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Abstract. Nowadays, basketball prediction is very popular, especially in the NBA, and many people enjoy the
process of predicting game outcomes. This study reviews the existing literature to compare the effectiveness of
different statistical approaches, including traditional linear, machine learning, and Markov models, to
accurately predict the basketball game outcome and handle the potential issues of prediction. And this study
summarises that data quality, core players' injury, home advantages and other contextual variables influence
the basketball prediction result. Moreover, this research discusses the broad application of basketball
prediction in team performance optimisation, gambling and market strategy. In addition, based on the
combined research limitations and area development trend, this paper presents that the future has the potential
to combine multiple models, integrate emerging data sources and improve model interpretability. These can
support the landing application of basketball prediction. In conclusion, this research contributes to the
information of basketball analytics and provides useful insights for the fans, coaches, team managers and
sports prediction researchers.
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1. Introduction
Basketball is a sport with widespread popularity and influence worldwide. Every year, people all over the
world are tuning in to watch professional basketball games for the love of the game. The most globally famous
professional basketball league is the National Basketball Association (NBA). It has fans, the media, and
corporate partners all over the world and in different regions. Over 70% of the 2.1 billion followers on social
media of the NBA are not from the United States. This proves that the NBA has grown into one of the most
influential sports in the whole world over the years [1]. For so many people, watching and discussing a
basketball game is not only a form of entertainment but also an everyday routine and social culture.

With the development of basketball leagues such as the NBA, the match outcome prediction has become
increasingly important. Many people want to know which team will win the game before it's played. Some do
it for fun, while others think it will help them pick a favourite team or guide their actions and exercise. In
recent years, statistical models have been widely applied to predict the result of a basketball game. This is
based on real train data: shooting efficiency, turnover rate, offensive rebounding, free throw rate, and other
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variables that can be measured [2]. By studying such figures, people aim to make better predictions in events
such as the Olympic results. But a basketball game is tough to predict. The team data offers significant
observational evidence pointing to the strength of the team and performance. There are colours, but there's a
lot that can go wrong to change the ultimate game. For instance, an injury to a star player can influence a
team's probability of winning. And it can impact the atmosphere, emotions, and even the referee at a football
match. These things make basketball match analysis interesting and hard to predict. Statistical models are a
useful heuristic, but they do not and cannot completely control or explain any actual case.

The prediction in sports has some practical significance. First, it can improve interest in watching
basketball games. The audience may be immersed in the basketball games with their own feelings. When their
favourite team wins the games, they can feel a sense of happiness and surprise due to the amazing prediction.
Second, it can create a topic and discussion, such as which team is the champion in the NBA final games, and
who is the MVP in the regular season. It can improve concentration and the hot of NBA games all around the
world. Third, it is related to sports betting, and it can create huge economic profits. Some people can win some
money by gambling. So, these kinds of activities can provide some interest to people who are addicted to
sports betting. Fourth, it is convenient for coaches to make the plans and tactics. According to the prediction of
people's performance, coaches can arrange the time in the games and promote teamwork. Therefore, the
prediction of outcomes of basketball games plays an important role.

There are three main objectives in my research. Firstly, use statistical data to predict the outcome of
basketball matches. Then, analyse how players' performance affects winning basketball games. Finally,
explore methods to improve and evaluate the accuracy of predictive models.

The structure of this dissertation is as follows: firstly, the literature review will demonstrate the background
on Basketball Prediction and important Metrics and Statistical Dimensions in Basketball Modelling. Then it
introduces the main predictive modelling methods for the meantime. It tries to empirically test and evaluate
the performance of some simple models based on actual NBA game data in the Development and Discussion
Section. That is because this section explores the influence of various elements on how well models perform.
In the final part of our paper, the main findings resulting from this research were outlined and reflect the
significance of such research. Suggestions for improvement were also made to guide future researchers along.
We hope this study will help us gain a deeper understanding of the game of basketball through statistical
models and provide helpful information to both fans and professionals alike.

2. Research review

2.1. Background on basketball prediction
2.1.1. Importance of basketball prediction
Before we can answer the question of how accurate statistical prediction of basketball results is, we must first
examine the importance of basketball predictions. Its importance can be mainly reflected in three aspects:
sports betting, strategy, and player development. Firstly, some betting companies can set the odds according to
the prediction of basketball games. And participants can compare these odds, which rely on their own
prediction, in order to discover the under-evaluated basketball teams [3].

Firstly, some betting companies can set the odds according to the prediction of basketball games.
Participants can compare these odds, which rely on their own prediction, in order to discover the under-
evaluated basketball teams. They can best judge whether or not to obtain the maximum profits. Secondly, it
can help participants improve their betting strategies. They can adjust the parameters of the model (such as the
joining injury of players, home advantage) by predicting continuous data. In this way, they can possess more
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stable logic in this field rather than relying on fortune. In addition, the betting market can be regarded as a
predictive tool. It can receive the updated information rapidly. This is because the market can digest any new
information quickly, and the reaction rate of it is more rapid than conventional model analysis. And it can
modify the error of prediction in time.

Moreover, there are some applications of betting strategies in sports betting. In the basketball field,
basketball prediction surrounds data of players and the whole team. Due to the quick pace of basketball games,
the data includes different kinds of sides. So, the information density is higher, and the prediction model can
help the betting market to reduce the time of error in information. Finally, prediction promotes player
development. It helps predict key performance indicators such as rebounds, defence, and efficiency, guiding
players to focus on their weaknesses and improve training outcomes [4]. Players may show their best
performances to win, and they try their best to help basketball teams win the games and show their beautiful
data in games. So, teams may have competitive ability and attract more fans. The main reason to win the
games is their help. Sometimes, some high-tech devices like Sport VU can provide more accurate data on
players' actions with more details. It can show the real value of platers. For example, although players cannot
get many scores, he prevents opponents' attacks many times and wins the games. So, these roles can also lead
to victory in games. Therefore, the prediction is really important.

