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1. Background 

Swimming performance is a complex phenomenon shaped by multiple interacting factors, including 
anthropometric, hydrodynamic, kinematic, and energetic aspects (de Anda Martín et al., 2024; Morais et al., 
2022). These domains jointly determine a swimmer’s speed and efficiency, which ultimately affect race 
outcomes. Previous studies highlight that body composition (e.g., limb length, body ratio), water resistance, 
movement patterns, and physiological capacity serve as key indicators for predicting performance and identifying 
young athletic talent (Lobato et al., 2023; Marinho et al., 2020). Among biomechanical determinants, stroke rate 
and stroke length are strongly associated with swimming velocity, where faster and longer arm strokes contribute 
to improved performance (Nurmukhanbetova et al., 2023). Training frequency, duration, and intensity also play 
essential roles, as higher workloads demand structured training volumes (Armen et al., 2024). 
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Another fundamental determinant is muscular strength, which underpins efficient propulsive force in the water 
(Apriyano et al., 2025; Sadewa et al., 2024). Strength development is closely tied to physiological adaptations 
that emerge through systematic training, including enhanced aerobic capacity, metabolic efficiency, and 
neuromuscular coordination (Nugent et al., 2019). Together, these adaptations reinforce overall swimming 
performance. Research on swimming performance prediction has progressed significantly over the past 
decades. Early studies often relied on linear models, such as differential equations and regression analyses, to 
capture relationships between training load and performance outcomes (Banister & Calvert, 1980; Busso et al., 
1990, 1997; Chatard & Stewart, 2011; Fitz-Clarke JR et al., 1991; Hohmann, 1992) . However, biological 
systems are dynamic and adaptive, making linear approaches insufficient for modeling the complexity of training 
responses (Edelmann-Nusser et al., 2002). As a result, recent studies increasingly employ machine learning 
and non-linear algorithms to capture multidimensional relationships among performance-related variables 
(Staunton et al., 2024a). These approaches offer opportunities for more accurate, individualized prediction 
systems and more adaptive, evidence-based training strategies. 

To advance this field, the present study adopts a combined Systematic Literature Review (SLR) and Meta-
Analysis approach. The SLR ensures a transparent and structured evaluation of current evidence using explicit 
inclusion and exclusion criteria (Okoli & Schabram, 2012), while Meta-Analysis enhances validity by statistically 
synthesizing findings across studies  (Gurevitch et al., 2018). Together, these methods provide comprehensive 
insights into recent developments in swimming performance prediction. This review covers publications from 
2014 to 2024, classifying them into research questions (RQs) to map existing knowledge, highlight trends, and 
identify methodological and conceptual gaps. 

The primary aim of this study is to systematically examine and synthesize the body of research on swimming 
performance prediction from 2014 to 2024. Specifically, the study seeks to (1) identify and classify the main 
determinants of swimming performance, (2) evaluate methodological and analytical approaches used in prior 
studies, and (3) highlight knowledge gaps to guide future research and inform evidence-based training practices. 

2. Methods 

This research on swimming performance prediction was conducted using Meta-Analysis and Systematic 
Literature Review (SLR) approaches. The SLR method is used to identify, evaluate, and interpret thoroughly the 
results of previous research relevant to the topic or research question, in order to obtain measurable and 
evidence-based answers to the formulation of the problem proposed (Okoli & Schabram, 2012) . Based on 
feedback from reviewers during the revision process of this manuscript, in general, SLR consists of two main 
stages, namely: the planning stage and the implementation and reporting stages. In the planning stage, there 
are three important steps taken: Identifying the need for a systematic review, Developing a review protocol, and 
Conducting an initial evaluation of the study to be reviewed. Furthermore, in the implementation and reporting 
stage, there are four main steps: Conducting a primary source search, Selecting relevant primary studies, 
Extracting data from selected primary studies, and Compiling and disseminating review results (dissemination 
of results). The overall SLR process flow in this study is visualized in Figure 1, which illustrates the systematic 
steps taken to ensure the validity and transparency of the literature synthesis conducted. 

