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Abstract 

Introduction: Predicting swimming success in competitive sports, primarily the outcomes of 
forthcoming Olympic swimming competitions.  
Objective: This paper provides an extensive and systematic review of research in swimming 
performance prediction published from 2014 to 2024.  
Method: This swimming performance prediction research was conducted with a Systematic 
Literature Review (SLR). In addition, to create article boundaries by the research topic that 
was reviewed, this study used projects for systematic reviews and meta-analysis (PRISMA) 
guidelines to conduct the systematic review. There are 21 journal publications are the result 
of the extraction of selected studies for identification and analysis to describe research topics 
or trends, datasets, techniques, methods, evaluations, and problems in this research field. 
Results: The results of the analysis provide an in-depth explanation of the topics or trends 
that are the focus of their studies in the field of swimming performance prediction, provide 
references to public datasets, and explain the techniques and methods that researchers often 
use to compare and develop methods.  
Discussion: A predictive mathematical model is a favourite technique because it integrates 
complex biologica health, biomechanical variables, providing precise performance prediction. 
Additionally, to improve both the accuracy and interpretability of predictions need for hybrid 
approaches that combine mathematical models with more advanced techniques, such as ma-
chine learning and explainable artificial intelligence (XAI).  
Conclusions: Swimming performance prediction plays a crucial role in enhancing training 
programs, guiding athlete selection, and evaluating progress. 
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Resumen 

Introducción: Predecir el éxito en la natación en deportes competitivos, principalmente los 
resultados de las futuras competiciones olímpicas de natación.  
Objetivo: Este artículo ofrece una revisión exhaustiva y sistemática de la investigación sobre 
la predicción del rendimiento en natación publicada entre 2014 y 2024.  
Metodología: La investigación sobre la predicción del rendimiento en natación se realizó 
mediante una Revisión Sistemática de la Literatura (SLR). Además, para establecer los límites 
de los artículos según el tema de investigación, este estudio utilizó las directrices PRISMA 
para realizar la revisión sistemática. El resultado de la extracción de estudios seleccionados 
fue la identificación y análisis de 21 publicaciones científicas que describen los temas de in-
vestigación, conjuntos de datos, técnicas, métodos, evaluaciones y problemas en este campo. 
Resultados: El análisis proporciona una explicación detallada de los temas y tendencias que 
centran los estudios en la predicción del rendimiento en natación, ofrece referencias a conjun-
tos de datos públicos y explica las técnicas y métodos empleados por los investigadores.  
Discusión: El modelo matemático predictivo es una técnica popular, ya que integra variables 
biológicas y biomecánicas complejas, proporcionando predicciones precisas. Además, para 
mejorar tanto la precisión como la interpretabilidad de las predicciones, es necesario el uso de 
enfoques híbridos que combinen modelos matemáticos con técnicas más avanzadas, como el 
aprendizaje automático y la inteligencia artificial explicable (XAI).  
Conclusiones: La predicción del rendimiento en natación es fundamental para mejorar los 
programas de entrenamiento, orientar la selección de atletas y evaluar su progreso. 
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Introduction

Swimming performance is a multifactorial phenomenon (de Anda Martín et al., 2024; Morais et al., 
2022). It is similar to anthropometrics, hydrodynamics, kinematics and energetics which are scientific 
domains of multifactorial phenomena (Morais et al., 2021). Several authors have estimated and/or 
measured variables in various scientific domains (i.e. anthropometric, hydrodynamic, kinematic and 
energetic) that are easy to collect and/or can predict performance and detect talented swimmers (Lo-
bato et al., 2023; Marinho et al., 2020). The main criterion for the success of swimming performance is 
to complete a certain race distance in the shortest possible time. Research has found that swimming 
speed is the product of the paddle’s speed and length, which means increasing one of the two will in-
crease the swimmer’s performance (Nurmukhanbetova et al., 2023). It has also been suggested that 
increasing swimming speed requires high frequency, duration, and intensity. Where a high total vol-
ume of exercise might be expected (Armen et al., 2024). 