2.1.2. Why predicting basketball outcomes is challenging
Although it is of great value to predict the results of basketball matches, various related factors make it
difficult to predict. Firstly, some uncontrollable factors increase the uncertainty of basketball prediction. For
example, in the United States, teams must travel long distances to play. Many studies have shown that teams
moving east tend to perform more strongly than those moving west [5]. Similarly, travel-related fatigue is
associated with fluctuations in player performance, which makes it difficult for prediction models to fully
capture these effects. Player injuries and player transactions further exacerbate this uncertainty, which will
suddenly change the strength of the team this season.

Research on the first scoring event also shows the role of Randomness: basketball is a kind of team
cooperation, so everyone on the basketball court has the opportunity to get the first score. As a result, it is
difficult to predict how early events will change momentum. A study tried to predict this by simulating
casinos, but even with deeper data than NBA data, the model is difficult to replicate gambling probability,
once again showing how complex these uncertainties are [6]. In addition, environmental factors such as home
court advantage, gender, and team cooperation ability play an important role in Spanish basketball games. A
study shows that these factors vary according to gender and team ability, which makes it more difficult to
establish statistical models [7].

To sum up, these research results show that the prediction of basketball game results involves many
dynamic factors, such as travel fatigue, shifting player availability, and early-game randomness. These
variables affect the accuracy of prediction, so it is very challenging to be completely accurate.

2.2. Important metrics and statistical dimensions in basketball modelling
Since the accuracy of any statistical prediction depends on the selection of the most relevant inputs, this
section explores key player-specific and team-specific metrics used in basketball modelling and explains why
these variables are critical to assessing the accuracy of our prediction of game results.

2.2.1. Player-specific metrics
Basketball players are really important for winning games. Their contributions to teams are more important
than their own personal performances. Therefore, understanding the player-specific metrics helps to clarify
how much statistical models can capture the individual impact that influences game outcomes.
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Research has shown that analysing players' statistical data in combination with team winning rates provides
better insights into their overall impact. The NBA season is divided into regular seasons and postseasons.
Although the regular season makes up most of the games, success is not measured in professional sports solely
by an athlete's regular-season performance. The true measure of greatness is how a player performs in the
postseason [8], as the playoffs are characterised by stronger opponents, higher tactical intensity, greater
pressure, and more decisive personal contributions. So, the contribution from scores, catching rebounds, and
giving assists of individual players is a more evident function in the postseasons. This idea is consistent with
Oliver's argument [2], which states that the basic player metrics, such as Points Per Game (PPG) and
efficiency ratings, are the basis of basketball analytics and provide higher modelling starting points [2].

Taken together, Berri and Oliver both emphasised that understanding player-specific metrics is crucial for
building accurate prediction models, because individual performance (especially in high-risk environments)
determines the success of the team.

2.2.2. Team-specific and situational metrics
Building on the focus on individual metrics, team-specific and situational metrics also capture the performance
of the team as the coordination unit, which is crucial to evaluate the degree to which the statistical model can
accurately predict the game outcomes.

Team-specific and situational metrics can capture general performance from a team, including its tactics,
season goals, and strategies during the match. These metrics are really important to prediction, as statistical
models not only need to consider individual abilities, but also how teams organise offence, defence, and
decision-making under different conditions. All these factors can directly affect the possibility of winning.

For example, the strategies of a team in different game situations can affect the efficiency of players'
coordination and execution of the game. An excellent strategy can help players communicate with each other
well and have wonderful performances in games. In addition, situational metrics like the performance in
critical cases are considered. It can practice the ability to execute as a team and the individual performances of
basketball celebrities.

In the FIBA World Cup, the study examines the relationship between match Key Performance Indicators
(KPIs) and outcome in elite men's basketball, and identifies the most suitable analysis to model this
relationship during the men's basketball tournament [9]. These KPIs include team shooting efficiency, total
rebounds, assists, turnovers, and defensive actions, all of which describe the contribution of team performance.
According to these figures, they can adjust the starting lineup and let everyone achieve the biggest functions in
the games.

In addition, the Elo rating system is always used in NBA playoffs to track a team's relative strength
throughout the entire season. Elo is a dynamic indicator of team strength that increases when the team wins
and decreases when the team fails, resulting in greater gains from failed victories or huge winning profits [10].
It can calculate the real-time combat power scores. and make the curves about the decrease in physical fitness
of core players. So, coaches can arrange the time that they play and prepare the tactics to face these problems.
Importantly, Elo can use a sigmoid function, namely the logistic, based on rating differences to convert it into
a winning probability estimate. This makes the Elo really related to prediction, as it provides a simple,
continuously updated estimate of the possibility of one team defeating another.

Overall, the evidence suggests that both individual and team metrics affect the outcomes of the basketball
game. The accuracy of the statistical model in prediction will be improved when considering both these
categories of factor.
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2.2.3. Limitations in current data usage
Although player and team metrics constitute the basis and core input of most prediction models, there are still
important gaps in how to use data in current research.

Current research usually uses recordable and numerical data, but there are some events, such as player
trades and injuries are characterised by unpredictability and immediate impact. For instance, a sudden injury to
a core player may lead to a sharp short-term decline in a team's strength, while a blockbuster trade could
quickly boost a team's competitiveness. Such events are difficult to predict in advance using traditional
"historical data trend-based" models. Furthermore, their impacts tend to be phased—an injury may last for
several weeks, and it may take 1-2 months for a team to integrate a newly traded lineup. The injuries are
serious in any sports games. Therefore, it is necessary to clarify how injuries affect NBA teams, healthcare
professionals, medical staff, and coaches, and it is an issue that deserves attention [11].

