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Abstract 

Having investigated the effects of videos in the preceding chapter, this chapter assesses 

2D animation, a form of presentation used in many coaching situations. The aim of this 

experiment was to investigate decision-making skills in different age groups (Under 16, 

18 and 23) of elite academy footballers using a 2D animation simulation task of real 

game football scenarios. The work also explored the relationship between individual 

performance on the task and the actual performance on the pitch, as rated by three 

independent expert football coaches. This allowed us to examine whether this task is 

useful in predicting real-world decision-making skills. The results suggested that there 

was a significant difference between age groups on accuracy, by gaining more 

experience footballers perform better on the task. Also, the results showed a significant 

difference between all age groups on the response time. The under 23 age group were 

fastest, then the under 18 age group and finally the under 16 footballers were the 

slowest on the task. The correlation between performance on the task and the 

assessments provided by the coaches showed that 2D animation task is a sensitive 

measure in assessment of decision-making skills of elite academy players. 
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Introduction 

Simulations have been widely used to assess and train perceptual-cognitive skills over the last 

few decades in highly demanding cognitive domains such as sport (Farahani et al., 2017; 

Lorains et al., 2013; Soltani, 2017), aviation (Jones et al., 1999; Salas et al., 1998), nursing 

education (Alinier et al., 2006; Medley and Claydell Horne, 2005; Strayer, 1979), surgical 

(Hamstra et al., 2006; Satava, 2008; Sutherland et al., 2006) and the military (Aebersold, 

2016; Macedonia, 2002; Page and Smith, 1998) due to advantages such as cost-effectiveness, 

controlling assessment and training environments, and the safety and availability of repeating 

training. 

Scientists have investigated the most important factors contributing to validity and 

quality of simulation since the very early application of it in both research and real-world 

environments (e.g., Alessi, 1988; Allen et al., 1986). The most important factor in the 

effectiveness of this method is related to the degree of fidelity. Allen et al. (1986; p. 497) 

defined fidelity in simulation as “the degree to which the training devices must duplicate the 



actual environment.” Fidelity is not only about the similarity of simulation and physical 

environment but also, includes equipment fidelity (defined as replication of actual 

equipment), cognitive fidelity (defined as the degree to which simulation replicates 

psychological and cognitive factors) and visual-audio fidelity (Kaiser and Schroeder, 2003; 

Rinalducci, 1996; Zhang, 1993) (defined as replication of visual and auditory stimulus). 

With current advances in digital technology, there is an increasing trend to using 

technologies such as animation (e.g., Bai et al., 2016; Hohmann et al., 2016), video (Larkin et 

al., 2018; Lorains et al., 2013) and virtual reality (Bideau et al., 2009; Tsai et al., 2019; 

Vignais et al., 2015) to assess and train perceptual-cognitive skills such as anticipation and 

decision making in both research and elite performance. 

To understand the key characteristics of expertise in elite performance, researchers 

have employed the expert-novice paradigm using the elite performance approach (EPA) 

proposed by Ericsson and Smith (1991) and have also used 2D animation, video and virtual 

reality simulation platforms to create tasks which are representative of real-world demands in 

order to compare elite and novice athletes. The main focus of early research was on the use of 

video for anticipation and skills in individual and group sports (e.g., Johnson and Raab, 2003; 

Lorains and MacMahon, 2009; Vaeyens et al., 2007). Most of these studies employed the 

occlusion paradigm to differentiate the participants. This paradigm alters video footage 

temporally and spatially and has been used to identify the most important cues that elite 

participants use based on the “do more with less” concept (e.g., Müller et al., 2006; see 

Williams and Jackson, 2019 for a more in-depth review of the acquisition of perceptual-

cognitive skills). 

However, the occlusion paradigm has its limitations. In fact, it did not replicate the 

experience of athletes in a real game scenario (Lorains et al., 2014). Also, the results of more 

recent studies have suggested that the occlusion paradigm may not be a perfect solution to 

test perceptual-cognitive skills of expert athletes, as an elite athlete can perform faster when 

all information is present, in comparison with responding only to the cues (Glöckner and 

Betsch, 2012). The researchers found that removing information may result in confusion and 

necessity for a longer response time as participants are trying to “fill in the blanks.” Based on 

these findings, the initial principles of cognitive fidelity proposed by Kaiser and Schroeder 

(2003) are not met using the occlusion paradigm since in elite performance, both accuracy 

and response time are equally important to distinguish winners and losers. 

