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Introduction 

 
The process of playing sports is generally enjoyable if the level of challenge 

is optimal. Whether athletes encounter opponents who challenge them optimally 
depends on many factors. One of them is how the competitions are set up. In this 
paper, the collective enjoyment of a group of athletes is modeled using the agent 
based modeling approach. We aim to examine how the collective optimal 
experience of flow, which is an indication of enjoyment, can be maximized by 
varying the ways athletes are set up to compete. Although in theory it is 
understood that flow is most likely when athletes of similar abilities encounter, we 
seek to further examine this proposition through an agent model. In so doing, we 
are presenting a basic model which can be built upon in the future. 

 
Flow is a term that describes the optimal psychological state experienced by 

athletes when they are fully absorbed in their tasks (Jackson & Csikszentmihalyi, 
1999).  This complete absorption on the task at hand is more possible when 
there is a balance between the perceived challenge and perceived capability.  In 
short, having a balance of challenge and ability is important for the occurrence of 
flow. When in flow, athletes may experience a sense of loss of self-consciousness. 
This optimal state may allow them to perform at a level that is beyond their usual 
selves. This state has been colloquially known as being in the “zone”, or being in 
the “cocoon”. Many athletes seek the elusive state of flow when they compete, as 
flow is associated with both intense enjoyment and peak performance. In 
summary, flow is an indicator of positive psychology, and should ideally be 
maximized among athletes.  

 
It has been suggested that mental attributes are strongly associated with the 

likelihood of flow, i.e. athletes with stronger mental attributes experience higher 
flow (Jackson, Thomas, Marsh, & Smethurst, 2001). This assumption is plausible 
as mental skills are certainly related to the display of one’s capabilities. For 
example, the ability to concentrate would render one to be more competent when 
performing the task than when one is distracted. Relative to an opponent who 
fares poorly in terms of concentration skills, the athlete who has better mental 
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skills would perform better, assuming that the actual physical skill levels and 
physical attributes are equal. For simplicity sake, we elect to associate abilities 
directly with mental attributes in the model we build. 

 
As previously noted, flow is dependent on the balance between perceived 

challenge and abilities. The athletes with the best mental skills or capabilities may 
not be experiencing flow all the time. The other important issue to consider is the 
level of challenge presented to them. Therefore who the opponent is, and the skill 
level of the opponent matters when it comes to one’s likelihood for flow. To be 
more precise, how the opponent is being perceived determines the likelihood of 
flow. For the purpose of simplifying the model we create, we assume that the 
challenge offered by the opponent is directly related to the abilities he or she 
possesses. The athletes perceive the challenge confronted according to the 
abilities of the opponent, which in this case is the mental attributes. If there is an 
imbalance, less than optimal states such as boredom and anxiety occur, and 
likelihood for flow decreases as a result. Therefore, in our model, both the 
challenge afforded by the opponents and athletes’ own mental attributes 
determines whether the athletes experience flow.   

 
The aim of the present study is to build a model to examine the effects of 

competition structures on the collective flow experience of the athletes using 
mental skills as the basis of comparison. Based on the proposition that balance in 
perceived ability and challenge promotes flow, when two athletes of high abilities 
compete, the result would be high flow. This happens because they both have 
high perceived ability and have the opportunity to compete with an opponent of 
equal capability, affording high challenges to both.  In the event when a strong 
athlete competes with the weak athlete, the strong athlete is likely to experience 
boredom and the weak athlete experiences anxiety. Their experience of flow 
would be lowered. Thus, it is assumed that encounters between athletes play an 
important role in eliciting flow experience.  An agent based model is built with 
these considerations in mind, for the purpose of understanding how different 
competition structures impact on overall flow.  
 

Methods 
 

The agent based model was constructed using NetLogo 4.0.2. In the model, 
an arbitrary number of 500 agents (or athletes) were created. Every athlete was 
assigned a mental skill score which ranges from 1 to 5. To test the effects of 
having different sample distributions on the various competition structures, three 
separate samples were created. Namely, uniform distribution of athletes (equal 
distribution of mental skills scores across the board), normal distribution of 
athletes (normal distribution of mental skills scores), and a Poisson distribution of 
athletes (where majority of the athletes were assigned lower mental skills scores). 
Three types of competition structures were created. Namely, Random (where 
encounters were completely random), 2 Divisions Top-Bottom (where the top 2/5 
encounters the best 2/5 at random, and the remaining randomly meet), and 5 
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Divisions Even-matched (where similar agents encounter each other). The 
maximum number of division is arbitrarily set at 5 because mental skills range 
from 1 to 5. 

 
During all the simulations, athletes encounter each other and are made to 

‘play’ with each other. As a result of this interaction, their flow score changes 
positively or negatively depending on the mental skill (ability) differences between 
the athletes. Competition between two athletes with similar mental skills will result 
in positive flow experiences, whereas athletes with a large gap between abilities 
will experience negative flow. Additionally the extent of how positive or negative 
an experience will be depends on the size of the difference. Finally, athletes at the 
upper end of mental abilities are more likely to have larger positive experiences 
than those at the lower end. This means that if two pairs of athletes with equal 
scores meet, the athletes with the larger mental skill scores will experience higher 
flow.  