These limitations show that even a well-designed statistical model can only be accurate when its basic
variables reflect the real situation of basketball. This therefore suggests that there may be a limit to how far
they can answer the research question.

2.3. Types of statistical models used in basketball prediction
The choice of model determines how well these metrics can be used to predict results, so the next section
reviews five main statistical models commonly applied in basketball outcome prediction—linear models,
logistic regression, metric-based analysis, machine-learning methods, and state-transition models.

2.3.1. Linear models
Linear models assume a straight-line relationship between variables, making them one of the simplest ways to
understand how different factors are related to basketball performance. They feature simple calculations and
interpretable results, so researchers often use them first to identify which performance indicators may be
important.

Linear models can improve match prediction because they can explain results. Leicht et al. studied
Olympic basketball games and found that shooting efficiency and several other key statistics had a high
correlation with success [12]. This demonstrates that the linear relationship between team statistics and match
outcome can serve as an early indicator for more accurate prediction. A case study at California State
University, Northridge, assessed the performance of simple and multiple linear regressions in predicting the
number of regular-season wins. The simple model was capable of explaining only a portion of the variation in
results, and the multiple model, which included point differential, shooting percentages, and turnovers, proved
to be more accurate [13]. This comparison illustrates that multiple linear models are more effective when
several important variables are entered into the equation.

Overall, Linear models provide a clear and interpretable way to see which factors are related to winning.
They are useful as a starting point, but because they only capture linear relationships, so can't fully reflect the
more complex patterns common in real basketball games.

2.3.2. Logistic regression models
Logistic regression is a type of generalised linear model, which is used in a division problem to predict
discrete classifications, rather than predict continuous scores. This makes it very important to evaluate the
possibility of a team winning a basketball game.

Logistic regression includes binary logistic regression, multiple logistic regression, and sequential logistic
regression. Among them, the binary logistic regression model is the most commonly used in sports outcome
prediction. Research evidence supports its usefulness in solving my problem about the accuracy of statistical
prediction. For example, Kvam and Sokol used a combined logistic regression Markov chain model to predict
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the results of NCAA Championships, and achieved good results using only basic team statistics [14]. This
shows that logistic regression can successfully describe the relationship between game indicators and game
results. Other studies provide useful comparisons. Dobson pointed out that although Elo rating is simple and
effective, running logistic regression on the same data set can match or better than Elo [15]. This comparison
shows that logistic regression provides a more statistically based estimation method, even though both
methods rely on a relatively simple relationship.

In general, logistic regression provides a clear explanation and strong baseline accuracy, although its linear
assumptions limit its flexibility in a more complex basketball environment.

2.3.3. Metric-driven analysis
Unlike the early linear and logical models, metric-driven analysis starts from the metrics themselves, not from
the assumed functional form. Metric-driven analysis solves a key limitation of linear models and logistic
regression models: the outcome of a basketball game is affected by many nonlinear factors. The way does not
assume a simple linear relationship, but is based on the core indicators of the competition, such as Player-
Specific Metrics, Team-Specific, and Situational Metrics. It can more accurately capture the nonlinear
relationship and multi-dimensional influencing factors of basketball.

Kubatko et al. have provided a starting point for analysing basketball statistics [16]. They pointed the
possession concept is central to basketball analysis, and sorted out useful tools such as attack and defence
score and real shooting percentage to help unify the basis of research. The work helps to improve the accuracy
of predicting basketball games. With the growth of technology, analytics has started to change the game of
basketball.

Subsequent research, like Kubatko, also emphasised the importance of core competition data, but began to
use more advanced technology to obtain more detailed competition information. Terner and Franks reviewed
modern methods for quantifying and characterising basketball gameplay and showed how measurement-based
modelling can more accurately evaluate team strategies, game modes, and individual contributions than
traditional models [17].

Together, these studies show that metric-driven analysis seems to provide a more flexible and realistic basis
for basketball prediction than linear-based methods. On the whole, it increases prediction accuracy through
capturing the non-linear and context-sensitive aspects of the game.

2.3.4. Machine learning models
The above statistical models and metric-driven models have some limitations; machine learning provides a
more flexible method to capture complex and non-linear relationships in the basketball data. Machine learning
is the field of study that gives computers the ability to learn without being explicitly programmed [18]. It has
been used in data analysis since the 1950s. Later work shows these models can process large and complex data
more effectively than traditional statistical tools, becoming more and more popular in the 20th century, which
is essential for the analysis of basketball performance.

The research on applying machine learning to basketball shows this advantage. For example, Kohli used 26
predictive variables and a binary response variable representing playoff qualification to characterise the team,
and promoted the prediction accuracy through classification tree pruning and random forest modelling [19].
The results show that the defensive factors, such as the team's playoff qualification, the opponent's average
assists, and the opponent's average two-point shots, play a key role in predicting playoff eligibility. This
supports the view that machine learning can reveal influential features that simple linear models may ignore.
Current studies have expanded this model by using support vector machines, random forests, and neural
networks to combine historical data, in-game statistics, and real-time data. These models optimised betting
strategies and identified value bets, ultimately improving profitability [20].
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In a word, machine learning provides a flexible and powerful approach for basketball prediction, especially
when the data is high-dimensional, and the relationship between the data is nonlinear.