Table 1. PICOC Criteria 

Population Swimmers or swimming athletes. 
Intervention The application of methods and approaches used in swimming 

performance prediction. 
Comparison Predictive models were compared between artificial intelligence 

(AI)-based approaches and traditional statistical models 



Ari Tri Fitrianto, Muhammad Habibie, Parveen Kumar   
A Meta-Analytic Approach to Swimming Performance Prediction: Reviewing Methods, Datasets,  
and Research Trends 

Indonesian Journal of Kinanthropology (IJOK) |  Volume 5  |  Number 2  |  2025  |  52-71   54 

Outcomes Accuracy and effectiveness of swimming performance prediction 
across different studies 

Context Research conducted in sports science and laboratory settings, 
utilizing both small and large datasets. 

 

Research Question (RQ)  

Research Questions (RQs) were developed to facilitate a more focused and consistent review process. In 
general, the research questions were developed using meaningful PICOC criteria (Population, Intervention, 
Comparison, Results, and Context) (Kitchenham & Charters, 2007), which are useful for calculating five 
inclusion/exclusion criteria to be applied in the selection of relevant studies (Rico-González et al., 2022). The 
PICOC criteria used in this study are presented in Table 1, which illustrates the main components to be 
considered in the study selection process. 

The research questions and research motivations in this literature review are described in Table 2. RQ2 and 
RQ7 are the main questions that are the main focus of this study, while RQ1 and RQ3 aim to help evaluate the 
context of the main research. RQ2 focuses on the dataset used in this study, while RQ4 to RQ7 address the 
approach, problem, method, and evaluation techniques applied in the research. RQ1 and RQ3 provide an 
overview of specific research areas in swimming performance prediction, providing a foundation for further 
understanding of the topic.  

 
Figure 1. Systemic Literature Review Phase 
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Table 2. Research Question and Motivation 

ID Research Question Motivation 

RQ1 What journals/conference papers explore 
swimming performance prediction? 

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

RQ2 What datasets are used in swimming 
performance 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 performance prediction. 

RQ5 What is currently the problem in a swimming 
performance prediction? 

Identify problems that have occurred in 
swimming performance prediction. 

RQ6 What method is used in swimming 
performance 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 performance prediction. 

 

To make the research questions related to the swimming performance prediction summary easier to understand, 
an illustration has been made in the form of a mind map presented in Figure 2. This mind map provides a clear 
visual representation of the relationship between the various research questions and related topics in this study. 

 

Figure 2. Mind Map of Swimming Performance Prediction Review 

Research Strategy  

ScienceDirect.com, Springer, Taylor & Francis, PubMed, and Google Scholar are leading journal and conference 
sites that are well suited for reviewing research on swimming performance prediction. To find articles relevant 
to this topic, the researchers used keywords or synonyms of predefined keywords for the research topic being 
conducted. Here is the search string used in the article search process: ("swimming performance" OR "swimming 
performances") AND ("prediction" OR "predicting") AND ("athlete" OR "swimmer") AND ("modeling" OR 
"approach" OR "technique"). Adjustments to the search string were made to significantly reduce the number of 
irrelevant studies. Search adjustments were necessary to meet the specific requirements of each database at 
each site. Specific requirements for database searches were based on title, abstract and keywords. The search 
was limited to publications published between 2014 and 2024. Included publications were journal articles with 
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English text. At the article search stage, a large number of articles were screened according to the criteria 
established during the search customization process. Determination of the criteria for articles included in the 
main study was obtained through the inclusion and exclusion process described in Table 3. 

Table 3.  Inclusion and Exclusion Criteria 

Inclusion Criteria Exclusion Criteria 

Studies on swimming performance prediction, 
including datasets, problems, methods, and 
techniques 

Studies without experimental results or with unclear 
datasets 

Journal articles and conference papers on swimming 
performance prediction 

Studies outside the scope of performance prediction 

Published 2014–2024 Studies not written in English 

 

In addition, to define the boundaries of the articles based on the research topics reviewed, this study used the 
Projects for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for conducting systematic reviews 
(Moher et al., 2009). The article retrieval process, shown in Figure 3, includes a hierarchy of evaluations 
conducted as follows: first, a search by journal title; second, by abstract; and third, by full-text review, where 
journal articles were selected according to inclusion and exclusion criteria. The initial search yielded 792 
published journal articles, and after removing the remaining duplicates, 765 articles were obtained. A total of 
622 articles were then excluded as they were published in different disciplines, while another 143 articles were 
removed as their full text was not available. The remaining 143 articles addressed the effect of strength training 
on swimming performance in adolescents. Another one hundred and twenty-two articles were excluded because 
they were not experimental studies, technical reports, or did not predict winning times and did not focus on 
swimming (humans, athletes). As a result, 21 articles were included in this systematic review. 