 
In order to determine an athlete’s resultant flow score after an encounter, the 

quality (positive or negative) of each encounter may be derived from a lookup 
table as a percentage. For positive encounters this percentage is inputted into 
equation 1. This equation is designed to prevent total flow from exceeding 5, and 
also to make it easier for larger flow increases for an athlete with low initial flow, 
and more difficult to increase flow closer to the upper limits. The percentage score 
is based off the total flow score for each encounter divided by the total flow points 
in all positive encounters (Table 1). For example if a mental skill 5 athlete meets a 
mental skill 4 athlete, their percentage increase would be (5 + 4) / (2 + 4 + 6 + 7 + 
7 + 8 + 9 + 9 +10) = 9 / 62, or 14.5%. A negative encounter utilizes equation 2, 
which ensures that no score drops below 1, and that a lower rated athlete will 
experience larger drops than a highly rated athlete, because a single negative 
encounter should not affect them as much due to high mental abilities. The 
percentages from the chart were determined through calculating the difference 
between mental scores for each negative encounter, divided by the total mental 
score difference for all negative encounters. For example if a mental skill 1 athlete 
meets a mental skill 4 athlete the flow experience score will be (1 - 4) / (1*4 + 2*6 
+ 3*4 + 4*2) = 3 / 36, or -8.3%. After each round, the new flow score for each 
athlete is calculated, and the next iteration of the model is run using the new flow 
scores. 

Equation 1: xt+1 = xt + (5 - xt)(%) 
Equation 2: xt+1 = xt + (6 - xt)(%) 

Table 1. 
Vs 1 2 3 4 5 
1 3.2% -2.8% -5.6% -8.3% -11.1% 
2 -2.8% 6.5% -2.8% -5.6% -8.3% 
3 -5.6% -2.8% 9.7% 11.3% -5.6% 
4 -8.3% -5.6% 11.3% 12.9% 14.5% 
5 -11.1% -8.3% -5.6% 14.5% 16.1% 
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Simulations were performed for all three types of samples on three of the 
competition structures. For the purpose of understanding how different 
competition structures impact on overall flow, three separate One-way ANOVAs 
were conducted to examine the differences between the types of encounters for 
each composition.   

Results 
 

Results showed that regardless of distribution types, the 5 Divisions Even 
Match encounters yielded the highest overall flow scores, 2 Divisions Top-Bottom 
encounters had the second highest scores and the Random encounters had the 
lowest scores, using alpha set at 0.05. The difference between the 5 Divisions 
Even-match and the remaining two were the most obvious for the samples with 
Poisson distribution. See Table 2 below. 
 

Table 2.  

 
 

Discussion 
 

Although the relation between mental abilities and flow is assumed to be 
straightforward (i.e. better mental skills is associated with higher flow), the current 
result shows that the manner in which the encounters are set up can influence the 
total flow experience of the group differently. The simulations showed that total 
flow in the group can be maximized by structuring competitions or encounters in a 
fashion where evenly matched athletes are placed together, i.e. 5 Divisions 
evenly matched. Random encounters produce the lowest possible collective flow. 
This observation holds true even when the group compositions are different, i.e. 
whether athletes’ samples are uniformly distributed, normal distributed, or 
Poisson distributed. Thus, it can be concluded that the effects of constraining how 
the athletes will compete is likely to play a more important role in maximizing flow 
than the composition of the overall sample. 
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Nevertheless, the effects of distribution can be seen when samples with 
Poisson distribution are compared with samples with normal and uniform 
distributions. In the Poisson distribution, when the encounters are more random, 
i.e. Random and 2 Divisions Top-Bottom, collective flow scores are reduced. As 
the proportion of athletes with lower mental abilities is higher in the Poisson 
distribution, the rule and algorithm in the model limits the overall growth of the flow 
score. In a real world scenario, when a large proportion of weaker athletes and a 
small proportion of stronger athletes are made to randomly compete, there is 
lesser chance for the strong to meet the strong. The chance for the weak to meet 
the weak, or the weak to meet the strong is, however, higher.  Such random 
setup with the Poisson distribution limits overall flow. It is also important to note 
that the effects of different distributions are more similar when the 5 Divisions 
evenly matched structure is employed.  

 
While the findings are not totally new, there are some worthy practical 

implications to be reiterated, given that the basic agent based model we created 
verified previous predictions. First, in the real world scenario, it may be beneficial 
to instruct athletes to try their utmost to encounter opponents of comparable 
levels as this would likely lead to maximum flow. In a case where there is no 
structured competition imposed, electing to encounter opponents of similar 
capabilities could bring about more enjoyment and flow to both parties involved. 
For the coaches and competition organizers, it is important to structure the 
appropriate challenges to ensure that athletes maximize their likelihood for flow. 
Complete random assignment is the least favorable option when the objective is 
to maximize the flow experience of athletes. 

 
Given that this is a basic model, the overly simplified rules and algorithm 

instituted in the model may be limited in the simulation of the real situation. We 
have, for example, not considered the impact of boredom, which could be an 
important factor in the real world. In a limited sample, when athletes of similar 
abilities are made to play with each other too frequently, there would be a higher 
likelihood for a recurrence of match-ups, thus boredom may develop. Some 
provision for the effects of boredom resulting from playing the same opponents 
too frequently on the flow experience can be included in future models. We have, 
nevertheless, presented a basic model that can serve as a starting point for 
further modeling work. 
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