Following this research, Lorains et al. (2013) conducted the first research using speed 

to understand elite versus novices' performance on a video-based task, instead of employing 

the occlusion paradigm. They compared elite, sub-elite and novice athletes on a video-based 

task and manipulated the speed of playing a video to enhance the level of fidelity of the 

assessment. This was similar to previous work in anticipation and decision-making. They 

found that elite players become more efficient when the speed of a video is played at above 

real-time speed (faster than normal). 

The other limitation of primary research in anticipation using video-based 

assessments is the focus on one-to-one scenarios in individual actions. For example, there is 

an extensive number of studies on penalties in soccer (e.g., McMorris and Colenso, 1996; 

Murgia et al., 2014; Smeeton and Williams, 2012), tie-breaks in tennis (Rowe et al., 2009; 

Williams et al., 2002), free shots in basketball (Aglioti et al., 2008; de Oliveira et al., 2008), 

handball (Loffing and Hagemann, 2014; Schorer and Baker, 2009), cricket (Brenton et al., 

2016; Müller et al., 2006) and badminton (Jin et al., 2011; Hagemann and Memmert, 2006) 

but there are fewer studies on tactical decision-making. After reviewing the last 50 years of 

research on anticipation and decision making, Williams and Jackson (2019) suggested that a 

distinction be made between reactive short-term decision making and broader tactical 

decision-making. In a fast-changing environment like soccer, the ability to pick up cues from 



the body language of an athlete is less important in tactical decision-making as they may be 

far from the position of decision-maker on the pitch, and instead the ability to read the pattern 

of the team is the key to the game intelligence of players. 

Finally, there was a trend toward using big screens instead of computer-based tasks to 

increase the fidelity of assessment compared to the real game experience, as proposed by 

Williams and Ericsson (2005). Spittle et al. (2010) investigated the effect of the size of the 

screen on perceptual-cognitive skills assessment. In their research 72 participants in three 

groups (elite, sub-elite and novice) took part and were tested on a computer and a video 

projection screen on basketball tactical decision-making task. Results indicated that screen 

size has no effect on participants' accuracy on the task, and elite players made better 

decisions in comparison with a novice on both small and large screens. 

The second type of simulation which has received some attention in the last few years 

is pattern recognition and contextual information when removing visual cues in video 

presentations. In a study conducted by Murphy et al. (2016) they drew attention to the 

importance of contextual information instead of postural information from an opponent 

during an anticipation task. They used players' movement and ball trajectory data to create 

animation simulation tasks for anticipation of ball bounce location. They compared two 

groups of participants by video and animation and the results showed skilled players were 

more accurate than novices in both conditions. They also reported that by using eye-tracking 

technology, they could show that that elite athletes employed different gaze behaviors, and 

their verbal reports were indicative of more thorough evaluation of contextual information 

available. Their findings shed light on the importance of contextual information in 

anticipation skills. Later on, in the study by Murphy et al. (2019) on the importance of 

postural and contextual information for expert anticipation in tennis, they reported that few 

options are generated by participants when postural cues are available. Their findings 

suggested that anticipation when there is a short distance between the player and opponent, 

relies on both postural and contextual information. 

While some investigations have been conducted to investigate the importance of 

contextual information in individual sports, few have investigated the specific sources of 

contextual information employed in team sports such as soccer by using simulation. North et 

al. (2009) compared elite and novice players on an anticipation and judgment task on both 

video and point-light simulation and reported that elite participants demonstrated superior 

anticipation skills than their less-skilled counterparts. 

In a follow-up study, North et al. (2016) explored whether anticipation is underpinned 

by perceiving structured patterns or postural cues using video and point-light displays 

(converting video of a match to dots on a screen) from a point of view of a camera behind the 

goal in a soccer match. They compared elite and novice soccer players in video and point-

light display tasks and reported superior performance for elite players in terms of accuracy on 

both types of information. They also reported better performance on video in comparison 

with point-light displays suggesting that elite players can use postural cues more efficiently. 

There are some important points to consider in this type of research to date. First of 

all, the focus is on anticipation and not decision-making, which was considered as a primary 

skill in comparison with pattern recognition and anticipation according to MacMahon and 

McPherson (2009). Second, when video footage is used to assess anticipation skills, postural 

cues could affect the decision of the participant. Further when familiar material is used (for 

instance footage from Premier League games or world cup) knowledge of players' skills and 

tactical preferences may affect the participant's decision. In this case, participants will be 

more likely to follow what they expect from the well-known player rather than focusing on 

the best tactical option. The third point to consider is the angle of the camera and point of 

view of the participants which is nowhere close to their experience either in the learning 



sessions in the classroom or in game experience. In all studies so far on the use of point-light 

displays, researchers used the camera angle behind the goal and justified that as the point of 

view of the central defender but the reality is that it is only possible to capture the point of 

view of a central defender if a camera installed on his/her head. 