Furthermore, swimming performance is highly dependent on muscle strength (Apriyano et al., 2025; 
Sadewa et al., 2024) and closely connected to physiological adaptations that are induced by the ath-
lete’s training program (Nugent et al., 2019). The area of swimming performance prediction research 
has been studied since the 20th century, which was discussed openly by (Banister & Calvert, 1980; 
Busso et al., 1990, 1997; Chatard & Stewart, 2011; Fitz-Clarke JR et al., 1991; Hohmann, 1992) with a 
linear mathematical concepts like linear differential equations or regression analysis. However, biolog-
ical adaptation is a complex non-linear problem because the adaptation of a biological system leads to 
changes in the system itself, that is, the adaptive behavior can change. Further, it is commonly known 
that double training input does not lead to double performance output. Hence, linear models can only 
approximate the non-linear adaptive behavior in a very small range of the modeled performance out-
put (Edelmann-Nusser et al., 2002). That is why, today swimming performance prediction is a signifi-
cant research topic in the sport science field (Staunton et al., 2024a). 

To explore more opportunities in research in this field, this research using Systematic Literature Re-
view (SLR) technique to get the results of the exploration of a more systematic, measurable, and di-
verse topics that reviews more diverse and wider. The advantages of SLR over traditional review tech-
niques are the use of scientific methods and their systematic work (Okoli & Schabram, 2012) to mini-
mize bias, and the results are clear and can be accounted for. Because of its definite method of opera-
tion, SLR can confidently provide input to policymakers. Various studies conducted from 2010 to the 
end of 2024 are categorized into research questions (RQ) group. 

 

Method 

Review Method 

This swimming performance prediction research was conducted with a Systematic Literature Review 
(SLR). SLR is a method to identify, evaluate, and interpret the results of research that has been con-
ducted as a whole that is relevant to the topic area or research questions that aim to provide answers 
to research questions (Okoli & Schabram, 2012). According to the reviewer's feedback during the revi-
sion of this study, in general, there are two parts carried out in SLR namely the first part is the plan-
ning phase and the second part is the implementation and report phase. In the planning phase there 
are 3 steps, the first is to identify the need for a systematic review, the second is to develop a review 
protocol and the last is to evaluate the preview. The next is in the implementation and report phase 
there are 4 steps, namely, the first search for primary, the second select primarys study, the third ex-
tract data from primary studies and the fifth disseminate results. The overall process of this SLR is 
presented in Figure 1. 

 

Table 1. PICOC Criteria 
Population Swimming Performance Prediction 

Intervention The method in swimming performance prediction 
Comparison Different predictive models (Artificial Intellegence vs statical model 

Outcomes Swimming performance prediction 
Context Study in sports laboratories with small and large dataset 
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Research Question (RQ) 

RQ is structured to facilitate the review process to be more focused and consistent. In general, the re-
search questions were prepared using meaningful PICOC criteria (Population, Intervention, Compari-
son, Results, dan Context) (Kitchenham & Charters, 2007) to compute five inclusion/exclusion crite-
ria (Rico-González et al., 2022). PICO criteria shown in Table 1. 

 
Figure 1. Systematic Literature Review phase. 

 

 
The research and motivation questions in this literature review are described in Table 2. RQ2 and RQ7 
are the leading research study questions, while RQ1 and RQ3 are assigned to help evaluate the context 
of the main study. RQ2 shows the dataset and RQ4 to RQ7 shows the approach techniques, problems, 
methods, and evaluations. RQ1 and RQ3 provide a synopsis of certain research areas in swimming 
performance prediction. 

 

Table 2. Research Question and Motivation 

ID Research question Motivation 

RQ1 
What journals/conference papers explore 

the swimming performance prediction? 
Identify the most significant journal/conference papers in the 

swimming performance prediction. 

RQ2 
What datasets are used in swimming per-

formance prediction? 
Identify datasets commonly used in swimming performance 

prediction. 

RQ3 
What journals/conference papers about 

swimming performance prediction? 
Identify the research topic/trend of swimming performance 

prediction. 

RQ4 
What approach techniques are used in 

swimming performance prediction? 
Identify approaches that are often used in swimming perfor-

mance prediction 

RQ5 
What is currently the problem in a swim-

ming performance prediction? 
Identify problems that are occurred in swimming performance 

prediction. 

RQ6 
What method is used in swimming perfor-

mance prediction? 
Identify the method used in swimming performance prediction. 

RQ7 
What evaluation techniques are used in 

swimming performance prediction? 
Identify what evaluations are carried out in the swimming per-

formance prediction. 

