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ABSTRACT  

An Examination of the Physical and Technical Demands of the Competitive Season for NCAA 

Division I Male Soccer Players 

by 

Emmanuel Espinoza 

The purposes of this dissertation were to examine the physical and technical demands of 

collegiate NCAA D-I male soccer players over the course of a competitive season. The following 

are the major findings of the dissertation: 

 

Study 1 – GPS normative data was calculated by position using data from 5 seasons (2017, 2018, 

2019, 2021, 2022). GPS data was compared by position for 5 different GPS-derived metrics. No 

statistically significant differences were found in any field or lab testing data by position. 

Statistically significant relationships were found between physical match performance variables 

of TD and SPR with both YYIRT-1 and 20m sprint time, as well as between IMA-A and 20m 

sprint time. These results suggest that both the YYIRT-1 and the 20m sprint test is related to 

match performance in soccer players of this population. 

 

Study 2 – Normative data was provided for technical-tactical variables retrieved via WyScout®, 

a video analysis software used to tag technical actions of soccer games. Normative technical-

tactical data are presented as mean ± SD. Statistically significant low to moderate negative 

correlations were found between total volume of technical actions and GPS variables. No 

statistically significant relationships were found between the strength-power lab tests measures 

and any of the total volume measures of technical actions. Statistically significant low to 
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moderate correlations were found between speed and endurance field tests and total volume of 

technical actions.  

 

Study 3 – The relationship between training load and physical capabilities was examined by 

using appropriate testing. Bootstrapped ANOVA results showed statistically significant changes 

in pre and post testing for Static Jump Peak Power in the loaded condition. No other significant 

changes in lab testing results were found. Statistically significant changes in Yo-Yo Intermittent 

Recovery Test scores were found in pre- and post-testing. The relationship between GPS training 

load metrics and percentage of change in the administered test was found to be statistically 

significant between HSR distance and YYIRT distance, CMJ Peak Power and both TD and IMA-

D. 

 

Physical capacity of NCAA D-I male soccer players seems to deteriorate over the season, but not 

differ statistically from baseline measurements. Physical changes could be context-dependent 

and a consequence of the specific training plan. Overall, soccer performance at the NCAA D-I 

level is multi-factorial and an analysis of the in-season demands of this population of athletes 

appears to yield some counterintuitive results. 

 



 

Copyright 2024 Emmanuel Espinoza 

All Rights Reserved 

 



 

DEDICATION 

 This dissertation is dedicated to my family. To my parents, Silvia and Artemio who have 

sacrificed more than I could ever know so my sisters and I could have the world at our disposal. 

To my beautiful fiancé, Danielle for always supporting me in my professional pursuits and 

pushing me to be great in all aspects of my life. To my sisters Sianya and Mireya, for helping me 

keep perspective and reminding me of what really matters in life. I love you all.  

Esta tesis queda dedicada a mi familia. A mis padres, Silvia y Artemio quienes han 

sacrificado más de lo que yo me prodría imaginar para que mis hermanas y yo pudiéramos tener 

el mundo a nuestra disposición. A mi hermosa futura esposa Danielle, por siempre apoyarme en 

mi carrera y motivarme a sobresalir en todos los aspectos de mi vida. A mis hermanas Siany y 

Mireya por ayudarme a mantener la perspectiva y recordarme de lo que realmente importa en 

está vida. Los amo a todos.  

 

Emmanuel  

  



 

 

6 

ACKNOWLEDGEMENTS 

I would like to acknowledge the following:  

 Every person who agreed to be a part of this committee. Dr. Marco Duca for agreeing to 

take this long and frustrating journey with me when I felt lost. Dr. Michael Stone for his 

stubbornness in the pursuit of greatness. Dr. Satoshi Mizuguchi for his time and statistical brain 

power. And the G.O.A.T. Dr. Matt Sams for making sure I finished and taking me under your 

wing.  

 Coaches Meg Stone and Clive Brewer, who demanded excellence and forced me to look 

at things from a different perspective. Thank you for pushing me to continue pursuing excellence 

in this profession, but most of all for reminding me that it is our responsibility to be good people 

in order to be good coaches.  

 Michael Nicolini without whom I would not have started my coaching career and would 

have never have pursued this program. Thank you for pushing me to achieve mastery.  

 The coaching staffs and, most importantly, the players each of the teams I worked with at 

ETSU in 2020, 2021, and 2022. Thank you all for your trust and patience with me during this 

process. I hope I taught you even a fraction of what you taught me.  

 The back-office staff at San Jose State and the back-office staff at the San Jose 

Earthquakes. Thanks for making this process take longer than it should and making it all fun. 

Shoutout to Tomlitz, Tuck, Medina, Jordan, Clarky, Nicole, & Deanna. Thanks for keeping me 

humble.  

