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Abstract 

Global Positioning System (GPS) technology has become an important tool in sports 

training for monitoring performance and supporting evidence-based decision-making. 

This study examined the utilization of GPS technology in sports training and its 

relationship with athletic performance outcomes among university student-athletes, with 

emphasis on the mediating role of GPS-derived training load indicators. A quantitative, 

descriptive–correlational design with mediation analysis was employed. Participants 

included 75 university student-athletes from five varsity sports who were regularly 

exposed to GPS-based monitoring during training and competition. Data were gathered 

using researcher-developed questionnaires on GPS utilization and athletic performance 

outcomes, complemented by GPS-derived training load indicators. Descriptive statistics, 

Pearson correlation, and regression-based mediation analysis were used. Results showed 

that GPS technology was utilized to a very great extent, and athletic performance 

outcomes were rated at a very high level. A significant positive relationship was found 

between GPS technology utilization and athletic performance outcomes. However, GPS-

derived training load indicators did not significantly mediate this relationship. Based on 

the findings, an enhancement framework was proposed emphasizing structured GPS 

utilization, data interpretation, and informed training management. The study concludes 

that effective integration of GPS technology supports athletic performance among 

university student-athletes. 

Keywords: GPS technology, sports training, athletic performance, training load, 

university student-athletes 

 

Summary 

La tecnología del Sistema de Posicionamiento Global (GPS) se ha convertido en una 

herramienta importante en el entrenamiento deportivo para el monitoreo del rendimiento 

y el apoyo a la toma de decisiones basada en evidencia. Este estudio examinó la 

utilización de la tecnología GPS en el entrenamiento deportivo y su relación con los 

resultados del rendimiento atlético entre estudiantes-atletas universitarios, con énfasis en 

el papel mediador de los indicadores de carga de entrenamiento derivados del GPS. Se 

empleó un diseño cuantitativo, descriptivo–correlacional con análisis de mediación. Los 

participantes fueron 75 estudiantes-atletas universitarios de cinco deportes de equipo, 

expuestos regularmente al monitoreo mediante GPS durante el entrenamiento y la 

competencia. Los datos se recopilaron mediante cuestionarios elaborados por el 

investigador sobre la utilización del GPS y los resultados del rendimiento atlético, 

complementados con indicadores de carga de entrenamiento derivados del GPS. Se 

utilizaron estadísticas descriptivas, correlación de Pearson y análisis de mediación basado 

en regresión. Los resultados mostraron que la tecnología GPS se utiliza en muy gran 

medida y que los resultados del rendimiento atlético alcanzaron un nivel muy alto. Se 

encontró una relación positiva significativa entre la utilización de la tecnología GPS y el 

rendimiento atlético. Sin embargo, los indicadores de carga de entrenamiento derivados 

del GPS no mediaron significativamente esta relación. Con base en los hallazgos, se 

propuso un marco de mejora que enfatiza la utilización estructurada del GPS, la 

interpretación de datos y la gestión informada del entrenamiento. 

Keywords: tecnología GPS, entrenamiento deportivo, rendimiento atlético, carga de 

entrenamiento, estudiantes-atletas universitarios 
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Introduction 

Technology integration has transformed contemporary sports training by enabling 

data-driven monitoring and evaluation of athletic performance. Among the most widely 

adopted tools is the Global Positioning System (GPS), which allows real-time tracking of 

athletes’ movement patterns and external workload during training and competition (Ma, 

2024; Wijaya et al., 2024). Its increasing use reflects the growing emphasis on evidence-

based approaches to athlete development, performance optimization, and injury 

prevention in university sports programs (Midoglu et al., 2024). 

GPS technology enables the quantification of external training load variables such 

as distance covered, high-speed running, accelerations, and decelerations, providing 

objective information to support training prescription, recovery, and competition 

preparation (Lally & Finlay, 2024; Palacio et al., 2024). Although GPS-based monitoring 

is well established in elite sports, its systematic utilization in university sports settings 

remains insufficiently documented (Kanwal et al., 2025; Rajšp et al., 2025). 

Athletic performance is a multidimensional construct influenced by physical 

readiness, technical execution, tactical awareness, and sustained training adaptation 

(Pachaiappan et al., 2025). Training load management has been identified as a key factor 

in optimizing performance and reducing injury risk, with GPS-derived indicators 

providing valuable insight into athletes’ responses to training and competition demands 

(Huang & Tang, 2024; Long et al., 2022; Ferraz et al., 2023). 

Despite extensive international research on GPS technology, empirical studies 

focusing on university student-athletes remain limited, particularly in developing 

countries. In these settings, the effectiveness of GPS technology depends not only on its 

availability but also on how coaches and sports programs interpret and apply performance 

data (Havanecz et al., 2025; McClean et al., 2024; Metsoyan & Poghosyan, 2023). 

Emerging literature further suggests that training load indicators may mediate the 

relationship between technology utilization and athletic performance. Performance 

improvements depend on how GPS-derived data are integrated into training plans and 

aligned with athletes’ physical capacities, yet mediation-based studies in university sports 

contexts remain scarce (Dawson et al., 2024; Teixeira et al., 2021). 

https://doi.org/10.55040/va75tn96


 
 

Original article. GPS technology utilization and athletic performance in university student-athletes 

. Vol. 12, n. º 3; p. 1-23, July 2026. https://doi.org/10.55040/va75tn96  

 

4 

Addressing these gaps, the present study examined GPS technology utilization in 

sports training and its relationship with athletic performance outcomes among university 

student-athletes, with GPS-derived training load indicators tested as a mediating variable. 

The findings aim to contribute empirical evidence to sports science literature and inform 

evidence-based performance monitoring and training management practices in university 

sports programs. 

 

Technology Integration in Sports Training and Performance Monitoring 

Technology integration has reshaped sports training by enabling evidence-based, 

data-driven monitoring and evaluation. Digital tools, wearable sensors, and performance 

analytics allow coaches to plan and adjust training with greater precision than traditional 

observational methods (Metsoyan & Poghosyan, 2023; Lally & Finlay, 2024). 

