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Abstract 

Background/Objectives: Soccer is a team sport that places significant physical demands on players. 

Players cover greater distances at higher speeds, and the number of high-intensity movements is 

increasing. The present study analyzed the locomotor and mechanical variables of Hungarian second 

division professional soccer players over three seasons (2022/23, 2023/24, 2024/25), using Catapult 

Vector S7 and processing data from 94 matches. Methods: We included 94 matches in the study 

(2022/23: N=38; 2023/24: N=29; 2024/25: N=27), in which only the data of players who played the entire 

matches were analyzed, excluding red card matches. Performance data was collected using Catapult 

Vector S7 10 Hz GNNS system. Results: The median average distance covered decreased 

continuously from the 2022/23 season (10.210 m) to the 2024/25 season (9.795 m) (H (2) = 14.14, 

p<0.001, Rank ε² = 0.152, medium effect size). The median Player Load decreased from 1002 (2022/23 

and 2023/24) to 846 in the 2024/25 season (H (2) = 55.64, p<0.001, Rank ε² = 0589, very large effect size). 

The median acceleration-deceleration effort (Accel + Decel) decreased from 220.8 (2022/23) to 199.0 

(2024/25) (H (2) = 26.81, p<0.001, Rank ε² = 0.288, effect size). Conclusion: There was a significant 

seasonal decrease in match load variables. The most pronounced decrease occurred in the mechanical 

indicator. These results may provide useful insights into the physical demands of matches. 

Keywords: Catapult Vector S7; second division; acceleration; deceleration; player load 

 

1. Introduction 

Performance optimization in modern soccer increasingly relies on advanced technologies such 

as GPS (Global Positioning System) systems, which enable accurate monitoring of players physical 

exertion Total Load, which presents the calculated global performance indicator based on 

accelerometer data, is a key tool in sports science for injury prevention, training periodization, and 

performance analysis [1]. GPS technology plays a key role in the performance analysis of team sports 

in measuring the physical demands on players, but the lack of standardization of speed zones limits 

comparisons between different sports, highlighting the need for future research in this area. This 

recognition could form the basis for the development of training programs, especially in soccer codes, 

where the most data is available [2]. A study showed that 10 Hz Catapult GPS devices are better at 

measuring the movement requirements of team sports than 1 Hz and 5 Hz devices. However, this 

result was not as clear for 15 Hz (GPSports) GPS devices, although these devices also proved to be 

suitable for measuring certain movement requirements [3]. 10 Hz GPS devices were more reliable in 

measuring instantaneous speed than 5 Hz devices, newer GPS devices may be acceptable for 

measuring constant speed, acceleration, and deceleration [4]. The Catapult Vector S7 system, as a 

high-frequency (10Hz) GNNS and inertial sensor analysis tool, has proven to be a reliable and valid 
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tool for measuring total distance and improving athlete performance [5]. Acceleration and 

deceleration data can be correlated with increased muscle pain and decreased neuromuscular 

performance in athletes participating in team sports [6]. The Vector S7 was often used to analyze the 

load on young elite players, for example, the internal and external load on young elite soccer players 

was examined during Small-Side games, where the Player Load (PL) indicator showed a significant 

correlation with game intensity, highlighting the accuracy of the system in dynamic movements [7]. 

A study examining professional men’s field hockey matches that players’ Player Load per minute 

workload can be used to identify differences in peak mechanical demands between forward and 

midfielder [8]. Young soccer players’ workload and recovery indicators were monitored, where the 

total distance covered as measured by the Vector S7 and the distance covered at speeds above 20 

km/h helped identify the cumulative effects of fatigue, suggesting the integration of web-based 

applications into everyday training management [9]. In a similar study, the perceived exertion of 

college male soccer players was compared to the Catapult Vector S7 PL variable, which showed that 

increasing PL values increase perceived exertion, suggesting that PL may be an objective complement 

to subjective measures [10]. PL is often used in soccer to monitor workload, as it incorporates 

accelerations, decelerations, collisions, and changes of direction, and increases in PL are associated 

with fatigue, muscle damage, and injury risk [11]. The physical parameters of elite Hungarian U17 

soccer players were analyzed, emphasizing that GPS data can be used to optimize training loads, 

preventing under- and overtraining [12]. In another study, data showed that avoiding high weekly 

loads during microcycles would increase the distance covered by soccer players during matches, 

furthermore, appropriate distribution of weekly loads could optimize the subsequent performance 

of soccer players [13]. Another study compared the external load of English League 2 soccer players 

during training and matches in periods of high load, where, based on Vector S7 data, coaches 

gradually reduced the load of training sessions towards match day (tapering strategy), with MD-4 

having the highest load, while MD-2 and MD-1 had the lowest load [14]. Another study analyzed 

non-contact injuries in elite soccer, where GPS and video-based data were combined to help identify 

risks during high-speed running, showing that, based on GPS data, injuries often occur during 

acceleration and deceleration [15]. The GPS variables of NCAA football players were examined, 

revealing a correlation between workload and player performance [16]. Global positioning system 