To our knowledge, there has been no attempt so far on the use of 2D animation, a 

form of presentation used in many coaching situations to investigate the decision-making 

skills of soccer players. With the recent advances in ball and player tracking technology in 

most European leagues, the raw data of players' movements in a match is available which can 

now be converted to a 2D animation, very similar to the tactic boards coaches use to explain 

their ideas to the players before training and matches. Following the previous studies in using 

video-based assessment for decision making, the primary objective of the current research is 

to investigate the difference between Under 16, 18 and 23 elite academy soccer players on a 

2D animation simulation assessment as measured by decision accuracy in comparison with 

elite coaches' assessments. The second objective of this study is to compare participants' 

performance on the task in terms of accuracy and response time with their performance on 

the pitch as reported by the coaches' opinion. To our knowledge, there is no attempt so far to 

understand decision-making skills development in elite academy soccer players and there is 

limited understanding of the correspondence between coaches' opinions on a specific task for 

a player and their performance on a representative task. 

Methods and materials 

Participants 

In total, 118 male participants (range 15–23 years old, mean 18 years old) took part in three 

groups (U16, U18 and U23). The U23 group comprised 38 footballers with a mean age of 

21.2 years (SD = 1.26) who had been training and playing at the Premier League academy 

level for at least 5 years. The U18 participants were 41 Premier League academy footballers 

with a mean age of 17.6 years (SD = 0.57) and at least 4 years of experience at the same 

level. The U16 group were 39 Premier League academy footballers with a mean age of 15.8 

years (SD = 0.48) and a minimum of 4 years' experience at Premier League academy level. 

They were all based at one of two major Premier League football academies. All participants 

were naive to the purpose of the study. All participants had normal or corrected-to-normal 

vision. All participants gave their written informed consent in accordance with the 

Declaration of Helsinki and the guidelines approved by the Ethical Committee of University 

College London (UCL). 

Experimental design 

The study comprised three experimental groups which differed in age and experience. Each 

participant performed the tasks while seated using an individual tablet in a quiet room. All 

testing sessions happened in the morning after team breakfast and before the gym and 

football session on the pitch to prevent the effect of physical fatigue due to exercise. 

Participants were asked to perform a tablet-based task by watching short video clips of 

football matches. 

The task consisted of two parts. First, they had a warm-up session (comprised of 5 

trials) and once they completed the warm-up, actual testing began with 20 clips. The 

participants were first shown a paused video of a football match with the location of the ball 

highlighted for 1 s. The 2D animation clip then played for 5 s, after which the screen paused 



again and three locations where the ball could have been passed to were highlighted (see Fig. 

1). The participants' task was to indicate the best option in terms of building a good attacking 

scenario by tapping on their choice of location on the tablet screen. They had 4 s to make a 

decision. After 4 s no response was available and the software moved to the next clips. 

Options were ordered indicating the best choice (value = 1), an intermediate choice (value = 

2), and the worst choice (value = 3), failure to respond in 4 s was categorized as a value 3 

decision. To determine the best choices for each scenario, each video clip was watched and 

independently rated by three UEFA (Union of European Football Associations) A license 

coaches and only clips on which two or all3 options agreed were used. 

Fig. 1. Diagram showing the order and duration of stimuli for one trial. 

The 2D animation clips were extracted from Premier League matches by a camera 

placed in the middle of the field and converted to birds-eye view. The duration of the 2D 

animation clips was 5 s and no feedback was provided during testing sessions (both in the 

warm-up phase and also in the actual test). Trials were separated by a fixation cross on the 

screen for 1 s. Participants were asked to respond as quickly and as accurately as possible. 

Accuracy on the task was measured by converting the value 1–3 to percentage of the 

maximum possible score, and response time was measured in milliseconds. 

The experiment was developed on the Game Intuition® platform (London Cognition 

limited, UK) using the web portal for editing the 2D animation clips and building the 

decision-making screen. An iOS tablet pro with 10.5 in. touch (made by Apple Inc., USA) 

screen was used for the presentation of stimuli and participants were required to tap on the 

screen of the tablet to indicate their responses. 

In order to compare the performance of the participants on the task with how their 

coaches rated them on the pitch in terms of the judgment of their decision-making skills, a 

Likert scale of 1–10 was used. Option 1 represented the lowest quality and 10 was the 

highest. Coaches rated each player on four specific qualities. The first was general decision-

making (GeneralDM) ability in the game including attacking and defending scenarios. This 

question covers all the decisions making a player needs to make in a match. The second was 

on attacking decision-making skills (AttackingDM), which means when a player's team has 

possession and are going to attack the opponent's goal. This includes the decisions made by 

players with and without the ball. The third focused on the players' attacking decision-making 

skills with the ball (DMwBall; excluding attacking moments of the game when the player 

does not have the ball). The final quality concerned decision-making skills without the ball 

(DMwoBall; when the player's teammate has the ball and is going to attack the opponent's 

goal). 