Performance monitoring technologies objectively quantify physical demands, workload, 

and athlete readiness, supporting informed decisions related to training prescription, 

recovery, and competition preparation (Palacio et al., 2024; Suyudi, 2023). 

However, effective technology integration depends on coaches’ capacity to 

interpret and apply data meaningfully. Access to advanced tools alone does not ensure 

performance improvement, emphasizing the importance of systematic and informed 

utilization within specific training contexts (Lifson et al., 2025; Brewer et al., 2025). 

Although technology adoption is widespread in elite sport, implementation varies across 

university programs due to differences in resources, institutional support, and coaching 

expertise (Ren et al., 2025; Putra & Вера, 2025), highlighting the need for empirical 

investigation in higher education sports settings. 

 

Global Positioning System (GPS) Technology Utilization in Sports 

Global Positioning System (GPS) technology is widely used to monitor athletes’ 

movement patterns and external workload during training and competition. Adapted from 

navigation systems, GPS provides objective, real-time data on distance, velocity, 

accelerations, and decelerations, enabling more accurate assessment of physical demands 

than observational approaches (Wijaya et al., 2024; Schmidt et al., 2023). 
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GPS adoption has expanded across team and field-based sports, with studies 

confirming its validity and reliability for measuring external load in training and 

competition contexts (Ma, 2024; Midoglu et al., 2024). Effective utilization extends 

beyond data collection and involves integrating GPS-derived metrics into training 

decisions, particularly for regulating intensity, workload progression, and athlete 

responses to training stimuli (Rajšp et al., 2025). Nevertheless, implementation varies 

across sports programs due to differences in resources, coaching expertise, and 

organizational support (Zabaloy et al., 2023), especially within university sports 

environments. 

 

GPS-Derived Training Load Indicators in Sports Training 

Training load monitoring is a fundamental component of sports science, providing 

insight into the physical demands imposed on athletes. Training load is commonly 

classified into internal and external components, with external load representing the 

objective physical work performed and quantified using GPS technology (Zanetti et al., 

2022; Macedo et al., 2024; Malone et al., 2021). 

GPS-derived indicators, including total distance, high-speed running, 

accelerations, and decelerations, support assessment of training intensity, volume, and 

movement demands across training and competition (Wijaya et al., 2024). Proper 

management of these indicators is essential for performance optimization and injury 

prevention, as inappropriate workload progression may lead to fatigue, overtraining, and 

increased injury risk (Kanwal et al., 2025; Banković et al., 2024). GPS-based metrics also 

assist in monitoring athlete readiness and recovery, particularly during congested 

schedules (Ferraz et al., 2023; Dawson et al., 2024). However, meaningful application 

requires contextual interpretation based on sport-specific demands, competitive level, and 

individual athlete characteristics (Long et al., 2022). 

 

Athletic Performance Outcomes in Competitive Sports 

Athletic performance is a multidimensional construct encompassing physical, 

technical, and tactical capacities demonstrated in training and competition. Beyond 
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competition results, performance includes indicators of training efficiency, physical 

readiness, and performance consistency (Sansone et al., 2024; Malone et al., 2021). 

Performance outcomes are assessed through both training and competition 

indicators. Training measures reflect physical and task-related improvements, while 

competitive outcomes indicate the transfer of training adaptations to performance settings 

(Metsoyan & Poghosyan, 2023). Physical readiness and match fitness are central 

components influencing performance stability, particularly in sports requiring repeated 

high-intensity actions (Malone et al., 2021; Soriotulla, 2025). In university sports 

contexts, performance evaluation is further complicated by academic demands and 

variable training exposure (Midoglu et al., 2024). 

 

Relationship Between GPS Technology Utilization, Training Load Indicators, and 

Athletic Performance 

Research increasingly examines the relationship among GPS technology 

utilization, training load management, and athletic performance. Systematic GPS use 

provides objective insights into external workload, supporting informed training 

prescription and performance optimization (Metsoyan & Poghosyan, 2023; Ravé et al., 

2020). Positive associations between GPS utilization and performance outcomes have 

been reported, particularly in training efficiency and physical readiness (Midoglu et al., 

2024), although benefits depend on appropriate data interpretation and application 

(Lifson et al., 2025). 

GPS-derived training load indicators are proposed as mechanisms linking 

technology utilization and performance. Effective load management promotes 

performance adaptations and reduces injury risk through balanced workload progression 

and recovery (Kanwal et al., 2025; Wang, 2025; Teixeira et al., 2021; Ferraz et al., 2023). 

However, mixed findings regarding direct associations between load indicators and 

performance suggest that training load may function more effectively as a mediating 

variable rather than a sole predictor (Bridgeman et al., 2021). 

Empirical evidence examining these interrelationships in university sports 

settings remains limited, as most studies focus on elite or professional athletes. Resource 

variability and contextual differences may influence how GPS data are translated into 

https://doi.org/10.55040/va75tn96


 
 

Original article. GPS technology utilization and athletic performance in university student-athletes 

. Vol. 12, n. º 3; p. 1-23, July 2026. https://doi.org/10.55040/va75tn96  

 

7 

performance outcomes. Addressing this gap, the present study examines the relationship 

between GPS technology utilization and athletic performance outcomes, with GPS-

derived training load indicators serving as a mediating variable among university student-

athletes. 

 

Synthesis 

The reviewed literature highlights the growing integration of technology in sports 

training, emphasizing its role in enhancing performance monitoring and supporting 

evidence-based coaching practices. Technological tools have enabled systematic 

assessment of athletes’ physical demands, allowing for more informed training and 

performance management decisions. Among these technologies, Global Positioning 

System (GPS) devices have emerged as reliable tools for quantifying external workload 

and movement patterns in various sports contexts. 

Studies have consistently demonstrated the value of GPS technology in 

monitoring training and competition demands through objective indicators such as 

distance covered, speed, and acceleration. However, the effectiveness of GPS technology 

is largely dependent on the extent to which it is utilized and integrated into training 

processes, rather than on its mere availability. GPS-derived training load indicators play 

a critical role in managing workload progression, optimizing physical readiness, and 

reducing injury risk, thereby supporting sustained athletic performance. 