2.3.5. Distribution-based and state-transition models
Finally, models based on distribution and state transition provide an effective method to describe the
characteristics of probability and dynamics in basketball games. Among them, the Poisson model can simulate
the probability of discrete events, which is in line with the gradual control structure of basketball. The method
is widely used in basketball prediction, such as the NBA winning probability model of FiveThirtyEight, which
uses the Poisson model to generate two teams' remaining scoring probability before the last 90 seconds of the
game, and then transforms it into the probability of winning. This shows how the distribution-based model can
provide timely and data-driven predictions, which are closely combined with the development in the game.
Other evidence highlights different advantages.

The Exponential Model uses the exponential random variable to model the waiting time between
successive wins of seeds in a round [21]. In contrast, a Markov chain can draw the transfer process between
competition states. For example, some scholars have modelled the attack round in basketball games as a team-
specific non-stationary Markov Decision Process (MDP), and the state transition probability depends on the
24-second attack clock [22].

In these studies, the methods based on distribution and state transition have different concerns. The Poisson
model emphasises event frequency, the Exponential model emphasises waiting time, and the Markov chain
emphasises game flow, but they are all helpful tools for modelling basketball probability structure. In general,
these models provide valuable and professional insights to help capture different aspects of uncertainty in
basketball prediction.

2.4. Limitations of existing research and future directions
Although many studies have provided useful insights, there are still some gaps in the current research, which
limit how accurately basketball outcomes can be predicted

2.4.1. Structural gaps in current studies
First, most of basketball prediction research focuses on quantitative statistical analysis, such as scoring,
rebounds, and assists, lacking attention to qualitative factors and real-time competition information. For
example, factors such as on-site tactical adjustments, game pace are often not taken into account in the model.
Moreover, there is too little integration between different model methods. Linear regression, logistic
regression, machine learning, or state transition models are independent and have not yet formed a unified
framework. Therefore, future research needs to make up for these blind spots by adding qualitative and real-
time factors, combining the advantages of different models.

2.4.2. Optimisation directions for statistical methods
In order to improve the accuracy of basketball game prediction, future research can explore combining
continuous and discrete models, applying Markov chains to real-time data analysis at the same time.
Basketball games are a dynamic process, so we may consider relating players' state transitions to their overall
distribution during the game. Also, the outcomes of the prediction need to be interpretable and easy to
understand for teams and coaches. These are some optimisation directions for statistical methods on basketball
game prediction.

After discussing the limitations of existing research and future directions, the research review ends here.
The following discussion will study how these insights can be applied to real basketball data and practical
modelling methods.
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3. Discussion/ development

3.1. Overview
My project is used to predict the outcomes of basketball games accurately. Basketball games are highly
uncertain and influenced by various objective and subjective factors, such as the injury of core players and
home advantage. Therefore, basketball prediction is both challenging and practically valuable.

There are many statistical models in basketball prediction. Linear regression is a statistical method used to
model the linear relationship between independent variables and a dependent variable. The purpose of it is to
find the best-fit line in order to describe the relationship between variables. In addition, I have also analysed
logistic regression, machine learning, state transition models, and Markov decision processes. These models
can help us record all the information about the data of basketball games or some excellent figures of
individual players. Some line charts and bar graphs can demonstrate the performances of basketball teams that
are compared directly with other teams. And it can show the core competitive ability of a team. Therefore,
these models can help us predict the winner of basketball games better.

3.2. Evaluation of modelling approaches in literature
To judge how far statistical models can accurately predict basketball outcomes, it helps to begin with the
traditional methods outlined in the literature review. These include simple linear regression, multiple linear
regression and logistic regression, which together constitute the basic kit of early basketball prediction
research.

3.2.1. Traditional statistical models
In these traditional models, linear regression is usually the first method used because it checks how one
variable changes in relation to another, which makes it a straightforward way to test whether key performance
statistics can help explain win patterns.

The linear regression model is one of the important models to predict the outcomes of basketball games.
The simple regression is used to build a relational model between a response variable and a predictor variable.

For instance, one study predicted NBA regular-season wins based on shooting percentage (FG%) at first,
and found that scoring efficiency has some explanatory power for team wins(R2= 0.44). Then, a multiple linear
regression model including offensive and defensive indicators was established, such as two-point field goal
percentage, three-point field goal percentage, and so on (see Figure 1). The R2 of the multiple model has been
increased to 0.905, highly improving model accuracy [13].

Figure 1. Model diagrams and results of simple linear regression and multiple linear regression [13]
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Next, taking the Olympic Games as an example, Leicht et al. analysed the relationship between the team
performance metrics and the game outcomes, emphasising the explanatory effect of linear and nonlinear
analysis on the victory rate [12]. In Olympic games, coaches and players do not have many chances to interact.
So, the index of the team's performances can provide important instructions to coaches. This can help teams
improve the winning rate in some top competitions. Linear and nonlinear analyses examined the relationship
between match outcome and team performance indicator characteristics, namely, binary logistic regression and
a Conditional Interference (CI) classification tree [12].

Therefore, linear regression can provide direct and interpretable information about how individual and
team statistics are related to basketball game outcomes. From the improvement of simple regression to
multiple regression, adding a wider range of variables can enhance the model's ability to reflect real basketball
performance. It should be noted, however, that high R² values mainly indicate a good fit to existing data and
do not always guarantee strong predictive performance across different seasons or contexts. Despite this
limitation, linear regression remains a useful and transparent starting point, as its main value lies in
interpretability and baseline comparison rather than maximum prediction accuracy. It can therefore be
concluded that linear regression provides a useful and transparent starting point for judging how far statistical
models can predict results, even if more advanced methods are needed to improve the accuracy in the future.