 
Figure 3. PRISMA flow chart of the study selection process 
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Data Extraction 

The data extraction stage is a process that collects data from the main study to answer research questions. 
Table 4 below is the data extraction table used in this study.  

Table 4. Data Extraction 

Property Research question 

Publication RQ 1 
Swimming performance prediction dataset RQ 2 

Research topic or trend RQ 3 
Swimming performance prediction technique RQ 4 
Swimming performance prediction problem RQ 5 
Swimming performance prediction method RQ 6 

Swimming performance prediction evaluation RQ 7 

3. Results 

Based on the results of the screening process conducted in this study, a research article was found that 
specifically addressed swimming performance prediction. Overall, the comprehensive literature review identified 
twenty-one articles that addressed various aspects of swimming performance prediction in the time span from 
2014 to 2024. The studies covered a wide range of methodologies, including biomechanical analysis, 
physiological data modeling, machine learning techniques, and statistical approaches to assess and improve 
swimming performance. To provide a clearer picture of the trends in research interest in this area, Figure 4 
presents a graphical representation of the development of the number of articles published over the past ten 
years. The figure illustrates how the academic community has gradually engaged with the topic of swimming 
performance prediction, showing fluctuations and potential growth patterns in the number of publications from 
year to year. From the trends depicted in the graph, it is clear that research into swim performance prediction 
remains relevant and continues to attract significant academic attention.  

Most of the research on swimming performance prediction was conducted in 2022, with eight publications. This 
research saw a significant spike in 2024, with four publications, while in the previous year, 2023, there was only 
one publication. From the graph, it can be seen that from 2014 to 2024, research on this topic was less popular, 
with only one or two publications each year. This research started to become more prevalent in 2022 and has 
continued to the present. In 2024, there were four publications. Journal article publications based on the literature 
study are shown in Figure 5. 

 
Figure 4. Distribution over the past ten years of selected studies 



Ari Tri Fitrianto, Muhammad Habibie, Parveen Kumar   
A Meta-Analytic Approach to Swimming Performance Prediction: Reviewing Methods, Datasets,  
and Research Trends 

Indonesian Journal of Kinanthropology (IJOK) |  Volume 5  |  Number 2  |  2025  |  52-71   58 

 

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

 

Figure 5. Journal Publication and Distribution of Selected Studies 

Dataset 

In research, a dataset is needed to test the performance of the proposed method. In the study of swimming 
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 favorite 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 

Research topics or trends 

Research on swimming performance prediction covers a wide range of topics or research trends. In the last ten 
years, there have been four main research topics or trends in swimming performance prediction, namely: 
freestyle performance, combination of freestyle, butterfly, breaststroke, and backstroke, combination of 
breaststroke and butterfly, and breaststroke. The distribution of trends or research topics in swimming 
performance prediction is presented in Figure 7. By examining Figure 7, it can be observed how certain topics 
and trends in swimming performance prediction research have increased or decreased in popularity over time.  

The most popular research topic or trend in the last ten years is freestyle performance, which accounts for 53%. 
Swimming performance prediction for freestyle is the most popular topic because it is considered more 
challenging than other swimming styles. This is due to the importance of freestyle in swimming competitions and 
the complexity of the factors that influence it. Researchers highlight a number of important determinants, 
including physiological, biomechanical and anthropometric characteristics. These factors are crucial as they 
directly impact the speed, efficiency and overall performance of a swimmer (Morais et al., 2021). 

