In contrast, non-expert sports officials have less officiating experience, limited content stored in long-term memory, and rely on more random visual behavior to collect information when faced with unfamiliar and complex tasks. In the MIT and dot-detection task, expert officials’ visual tracking strategies may be closely related to their strategies for extracting visual information from movements (45), which is an important reason for their superior visual performance.

In addition, anticipation ability is closely related to tracking accuracy, and excellent anticipation ability of expert officials is inextricably linked to long-term experience in officiating high-level games (46–48). However, the extent to which this improved ability translates into practical benefits for the officials is a matter of debate. In this study, the expert group was able to process secondary information in parallel during the visual tracking task. This may be related to Ericsson's theory of deliberate practice, which suggests that engaging in extensive visual practice activities is key to acquiring professional skill knowledge, and that the amount of practice time is positively correlated with expertise level. Therefore, long-term deliberate practice may also be a reason why experts perform better than non-experts in visual tracking tasks (49). Of course, excellent visual tracking and anticipation abilities are not only closely related to officiating expertise, but some studies have also shown that general visual cognitive abilities are relatively stable, and that some expert officials may have already possessed high visual cognitive abilities before entering their careers (50, 51). Officials with better such abilities perform better in sports competitions, and thus are more likely to be promoted to higher leagues. This suggests that general cognitive ability and expertise may both be traits of high-level officials.

Our study indicated a significant positive correlation between detection stimulus awareness rate and tracking accuracy. The results of this study were also concordant with our hypothesis. As the detection stimulus awareness rate increased, the tracking accuracy also increased. This indicated that excellent detection stimulus awareness rate is a foundation for excellent visual tracking accuracy and that there is no interference between the two. The study did not find a significant relationship between tracking time and tracking accuracy, the results of this study were contradict with our hypothesis. It suggests that tracking accuracy is not affected by tracking time, and that the mechanisms of officials’ visual cognition during visual tracking programs are not clear. Therefore, future research could further discuss the differences in visual cognitive mechanisms between official type and officiating expertise to deepen the understanding of officials’ visual tracking performance.

While this study focused on the differences in the types of officials and officiating expertise in visual tracking performance, it raises important questions regarding the potential transferability of visual-cognitive skills. Cross-transfer may occur between different officiating roles (e.g., main referee and assistant referee) that share core cognitive demands, such as dynamic attentional allocation and multiple-object tracking. Although role-specific tasks differ, foundational abilities enhanced through training may improve decision-making efficiency in related roles. Notably, the possibility of far transfer warrants exploration. The domain-generality of fundamental perceptual-cognitive skills trained in MIT tasks could theoretically enhance decision-making for officials in other sports. While contextual differences (e.g., rules, environment) may constrain the extent of transfer, this direction holds pivotal value for developing efficient and generalizable training protocols. Future studies should verify this through targeted transfer experiments.



5 Conclusion

In conclusion, this study examined the effects of official type and officiating expertise on visual tracking performance based on the MIT and dot-detection tasks. The findings of the study were that reactors were significantly superior to interactors and monitors in terms of tracking accuracy and detection stimulus awareness rate in the MIT and dot-detection. Reactors with low interaction and movement demands and a low to medium number of cues to track. Moreover, they are good at making decisions based on objective facts. Thus, their officiating characteristics facilitated superior visual performance on the MIT and dot-detection tasks. This study also revealed the superior performance of expert officials on the MIT and dot-detection tasks, mainly in terms of the tracking accuracy and detection stimulus awareness rate. It was highlighted that expert officials have superior visual search strategies, anticipation and decision-making skills in specific visual tracking tasks, and that general visual cognitive abilities are an advantage for expert officials. Furthermore, this study revealed a significant positive correlation between detection stimulus awareness rate and tracking accuracy, but no significant relationship between tracking time and tracking accuracy. It was highlighted that the detection stimulus awareness rate can be an important indicator for assessing visual tracking performance, while the relationship between tracking time and tracking accuracy needs to be further validated in visual cognition studies.



6 Limitations and outlook

The limitations of this study are primarily reflected in several aspects. First, the high abstraction of MIT tasks may not accurately simulate the complex dynamics and social environments of actual matches, which limits their ecological validity. Therefore, future research should consider designing tasks with greater contextual realism to reflect the decision-making processes in real competitions. Second, while MIT tasks may reflect attentional capacity, officiating involves multiple processes such as anticipation, rule interpretation, and emotional regulation. Thus, we need to clarify the relationship between task performance and actual officiating effectiveness. Additionally, strictly categorizing officials as reactors, monitors, or interactors may overlook mixed roles or intra-role variability, as different sports may require a combination of reaction and interaction. We also need to clearly define “expertise” to avoid masking individual differences in participant grouping. Finally, factors such as auditory, emotional, and cognitive loads should be considered in future visual research on sports officials. And then, examining the impact of role-specific visual training on domain-general tracking skills and situational awareness is another promising avenue. Future research should focus on the relationship between cognitivezuow tracking tasks and actual officiating performance.
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