3.2.2. Machine learning and advanced methods
Traditional models offer some clear and helpful insights, but their limitations have created a need for more
sophisticated prediction techniques. Strong data-driven capabilities of machine learning and advanced
techniques are changing how decisions are made in a variety of fields, including basketball.

Based on this transformation, recent research has increasingly applied machine learning techniques to
predict the outcome of basketball games, demonstrating their potential to capture complex patterns. For
instance, a Decision Tree Model was used to forecast the results of NCAA men's basketball tournament games.
Its results are highly visual and easy to understand — even non-technical personnel can follow the judgment
logic. As shown in Figure 2, some statistical models have achieved excellent performance across three core
evaluation metrics: accuracy, F1 score, and Ranked Probability Score (RPS). Specifically, Jain et al. reported
that their Hierarchical Fuzzy Support Vector Machine (HFSVM) model achieved 89.3% performance, which is
much higher than the traditional logistic regression model (about 74%). Other models, such as random forests
and Graph Convolutional Network (GCN) ensemble models, have also shown improvements, typically
achieving results of 70% to 83% in the above metrics. RPS is an indicator where a lower score indicates a
more calibrated and accurate probability ranking. In terms of reliability, Chen et al. achieved a powerful RPS
of 8.180, indicating that its calibrated predictions outperform comparable models [23].

Figure 2. The best performances in basketball analytics based on accuracy, F1, andRPS [20]
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The advantages of machine learning make it easier for us to predict the outcome of basketball games. To
begin with, it is able to quickly and efficiently process high-dimensional, large-volume data. As a result, it can
help us conduct real-time processing for situations such as real-time recommendation systems. Accordingly,
such a function is suitable for basketball prediction, where large volumes of possession and tracking data must
be processed on time. Second, machine learning models can be continuously improved. When they receive
additional basketball game data, they learn from these games and make fewer mistakes. Consequently, the
predictions improve over time; since the game of basketball evolves quickly, this can be advantageous during
games. Third, machine learning can automate repetitive or complicated tasks, thus liberating workers from
such activities. These technologies automatically process large volumes of data without intervention and
separate them into meaningful categories. Basketball prediction can benefit from this, since it can quickly and
consistently analyse and organise the shooting, defensive action, or contextual data by enabling the model to
do so.

However, there are also disadvantages to machine learning. There is a strong reliance on high-quality data
with machine learning. If the data is poorly generated, the model may not be effective. Building the models
and maintaining them are also expensive. In the case of basketball prediction, the predictions will not be
effective if the tracking or scoring data is not reliable. Most basketball teams or organisations do not have the
budget or the technical personnel to build and maintain these models. In addition, some critics argue that
machine learning models seem to outperform traditional methods mainly due to overfitting, data leakage, or
accessing richer datasets that are not widely available, making it difficult for their reported accuracy to be
transferred to real-world environments. This concern is reasonable. However, these issues have not rendered
machine learning ineffective as a prediction method; On the contrary, they emphasise the need for appropriate
model validation, regularisation, and context-specific applications.

On the whole, the strength of machine learning is its scalability and predictive power, yet its weakness is
interpretability and accessibility. They are most effective when a large amount of reliable data and computing
resources are available. For example, while complex models like deep neural networks can achieve higher
accuracy, it is difficult for coaches and teams to understand the reasons behind a particular forecast. In
contrast, simpler traditional model, though less accurate, is more interpretable, also is more adapted to
decision support. So, the application of machine learning in basketball games depends on the balance of
accuracy, interpretability, and resource availability, but not only on pursuing performance.

3.2.3. Markov models
Based on advanced statistical and machine learning methods, another method to predict the results of
basketball games is the Markov model. The model is only based on the current state and focuses on the
probability of moving from one state to another.

Markov models are the probability of a system's future state, which depends solely on its current state,
independent of past states. The core features are no memory, discrete States, and stable transition probabilities.
It applies to scenarios where both states and time are discrete, such as stock market ups and downs prediction
and user behaviour path analysis. For example, play-by-play data from the 2007–08 and 2008–09 NBA
seasons were used to apply a Markov chain Monte Carlo model to estimate the model's stationary distribution
[24]. From this distribution, they get the number of points per transition, which, multiplied by the number of
transitions, gives an estimate of the number of points scored. From Table 1, we can see details about the play-
by-play data and how they were transformed into states.



Advances	in	Engineering	Innovation	|	Vol.17	|	Issue	5	|	29

Table 1. A table of an excerpt from the first quarter of a match between Seattle (A) and Phoenix (B) [24]

Play-by-play data Parsed model states

Team Player Event Result Possession Method
Pts.on

previous
State

1 PHX Amare Stoudemire Shot 2pt SEA Inbound pass 2 Ai2
2 SEA Damien Wilkins Shot Missed
3 PHX Grant Hill Def. rebound PHX Def. rebound 0 BdO
4 PHX Steve Nash Bad pass SEA Steal 0 AsO
5 SEA Kevin Durant Shot 2pt PHX Inbound pass 2 Bi2
6 PHX Shawn Marion Shot-3pt Missed
7 SEA Earl Watson Def. rebound SEA Def. rebound 0 AdO
8 SEA Damien Wilkins Shot 2pt PHX Inbound pass

The core function of a parsed model is to convert unstructured/complex data into a structured and
interpretable form, supporting subsequent analysis, decision-making, or system operation. So, we can easily
understand the performances of individual players. In addition, Bayesian hierarchical models are employed in
the modelling and parameterisation of the transition probabilities to borrow strength across players and
through time [22].

3.2.4. Comparative insights from previous studies

Table 2. Summary of basketball prediction models [20]

Approaches Work
Performan

ce
Metrics Features Datasets

XGBoost
Chen et al.