Athletic performance outcomes are influenced by multiple factors, including 

training efficiency, competition demands, and physical readiness. The literature 

underscores the importance of systematic training load management in achieving 

consistent performance outcomes. While existing research suggests positive associations 

between GPS utilization, training load monitoring, and performance, findings remain 

inconsistent, particularly regarding the direct impact of training load indicators on 

performance outcomes. 

Notably, most empirical studies have focused on elite and professional athletes, 

with limited attention given to university student-athletes, especially within developing 

country contexts. Moreover, few studies have employed mediation models to examine 

how GPS-derived training load indicators influence the relationship between technology 
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utilization and athletic performance. This gap in the literature underscores the need for 

further investigation into the mediating role of training load indicators in university sports 

settings. Addressing this gap, the present study seeks to provide empirical evidence on 

the relationship between GPS technology utilization and athletic performance outcomes, 

with training load indicators serving as a mediating variable among university student-

athletes. 

 

Methods 

Research Design 

The study employed a quantitative, descriptive–correlational design with 

mediation analysis to examine GPS technology utilization in sports training and its 

relationship with athletic performance outcomes among university student-athletes. A 

cross-sectional approach was used, with data collected at a single point in time to describe 

GPS utilization, training load indicators, and performance outcomes and to examine their 

statistical relationships without manipulating study conditions. 

Mediation analysis was conducted to determine whether GPS-derived training 

load indicators mediated the relationship between GPS technology utilization 

(independent variable) and athletic performance outcomes (dependent variable), allowing 

examination of both direct and indirect effects. 

Participants, Sampling Technique, and Sample Size 

Participants were 75 university student-athletes enrolled in a higher education 

institution implementing GPS-based performance monitoring during training and 

competition. A purposive sampling technique was used to include athletes with regular 

training attendance, competition participation, and consistent exposure to GPS 

monitoring. 

The sample included male and female athletes from five sports: men’s basketball 

(n = 15), men’s volleyball (n = 15), women’s volleyball (n = 15), softball (n = 15), and 

baseball (n = 15). The sample size was sufficient for descriptive, correlational, and 

regression-based mediation analyses. 
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Instruments 

Data were collected using researcher-developed questionnaires and GPS-derived 

training load records. The GPS utilization questionnaire measured the extent of GPS use 

in training load monitoring, movement and distance tracking, speed and acceleration 

analysis, and injury risk and recovery monitoring using a Likert-type scale. The 

instrument underwent expert validation and pilot testing, yielding acceptable internal 

consistency. 

GPS-derived training load indicators included objective external workload 

measures such as total distance, movement intensity, speed distribution, and accelerations 

and decelerations recorded during training and competition. Athletic performance 

outcomes were assessed using a structured questionnaire covering training performance, 

competitive performance, and physical readiness and match fitness. This instrument was 

also validated and pilot-tested. 

Data Analysis 

Descriptive statistics (frequency, percentage, mean, and standard deviation) were 

used to summarize respondent profiles, GPS utilization, and athletic performance 

outcomes. Pearson correlation analysis examined the relationship between GPS 

technology utilization and athletic performance outcomes. 

A regression-based mediation analysis tested the direct effect of GPS technology 

utilization on performance outcomes, its effect on training load indicators, and the indirect 

effect through training load indicators. Assumptions of normality and linearity were 

examined prior to inferential analyses. Statistical significance was set at α = 0.05, and all 

analyses were conducted using standard statistical software. 

 

Ethical Statement 

Ethical approval was obtained from the appropriate university authorities. 

Participation was voluntary, and informed consent was secured from all respondents. 

Confidentiality and anonymity were maintained, with no personal identifiers included in 

the data. GPS-derived data were used solely for research and performance monitoring 

purposes, ensuring the protection of participants’ rights and welfare. 
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Results 

This section presents the study findings on GPS technology utilization in sports 

training and its relationship with athletic performance outcomes among university 

student-athletes. Results are organized according to the research questions and include 

respondent profiles, levels of GPS utilization and athletic performance, the relationship 

between GPS utilization and performance outcomes, and the mediating role of GPS-

derived training load indicators. Findings are presented descriptively and statistically, 

with interpretation provided in the Discussion section. 

Profile of the Student-Athletes 

This section presents the profile of the student-athletes who participated in the 

study on the utilization of Global Positioning System (GPS) technology in sports training. 

The respondents were described in terms of age, sex, academic program, type of sport, 

years of athletic participation, and weekly training frequency, providing a general 

overview of their demographic and sport-related characteristics. 

Table 1. Profile of the Student-Athletes (n = 75) 

Profile Variable Category Frequency Percentage 

Age 18–20 years 28 37.33  
21–23 years 39 52.00  
24 years and above 8 10.67 

Sex Male 45 60.00  
Female 30 40.00 

Academic Program Undergraduate 

programs 

75 100.00 

Type of Sport Basketball (Men) 15 20.00  
Volleyball (Men) 15 20.00  
Volleyball (Women) 15 20.00  
Softball 15 20.00  
Baseball 15 20.00 

Years of Athletic 

Participation 

1–3 years 22 29.33 

 
4–6 years 38 50.67  
7 years and above 15 20.00 

Weekly Training Frequency 3–4 sessions 18 24.00  
5–6 sessions 41 54.67  
7 sessions and above 16 21.33 

 

As shown in Table 1, most student-athletes were aged 21–23 years (52.00%), 

followed by those aged 18–20 years (37.33%), reflecting the typical age of university 
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varsity athletes. The sample was predominantly male (60.00%), with 40.00% female, and 

all respondents were enrolled in undergraduate programs. 

Participants were equally distributed across five sports—men’s basketball, men’s 

volleyball, women’s volleyball, softball, and baseball—with 15 athletes (20.00%) per 

sport, ensuring balanced representation. Most respondents reported 4–6 years of athletic 

experience (50.67%) and trained 5–6 times per week (54.67%), indicating substantial 

training exposure appropriate for GPS-based monitoring. 