 

To understand research questions more easily about summaries of swimming, an illustration has been 
done in the form of mind map in Figure 2. 
 

 
 
 
 
 
 
 
 



2025 (junio), Retos, 67, 482-497  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 485  
 

Figure 2. Mind Map of Swimming Performance Prediction Review 

 

 
 

Search strategy 

The data sources used in this review of swimming performance prediction are papers available on 
ScienceDirect.com, Springer, Taylor & Francis, PubMed and Google Scholar. These webpages are lead-
ing journals and conference sites suitable for reviewing swimming performance prediction research. 
To get a paper that matches the topic, the researchers entered the following keywords or synonyms of 
the keywords specified for the research topic being conducted. The following are the search strings 
used for the paper search process: (“swimming performance” or “swimming performances”) and 
(“prediction” or “predicting”) and (“athlete” or “swimmer”), and (“modeling” or “approach” or “tech-
nique”). 

Search string adjustments were made to reduce the list of irrelevant studies significantly. A search 
adjustment is required to meet each specific database requirement at each site. Specific requirements 
for database searches are based on titles, abstracts, and keywords. Search limited to year of publica-
tion: 2014-2024. The publications included are journal articles. The use of article language is limited to 
text in English. 

Study selection 

When the paper article search stage was carried out, a large number of articles were filtered according 
to the criteria when performing the search adjustment process. The determination of the paper crite-
ria included in the main study was obtained from the inclusion and exclusion process described in 
Table 3. 

 

Table 3. Inclusion and Exclusion Criteria 

Inclusion criteria 

Studies on swimming performance prediction include topic, problems, datasets, techniques and methods used.  
Studies consisted of journals and papers from the conferences that specifically discussed the swimming performance 

prediction. 
The publications of the studies were from 2014 to 2024. 

Exclusion criteria 
Studies that did not have experimental results and used unclear datasets. 
Studies that discussed topics beyond swimming performance prediction. 

Studies that weren’t written in English. 

 

In addition, to create article boundaries by the research topic that was reviewed, this study used pro-
jects for systematic reviews and meta-analysis (PRISMA) guidelines to conduct the systematic review 
(Moher et al., 2009). The retrieval process, as shown in Figure 3, included an evaluation hierarchy that 
evaluated: the first, study based on journal titles, the second, based on abstracts, and the third, based 
on a full-text review in which journal articles were selected according to inclusion and exclusion crite-
ria. The initial search resulted in 792 published journal articles, and after deleting the remaining du-
plicates, it resulted in 765 papers. A total of 622 papers were then issued because they were published 
in different disciplines, while another 143 papers were deleted because the full text was unavailable. A 
total of 143 remaining papers discuss the effect of strength training on adolescent swimming perfor-
mance. One hundred twenty-two more papers were issued because they were not experimental stud-
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ies, technical reports, or predicting winning times and not swimming (human, athlete). As a result, 21 
papers were included in this systematic-review. 

 
Figure 3. PRISMA flow chart of the study selection process 

 

 
 

Data extraction 

The data extraction stage is a process that collects data from the main study to answer research ques-
tions. Table 4 below is the data extraction table used. 

 
 

Table 4. Data Extraction 

Property Research question 
Publication RQ1 

Swimming performance prediction dataset RQ2 
Research topic or trend RQ3 

Swimming performance prediction technique RQ4 
Swimming performance prediction problem RQ5 
Swimming performance prediction method RQ6 

Swimming performance prediction evaluation RQ7 

 

Results 

Paper studies publication 

From the results of the screening process conducted as part of this study, it was found that there was a 
research paper specifically discussing the prediction of swimming performance. In total, a comprehen-
sive review of the literature identified twenty-one papers that addressed various aspects of swimming 
performance prediction within the time frame from 2014 to 2024. These studies encompass a wide 
range of methodologies, including biomechanical analysis, physiological data modeling, machine learn-
ing techniques, and statistical approaches to assess and enhance swimming performance. To provide a 
clearer picture of the trend in research interest in this field, Figure 4 presents a graphical representa-
tion of the development in the number of published papers over the last ten years. This figure illus-
trates how the academic community has progressively engaged with the topic of swimming perfor-
mance prediction, demonstrating fluctuations and potential growth patterns in publication numbers 
from year to year. From the trend depicted in the graph, it is evident that research on swimming per-
formance prediction remains relevant and continues to attract significant scholarly attention. 
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Figure 4. Distribution over the past ten years selected studies 

 

 
 
Most research on swimming performance prediction is in 2022, with as many as eight publications. 
This study experienced a significant increase in 2024, with four publications, of which there was only 
one publication in the previous year, 2023. From the graph, from 2014 to 2024, research on this study 
was less desirable, namely only 1 or 2 publications. This research began quite a lot in 2022 and con-
tinues to this day. In 2024, there were four publications. The publication of journal papers based on 
literature studies is shown in Figure 5. 
 