(GPS) are widely used to monitor training load, but costs and the wide variety of systems make 

longitudinal comparisons difficult [17]. An elite team was monitored with GPS throughout an entire 

season, during which there were minimal changes, suggesting that the training load pattern of elite 

teams is relatively consistent, without drastic fluctuations [18]. The training load of an elite soccer 

team was examined throughout an entire season, and it was found that there was minimal variation 

in the weekly microcycles during the preseason, but greater variations were observed during the 

season: players covered greater distances at the beginning of the competitive season, while heart rate 

response was highest in the middle of the season [19]. The distribution of training load affects the 

match results, for example, lighter load on MD-1 (shorter but more intense training) can lead to 

victory, while longer training can lead to draw or defeat [20]. In matches that won, the overall running 

performance is similar, but there is less running in the attacking phase and more in the defensive 

phase, which supports the idea that more successful play is based on maintaining possession and 

quick recovery. Furthermore, the study emphasizes that elite soccer is characterized not primarily by 

greater total running performance, but by efficiency in the defensive phase, which represents a 

strategic advantage [21]. In summary, we can see that in professional soccer, understanding match 

demands is key to optimizing performance, preventing injuries, and tailoring training programs. GPS 

technology has revolutionized this with objective data such as locomotor indicators (e.g., 

accelerations, decelerations). However, most research focuses on elite leagues, leaving gaps in lower 

divisions such as the Hungarian second division. Our study fills this gap by examining trends over 

three consecutive seasons (2022/23, 2023/24, 2024/25), using Catapult Vector S7, processing data from 

94 matches. The aim of the research is to explore seasonal changes, contributing to sports science 

literature. 
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2. Results 

When analyzing data, we examined the differences between three seasons (2022/23, 2023/24, and 

2024/25) in terms of the following variables: Average Distance (m), Average Player Load, and total 

number of acceleration and deceleration (Accel + Decel). The descriptive statistics are summarized in 

(Table 1). 

Table 1. The descriptive statistics. 

 Average Distance (m) Average Player Load Accel + Decel Efforts 
 22/23 23/24 24/25 22/23 23/24 24/25 22/23 23/24 24/25 

N 38 29 27 38 29 27 38 29 27 

Median 10210.00 10100.00 9795.00 1002.00 1002.00 846.60 220.80 201.60 196.00 

Mean 10220.00 10070.00 9833.00 1000.00 1002.00 842.20 223.10 206.50 195.20 

Std. 

Deviation 
353.30 400.70 378.10 46.10 48.01 47.25 16.83 16.04 21.66 

IQR 540.50 269.90 533.50 60.02 66.40 91.61 22.81 21.53 25.50 

The median Average Distance (m) in the 2022/23 season is 10.210.00 m (mean = 10.200.00 m, SD 

= 353.30, IQR = 540.50), in the 2023/24 season it will be 10.010.00 m (mean = 10.002.00 m, SD = 400.70, 

IQR = 269.90), and 9795.00 m (mean = 9833.00 m, SD = 378.10, IQR = 533.50) in the 2024/25 season. The 

median Average Player Load indicator was 1002.00 in the 2022/23 season (mean = 1000.00, SD = 46.10, 

IQR = 60.02), in the 2023/24 season also 1002.00 (mean = 1002.00, SD = 480.01, IQR = 66.40), and 846.60 

(mean = 842.20, SD = 47.25, IQR = 91.61) in the 2024/25 season. The median Accel + Decel Effort in the 

2022/23 season was 220.80 (mean = 223.10, SD = 16.83, IQR = 22.81), in the 2023/24 season 201.60 (mean 

= 206.50, SD = 16.04, IQR = 21.53), and 196.00 (mean = 195.20, SD = 21.66, IQR = 25.50) in the 2024/25 

season (Table 1). 

Table 2. Kruskal-Wallis H test. 