Overall, the respondent profile reflects active and experienced university student-

athletes suitable for examining GPS utilization, training load indicators, and athletic 

performance outcomes. 

Extent of GPS Technology Utilization in Sports Training 

This section presents the respondents’ assessment of GPS technology utilization 

in sports training and competition. Utilization was evaluated across four dimensions—

training load monitoring, movement and distance tracking, speed and acceleration 

analysis, and injury risk and recovery monitoring—using a four-point Likert scale ranging 

from Low Extent (1.00–1.75) to Very Great Extent (3.26–4.00). 

 

Table 2. Extent of GPS Technology Utilization in Sports Training 

Dimensions Mean 
Verbal 

Interpretation 
Rank 

Training Load Monitoring 3.52 Very Great Extent 1 

Movement and Distance Tracking 3.47 Very Great Extent 2 

Speed and Acceleration Analysis 3.39 Very Great Extent 3 

Injury Risk Indicators and Recovery 

Monitoring 
3.28 Very Great Extent 4 

Composite Mean 3.42 Very Great Extent  

 

As shown in Table 2, GPS technology utilization in sports training obtained a 

composite mean of 3.42, interpreted as Very Great Extent, indicating extensive integration 

into university sports training and competition. 

Among the dimensions, training load monitoring ranked highest (M = 3.52), 

followed by movement and distance tracking (M = 3.47) and speed and acceleration 

analysis (M = 3.39). Injury risk indicators and recovery monitoring ranked lowest (M = 
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3.28) but remained within the Very Great Extent category, suggesting consistent, though 

comparatively less emphasized, application. 

Overall, the results indicate that GPS technology is highly utilized in university 

sports programs, supporting systematic training load management and evidence-based 

performance monitoring. 

Level of Athletic Performance Outcomes 

This section presents the respondents’ assessment of athletic performance 

outcomes among university student-athletes. Performance was evaluated across three 

dimensions—training performance indicators, competitive performance outcomes, and 

physical readiness and match fitness—using a four-point Likert scale ranging from Low 

Level (1.00–1.75) to Very High Level (3.26–4.00). 

Table 3. Level of Athletic Performance Outcome 

Dimensions Mean Verbal Interpretation Rank 

Training Performance Indicators 3.49 Very High Level 1 

Physical Readiness and Match Fitness 3.44 Very High Level 2 

Competitive Performance Outcomes 3.37 Very High Level 3 

Composite Mean 3.43 Very High Level  

 

 As shown in Table 3, athletic performance outcomes obtained a composite mean 

of 3.43, interpreted as a Very High Level, indicating strong performance across training, 

competition, and physical readiness domains. 

Among the dimensions, training performance indicators ranked highest (M = 

3.49), followed by physical readiness and match fitness (M = 3.44). Competitive 

performance outcomes ranked lowest (M = 3.37) but remained within the Very High 

Level category, indicating effective transfer of training gains to competition. 

Overall, the results show that university student-athletes demonstrated a very high 

level of athletic performance, supporting further analysis of its relationship with GPS 

technology utilization and training load indicators. 

Relationship between GPS Technology Utilization and Athletic Performance 

Outcomes 

This section presents the results of the correlation analysis examining the 

relationship between GPS technology utilization and athletic performance outcomes 

among university student-athletes using the Pearson product–moment correlation. 
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Table 4. Relationship between GPS Technology Utilization and Athletic Performance 

Outcomes 

Variables 
r-

value 

p-

value 
Interpretation 

GPS Technology Utilization and Athletic 

Performance Outcomes 
0.68 0.000 

Significant 

Relationship 

 

As shown in Table 4, the correlation analysis revealed a significant positive 

relationship between GPS technology utilization and athletic performance outcomes (r = 

0.68, p < 0.05). This result indicates that higher levels of GPS technology utilization are 

associated with higher levels of athletic performance outcomes among university student-

athletes. 

The positive direction of the correlation suggests that as the extent of GPS 

utilization in sports training increases, improvements in athletic performance outcomes 

are also observed. The obtained correlation coefficient reflects a moderate to strong 

association between the two variables. 

Overall, the findings provide statistical evidence supporting the existence of a 

significant relationship between GPS technology utilization and athletic performance 

outcomes, thereby addressing the fourth research question of the study. 

Mediating Role of GPS-Derived Training Load Indicators 

This section presents the results of the regression-based mediation analysis 

examining whether GPS-derived training load indicators mediate the relationship 

between GPS technology utilization and athletic performance outcomes among university 

student-athletes. 
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Table 5. Mediation Analysis of GPS Technology Utilization, Training Load Indicators, 

and Athletic Performance Outcomes 

Pathway β SE 
t-

value 

p-

value 
Interpretation 

GPS Technology Utilization → 

Training Load Indicators 
0.61 0.09 6.78 0.000 Significant 

Training Load Indicators → Athletic 

Performance Outcomes 
0.19 0.11 1.73 0.087 

Not 

Significant 

GPS Technology Utilization → 

Athletic Performance Outcomes 

(Direct Effect) 

0.57 0.10 5.70 0.000 Significant 

GPS Technology Utilization → 

Athletic Performance Outcomes 

(Indirect Effect via Training Load) 

0.12 — — 0.091 
Not 

Significant 

 

As shown in Table 5, GPS technology utilization significantly predicted training 

load indicators (β = 0.61, p < 0.05), indicating that higher levels of GPS utilization were 

associated with greater monitoring and management of training load. However, training 

load indicators did not significantly predict athletic performance outcomes (β = 0.19, p > 

0.05). 

The direct effect of GPS technology utilization on athletic performance outcomes 

remained significant (β = 0.57, p < 0.05), while the indirect effect through training load 

indicators was not statistically significant (β = 0.12, p > 0.05). These results indicate that 

GPS-derived training load indicators did not significantly mediate the relationship 

between GPS technology utilization and athletic performance outcomes. 