Figure 5. Journal Publication and Distribution of Selected Studies 

 

 
 
As explained in the background, in this review paper, the researcher took 100% of the journal paper. 
From the analysis of journal sources that publish publications in swimming performance prediction 
research, Sports Science and Computational Intelligence are the journal sources that publish the most 
research topics on swimming performance prediction.  

Dataset 

In research, dataset is needed to test the performance of the proposed method. In the study of swim-
ming performance prediction, various datasets have been used, which are divided into two groups of 
datasets: private and public. To see the comparison between private and public datasets that have 
been used for the last ten years can be seen in Figure 6. Public datasets were used less compared to 
private datasets. Of the 21 studies selected in the swimming performance prediction research, 16 used 
private datasets, and five used public datasets. The most favourite public dataset in this study was the 
men and women in the 100 m and 200 m breaststroke and butterfly stroke from the Olympic 
(www.olympic.org) dataset with a percentage of 60%. Then Spiideo 10%, web scraping 10%, and 
swimming events dataset for males and females. From 1990 to 2019, fina (www.fina.org) was 20%. 
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Figure 6. Distribution of Swimming Performance Prediction Datasets 

 
 
The private data that was widely used is a dataset of 42 male freestyle swimmers from corresponding 
authors upon request. Other private datasets are Forty-seven swimmers (males, n = 16, age 16.6 ± 1.2 
y; females, n = 31, 15.2 ± 1.8 y) from CEFADE 28 2019, 3.061 race results (1.528 Men and 1.533 Wom-
en) from OLY and WLC (https://www.gracenote.com/sports/global-sports-data/) competitions be-
tween 2011 and 2019. 

Research topics or trends  

Research on swimming performance prediction covers various research topics or trends. In the last 
ten years, there have been four research topics or trends in swimming performance prediction: free-
style performance, freestyle, butterfly, breaststroke and backstroke, breastroke and butterfly, and 
breaststroke. The distribution of research trends or topics in swimming performance prediction is 
presented in Figure 7. By examining Figure 7, one can observe how specific research topich and trends 
within swimming performance prediction have gained or diminished in prominence over time. 

 
Figure 7. Distribution of Swimming Performance Prediction Datasets 
 

 
 
The most popular research topic or trend in the last ten years is freestyle performance, which has 
reached 53%. Swimming performance prediction for freestyle performance is the most popular topic 
because it is more challenging than other stroke types. This is due to its importance in competitive 
swimming and the complexity of the factors that influence it. Researchers focused on several determi-
nants, including physiological, biomechanical, and anthropometric characteristics. These factors are 
critical as they affect a swimmer’s speed, efficiency and overall performance (Morais et al., 2021). The 
next favourite research topic after freestyle performance is swimming performance prediction for 
three types of strokes: freestyle, butterfly, and breaststroke performance. Each type of stroke has 
unique biomechanical and physiological characteristics that affect swimmers’ performance differently. 
This study aims to understand how these factors interact to maximize speed, efficiency, and overall 
performance in competition (Espada et al., 2022; Fone & van den Tillaar, 2022; Staunton et al., 2024c). 
More detailed information about the four topics or trends in the text summary that the researchers 
have carried out can be found in Table 5. 
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Table 5. Detailed Topics or Trends in Swimming performance Prediction 

Topic/Trends Research 

Freestyle performance 
(Staunton et al., 2024c), (Carvalho et al., 2024), (Staunton et al., 2024b), (Born et al., 

2024)(Crowley et al., 2022), (Morais, Barbosa, Forte, et al., 2023), (Hołub et al., 2021), (de 
Jesus et al., 2019), (Zuozienė & Poderys, 2018) 

Freestyle, butterfly, breaststroke, backstroke 
(Sridana et al., 2024), (Guo et al., 2022), (Fone & van den Tillaar, 2022), (Post et al., 2022), 