Kruskal-Wallis H test 95% CI for Rank ε² 

Variables H Statistic df p value Rank ε² Lower Upper 

Average Distance (m)  14.14  2  <.001  0.152  0.041  0.351  

Average Player Load  55.64  2  <.001  0.598  0.570  0.641  

Accel + Decel (db)  26.81  2  <.001  0.288  0.141  0.503  

p <0.001***, r = –0.528. 

Kruskal-Wallis H tests showed significant differences between seasons for all three variables 

(Table 2). For Average Distance (m), the test statistic H (2) was 14.14 (df = 2, p <0.001), and the rank-

based effect sizes were Rank ε² = 0.152 (95% CI: 0.041–0.351). For the Average Player Load, the test 

statistic H (2) was 55.64 (df = 2, p <0.001), Rank ε² = 0.598 (95% CI: 0.570–0.641). For Accel + Decel 

Efforts, the test statistic H (2) was 26.81 (df = 2, p <0.001), Rank ε² = 0.288 (95% CI: 0.141–0.503). 
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Figure 1. The raincloud plots illustrate seasonal trends in soccer player performance metrics across the 2022/23, 

2023/24, and 2024/25 seasons. Data points represent individual match values, colored by season (green for 

2022/23, orange for 2023/24, purple for 2024/25). Raincloud plots depict density distributions, box plots show 

medians and interquartile ranges, and shaded trend lines indicate overall patterns. Analyses were conducted 

using JASP software, with p-values derived from Dunn’s post hoc test, and the rank-biserial correlations (r) 

based on individual Mann-Whitney U tests. (a) Average distance covered per match (in meters), showing a 

moderate negative trend. (b) Average Player Load per match, exhibiting a strong negative trend. (c) Accel + 

Decel Effort per match, displaying a notable negative trend. 

Dunn's post hoc comparisons revealed further details about the differences between pairs. There 

was a significant difference in Average Distance (m) between the 2022/23 and 2024/25 seasons (Z = 

3.747, p <0.001, r = –0.528), while the other comparisons were not significant (2022/23 vs. 2023/24: Z = 

1.296, p = 0.585, r = –0.203; 2023/24 vs. 2024/25: Z = 2.332, p = 0.059, r = –0.387) (Figure 1). A significant 

decrease in the Average Player Load indicator was observed between the 2022/23 and 2024/25 (Z = 

6.702, p < 0.001, r = –0.984) and between the 2023/24 and 2024/25 seasons (Z = 6.422, p < 0.001, r = –

0.990), but not between 2022/23 and 2023/24 (Z = –0.124, p = 1.000, r = 0.023) (Figure 1). There were 

significant differences in Accel + Decel efforts between 2022/23 and 2023/24 (Z = 3.320, p < 0.01, r = –

0.510) and between the 2022/23 and 2024/25 seasons (Z = 5.006, p < 0.001, r = –0.694), while there were 

no significant differences between 2023/24 and 2024/25 (Z = 1.651, p = 0.296, r = –0.305) (Figure 1). 

3. Discussion 

Based on the results, a clear downward trend can be observed in the physical performance 

indicators of soccer players during the three seasons examined. We found a moderate difference in 

the Average Distance, with a wide CI, indicating uncertainty in the exact size. The Average Player 

Load indicator shows a strong difference and a narrow CI, indicating a stable effect size, and this 
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indicator shows the greatest seasonal change. There is a large effect on the number of Accel + Decel 

Efforts, but a wide CI, indicating greater variability in the effect estimate. All variables showed a 

significant decline, especially compared to the 2022/23 season. This trend is consistent with the 

phenomenon of cumulative fatigue observed in the team sports, where the output performance of 

players decreases as a result of consecutive matches and training sessions [22]. The largest decline in 

the Average Player Load indicator was observed for the 2024/25 season. The medium-to-large effect 

sizes of the Kruskal-Wallis tests (e.g., Rank ε² = 0.598 for the Average Player Load performance 

indicator) confirm that these differences are not only statistically significant but also have practical 

significance. Dunn’s post hoc analyses show that between the 2022/23 and 2023/24 seasons, there was 

a significant decrease primarily in Accel + Decel Efforts (Z = 3.320, p ≤ 0.001), while comparisons 

covering the 2024/25 season showed a strong negative correlation in all three indicators (r = -0.528 to 

– 0.990). These results suggest that the physical load on players decreased during the most recent 

season. Similar seasonal variations have been observed in other studies of soccer players’ loads. For 

example, a study of professional male soccer players examined seasonal changes in internal and 

external workload indicators and found that workload intensity may depend on the cycles of the 

season, including preparation, competition, and recovery periods [23]. A multi-season study also 

observed that load periodization affects neuromuscular readiness in elite soccer players, supporting 

the idea that reduced load is not necessarily negative, but can be an adaptive response to load 

management [24]. Furthermore, this is similar to what is described in sport science literature, where 

player load indicators often show seasonal fluctuations based on positions and match types [25]. 