Overall, the findings suggest that while GPS technology utilization has a direct 

influence on athletic performance outcomes, its effect is not transmitted through training 

load indicators in the present sample of university student-athletes. This result addresses 

the fifth research question of the study. 

Discussion 

This study examined GPS technology utilization in sports training and its 

relationship with athletic performance outcomes among university student-athletes, with 

emphasis on the mediating role of GPS-derived training load indicators. The respondent 

profile indicates adequate age, training experience, and regular participation, supporting 

the suitability of the sample for performance monitoring research (Kadhim et al., 2024). 
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Results showed that GPS technology was utilized to a very great extent, 

particularly for training load monitoring, movement and distance tracking, and speed and 

acceleration analysis. This supports previous findings identifying GPS as a key tool for 

quantifying external workload and guiding evidence-based training decisions (Wijaya et 

al., 2024; Metsoyan & Poghosyan, 2023). The lower emphasis on injury risk and recovery 

monitoring suggests the need for further development of preventive applications in 

university sports settings. 

Athletic performance outcomes were rated at a very high level, especially in 

training performance and physical readiness. Consistent with prior research, structured 

training supported by monitoring technologies is associated with improved preparedness 

and performance consistency (Lally & Finlay, 2024; Ren et al., 2025). Competitive 

performance, while still high, may be influenced by technical, tactical, and psychological 

factors beyond physical monitoring alone. 

A significant positive relationship was found between GPS technology utilization 

and athletic performance outcomes, reinforcing the role of GPS as a performance-support 

tool when systematically integrated into training processes (Ma, 2024; Dawson et al., 

2024). However, GPS-derived training load indicators did not significantly mediate this 

relationship. Although GPS utilization predicted training load indicators, these indicators 

did not directly predict performance, suggesting that performance outcomes are shaped 

by multiple interacting factors beyond workload metrics (Zanetti et al., 2022; Sašek et al., 

2024). 

Overall, the findings indicate that GPS technology utilization is directly 

associated with athletic performance outcomes, highlighting the importance of effective 

data interpretation, coaching expertise, and integrated monitoring practices. These results 

support the development of an enhancement framework emphasizing structured GPS 

utilization and evidence-based training management in university sports programs. 

Proposed Enhancement Framework for Optimizing GPS Technology Utilization 

This section presents the proposed enhancement framework developed from the 

study findings on GPS technology utilization and athletic performance outcomes among 

university student-athletes, addressing the sixth research question and grounded in the 

study’s empirical results. 
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Table 6. Proposed Enhancement Framework for Optimizing GPS Technology 

Utilization in Sports Training 

Framework 

Component 
Description 

Role in Performance 

Optimization 

GPS Technology 

Utilization 

Systematic use of GPS technology for 

training load monitoring, movement 

and distance tracking, speed and 

acceleration analysis, and injury risk 

indicators and recovery monitoring. 

Provides objective data 

on athletes’ physical 

demands during training 

and competition. 

Data Processing 

and Interpretation 

Contextual analysis and interpretation 

of GPS-derived data by coaches and 

sports science staff. 

Transforms raw GPS 

data into meaningful 

information for training 

decisions. 

Coaching and 

Training 

Management 

Decisions 

Adjustment of training intensity, 

volume, and session design based on 

interpreted GPS data. 

Supports evidence-

based planning and 

appropriate workload 

management. 

Athlete Readiness 

and Performance 

Feedback 

Continuous monitoring of training 

performance, physical readiness, and 

match fitness. 

Creates a feedback loop 

that informs subsequent 

training modifications. 

Athletic 

Performance 

Outcomes 

Improvements in training efficiency, 

readiness, and competitive 

performance. 

Represents the intended 

outcome of optimized 

GPS technology 

utilization. 

 

As shown in Table 6, the proposed enhancement framework illustrates how GPS 

technology utilization contributes to athletic performance outcomes through a structured 

process. GPS utilization serves as the primary input, generating data on training load, 

movement patterns, and performance-related variables, which require systematic 

interpretation by coaches and sports practitioners. 

Coaching and training management decisions function as the central mechanism 

through which GPS-derived data influence athlete readiness and performance feedback, 

enabling timely adjustments to training programs. This process ultimately supports 

improved athletic performance outcomes, including enhanced training efficiency, 

physical readiness, and competitive performance consistency. 

Overall, the enhancement framework provides an evidence-informed model for 

optimizing GPS technology utilization in university sports programs and directly 
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addresses the sixth research question by guiding systematic integration of GPS data into 

training management practices. 

Limitations of the study 

Despite its strengths, this study has several limitations. First, the cross-sectional 

design limits causal interpretation of the relationships among GPS technology utilization, 

training load indicators, and athletic performance; longitudinal studies are recommended. 

Second, the use of participants from a single higher education institution may limit 

the generalizability of the findings to other contexts and competitive levels. 

Third, although objective GPS-derived indicators were included, the partial 

reliance on self-reported measures may introduce response and recall bias. 

Fourth, the mediation analysis examined training load indicators as the sole 

mediator, excluding other factors such as technical, tactical, psychological, and recovery-

related variables that may influence performance. 

Finally, the sample size (n = 75), while sufficient for the analyses conducted, 

limits sport-specific comparisons. Future studies should include larger and more diverse 

samples. 

Conclusion 

This study examined GPS technology utilization in sports training and its 

relationship with athletic performance outcomes among university student-athletes, with 

emphasis on the mediating role of GPS-derived training load indicators. Using a 

quantitative descriptive–correlational design with mediation analysis, the study provides 

empirical evidence on the role of GPS technology within university sports programs. 

Findings showed that GPS technology was utilized to a very great extent, 

particularly for training load monitoring, movement and distance tracking, and speed and 

acceleration analysis, indicating its integral role in training management. Athletic 

performance outcomes were rated at a very high level, especially in training performance 

and physical readiness, suggesting that structured training supported by monitoring 

technologies contributes to positive performance outcomes. 