 

Figure 7. Distribution of Swimming Performance Prediction Dataset 
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Table 5. Detailed Topics or Trends in Swimming performance Prediction 

Topic/Trends Research 

Freestyle  (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 

1 (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) 

 

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

 
Figure 8. Distribution of Techniques Applied in Swimming Performance Prediction 

The most widely used technical approach in swimming performance prediction is predictive mathematical 
models, with a total use of nine studies. Predictive mathematical models are a favorite technique because they 
are able to integrate complex biological health variables (Lima et al., 2025) and biomechanical variables, thus 
providing more precise performance predictions (Podrihalo et al., 2021) . These models play an important role 
in optimizing training programs, designing strategies during competition, and understanding athlete performance 
trends (Mujika et al., 2023). In general, predictive mathematical models for swimming performance are 
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sophisticated computational tools designed to estimate an athlete's performance based on various influencing 
factors (Yuan & Han, 2022a). 

Although the predictive math approach is the most widely used, it is not the absolute best. Predictive 
mathematical models used in swimming performance prediction have several (Mujika et al., 2023) (Dormehl et 
al., 2017) . One of the main drawbacks is the limited generalizability (Demirkan et al., 2023), especially when 
using linear or non-linear regression models (Imbach et al., 2022). While these models tend to be easier to 
interpret, their simplicity makes it difficult to capture the complex and non-linear relationships that often exist in 
athlete performance data. As a result, the resulting predictions may be less accurate. For example, these models 
are often unable to consider individual variability and the multifactorial nature of swimming performance (Santos 
et al., 2023) , such as the influence of biomechanical factors, training programs, and athletes' physiological 
conditions (Donato et al., 2003). 

Furthermore, while more complex models such as neural networks can provide higher prediction accuracy, they 
often face a "black box" problem (Sun et al., 2020), where the decision-making process becomes non-
transparent. This lack of transparency can be an obstacle for coaches and athletes who need clear guidance 
from the prediction results. Furthermore, the reliability of these models can also be compromised if the input 
data used is noisy or incomplete, which is a common problem in sports analytics. These shortcomings point to 
the importance of hybrid approaches that combine mathematical models with more advanced techniques, such 
as machine learning and explainable artificial intelligence (XAI), to improve both the accuracy and clarity of 
prediction interpretation (Carvalho et al., 2024; Mujika et al., 2023; Zhao et al., 2023). 

The problem in swimming performance prediction 

Based on the research on swimming performance prediction from 2014 to 2024, there are a number of issues 
that pose major challenges and for which solutions are being sought. A breakdown of these issues, based on 
text summaries over the last ten years, is shown in Figure 9. The most common problem encountered in 
swimming performance prediction over the last decade has been the statistical methods used to make 
predictions. Statistical methods are challenging due to the complex multifactorial nature of swimming and the 
intricate interactions between the various factors that influence performance. Unlike simpler sports, performance 
in swimming is influenced by a variety of variables such as biomechanics, physiology, psychology, and 
environmental conditions. Traditional statistical models, such as linear or non-linear regression, are often unable 
to handle this complexity. These models generally assume a linear relationship between variables, which may 
not be able to describe the non-linear interactions and dependencies between factors that often occur in 
swimming performance (Morais, Barbosa, Gonjo, et al., 2023). For example, the relationship between a 
swimmer's technique and his/her performance outcomes can vary greatly depending on the physical 
characteristics of the individual, his/her training history, as well as the swimming style analyzed. In addition, the 
dynamic nature of swimming-where performance can change over time and be influenced by many contextual 
factors-makes developing a model that is generalizable to a wide population of swimmers more difficult.  

The data used in these predictive models is also often noisy and difficult to interpret, further complicating the 
prediction process. A common performance prediction technique used to overcome the problems of statistical 
methods in the last ten years is predictive mathematical models. This is in line with the approach of the most 
frequently used technique during this period, which is predictive mathematical models (see Figure 8). 
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Figure 9. Distribution of Problems in Swimming Performance Prediction 

Distribution of Modelling Approaches 

The reviewed studies employed a variety of approaches to predict swimming performance. The frequency 
distribution of methods used between 2014 and 2024 is presented in Figure 10. Among the 21 included studies, 
linear regression appeared most frequently, indicating its continued use as a baseline approach in performance 
prediction research. Other methods included non-linear statistical models and a growing range of machine 
learning techniques, such as artificial neural networks and ensemble algorithms. 