Statistical analysis 

One-way analysis of variance (ANOVA) was used to determine if there are any statistically 

significant differences between the means of the three groups on reaction time and accuracy. 

To determine which specific groups differed from each other, appropriate post hoc tests are 



carried out. To determine the relationships between accuracy, response time, and coaches 

assessment of the players' decision making, Spearman's correlation coefficients were used. 

Results 

There was a statistically significant difference between groups on accuracy as determined by 

one-way ANOVA (F (2,115) = 39.360, P = 0.001). A Games-Howell post hoc test revealed 

that the accuracy was statistically significantly higher in U23 (78.02 ± 7.34) compared to U18 

(72.34 ± 4.86, P = 0.001) and U16 (66.28 ± 4.94, P = 0.001). There was also a statistically 

significant difference between the U16 and the U18 groups (P = 0.001). There was a 

statistically significant difference between groups on response time as determined by one-

way ANOVA (F (2,115) = 44.78, P = 0.001). A Tukey post hoc test revealed that the 

response time was statistically significantly lower in U23 (1.25 ± 0.58 ms) compared to U18 

(1.91 ± 0.71 ms, P = 0.001) and U16 (2.78 ± 0.81 ms, P = 0.001). There was also a 

statistically significant difference between the U16 and the U18 groups (P = 0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Correlation between performance on the task and coaches' assessments across all 

players 

Combining all subjects, accuracy was negatively correlated with RT (rs(118) = − 0.593, 

P = 0.035), positively correlated with GeneralDM (rs(118) = 0.435), with AttackingDM 

(rs(118) = 0.522), with DMwBall (rs(118) = 0.433) and with DMwoBall (rs(118) = 0.540), all 

for P < 0.001. Reaction time was negatively correlated with GeneralDM (rs(118) = −0.241), 

with AttackingDM (rs(118) = −0.316), DMwBall (rs(118) = −0.168), and with DMwoBall 

(rs(118) = −0.321), all for P < 0.001. GeneralDM was correlated with AttackingDM 

(rs(118) = 0.856), with DMwBall (rs(118) = 0.788), and with DMwoBall (rs(118) = 0.701), 

all for P > 0.001. AttackingDM was correlated with DMwBall (rs(118) = 0.873) and 

DMwoBall (rs(118) = 0.772). DMwBall was also correlated with DMwoBall 

(rs(118) = 0.727, P < 0.001) (Fig. 2). 

 

 

Fig. 2. Scatterplot of correlation of accuracy with RT, GeneralDM, AttackingDM, DMwBall, 

and DMwoBall for all subjects. 
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Correlation between performance on the task and coaches assessment in the U16 

group 

For U16 group, accuracy was negatively correlated with RT (rs(39) = −0.363, P = 0.23), 

positively correlated with GeneralDM (rs(39) = 0.535), with AttackingDM (rs(39) = 0.660), 

DMwBall (rs(39) = 0.675), and with DMwoBall (rs(39) = 0.585), all for P < 0.001. RT was 

negatively correlated with AttackingDM (rs(39) = −0.379, P = 0.001) and with DMwBall 

(rs(39) = −0.390, P = 0.014). GeneralDM was correlated with AttackingDM (rs(39) = 0.936), 

with DMwBall (rs(39) = 0.865), and with DMwoBall (rs(39) = 0.704), all for P < 0.001. 

AttackingDM was correlated with DMwBall (rs(39) = 0.935) and with DMwoBall 

(rs(39) = 0.769), both for P < 0.001. DMwBall was also correlated with DMwoBall 

(rs(39) = 0.777, P < 0.001) (Fig. 3). 

 

Fig. 3. Scatterplot of correlation of accuracy with RT, GeneralDm, AttackingDM, DMwBall, 

and DMwoBall in U16. 