(2021)
91.82% Accuracy

Defensive rebounds, 2
PFG%, FT%, Offensive
rebounds, Assist, 3 PFG

attempts

NBA 2018-2019 season (2460
game data points)

Logistic
Regression

Cao (2012),
Lin et al.
(2014),

Horvat et al.
(2020),
Houde
(2021),

Sukumaran
et al. (2022)

69.67%,
68.75%,
60.82%,
65.1%,
93.20%

Accuracy

Comprehensive NBA
statistics data mart, Points

scored, FG attempts,
Defensive rebounds, Assist,
Turnovers, Record, Team
assists, Steals, Personal

fouls, FG attempts,
Rebounds, Win percentage,

FG%, 3PF%, FT%,
Rebounds, Assist,

Turnovers, Steals, Blocks,
Plus-minus, Offensive

rating, Defensive rating,
True shooting percentage

NBA data from 5 regular seasons
for training, 1 for scoring, NBA
games from 1991-1998, NBA

Enhanced Box Score and
Standings (2012-2018) from

Kaggle, Games from three NBA
seasons (2018-2021)
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Random
Forest

Lin et al.
(2014),

Zhang et al.
(2021),

Zhao et al.
(2023), Cai

et al. (2019),
Houde
(2021)

65.15%,
64.63%,
71.54%,

84%,
65.1%

Accuracy

Points scored, FG attempts,
Defensive rebounds, Assist,
Turnovers, Record, Team

strength, Home court
advantage, Player

tiredness, Team assists,
Steals, Personal fouls, FG
attempts, Rebounds, Two-
point shots, Three-point

shots, Free throws, Attack,
Defense, Assist

NBA games from 1991-1998,
NBA official website (2016-2021),
Professional Transactions Archive,

Sportac/ESPN, NBA Enhanced
Box Score and Standings (2012-
2018) from Kaggle, NBA 2018-
2019 season (2460 game data

points)

SVM

Cao (2012),
Jain and

Kaur
(2017), Li et

al. (2021)

69.67%,
89.26%,
73.95%

Accuracy

Comprehensive NBA
statistics data mart, 33

condition attributes
including biometric data,
college stats, draft order,
Two-point shots, Three-
point shots, Free throws,

Defensive rebounds, Assist,
Steals, Turnovers, Personal

fouls

NBA data from 5 regular seasons
for training, 1 for scoring, NBA

data from 800 games in 2015-2016
regular season, NBA data from

2011-2012 to 2014-2015 seasons

Neural
Networks

Oksen and
Onay (2022)

74.33%,
76%

Accuracy

Field goals, 3-pointers,
Free throws, Rebounds,
Assist, Steals, Blocks,

Turnovers, Personal fouls,
Player efficiency rating,

True shooting percentage,
Effective field goal

percentage

NBA 2007-2008 season data from
ESPN, NBA regular season data

from
www.basketballreference.com and

shot selection data from
www.nbanner.com

Naive Bayes

Lin et al.
(2014),

Miljkovic et
al. (2010),
Jain and

Kaur (2017)

65.15%,
67%,

89.26%
Accuracy

Points scored, FG attempts,
Defensive rebounds, Assist,

Turnovers, Record, Field
goals, Three-pointers, Free
throws, Rebounds, Assist,
Turnovers, Steals, Blocks,

Fouls, Points per game,
standings attributes like

total wins/losses,
home/away records,
current streaks, 33
condition attributes

including biometric data,
college stats, draft order

NBA games from 1991-1998,
NBA data from the 2009-2010

season, NBA data from 800 games
in 2015-2016 regular season

Table 2. Continued
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Ensemble
Methods

Cai et al.
(2019),

Sukumaran
et al. (2022)

84%, 84% Accuracy

Two-point shots, Three-
point shots, Free throws,
Attack, Defense, Assist,

Multiple features evaluated
across various studies

CBA dataset (2016-2017 season),
Various datasets evaluated

Poisson
Factorization

Ruiz and
Perez-Cruz

(2015)
-

Negative 
log-

likelihood,
Profitability

Team-specific and
conference-specific attack
and defense coefficients

Regular season results from over
5000 games to predict outcomes of

the 2014 NCAA tournament
games, data sourced from Kaggle

and OddsPortal

Heteroscedas
tic Models

Manner
(2016)

-
Win

probabilities

Team strengths, Home
court advantage, Back-to-

back game effects

Eight NBA seasons' data from
2006-2014

Markov
Models

Strumbelj
and Vračar

(2012)
-

Probabilistic
forecasts

Possession-based game
progression

Play-by-play data from the NBA
2007-08 and 2008-09 seasons

Through the previous introduction, we can know the features of different models (see Table 2). The
function of Linear Regression is the prediction of single indicators, such as player points or rebounds, analysis
of linear influencing factors on team winning rate. The role is to clarify linear correlations between variables
with extremely high interpretability, enabling quick identification of key influencing factors. Moreover, the
function of Machine Learning, like Decision Trees, is the prediction of game outcomes, the comprehensive
rating of player performance, evaluation of complex tactical effects. The character is to process high-
dimensional non-linear data, integrate multi-dimensional information such as player data, tactical data, and
opponent data, with higher prediction accuracy than traditional models. The function of the Markov Model is
to predict player state transitions and round-by-round offensive and defensive outcomes. In terms of accuracy,
logistic regression performed best, reaching 93.20% accuracy in the three NBA seasons (2018-2021), followed
by XGBoost, which reached 91.82% accuracy in the 2018-2019 NBA season [23]. Overall, the choice of
model depends on the objective: using linear regression for interpretable insights, using machine learning for
high prediction accuracy, and using Markov models for short-term state analysis.

