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Abstract. Electronic Sports (eSports) are one of the most prevalent entertainments in modern 
society. As eSports is gaining more and more popularity over time, a proper evaluation system that 
can accurately analyze and predict players’ performance is indispensable. Therefore, machine 
learning is proposed as an effective prediction tool in the studying of data from eSports matches so 
that eSports teams can utilize it to ameliorate their future accomplishments. Two popular eSports 
game types (Multiplayer Online Battle Arena and First Person Shooter) are analyzed. Common 
features they share include communication, equipment, economy, and so on. Correct hero pick is 
the most predominant factor in MOBA games. Research shows that machine learning models like 
Logistic Regression, Support Vector Machine, and Neural Networks can effectively combine hero 
selection data to predict the outcome of a game. On the other hand, the most important factor in FPS 
games is the in-game equipment each round. Additional research proves that Logistic Regression, 
K-Nearest Neighbors, Random Forest, and Neural Networks are the most powerful models for 
predicting the team win rate. This paper can serve as an instruction for applying machine learning 
methods to making predictions in eSports games. Meanwhile, it can provide available techniques to 
help professional eSports teams improve their competitive level and future in-game understanding 
as well. 
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1. Introduction 

Electronic sports (eSports), which mostly refers to competitive gaming using video devices and 
computers under well-established rules, has bloomed within the past three decades and has been one 
of the most popular entertainments in society so far. A survey from Limelight Networks indicates that 
among male teenagers, watching online video gaming is far more preferred than watching traditional 
sports, and this trend will probably increase further as technology improves [1]. With the high 
prevalence it possesses, esports competitions attract a considerable number of sponsorships. The prize 
pool of Dota 2 ‘s championship tournament once reached 40 million dollars, and Fortnite’s World 
Cup also has a prize pool of over 30 million dollars [2]. The basic elements of an eSports tournament 
contain three parts: competitors—namely the eSports clubs and the players, officials—the 
organization that hosts the competition, provides judges and commentary groups, and millions of 
audiences. Same as any traditional sport, the outcome of an eSports competition depends on the 
performance of each team’s players—the more they outplay their opponents, the more possibilities 
they can win, which means more prize money for the whole eSports club. Therefore, in order for the 
eSports clubs as well as the commentary table to improve their future performance or understanding 
of a competition, an appropriate system for analyzing and predicting players’ performance is essential. 

Under this context, machine learning is brought to attention. Machine learning by definition is a 
type of problem-solving method where the system can learn patterns that are specific to the problem 
from the training data, and then build relevant models for predicting and categorizing after analyzing 
the data [3]. It is a highly efficient tool in making accurate predictions especially when the patterns 
of the elements in the subject are unclear or undefined, which has been proven efficient on tasks such 
as making predictions on bankruptcy, weather forecasting, or neurosurgical outcome [4-6]. In the 
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context of video gaming, most of the information during a match is dynamic and hidden behind 
players’ actions since elements like the interaction between the character picked for both sides of the 
kind of strategy each team plays are hard to quantify and define. Also, as eSports is too new to have 
a consensual way of data processing, so far, the data analysts in some first-tier clubs and most analysts 
in second-tier make decisions simply based on their own understanding of the usually visible 
information in a match. As a result, machine learning will be a powerful solution for helping analysts 
improve their teams. 

Up until now, the eSports industry is still a new-born industry that lacks a lot of information, so 
there are only a few reliable researches done so far compared with other mature academic fields. 
Particularly, there is limited research that concentrates on the combination of machine learning and 
eSports. Therefore, this essay will focus on showing how machine learning completes the essential 
tasks for eSports analytical requirements and comparing different machine learning techniques on 
their potency and feasibility in the prediction of outcomes in eSports matches. 

2. Background Information 

2.1. Some Facts about eSports 

In 2014, already more than half of the U.S. and European citizens knew what eSports is. During 
the outbreak of the COVID-19 pandemic, most people’s everyday lives have been limited to being at 
home, and this is when video gaming and streaming reached their peak in recent years. By the end of 
2023, it is estimated that eSports viewers will exceed 646 million [7]. 