 
Figure 10. Distribution of Methods Used in Swimming Performance Prediction 
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Table 6 provides a detailed overview of the modelling approaches identified in the reviewed studies. This 
summary highlights the diversity of methodological strategies applied across different contexts and datasets, 
offering a clear picture of the methodological landscape in swimming performance prediction research. 

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

 

 

 

 

Topic/Trends Problems Techniques Methods References 

Freestyle  Statistical Methods 
for Performance 
Prediction 
 
 

predictive 
mathematical model  
 
 
 
computerized ECG 
registration  
 
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, 
butterfly 

Biomechanical 
Measuremen 
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) 
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Synthesis of Results 

The synthesis of results shown in Figure 11 presents a meta-analytic summary using Hedges'g to evaluate the 
effect sizes of 21 studies on swimming performance prediction. Each black box represents the effect size of 
each study with a 95% confidence interval, while the overall effect is shown with a diamond shape at the bottom. 
The combined effect size is centered close to zero, indicating that the overall effect is minimal. The heterogeneity 
statistics showed moderate variation between the studies (Q = 29.04, df = 20, p = 0.09, I² = 31%), indicating that 
the differences between studies were partly due to real heterogeneity rather than random chance. This suggests 
a good degree of consistency in findings across the literature. 

 

 
Figure 11. Synthesis of results Meta Analytic 

4. Discussion 

Evaluating models used to predict swimming performance requires consideration of both methodological 
effectiveness and practical applicability. The results of this review indicate that linear regression remains the 
most widely applied approach over the past decade. Its continued popularity can be explained by several 
advantages. Linear regression is relatively simple to implement and interpret, providing a clear mathematical 
relationship between dependent and independent variables. This transparency allows researchers, coaches, 
and athletes to identify which variables most strongly influence performance and, consequently, where to focus 
training interventions. Moreover, linear regression is particularly suitable for small datasets, which are common 
in sports science, as more complex models often require larger sample sizes to achieve stability. For these 
reasons, linear regression continues to serve as a valuable baseline model against which more advanced 
approaches can be compared. At the same time, the growing use of machine learning and non-linear methods 
demonstrates an important shift in the field. Complex models, such as neural networks and ensemble 
approaches, offer the potential to capture multidimensional, non-linear relationships among anthropometric, 
physiological, and biomechanical factors. However, their effectiveness is contingent upon sufficient data volume 
and quality. In contexts where only small datasets are available, these models may face limitations, such as 
overfitting or unstable performance. This contrast between the accessibility of linear regression and the promise 
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of advanced algorithms reflects a methodological trade-off that researchers and practitioners must carefully 
consider.  

Another aspect worth noting is the relevance of predictive modelling to coaching practice. Accurate performance 
prediction allows coaches to identify significant determinants of success, monitor athletes’ progress, and adjust 
training loads accordingly. For example, regression models can highlight which anthropometric or technical 
variables most influence race outcomes, while more sophisticated machine learning models may reveal subtle 
patterns not easily detected through traditional methods. Nevertheless, the practical adoption of such advanced 
models requires not only computational expertise but also user-friendly interpretability, ensuring that findings 
are actionable for practitioners. In addition to the choice of modelling approach, evaluation techniques play a 
critical role in validating predictive performance. Cross-validation, particularly K-Fold cross-validation, has been 
frequently applied to ensure generalizability across datasets (Staunton et al., 2024c; Liu et al., 2024). Statistical 
error metrics, such as Mean Squared Error (MSE) and Root Mean Squared Error (RMSE), are widely used to 
quantify prediction accuracy (Hamidi Rad et al., 2021; Tomaszewski et al., 2024). Correlation coefficients provide 
further insight into the alignment between predicted and actual results (Carvalho et al., 2024). Beyond purely 
statistical assessments, scenario-based evaluations simulate competition conditions, testing the robustness of 
models under varying training intensities or technical modifications. More recently, interpretability tools such as 
Shapley Additive Explanations (SHAP) have been adopted to improve transparency in machine learning models, 
offering coaches greater confidence in the decision-making process (Edelmann-Nusser et al., 2002; Carvalho 
et al., 2024).  