A significant positive relationship was established between GPS technology 

utilization and athletic performance, confirming that systematic GPS integration supports 

performance enhancement through objective feedback and informed training decisions. 
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However, GPS-derived training load indicators did not significantly mediate this 

relationship, indicating that performance improvements are influenced by broader 

training management and coaching processes rather than training load metrics alone. 

Based on these results, an enhancement framework was proposed to guide 

evidence-based GPS utilization in university sports programs. The framework 

emphasizes structured data use, informed interpretation, and integrated coaching 

decisions to support athlete readiness and performance. 

Overall, GPS technology is a valuable resource for enhancing sports training and 

athletic performance in university settings. Its effectiveness depends not only on data 

collection but on the systematic interpretation and application of GPS data within a 

holistic training and performance monitoring framework. 

 

References 

Banković, V., Živković, A., & Trunić, N. (2024). Enhancing Athletic Performance 

Through Wearable Technology Integration in Volleyball: A Pilot Study. 

https://doi.org/10.15308/sinteza-2024-358-363  

Batucan, H.J., Panganiban, T.D., Salaguste, K.M.C., Gabunilas, J.M.C., Manimtim, 

R.M., Cumal, J.I.V., … Lobo, J. (2025). The crucial role of perceived control in 

adolescent athletes’ success: A commitment study in the Philippines. Sportis. 

Scientific Journal of School Sport, Physical Education and Psychomotricity , 11 (2), 

1–32. https://doi.org/10.17979/sportis.2025.11.2.11656 

Batucan, H.J.S.; Panganiban, T.D.; Rojales, F.H.; Hanief, Y.N.; Gabunilas, J.M.C.M.; 

Dela  Cruz,  L.A.;  Prevandos,  F.G.;  Bernales,  J.J.C.;  Punzalan,  K.D.;  Atienza,  

J.B.; Tanglao, R.S.; Lalog, R.C.N. (2025). Mediating role of sports emotions in 

implicit beliefs and   mental   toughness   among   athletes. Sportis   Sci   J,   11   (3),   

1-22 https://doi.org/10.17979/sportis.2025.11.3.11863  

Brewer, M., Childs, K., Wilkins, C., Smith, Z., Thomas, S. W., Boyer, K. E., Nichols, J. 

A., Beatty, G. F., & Ferris, D. P. (2025). A qualitative examination of the evolving 

role of sports technology in collegiate coaching. Frontiers in Sports and Active 

Living, 7. https://doi.org/10.3389/fspor.2025.1644099  

https://doi.org/10.55040/va75tn96
https://doi.org/10.15308/sinteza-2024-358-363
https://doi.org/10.17979/sportis.2025.11.2.11656
https://doi.org/10.17979/sportis.2025.11.3.11863
https://doi.org/10.3389/fspor.2025.1644099


 
 

Original article. GPS technology utilization and athletic performance in university student-athletes 

. Vol. 12, n. º 3; p. 1-23, July 2026. https://doi.org/10.55040/va75tn96  

 

19 

Bridgeman, L. A., Gill, N., & Gill, N. (2021). The Use of Global Positioning and 

Accelerometer Systems in Age-Grade and Senior Rugby Union: A Systematic 

Review. Sports Medicine - Open, 7(1), 15. https://doi.org/10.1186/S40798-021-

00305-X  

Dawson, L., McErlain-Naylor, S. A., Devereux, G., & Beato, M. (2024). Practitioner 

Usage, Applications, and Understanding of Wearable GPS and Accelerometer 

Technology in Team Sports. Journal of Strength and Conditioning Research. 

https://doi.org/10.1519/jsc.0000000000004781  

Ferraz, A., Duarte-Mendes, P., Sarmento, H., Valente-Dos-Santos, J., & Travassos, B. 

(2023). Tracking devices and physical performance analysis in team sports: a 

comprehensive framework for research—trends and future directions. Frontiers in 

Sports and Active Living. https://doi.org/10.3389/fspor.2023.1284086  

Havanecz, K., Tóth, P. J., Kopper, B., Bartha, C., Sáfár, S., Fridvalszki, M., & Géczi, G. 

(2025). Relationship Between GPS-Derived Variables and Subjective 

Questionnaires Among Elite Youth Soccer Players. Sports, 13(8), 246. 

https://doi.org/10.3390/sports13080246  

Huang, M., & Tang, Y. (2024). Tech‐driven excellence: A quantitative analysis of 

cutting‐edge technology impact on professional sports training. Journal of Computer 

Assisted Learning, 41(1). https://doi.org/10.1111/jcal.13082  

Kadhim, H. K., Hussain, M., & Fathi, M. A. (2024). The Effect of Competitive Exercises 

Using Physical Performance Tracking Technology (GPS Playertek Plus and Polar 

H9) on Developing Speed in Iraqi Premier League Football Players. الرياضية التربية , 

36(4), 961–979. https://doi.org/10.37359/jope.v36(4)2024.2225  

Kanwal, S., Ahsan, M., Khan, R. N., & Khan, A. (2025). Load Management and Injury 

Prevention in Elite Athletes: A Narrative Review. Premier Journal of Science. 

https://doi.org/10.70389/pjs.100088  

Lally, R., & Finlay, M. (2024). Analysis of external load in professional English Football 

League Two players. Graduate Journal of Sports Science, Coaching, Management, 

& Rehabilitation, 1(3), 79. https://doi.org/10.19164/gjsscmr.v1i3.1566  

Lifson, R. M. M., Smith, X., Rimer, E., & Stamatis, A. (2025). GPS External Load Metric 

Data and Game Performance in NCAA Division I Women’s Lacrosse Athletes: A 

https://doi.org/10.55040/va75tn96
https://doi.org/10.1186/S40798-021-00305-X
https://doi.org/10.1186/S40798-021-00305-X
https://doi.org/10.1519/jsc.0000000000004781
https://doi.org/10.3389/fspor.2023.1284086
https://doi.org/10.3390/sports13080246
https://doi.org/10.1111/jcal.13082
https://doi.org/10.37359/jope.v36(4)2024.2225
https://doi.org/10.70389/pjs.100088
https://doi.org/10.19164/gjsscmr.v1i3.1566