 



Correlation between performance on the task and coaches assessment in the U18 

group 

For U18 group, accuracy correlated with GeneralDM (rs(41) = 0.467, P = 0.002), 

AttackingDM (rs(41) = 0.595), with DMwBall (rs(41) = 0.660), and with DMwoBall 

(rs(41) = 0.592), all for P < 0.001. Reaction time was negatively correlated with GeneralDM 

(rs(41) = −0.412, P = 0.007), with AttackingDM (rs(41) = −0.417, P = 0.007), and with 

DMwBall (rs(41) = −0.332, P = 0.034). GeneralDM was correlated with AttackingDM 

(rs(41) = 0.817), with DMwBall (rs(41) = 0.780), and with DMwoBall (rs(41) = 0.620), all for 

P < 0.001. AttackingDM was also correlated with DMwBall (rs(41) = 0.932) and with 

DMwoBall (rs(41) = 0.777), both for P = 0.001. DMwBall was also correlated with 

DMwoBall (rs(41) = 0.857, P < 0.001) (Fig. 4). 

 

Fig. 4. Scatterplot of correlation between accuracy and GeneralDM, AttackingDM, 

DMwBall, and DMwoBall for U18. 

 

 

 

 

 

 



Correlation between performance on the task and coaches assessment in the U23 

group 

For U23 group, accuracy was negatively correlated with RT (rs(38) = −0.359, P = 0.027), and 

positively correlated GeneralDM (rs(38) = 0.501), with Attacking DM (rs(38) = 0.547), with 

DMwBall (rs(38) = 0.617) and with DMwoBall (rs(38) = 0.466), all for P = 0.001. 

GeneralDM was correlated with AttackingDM (rs(38) = 0.807), with DMwBall 

(rs(38) = 0.766), and with DMwoBall (rs(38) = 0.806), all for P < 0.001. AttackingDM was 

also correlated with DMwBall (rs(38) = 0.794) and with DMwoBall (rs(38) = 0.784), both for 

P < 0.001. Finally, DMwBall was correlated with DMwoBall (rs(38) = 0.716, P < 0.001) (Fig. 

5). 

 

Fig. 5. Scatterplot of correlations of accuracy with RT, GeneralDM, AttackingDM, 

DMwBall, and DMwoBall for U23. 

To summarize the results decision making of all scenarios was positively correlate 

showed improvements over time. Encouragely the objective data was correlated with the 

coaches assessments. 



Discussion 

To our knowledge, this is the first experiment to examine expertise development in elite 

footballers specifically employing 2D animation decision-making. The aim of this 

experiment was to investigate if there were differences in decision-making skills between 

different age groups (Under 16, 18 and 23) of elite academy footballers. It also explored the 

relationship between individual performance on the task and the performance of the 

footballers on the pitch, as rated by three independent expert football coaches. This allowed 

us to examine whether this task is useful in predicting real-world decision-making skills. The 

results suggested that there was a significant difference between age groups on accuracy. By 

gaining more experience, footballers perform better on the task. Also, the results showed a 

significant difference between all age groups on the response time. The U23 group were the 

fastest group, then the U18 and finally the U16 footballers were the slowest on the task. The 

correlation between performance on the task and assessment of the coaches showed that 2D 

animation is a sensitive representative task for the assessment of decision-making skills of 

elite academy players. 

In the previous chapter which used video-based assessment, we found no differences 

between age groups on accuracy of the task. One might think that removing information is 

going to impair decision-making and be less sensitive. However, part of the thinking here was 

inspired by video-game history in which realistic simulations are very useful. Also, 

completely unrealistic simulations are very useful too, but in between, there is an uncanny 

valley where information that is part real and part not real can actually be distracting. In this 

experiment, what we discovered is that by simplifying the data we can actually see things in 

our experiment that we did not with the video-based assessment. For example, in accuracy 

there were differences between all groups. 

To use a musical comparison analogy this maybe similar to considering the difference 

between a student who can perhaps improvise music but does not know the theory and scales 

behind the music. By removing the video information, what we are really testing here is the 

conceptual understanding of the game of the players. Of course, whether that conceptual 

understanding transfers to the pitch is another question but still remains interesting that this is 

a way to analyzing their understanding. From a conceptual point of view, it is quite clear that 

2D reveals more about the players understanding than video. In regards to players' 

performance on the tasks in terms of response time, it seems that with more experience, 

players are also faster at reading the scenario on the task. This allows us to separate the three 

groups in a more sensitive way than with the video. 

In terms of the relationship between players' performance on the task and coaches' 

assessments of players, similar findings to the previous chapter were observed. Having a 

statistically positive correlation, general decision-making assessments of coaches with 

accuracy on the task is an encouraging result as this suggests that the coaches have good 

insight into what the players can actually do. 

It is quite clear that because of the organization of the data (reaction time decrease 

with age) and because of improved correlation between coaches assessment of the players 

decision-making and U23 versus U18 performance on the task, that there is clearly something 

serious and real being achieved in academy football. The challenge now is how we can 

improve on that in future assessment and training. 
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