Basic categories of eSports consist of First Person Shooter (FPS), Multiplayer Online Battle Arena 
(MOBA), fighting games, real-time strategy (RTS), and card games. Data shows that MOBA and 
FPS games are the most popular types of games based on prize pool and peak viewers. There are 
more than 50% of MOBA games and 30% of FPS games in every top ten video game each year for 
the last five years [8]. A well-known FPS game series is Counter-Strike and its successor CS: GO 
(now CS2). However, for most top FPS games, games like Overwatch, Apex Legends, Quake, or 
Valorant also contain a considerable amount of MOBA elements as well. Therefore, MOBA games 
are the most preferred games in the environment, among which League of Legends and Dota 2 are 
the most representative ones. FPS and MOBA games have their own characteristics, so there are many 
distinct factors that could help a team win a match based on game type. For instance, hero selection 
is unique in MOBA, and controlling the crosshair is unique in FPS. Moreover, there are a large 
number of factors that both types of games could share as well, including players’ physical and mental 
health, relationship with teammates, positions on the map, economy, kill-death rate, etc. As a result, 
later parts of this paper will focus on how to use machine learning methods to build reasonable models 
considering some important factors of each game type and predict the outcome of a game. 

2.2. Machine Learning Models 

Common models used in the prediction of outcomes in eSports competitions involve Logistic 
Regression, K-Nearest Neighbors, Random Forest, Support Vector Machine, Neural Network, Lasso 
Logistic Regression, and K-Means Clustering. 

(1) Logistic Regression--LR 
Logistic Regression is a powerful model in machine learning, which can be further categorized 

into Binary Logistic Regression and Multinomial Logistic Regression. A Binary Logistic Regression 
is a classification model that takes single or multiple inputs on a binary outcome (usually 0 and 1, 
referring to true and false), while a Multinomial Logistic Regression predicts the probability of one 
of more than or equal to three outcomes, like what type of toothpaste people prefer. Logistic 
Regression is a predictive analysis, and it can predict a given subject about which category it belongs 
to by computing its probability over the logistic function. 
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(2) K-Nearest Neighbors—KNN 
K-Nearest Neighbors is an effective non-parametric supervised learning algorithm that can be 

applied to both regression and classification problems. Since it is non-parametric, it is widely applied 
in real-world situations as it does not presume the data follow any kind of distribution. As written in 
its name, the algorithm functions in a way that each data point’s value is determined by its k nearest 
neighbors, these values will be used in the final prediction. This algorithm is preferred since it has a 
relatively low complexity. 

(3) Random Forest--RF 
Random Forest is a supervised learning algorithm that is strong enough to process all kinds of data. 

The ‘forest’ it refers to is a collection of decision trees (that are subsets from the training set with 
replacement) that are usually trained with the bagging method. Decision trees algorithm is an 
algorithm that aims to find the most suitable split of the data by making either-or selections in each 
decision node. The average of individual decision trees will be used for regression analysis, and the 
most frequent categorical variables will be used for classification analyses. The final prediction is 
drawn by using a cross-validation method [9]. 

(4) Support Vector Machine--SVM 
Support Vector Machine is a machine learning model designed for regression and classification. 

It aims at finding a hyperplane in a multidimensional space that best separates different categories of 
data, and uses this to predict which category a new data would most probably belong to. There are 
several types of this best-fit hyperplane for different distributions of data. For linear analysis, one 
type of hyperplane could be decided by maximizing the distance from the closest data point of each 
side, named as a maximum-margin hyperplane. For non-linear analysis, usually, this hyperplane is 
found by using the Kernel trick where the inner product of the image of all pairs of data is computed 
with the Kernel function to find the pattern similarity. 

(5) Neural Network—NN 
Neural Network is one of the most popular and most powerful machine learning algorithms 

currently. NN can achieve the analysis of patterns in a dataset even when the structure of data is not 
explicitly stated. It is widely used to train data with nonlinear relationships or complex implicit 
relationships, especially in fields with image recognition, natural language processing, facial 
recognition, or medical analysis. Neural Network algorithm is built on layers of nodes, inside which 
there is always an input layer, an output layer, and one or multiple hidden layers in the middle. Each 
node works as a neuron in the human brain and connects to other nodes with reasonable weights and 
thresholds which determine whether information should be delivered to the next node. Each layer 
works as classifiers that categorizes data and passes them to the next layer selectively. Eventually, 
results are produced by the output layer. There are usually two types of NN: Convolutional Neural 
Networks (CNN), which are usually used in image pattern identification, and Recurrent Neural 
Networks (RNN), which are usually used in dealing with time-series data. 