 
 

Original article. GPS technology utilization and athletic performance in university student-athletes 

. Vol. 12, n. º 3; p. 1-23, July 2026. https://doi.org/10.55040/va75tn96  

 

20 

Longitudinal Study. International Journal of Exercise Science, 18(8), 130–146. 

https://doi.org/10.70252/cuve9138  

Long, G. M., Herrington, R. T., Fox, K. B., Mumaugh, J. E., & Joyce, S. M. (2022). GPS-

derived External Workloads Vary By Position And Match Result In Professional 

Soccer Players. Medicine and Science in Sports and Exercise, 54(9S), 551. 

https://doi.org/10.1249/01.mss.0000882004.48613.8f  

Longakit, J. C., Lobo, J., Panganiban, T. D., Sinag, J. M. D., Celestial, E. F., & Ballera, 

J. D. (2025). Hope and grit: The driving forces behind student-athletes’ motivation 

in sports and academics. International Journal of Evaluation and Research in 

Education (IJERE), 14(4). https://doi.org/10.11591/ijere.v14i4.32916 

Ma, S. (2024). Integrating sports education with data analysis and computer technology: 

A new paradigm for enhanced athletic performance. Applied and Computational 

Engineering, 57(1), 178–183. https://doi.org/10.54254/2755-2721/57/20241330 

Macedo, A. G., Almeida, T. A. F., Massini, D. A., de Oliveira, D. M., Espada, M., Robalo, 

R. A. M., Hernández-Beltrán, V., Gamonales, J. M., Silva, A. M., & Pessôa Filho, 

D. M. (2024). Load Monitoring Methods for Controlling Training Effectiveness on 

Physical Conditioning and Planning Involvement: A Narrative Review. Applied 

Sciences, 14(22), 10465. https://doi.org/10.3390/app142210465  

Malone, S., Collins, K., McRobert, A. P., & Doran, D. A. (2021). Quantifying the 

Training and Match-Play External and Internal Load of Elite Gaelic Football 

Players. Applied Sciences, 11(4), 1756. https://doi.org/10.3390/APP11041756  

McClean, Z. J., Pasanen, K., Lun, V., Charest, J., Herzog, W., Werthner, P., Black, A., 

Vander Vleuten, R., Lacoste, E., & Jordan, M. J. (2024). A Biopsychosocial Model 

for Understanding Training Load, Fatigue, and Musculoskeletal Sport Injury in 

University Athletes: A Scoping Review. Journal of Strength and Conditioning 

Research, 38(6), 1177–1188. https://doi.org/10.1519/jsc.0000000000004789  

Metsoyan, L. A., & Poghosyan, M. S. (2023). Global experience of gps system 

application efficiency in football. Gitut’yuně Sportum. Ardi Himnakhndirner. 

https://doi.org/10.53068/25792997-2023.3.10-153  

Midoglu, C., Winther, A. K., Boeker, M., Pettersen, S. D., Pedersen, S., Ragab, N., 

Kupka, T., Hicks, S. A., Randers, M. B., Jain, R., Johansen, D., Pettersen, S. A., 

https://doi.org/10.55040/va75tn96
https://doi.org/10.70252/cuve9138
https://doi.org/10.1249/01.mss.0000882004.48613.8f
https://doi.org/10.11591/ijere.v14i4.32916
https://doi.org/10.54254/2755-2721/57/20241330
https://doi.org/10.3390/app142210465
https://doi.org/10.3390/APP11041756
https://doi.org/10.1519/jsc.0000000000004789
https://doi.org/10.53068/25792997-2023.3.10-153


 
 

Original article. GPS technology utilization and athletic performance in university student-athletes 

. Vol. 12, n. º 3; p. 1-23, July 2026. https://doi.org/10.55040/va75tn96  

 

21 

Johansen, D., Riegler, M. A., & Halvorsen, P. (2024). A large-scale multivariate 

soccer athlete health, performance, and position monitoring dataset. Scientific Data, 

11(1). https://doi.org/10.1038/s41597-024-03386-x  

Pachaiappan, R. S. P., Veeraswamy, V. B., Mahalingam, K., Gurusamy, G., & Parthiban, 

B. (2025). Mental toughness and athletic performance: a narrative review. Journal 

of Basic and Clinical Physiology and Pharmacology. https://doi.org/10.1515/jbcpp-

2025-0091  

Palacio, E. S., Barroso, J. R., Sánchez, A. B., & Baeza, D. F. (2024). Physical training 

and external load management for young athletes. 

https://doi.org/10.47197/retos.v56.104697  

Panganıban, T. (2024). SPIKES: Skills and Performance Inventory as Kinesiological 

Assessment for Empowerment of Sepaktakraw Athletes. International Journal of 

Disabilities Sports and Health Sciences, 7(4), 765-774. 

https://doi.org/10.33438/ijdshs.1458988 

Panganiban, T. D., & Nabor, S. G. (2026). Determinants of athlete motivation and 

engagement in collegiate team sports: Toward a sports development framework. 

Physical Education and Sports: Studies and Research, 5(1), 147–159. 

https://doi.org/10.56003/pessr.v5i1.718 

Panganiban, T.D.C.(2025). Thermal Stress and Athletic Performance: Lived Experiences 

of  Student-Athletes  in  a  TropicalClimate.Sportis  Sci  J,  11  (3),  1-24 

https://doi.org/10.17979/sportis.2025.11.3.11544  

Putra, D. F., & Вера. (2025). The Effectiveness of GPS Trackers in Mapping Futsal 

Athletes’ Movement Patterns as a Muscle Injury Prevention Strategy. International 

Journal of Health, Medicine and Sports, 3(3), 92–96. 

https://doi.org/10.46336/ijhms.v3i3.241  

Rajšp, A., Rek, P., Kokol, P., & Fister, I. (2025). The Role of Intelligent Data Analysis 

in Selected Endurance Sports: A Systematic Literature Review. Applied Sciences, 

15(18), 10158. https://doi.org/10.3390/app151810158  

Ravé, G., Granacher, U., Boullosa, D., Hackney, A. C., & Zouhal, H. (2020). How to Use 