3.3. Determinants and limitations in prediction
3.3.1. Importance of data quality
Data quality is important in prediction modelling. Accurate and complete data is the base of a proper model.
Wrong or incomplete data will make the prediction result deviate more. We usually use player and team
metrics in predicting the outcome of basketball games. The accuracy of the data will affect the quality of the
result. Player-related data (such as points, rebounds and assists, even the contribution of the core players to the
team) are the basic data to do basketball prediction. If that data is wrong or out of date, we can not estimate the
influence of players in the team. For example, comparing the contribution of two core players (Jordan and
Malone) in a basketball game, although the difference in per-minute productivity between Jordan and Malone
is small (0.00442 versus 0.00437), Jordan is the reason for 0.38 additional postseason victories, because only
there is an additional 77 min Jordan played [8]. The above case illustrates that even a very small difference in
the data can affect a big difference in the prediction result if the data is right. On the other hand, hidden

Table 2. Continued
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metrics, such as players' injury status and recent players' fatigue, can be easily ignored by data modelling, but
they may be the most important variables involved in the result of the game.

Similarly, Team metrics also depend on data quality. A team's offensive and defensive efficiency, tactics
execution rate and home win rate can represent its overall level of coordination. If these metrics are not
updated in real time and have errors, the prediction accuracy will decrease. As for metrics, such as the balance
between offence and defence and clutch shot handling ability, they are more efficient in improving the
credibility of the prediction than the strength in a single dimension, and the impact of metrics on prediction
will be further enlarged by factors that are hard to quantify, such as team chemistry and tactical adjustments in
games.

The Elo rating system reinforces that it is consistent and accurate data that are essential for reliable
prediction. The Elo rating system is based on statistical theory and adjusts the rating of players by comparing
the actual results of matches with expected results. It assumes that the differences in players' ratings can
determine the outcome of matches, that higher-rated players will have a higher chance of winning. When a
lower-rated player defeats a higher-rated one, the lower-rated player will receive a large number of points and
the higher-rated player will receive a large loss. If the higher-rated player wins, the rating changes will be
small for both sides. The long-term average Elo rating is 1500. However, it may differ a little in any given year
depending on the timeliness of the league's expansion (see more on that below). The ratings of more than 90
per cent of teams are between 1300 (pretty awful) and 1700 (really good), but historically great or terrible
teams may lie outside this range. We can see that if we don't have accurate and timely data updates, level
scores and predictions on the basis of level scores will become ineffective (see Table 3).

Table 3. NBA team elo rating and corresponding record description [10]

ELO EQUIVALENT RECORD TEAM DESCRIPTION
1800 67-15 All-time great
1700 60-22 Title contender
1600 51-31 Playoff bound
1500 41-41 Average
1400 31-51 In the lottery
1300 22-60 LOL
1200 15-67 Historically awful

3.3.2. Contextual and qualitative factors
Not only data quality, but also some contextual and qualitative aspects are relevant for prediction results.
Injury is always an unavoidable part. Players can collide and get serious injuries. The events of injuries have a
measurable impact on player and team performance. Thus, predictive models that do not consider injuries are
likely to under-estimate the volatility [25]. Also, some injuries affect salaries. For instance, chest injuries
produce the largest average salary reduction (−25.6%). Surprisingly, the average salary change is positive (
+13.9% and +12.6%) for injuries in the pelvic and upper arm and forearm areas, respectively. This could be
explained by contracts, insurance and other external factors that are not reported in the table [11]. The Tornado
diagram shown in Figure 3 is a visual representation of the variance in basketball performance metrics
following an injury. Each row is a different performance metric. The percentages on the left are "Lesser Post-
Injury" performances, whereas the percentages on the right are "Greater Post-Injury" in Figure 3. This diagram
suggests a variance in basketball performance metrics following an injury. Certain metrics, such as possession,
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defensive and offensive rating and usage percentage, exhibited the greatest variance, indicating that players
performed differently following an injury.

Figure 3. Tornado diagram that analyses the percentage variance in basketball performance analytics in
lesser/greater post-injury cases [11]

In contrast, home advantage is also a crucial external factor in basketball prediction. Players can be
influenced by the actions of audiences, even by noise in the environment. Offensive variables and defensive
variables were analysed between eight seasons across 4337 players. Home and away matches differed
significantly in goals (p < 0.001), assists (p < 0.001) and season key passes (p < 0.001), all of which were
higher at home (Chacón-Fernández et al., 2025). In this sense, Home advantage contributes to the winning rate
of some teams. These results suggest that, while contextual and qualitative factors are difficult to quantify,
they are essential elements of data quality.

Meanwhile, background and qualitative factors such as injuries and home advantage are often difficult to
measure with specific numerical values accurately. If the calculation of these factors is not accurate enough, it
will bring additional errors to the predicted results of the competition. However, if these factors are completely
ignored, the predicted results will exhibit systematic bias instead. Especially in games with tight scores and
intense competition, injuries or home advantage can often directly affect the outcome of the game. In fact,
even with some simple substitute indicators or adjustments based on the specific situation of the competition,
the prediction model can be more in line with the real competition situation. This also indicates that the
purpose of predicting basketball games is to improve the accuracy of predictions in situations full of
uncertainty, rather than completely eliminating all uncertain factors.

3.4. Practical implications and future directions
3.4.1. Applications in team performance optimisation
In recent years, many statistical models have been used to predict the outcome of basketball games. Methods
for quantifying and characterising basketball gameplay were introduced by a review [17]. This growth has
coincided with a rise in data availability and innovative methodology that has inspired fans to study basketball
through a statistical lens. The weighted likelihood method is also applied to analyse the team performance of
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the Chicago Bulls and Utah Jazz in the 1996-97 NBA Finals, and use the game data of the 1996-1997 season
to determine the key factors affecting the playoff results [26].