Taken together, these findings highlight a dual trajectory in the field: the persistent utility of linear regression as 
a baseline tool and the growing application of machine learning to address the complexity of performance 
determinants. The challenge for future research lies in integrating methodological sophistication with practical 
applicability, ensuring that prediction models remain both scientifically rigorous and useful in real-world coaching 
contexts. The present findings confirm that predictive mathematical models, especially linear regression and 
ANN-based approaches, dominate swimming performance prediction research. This aligns with earlier studies 
in sports science showing that statistical and computational modeling can meaningfully capture performance 
variability (Dormehl et al., 2017; Mujika et al., 2023). Importantly, the reliance on private datasets suggests that 
access to standardized, open datasets remains limited. As seen in medical and biomechanical research, the 
availability of shared databases improves model validation and generalizability. Future efforts should therefore 
focus on integrating public datasets such as Olympic and FINA records more systematically, while also ensuring 
ethical and consent considerations in private data usage. In terms of methodological trends, while predictive 
mathematical models remain popular due to simplicity and interpretability, their inability to fully capture non-
linear dynamics highlights the growing importance of machine learning approaches. Explainable AI (XAI) tools 
such as SHAP values are increasingly relevant, as they help bridge the gap between predictive accuracy and 
interpretability for coaches and practitioners.  

Limitations: This study is limited by publication bias, as only English-language journal articles were included. 
Additionally, the heterogeneity among included studies—ranging from biomechanics to machine learning—may 
have influenced the pooled effect sizes.  Future Recommendations: Future research should (1) expand the use 
of hybrid models combining statistical and AI-based approaches, (2) validate findings on larger and more diverse 
swimmer populations, and (3) strengthen cross-disciplinary collaboration between sports scientists, data 
scientists, and coaches to ensure practical application of predictive insights. 
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5. Conclusions 

Prediction of swimming performance has become an intriguing research topic in sports science, providing 
valuable information for different purposes, and in particular, when adjusting training programs for rectifying 
deficiencies and to exploit swimmers’ potential. This provides a basis for more advanced and targeted exercise 
design. Performance prediction in swimming is a tool for the athlete and coach to monitor progress in the course 
of the season. They can compare real output to forecasted output to judge the training program's effectiveness 
and to adapt as needed. It may also serve as a critical aid in the identification of athletes eligible for teams or 
competitions. "The use of predictive data helps the coach or person making the selection to make a more 
objective," the report says, "selection of athletes that will provide the best possible performance. This paper is 
motivated with the prime aim to rapid out the current research and the advancement that have been done on 
this domain through the use of SLR (Systematic Literature Review) techniques. his SLR methodology 
demonstrates that such an approach can offer a more structured, comprehensive and varied review covering 
trends/topics, datasets, techniques to the approach, problems, methods, evaluations which may be used as a 
future work guide. It also breaks down the relationships among trends/topics, problems, and challenges for all 
topics, techniques, and methods in a single entity facilitating further exploration and re-analysis. This is important 
to provide in-depth insights and a more holistic guide for researchers and practitioners who wish to develop 
further research in this area. A predictive mathematical approach is preferred as it integrates complex 
physiological, biomechanical and environmental variables, providing more accurate performance forecasts. This 
is critical in order to extend the knowledge base and a more comprehensive guidance for researchers and 
practitioners interested in pursuing further research in this field. A predictive mathematical strategy is preferred 
because it incorporates a combination of complex physiological, biomechanical, and environmental factors, and 
enables more precise predictions of performance. Future work in the research topic of swim performance 
prediction are, some of the possible work that can be performed in the future is I) Hybrid each other statistical 
techniques and ANN bases techniques. II) Datasets that are rarely used: Including favorite datasets such as 
men's and women's data in 100m and 200m breaststroke and butterfly from the Olympic dataset 
(www.olympic.org) to test swimming performance prediction methods before testing on private datasets to 
assess the performance of the methods. 
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