Global Positioning Systems (GPS) Data to Monitor Training Load in the “Real 

https://doi.org/10.55040/va75tn96
https://doi.org/10.1038/s41597-024-03386-x
https://doi.org/10.1515/jbcpp-2025-0091
https://doi.org/10.1515/jbcpp-2025-0091
https://doi.org/10.47197/retos.v56.104697
https://doi.org/10.33438/ijdshs.1458988
https://doi.org/10.56003/pessr.v5i1.718
https://doi.org/10.17979/sportis.2025.11.3.11544
https://doi.org/10.46336/ijhms.v3i3.241
https://doi.org/10.3390/app151810158


 
 

Original article. GPS technology utilization and athletic performance in university student-athletes 

. Vol. 12, n. º 3; p. 1-23, July 2026. https://doi.org/10.55040/va75tn96  

 

22 

World” of Elite Soccer. Frontiers in Physiology, 11, 944. 

https://doi.org/10.3389/FPHYS.2020.00944  

Ren, X., Boisbluche, S., Philippe, K., Demy, M., Äyrämö, S., Rautiainen, I., Ding, S., & 

Prioux, J. (2025). Machine Learning in Rugby Union: Predicting and Identifying 

Key Performance Indicators for Professional Rugby Union Players in Match Play 

Based Workload. European Journal of Sport Science, 25(9). 

https://doi.org/10.1002/ejsc.70042  

Sansone, P., Rago, V., & Gómez, M. (2024). Editorial: Multidisciplinary perspectives on 

team sports: contextualizing training and competition demands. Frontiers in 

Psychology, 15. https://doi.org/10.3389/fpsyg.2024.1505156  

Sašek, M., Miras‐Moreno, S., García‐Ramos, A., Cvjetičanin, O., Šarabon, N., Kavčič, 

I., & Smajla, D. (2024). The Concurrent Validity and Reliability of a Global 

Positioning System for Measuring Maximum Sprinting Speed and Split Times of 

Linear and Curvilinear Sprint Tests. Applied Sciences, 14(14), 6116. 

https://doi.org/10.3390/app14146116  

Schmidt, M., Nolte, K., Kolodziej, M., Ulbricht, A., & Jaitner, T. (2023). Accuracy of 

Three Global Positioning Systems for Determining Speed and Distance Parameters 

in Professional Soccer (pp. 174–177). Springer Nature. https://doi.org/10.1007/978-

3-031-31772-9_36  

Soriotulla, Sk. (2025). Exploring the ict in enhancing performance, and sustainability in 

sports: a comprehensive review study. International Journal of Scientific Research, 

58–60. https://doi.org/10.36106/ijsr/3737793  

Suyudi, I. (2023). The Digital Revolution in Sports: Analyzing the Impact of Information 

Technology on Athlete Training and Management. Golden Ratio Of Mapping Idea 

And Literature Format. https://doi.org/10.52970/grmilf.v3i2.343  

Teixeira, J. E., Forte, P., Ferraz, R., Leal, M. C., Ribeiro, J., Silva, A. J., Barbosa, T. M., 

& Monteiro, A. M. (2021). Quantifying Sub-Elite Youth Football Weekly Training 

Load and Recovery Variation. Applied Sciences, 11(11), 4871. 

https://doi.org/10.3390/APP11114871  

https://doi.org/10.55040/va75tn96
https://doi.org/10.3389/FPHYS.2020.00944
https://doi.org/10.1002/ejsc.70042
https://doi.org/10.3389/fpsyg.2024.1505156
https://doi.org/10.3390/app14146116
https://doi.org/10.1007/978-3-031-31772-9_36
https://doi.org/10.1007/978-3-031-31772-9_36
https://doi.org/10.36106/ijsr/3737793
https://doi.org/10.52970/grmilf.v3i2.343
https://doi.org/10.3390/APP11114871


 
 

Original article. GPS technology utilization and athletic performance in university student-athletes 

. Vol. 12, n. º 3; p. 1-23, July 2026. https://doi.org/10.55040/va75tn96  

 

23 

Wang, X. (2025). Analysis of the Use of Technology in Modern Sports. Lecture Notes in 

Education Psychology and Public Media, 106(1), 192–196. 

https://doi.org/10.54254/2753-7048/2025.cb25975  

Wijaya, A., Al Ardha, M. A., Nurhasan, N., Yang, C. B., Lin, R. H., & Putro, A. B. 

(2024). Exploring the research trend and development of sports science technology 

in the last 4 decades: systematic review. Retos: Nuevas Tendencias En Educación 

Física, Deportes y Recreación, 61, 655–667. 

https://doi.org/10.47197/retos.v61.109306 

Zabaloy, S., Freitas, T. T., Alcaraz, P. E., White, R., Collins, N., Ramírez-López, C., 

Pereira, L. A., & Loturco, I. (2023). The Use of Global Positioning Systems Devices 

to Measure Maximum Velocity in Field-Based Team Sport Athletes: A Narrative 

Review. https://doi.org/10.1519/ssc.0000000000000818  

Zanetti, V., Aoki, M. S., Bradley, P. S., & Moreira, A. (2022). External and Internal 

Training Loads for Intensive and Extensive Tactical-Conditioning in Soccer Small 

Sided Games. Journal of Human Kinetics, 83, 165–173. 

https://doi.org/10.2478/hukin-2022-0083 

Школа, О., Makotchenko, O., Peleshenko, I., & Sychov, D. (2025). Increasing the 

efficiency of the training process of athletes using fitness technologies. Naukovij 

Časopis Nacìonalʹnogo Pedagogìčnogo Unìversitetu Ìmenì M.P. Dragomanova 

 

https://doi.org/10.55040/va75tn96
https://doi.org/10.54254/2753-7048/2025.cb25975
https://doi.org/10.47197/retos.v61.109306
https://doi.org/10.1519/ssc.0000000000000818
https://doi.org/10.2478/hukin-2022-0083