(Mitchell et al., 2020), (Mabweazara et al., 2017) 
Breaststroke and Butterfly (Hołub et al., 2021), (Nicol et al., 2022) 

Breaststroke (Abbott et al., 2020), (Staunton et al., 2024c) 
 

 

Approach Techniques 

From the literature obtained over the last ten years, there are seven approaches or techniques used in 
swimming performance prediction: predictive-based mathematical model, quantitative-descriptive, 
computerized ECG registration, longitudinal models, qualitative evaluation, descriptive statistics and 
artificial neural network. The distribution of the swimming performance prediction approach in the 
last ten years can be seen in Figure 8. 

Figure 8. Distribution of Techniques Applied in Swimming Performance Prediction 

 
 

The most favourite technique approach used in swimming performance prediction was the predictive 
mathematical model, which had nine studies. A predictive mathematical model is a favourite technique 
because it integrates complex biologica health (Lima et al., 2025), biomechanical variables , providing 
precise performance prediction (Podrihalo et al., 2021). These models help in optimizing training, 
strategizing competition plans, and understanding performance trends (Mujika et al., 2023). Predictive 
mathematical models for swimming performance are advanced computational tools designed to fore-
cast an athlete’s performance based on various influencing factors (Yuan & Han, 2022a). 

However, although the predictive mathematical approach is the favourite, there are better approaches 
than the predictive mathematical approach. Predictive mathematical models used for swimming per-
formance prediction have several limitations (Mujika et al., 2023) (Dormehl et al., 2017). One signifi-
cant weakness is their often-limited generalization ability (Demirkan et al., 2023), especially when 
using linear and non-linear regression models (Imbach et al., 2022). These models are typically easier 
to interpret but need help capturing the complex, non-linear relationships often present in athletic 
performance data, leading to potentially less accurate predictions. For instance, the simplicity of these 
models might need to account for individual variability and the multifaceted nature of swimming per-
formance (Santos et al., 2023), including the influence of biomechanics, training regimens, and physio-
logical factors (Donato et al., 2003). 

Moreover, while more complex models such as neural networks can offer improved accuracy, they 
often suffer from the “black box” problem (Sun et al., 2020), where the decision-making process be-
comes opaque. This lack of interpretability can be problematic for coaches and athletes who need clear 
guidance from predictive insights. Additionally, the reliability of these models can be compromised 
when the input data is noisy or incomplete, which is a common issue in sports analytics. These weak-
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nesses highlight the need for hybrid approaches that combine mathematical models with more ad-
vanced techniques, such as machine learning and explainable artificial intelligence (XAI) (Carvalho et 
al., 2024), to improve both the accuracy and interpretability of predictions. This lack of interpretability 
can be problematic for coaches and athletes who need clear guidance from predictive insights. Addi-
tionally, the reliability of these models can be compromised when the input data is noisy or incom-
plete, which is a common issue in sports analytics. These weaknesses highlight the need for hybrid 
approaches that combine mathematical models with more advanced techniques like machine learning 
and explainable artificial intelligence (XAI) to improve both the accuracy and interpretability of pre-
dictions (Carvalho et al., 2024; Mujika et al., 2023; Zhao et al., 2023). 

The problem in swimming performance prediction 

Based on swimming performance prediction research from 2012 to 2024, several problems have be-
come challenges that have been trying to overcome. Details of the problems in the text summary over 
the last ten years can be seen in Figure 9. The most common problem faced in swimming performance 
prediction over the last ten years is statistical methods for performance prediction. Statistical methods 
for predicting swimming performance are challenging due to the multifactorial nature of the sport and 
the complex interactions between various performance-influencing factors. Unlike more straightfor-
ward sports, swimming performance is influenced by various variables, including biomechanics, phys-
iology, psychology, and even environmental conditions. Traditional statistical models, such as linear or 
non-linear regression, often need help with this complexity. These models typically assume a linear 
relationship between variables, which may not capture the non-linear interactions and dependencies 
present in swimming (Morais, Barbosa, Gonjo, et al., 2023). For example, the relationship between a 
swimmer’s technique and their performance can vary significantly based on the individual’s physical 
characteristics, training history, and the specific swimming stroke being analyzed. Moreover, the dy-
namic nature of swimming, where performance can change over time and be affected by numerous 
contextual factors, makes it difficult to create models that generalize well across different populations 
of swimmers. 