3. The Application of Machine Learning in eSports 

3.1. Machine Learning Applications in Predicting the Outcome of MOBA Games 

One unique characteristic of MOBA is that every game with MOBA elements consists of a large 
variety of distinct characters available for use. Classical examples are League of Legends and DOTA2. 
Since every character has his or her own ability pools, this abundancy of characters provide a limitless 
combination of abilities where players can best use to fit their roles in a team. As there is a counter 
and anticounter relationship among the diverse abilities, consequently, the match up of the heroes 
selected for the two teams can largely affect the win rate beforehand. Therefore, experiences show 
that a good hero selection is the key factor in winning a match. Also, in MOBA games, there are other 
elements that can be used for measurement, including gold and experience per minute, map control, 
teammate relationship etc. These factors will be considered collaboratively in the building of machine 
learning models. In the next part, paper [10] and [11] highlight the significance of correct hero 
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selection in MOBA games, and compare the efficiency of various machine learning models in 
predicting the outcome of a match. 

First, Paper [10] gives a thorough analysis about the importance of hero pick in Dota2. The filtered 
dataset consists of 87204 matches that average between 37 and 45.7 minutes long, which is accord 
with real life situation, so the training dataset is not biased. There are several indexes for a match – 
difficulty, hero score, and experience score. The hero score is computed by doing dimensional 
reduction algorithm on the original attributes of each hero and trained in a Logistic Regression model 
since the data transformation in this case will be linear. This method is effective. It avoids the 
impractical complexity of computing every combination of 5 in the total of 66 heroes. In the meantime, 
it avoids the ambiguity if the heroes are defined solely by the position they are played in each fight. 
After doing ANOVA analysis using R, paper [10] indicates that hero selection is consistent in all 
levels of difficulty, with significant impact to the team’s win rate of a match. Also, by doing Mann-
Whitney test for mean difference of hero scores for the two teams, and using log-linear analysis in 
ANOVA to test the interaction among heroes, it also shows that the strongest hero selected and the 
combination of the five heroes are significant factor to success as well. Based on the significance of 
hero selections, some further analyses propose horizontal comparisons for the efficiency among 
different machine learning models on the win rate prediction using data containing more 
comprehensive elements. In paper [11], Porokhnenko, Polezhaev, and Shukhman compare the 
efficiency of plenty of machine learning techniques in predicting match results in Dota 2 including 
Logistic Regression, Linear Support Vector Classification, Random Forest, Gradient Boosting 
Classification, Neural Network and so on. The multivariable factors measured in the models include 
player skills, match time, and hero selections. By tuning the best hyperparameters using the 
Gridsearch algorithm, LR, LSVC, and Neural Network with activation function Softplus and Sigmoid 
yield the highest ROC AUC value equal to 0.77. Paper [12] studies the efficiency of machine learning 
methods in predicting outcomes in League of Legends by comparing LR, Linear and Quadratic 
Discriminant Analysis, Lasso Regression, SVM, and Gaussian Process. The dimension of the models 
is based on measuring 12 elements including Team, Side, Position, Player, Gold per 10 minutes etc. 
It concludes that all of the models have an accuracy at slightly over 80%, and LDA is the most 
consistent and well-performed model in this analysis. Other machine learning methods like Naïve 
Bayes and K-Nearest Neighbors are widely used in another research as well [13-14]. 

3.2. Machine Learning Applications in Predicting the Outcome of FPS Games 

This section will focus on the analysis of how machine learning methods achieve reasonable 
predictions in the second most popular eSports game type – FPS games. Unlike MOBA games, FPS 
games usually does not include a hero selection part where different player in a team can have distinct 
hero abilities, and FPS games always involve players’ manipulation on their mouse in controlling a 
crosshair to aim enemy targets while playing. Thus, the perspective in analyzing and predicting FPS 
games is to some extent different. 

Research [15] published in 2018 gives a decent example of how machine learning is applied to the 
most representative FPS game-CS: GO (which stands for Counter Strike: Global Offensive, and 
currently is updated to a new version called CS2). The dataset is obtained by web scraping key 
features through the CS: GO demo files from an independent platform called FACEIT. The parser 
employs concurrent programming to achieve speedup in effectively parsing a large amount of data. 
Since it is impossible to track every feature that could potentially affect the outcome of a match, only 
players’ team roles are considered in the models during the first test. However, noticing that the 
prediction rate would vary since the dimension of features are too low, the number of essential 
features tracked in the clustering increases to 50 after several more tests, which is a relatively high 
number of features compared with other research. Examples of features are players’ kills and deaths, 
type of weapon when scoring a kill, type of kills, equipment, position, crosshair movement before 
scoring a kill, etc. The paper uses several algorithms. First it applies K-Means Clustering and 
Evolution Algorithm to find an optimal clustering, and then applies Neural Network with binary 