These findings have practical implications for coaches, as monitoring match load can help optimize 

training load, reducing the risk of injury while maintaining performance. 

4. Materials and Methods 

4.1 Participants 

Ninety-four matches were included in the analysis (2022/23: N = 38; 2023/24: N = 29; 2024/25: N 

= 27), involving professional soccer players who completed the full duration of each match. Matches 

involving red cards were excluded to ensure consistency in playing time and avoid bias from reduced 

player numbers. Only data from players who participated in the entire match were analyzed. In the 

study, we only compared the averages of the matches to avoid overlapping between players across 

seasons. Participants were N= 33 male professional soccer players (mean age: [24.68] ± 4.17 years; 

mean height: [183.21] ± 7.19 cm; mean body mass: [78.99] ± 8.12 kg). All procedures were approved 

by the [Institutional Ethics Committee name and approval number], and the study was conducted in 

accordance with the Declaration of Helsinki. Informed consent was obtained from all participants 

prior to data collection. 

4.2 Procedures and Data Collection 

Performance data were collected using the Catapult Vector S7 global navigation satellite system 

(GNSS) device (Catapult Sports, Melbourne, Australia), operating at a sampling rate of 10 Hz. 

Devices were worn in a custom vest positioned between the scapulae during official matches. The 

key performance variables analyzed were: Average Distance (m): Total distance traveled per player, 

averaged across matches. Average Player Load™: A proprietary metric from Catapult representing 

the cumulative load from accelerations in three planes (anterior-posterior, medial-lateral, and 

vertical), calculated as the square root of the sum of squared instantaneous rates of change in 

acceleration divided by 100 [26]. Total Average Accel + Decel Efforts: The summed number of events 

exceeding >2 m/s² in magnitude for both accelerations and decelerations. Data was downloaded and 

processed using the manufacturer’s software (OpenField, Catapult Sports) immediately post-match 

to ensure data integrity. 
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4.3 Statistical Analysis 

Data normality was assessed using the Shapiro-Wilk test, which indicated non-normal 

distribution for all variables (p < 0.05). Homogeneity of variances was evaluated with Levene’s test, 

and assumptions were met (p > 0.05). Due to the non-normal distribution, non-parametric Kruskal-

Wallis H tests were employed to compare performance variables across seasons. Post-hoc pairwise 

comparisons were conducted using Dunn’s test with Bonferroni correction for post-hoc comparisons. 

Effect sizes were calculated as rank epsilon squared (ε²) for the Kruskal-Wallis H test and rank-

biserial correlation (r) based on individual Mann-Whitney U tests. The effect sizes were interpreted 

based on Cohen’s guidelines, adapted for non-parametric tests: for ε² (similar to η²), small (0.01–

0.059), medium (0.06–0.139), and large (≥0.14); for rank-biserial r, small (|0.10|–|0.29|), medium 

(|0.30|–|0.49|), and large (≥|0.50|). Statistical significance was set at p < 0.05. All analyses were 

performed using JASP software JASP Team (2025). JASP (Version 0.95.3) [Computer software]. 

5. Conclusions 

In summary, the study showed that there was a significant seasonal decrease in match load 

variables. The most significant decrease was in the Average Player Load indicator, suggesting that 

seasonal changes can affect the physical load on players, which is important for performance 

optimization, injury prevention, and effectiveness. GPS-based monitoring, such as Catapult Vector 

S7, has proven to be a valuable tool for tracking workload. Future research should investigate the 

reasons for the decrease (e.g., technical, tactical data, playing style) and the long-term effects on 

performance to better support sports science practice. 

6. Limitation 

The study has several limitations, as the sample is relatively small and we only examined 94 

matches, which, although representative of the Hungarian second division, does not reflect the higher 

divisions or international level. Furthermore, we did not control other variables like weather, pitch 

conditions, opponent strength, or individual player factors (e.g., age, position, injury history) that 

may influence Average Player Load. The data for the 2024/25 season is incomplete, which may distort 

the results. Finally, the statistical analysis was non-parametric, which is robust but does not provide 

information on the magnitude of changes in absolute terms, so it would be worthwhile to use 

longitudinal models on a larger sample in future studies. 
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