Figure 9. Distribution of Problem in Swimming Performance Prediction 

 

 

The data used in these models can also be noisy and difficult to interpret, further complicating predic-
tions.  

The prediction performance technique often used for statistical problems method for performance 
prediction in the last ten years is the predictive mathematic model, comparable to the approach tech-
nique most often used in the last ten years, the predictive mathematics model (see Figure 8).  

Methods 

The swimming performance prediction research method used there includes various types of ap-
proach techniques. The distribution of methods for this study from 2014 to 2024 is described in Figure 
10. 

Based on literature studies, linear regression has been the most widely used method in swimming 
performance prediction for the last ten years. Linear regression is the favorite because it is easy to 
implement and understand. It provides a precise mathematical relationship between dependent and 
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independent variables, making it easier to interpret the results. Often, sports performance datasets are 
relatively small. Linear regression works well with smaller datasets compared to more complex mod-
els that may require large amounts of data to train effectively. Linear regression helps identify the 
most significant variables affecting performance. This can be crucial for coaches and athletes to under-
stand which factors to focus on for improvement. Linear regression serves as a good baseline model. 
More complex models can be compared against it to justify their use by demonstrating significant per-
formance improvements (Costa et al., 2010; Pyne et al., 2004; Veiga et al., 2013). 

 
Figure 10. Distribution of Methods Used in Swimming Performance Prediction 
 

 

 

Table 6 provides a comprehensive overview of the critical points identified in 21 studies on swimming 
performance prediction conducted over the past ten years.  

 

Table 6. Summary of Topic, Problem, Approach Technique, and Method in Swimming Performance Prediction. 

Topics/Trends Problems Techniques Methods References 

Freestyle performance 
Statistical Methods for 

Performance Prediction 

predictive mathematical 
model 

computerized ECG registra-
tion 

longitudinal models 
descriptive statistics 

Self Organizing Map 
Linear Regression 

Non linear Regression 
Bayesian 

Linear Regerssion 
hierarchical linear model 

(HLM) 
Linear Regression 

Deep Learning 
Linear Regression 

(Wilk et al., 2015) 
(Mabweazara et al., 

2017) 
(de Jesus et al., 2019) 

(Wu et al., 2022) 
(Mujika et al., 2023) 

(Morais, Barbosa, Forte, 
et al., 2023) 

(Staunton et al., 2024c) 
(Carvalho et al., 2024) 

(Born et al., 2024) 

 

Longitudinal Analysis of 
Training Impact. 

Consent Issues in Data 
Collection. 

Accuracy of Predictive 
Algorithms 

predictive mathematical 
model 

Linear Regression (Amara et al., 2021) 

Freestyle, butterfly, 
breaststroke, backstroke 

Model complexity. 
Longitudinal Analysis of 

Training Impact 

quantitative, descriptive 
longitudinal models 

qualitative evaluation 
predictive mathematical 

model 
Artificial Neural Network 

 

Linear Regression 
Multi-layer perceptron 

Linear Regression & Non-
Linear 

Machine Learning 

(Mabweazara et al., 
2017) 

(Abbott et al., 2020) 
(Demarie et al., 2022) 
Learning (Yuan & Han, 

2022b) 

     
Breaststroke and Butter-

fly 
Biomechanical 

Measurement Precision 
predictive mathematical 

model 
Linear Regression (Amara et al., 2021) 

Breaststroke 

Variability in Technique 
Analysis. 

Privacy Concerns with 
Performance Data 

longitudinal models Longitudinal Estimation (Mitchell et al., 2020) 

This table serves as a valuable reference for understanding the various aspects of research in this field. 
It details the specific research topics explored within these studies, highlighting the key issues and 
challenges addressed by researchers. Additionally, the table outlines the different approach tech-
niques that have been employed to tackle these problems, offering insights into the methodologies 
used to enhance the accuracy and effectiveness of swimming performance predictions. Furthermore, 
the methods associated with these approach techniques are also described, showcasing how research-
ers have systematically applied various analytical and computational strategies to improve the under-
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standing and forecasting of swimming performance. Through this structured presentation, Table 6 
provides a clear and informative summary of the advancements made in this domain, helping to iden-
tify trends, gaps, and future research opportunities in swimming performance prediction. 