Highlights in Science, Engineering and Technology CSIC 2023
Volume 85 (2024) 
 

1154 

cross-entropy cost function and logistic and RELU activation functions to predict team win rate. The 
maximum prediction accuracy reaches a 65.11% using Neural Network method and 32x clusters. 
Another research on the prediction of win rate per round and per match in CS: GO uses some other 
machine learning methods. Like [15], paper [16]’s dataset is gained from parsing match demos from 
a similar independent platform called HLTV.org, In this paper, 15 features across the 10 players in a 
match along with 2 general features are taken into account, including Team Type, Balance, Current 
Equipment Value, Score, etc. Unlike [15] using Neural Network, [16] implements three Classification 
models in training: Random Forest, XGBoost, and Multi-layer Perception. After tunning 
hyperparameters, Random Forest has the highest accuracy of 0.6407 when predicting the round 
winner, and XGBoost has the highest accuracy of 0.6237 when predicting the match winner. 

There are not many research studying machine learning methods’ effect on win rate of FPS games 
compared with MOBA games. Considering other aspects that machine learning could potentially 
contribute in predicting the win rate, there are research studying how machine learning methods can 
be used to measure the level of skills for each player in an FPS game [17-18]. Also, some research 
pay attention to predict the tiredness and behavioral features that could potentially be influential 
factors of winning a match as well [19-20]. For example, paper [19] uses Logistic Regression, K-
Nearest Neighbors, and GRU Neural Network to measure outside-game features like chair 
movements, pulse, muscle activity, electroencephalogram, and environmental temperature. It can 
successfully predict whether a player will win or lose the next encounter fight with accuracy at around 
70-73.5 percent. Paper [20] uses a new data collection method called Smart Chair that can detect 
players’ physical and psychological changes while sitting on this chair. It then implements Logistic 
Regression, SVM with RBF kernel, Random Forest with 100 estimators and maximum tree depth 2, 
and K-Nearest Neighbors with k=3 in the model analysis. Random Forest has the best result with 77% 
prediction accuracy and 0.88 ROC AUC curve. 

4. Conclusion 

This paper elucidates elements of eSports competition and the mechanics of machine learning 
algorithms, gives a broad overview of how these algorithms can be applied to the prediction of win 
rates in MOBA and FPS games, and exhibits and compares the efficiency of different machine 
learning models. In the studying of MOBA games, hero selection is always a key influential factor to 
the win rate in various papers, but there is not a consistently dominant factor that can cause the win 
rate of a team to fluctuate in FPS games according to several research; the feature that can affect win 
rate the most is the equipment or equipment value. Across all the games stated in this paper, common 
factors like Kill-Death-Rate, gold per time period, and player experiences are the determining factors 
to either team win rate or individual player’s skill level, and across all the machine learning models 
proposed in the paper, Logistic Regression, Random Forest, and Neural Network are the most 
consistent and effective models among all the cases that being analyzed, which usually yield an 
average win rate prediction accuracy of 60%-75%. This value of average accuracy is usually not 
considered satisfied in real-life situations, so improvements should be furthered in future studies. 
Since machine learning algorithms themselves are good enough to complete the tasks, and the features 
that can or potentially can impact a game is too versatile, one improvement in future analysis should 
definitely be a better categorization of features based on the characteristic of the game and better real-
time data scraping method that can cover more perspectives both inside-game and outside-game 
including professional players’ physical or mental status, muscle tension, heart rate, etc. With these 
data, there will be less bias and differences in training the models and more accordant outputs will be 
performed. Additionally, current research mostly focuses on predicting the result of a match or a 
round using the data from before the match or in real-time, but this will not help the eSports clubs 
directly since no direct actions for improvement can be concluded from merely a win rate or a player’s 
skill level. Hence, systems that focus on what hero selections, hero bans, or hero combinations (for 
MOBA games), what equipment should each player buy in current round, what angle or map position 
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should a player hold in the current round, as well as what strategies (like aggressive or defensive) 
should a team play against different opponents in different rounds could be the center of future studies 
so that clubs and companies are able to directly employ these techniques to improve their teams timely 
and make eSports industry more prosperous. 
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