Furthermore, Real-time collects players' data such as position, running distance, sprint speed, heart rate,
and muscle load through high-definition cameras installed on the court and wearables. For example, NBA
teams use systems like Second Spectrum and Sport VU, which track players' and the ball's real-time positions
over 20 frames per second via overhead cameras to produce extensive trajectory data. This data helps evaluate
player efficiency and calculate advanced metrics such as Real Plus-Minus and defensive coverage area.
Additionally, utilise tactical analysis systems to generate comprehensive reports shortly after matches. These
systems automatically record players' running distances, pass accuracy, and defensive coverage, and identify
opponents' weaknesses, providing a basis for coaches to adjust tactics [27]. Meanwhile, coaches employ
analytics to significantly enhance athlete performance by offering strategic guidance, personalised training
plans, and ongoing feedback to help athletes reach their full potential and develop skills. Therefore, in the
context of sports competition, there are various applications aimed at optimising team performance.

3.4.2. Applications in sports betting and market strategy
In NBA prediction, the target is betting on the winner of each game. The betting has only two results, directly
corresponding to the most basic coin-tossing setup [28]. Many prediction models are used in sports betting to
help fans or businessmen reap benefits. As shown in Figure 4, from 2012 to 2023, articles on basketball
betting prediction models were published each year. Some excellent basketball prediction models were
summarised. For example, the focus was on predicting the outcomes of NBA games using algorithms such as
the Simple Logistics Classifier, ANN, SVM, and Naïve Bayes, with the Simple Logistics Classifier achieving
the highest accuracy of 69.67% [29]. Later, his models were used for field goal shooting percentage, three-
point shooting percentage, free-throw shooting percentage, offensive rebounds, assists, turnovers, and
attempted free throws, achieving an accuracy of 88-94% [30]. In addition, a probabilistic model using
modified Poisson factorisation was applied to predict NCAA tournament game outcomes, demonstrating
superior profitability and prediction accuracy [31].

Machine Learning (ML) has played a key role in the transformation of basketball betting, and it can
provide more accurate predictions, dynamic odds-setting, and enhanced risk management for both bookmakers
and bettors [20]. It can be seen that predicting basketball game results has a wide range of applications in
sports betting and market strategy.

Figure 4. Histogram showing the number of articles per year in basketball betting [20]
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3.4.3. Combining models and new approaches
In the future, how can we use statistical models to predict basketball game results more accurately? I suggest
that the model can be approached from the following 3 perspectives: model combination, data innovation, and
method improvement. A hybrid basketball game outcomes prediction scheme was developed for predicting the
final score of the National Basketball Association (NBA) games by integrating five data mining techniques,
including extreme learning machine, multivariate adaptive regression splines, k-nearest neighbours, Extreme
Gradient Boosting (XGBoost), and stochastic gradient boosting. And the scheme achieved high prediction
[23]. What's more, real-time data was used to predict the potential score of each ball possession, so that more
accurately analyse players' performance [32]. As modes become increasingly complex, interpretability
becomes more important and necessary. Coaches, management, and even players need easy-to-read prediction
outcomes and analysis. So, it is requisite to consider models of interpretability. In summary, we can improve
our model accuracy by combining models, data innovation, and new approaches.

4. Conclusion
In answering the question of how to improve the outcome of basketball prediction accurately, this dissertation
has explored different kinds of ideas and theories from many mathematical models and the data of basketball
games, and found that both fields lead to the same direction: basketball prediction will be improved with some
statistical models, each offering its own strengths. Linear regression models are useful because they make it
easy to see which variables are the strongest predictors of winning, and for be-ginners are easy to understand.
Logistic regression models transform team statistics into probabilities of winning, and provide an effective and
straightforward baseline for a classification problem. Machine learning models, such as random forests or
support vector machines, can be used on larger and more complex data sets, capture non-linear relations, and
typically provide higher accuracy when the quality of data is high. Markov and state transition models have a
special strength in modeling the game flow possession by possession and are very useful for deepening
understanding of short-term dynamics and tactical patterns.

It should be mentioned that basketball game also is dynamic to some un-predictable factors and different
modelling methods have differences in computational cost and burden, data requirement, and interpretability.
Also the prediction accuracy depends largely on the quality of data and it is hard for real data to get complete
data. However, these limitations do not reduce the application value of statistical models. The aim of the
model is not to get 100% accurate prediction but to provide a more reliable and scientific judgment basis than
intuition under uncertainty and reveal potential structure that is hard for the eye to see. Hence, it is essential to
update data regularly, choose methods in a required way, and combine multiple technological routes to
improve prediction performance.

After that, the dissertation has examined the wider implications of basketball prediction in different fields.
In team management, basketball prediction can provide data on the number of assists for individual players
and help coaches coordinate the lineup. In this way, it can help teams get more scores easily and make the
competition run more smoothly. This can help teams get better grades in seasons. In sports betting, basketball
prediction can provide cutting-edge data on basketball games. Companies and fans can rely on these data
when making decisions, which increases both interest and media attention. These examples show that
basketball prediction has practical, strategic, and commercial value.

Lastly, the dissertation has made some suggestions for further research. To improve prediction accuracy
further, we should show the whole figures of basketball players and teams, combining this with certain models
in order to improve accuracy. With regard to model design and model combination, real time data,
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interpretability and contextual factors such as data quality, player injury and home perspective should be
considered. In general, statistical models are useful for understanding and predicting basketball games, but
their usefulness is limited by data quality and the nature of the sport, which is inherently unpredictable.
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