Evaluation in swimming performance prediction 

Evaluations in swimming performance prediction encompass various approaches to assess the accura-
cy and reliability of predictive models. Coaches or experts in swimming may be involved in evaluating 
the predicted performances. They compare the model’s predictions with their knowledge and experi-
ence to assess its practical utility (Morais, Barbosa, Gonjo, et al., 2023). Based on studies in the past ten 
years, there have been various approaches to evaluating the results of swimming performance, namely 
evaluation in terms of cross-validation (Staunton et al., 2024c). 

Evaluation with the statistical metrics is often done by Mean Squared Error (MSE) and Root Mean 
Squared Error (RMSE) (Hamidi Rad et al., 2021). They are commonly used metrics to measure the dif-
ference between the predicted performance and the actual performance. A lower MSE or RMSE indica-
tes better model accuracy (Tomaszewski et al., 2024). In addition, the correlation coefficient is often 
used to assess the strength and direction of the linear relationship between predicted and actual per-
formances. A high correlation suggests that the model predictions are closely aligned with actual re-
sults (Carvalho et al., 2024). Cross-validation evaluation is done by K-Fold Cross-Validation (Liu et al., 
2024). This evaluation is used to validate the predictive model by dividing the data into K subsets and 
using each subset as a validation set while the remaining K-1 subsets are used for training. It helps 
ensuring that the model generalizes well to unseen data (Liu et al., 2024). 

Another evaluation is a task-based approach, which may involve simulating competition scenarios 
where the predicted performances are compared to actual results in competitive settings. It helps un-
derstanding how well the model performs under real-world conditions. Different scenarios, such as 
changes in training intensity or technique adjustments, are used to evaluate how well the model 
adapts and predicts performance under varying conditions. Techniques such as Shapley Additive ex-
planations (SHAP) are increasingly used to interpret the results of complex models (Edelmann-Nusser 
et al., 2002) (Carvalho et al., 2024). These techniques help understand which factors most influence 
the predicted outcomes, making the evaluation more transparent and trustworthy. These evaluation 
methods help fine-tune predictive models and ensure their reliability and applicability in real-world 
swimming performance assessments. 

From the studies over the last ten years, the evaluation approach most often used is statistical meth-
ods for performance prediction and longitudinal analysis of training impact. In terms of statistical 
methods for performance prediction, the measure that is often used is SPSS. Meanwhile, in terms of 
longitudinal analysis of training impact, the measure that is often used is Statistical Analysis. Further 
distribution details can be seen in Figure.11. 

 

Figure 11. Distribution Statistical Analysis 

Conclusions 

Swimming performance prediction is an exciting research topic among the sports science community 

that helps generate invaluable information in various aspects, especially to adjust the training pro-
gram to improve specific weaknesses or maximize the potential strengths of a swimmer. It helps de-
signing more effective and specific exercises. Swimming performance prediction allows coaches and 
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athletes to monitor progress over time. By comparing actual results with predictions, they can evalu-
ate the effectiveness of the training program and make the necessary adjustments. It can also be an 
essential tool for athlete selection for teams or competitions. By relying on predictive data, coaches 
can make more objective decisions when selecting athletes with the most potential to deliver the best 
results. 

The main idea of this paper is to present the latest research and progress that has been achieved in 
this field using the Systematic Literature Review (SLR) method. The SLR method proves that this ap-
proach can provide a more structured, broad, and diverse review, ranging from trends/topics, da-
tasets, approach techniques, problems, and methods to evaluations available as a guide for future 
work. This method also summarizes the relationship between trends/topics, problems, and challenges 
on each topic, technique, and method used in a single unit, making it easier to explore and re-analyze. 
This is important to provide in-depth insights and more holistic guidance for researchers and practi-
tioners who wish to develop further research in this area. 

The predictive mathematical approach is preferred because it integrates complex physiological, bio-
mechanical, and environmental variables, providing precise performance forecasts. In the research 
topic of swimming performance prediction, some future work that can be done include I) Combining 
statistical techniques and techniques based on artificial neural networks. II) Rarely Used Datasets: It 
includes favourite datasets such as the men and women in the 100 m and 200 m breaststroke and but-
terfly stroke from the Olympic (www.olympic.org) dataset to test the swimming performance predic-
tion method before being tested on a personal dataset to assess the performance of the method. 
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