 My classmates, friends, and colleagues all of whom helped keep me sane over the years. 

Andrew Nelson, David Fish, Luke Devirgillis, Kurt McDowell, Nick Goode, Fiona Dodge, 



 

 

7 

Michelle Van Dyke, Trader Flora, Jake Slaton, Nick Santos, Juan Villegas, and anyone else I 

missed that was a part of the ride. It was real. It was fun. But it was also real fun.  



 

 

8 

TABLE OF CONTENTS 

ABSTRACT .................................................................................................................................... 2 

DEDICATION ................................................................................................................................ 5 

ACKNOWLEDGEMENTS ............................................................................................................ 6 

LIST OF TABLES ........................................................................................................................ 13 

LIST OF FIGURES ...................................................................................................................... 15 

Chapter 1. Introduction ................................................................................................................. 16 

Chapter 2. Review of the Literature .............................................................................................. 19 

GPS in Sport ............................................................................................................................. 20 

Catapult Optimeye S5 ............................................................................................................... 21 

GPS in Soccer ........................................................................................................................... 22 

GPS Derived Key Performance Indicators (KPI) ..................................................................... 24 

Accelerometer-Derived Key Performance Indicators (KPI) ..................................................... 26 

GPS in Collegiate Soccer .......................................................................................................... 29 

Physical Testing in Soccer ........................................................................................................ 31 

Isometric Mid-Thigh Pull ......................................................................................................... 33 

Jump Testing ............................................................................................................................. 35 

Yo-Yo Intermittent Recovery Test – Level 1 ............................................................................ 39 

Sprint Testing ............................................................................................................................ 40 

Video Tracking/WyScout .......................................................................................................... 43 

Summary ................................................................................................................................... 45 



 

 

9 

Chapter 3. The Physical Performance of Male Collegiate Soccer Players: A Retrospective 

Analysis......................................................................................................................................... 47 

Abstract ..................................................................................................................................... 48 

Introduction ............................................................................................................................... 49 

Methods..................................................................................................................................... 52 

Experimental Approach to the Problem ................................................................................ 52 

Subjects ................................................................................................................................. 52 

Procedures ............................................................................................................................. 52 

GPS Training Load Data. ...................................................................................... 52 

Testing Procedures. ............................................................................................... 53 

Jump Testing Data. ................................................................................................ 53 

Isometric Mid-Thigh Pull Data. ............................................................................ 55 

20 m Sprint Test. ................................................................................................... 55 

Yo-Yo Intermittent Recovery Test Level I. ........................................................... 56 

Statistical Analyses ............................................................................................................... 56 

Results ....................................................................................................................................... 58 

Field Tests & GPS Variables ................................................................................................. 62 

Lab Tests & GPS Variables ................................................................................................... 64 

Positional Differences ........................................................................................................... 67 

Discussion ................................................................................................................................. 69 

Practical Applications ............................................................................................................... 71 

Acknowledgements ................................................................................................................... 71 



 

 

10 

References ..................................................................................................................................... 72 

Chapter 4. The Relationship Between Physical Performance and Technical-Tactical Performance 

in Male Collegiate Soccer Players ................................................................................................ 77 

Abstract ..................................................................................................................................... 78 

Introduction ............................................................................................................................... 79 

Methods..................................................................................................................................... 82 

Experimental Approach to the Problem ................................................................................ 82 

Subjects ................................................................................................................................. 82 

Procedures ............................................................................................................................. 83 

Technical-Tactical Data. ........................................................................................ 83 

GPS Training Load Data. ...................................................................................... 84 

Jump Testing Data. ................................................................................................ 84 

Isometric Mid-Thigh Pull. .................................................................................... 85 

20 m Sprint Test. ................................................................................................... 86 

Yo-Yo Intermittent Recovery Test Level I. ........................................................... 86 

Statistical Analysis ................................................................................................................ 87 

Results ....................................................................................................................................... 88 

Discussion ............................................................................................................................... 107 

Practical Applications ............................................................................................................. 109 

Acknowledgements ................................................................................................................. 109 

References ................................................................................................................................... 110 



 

 

11 

Chapter 5. The Relationship Between Training Load and Physical Performance Testing in Male 

Collegiate Soccer Players ........................................................................................................... 116 

Abstract ................................................................................................................................... 117 

Introduction ............................................................................................................................. 118 

Methods................................................................................................................................... 120 

Experimental Approach to the Problem .............................................................................. 120 

Subjects ............................................................................................................................... 120 

Procedures ........................................................................................................................... 121 

GPS Training Load Data. .................................................................................... 121 

Jump Testing Data. .............................................................................................. 122 

Isometric Mid-Thigh Pull. .................................................................................. 123 

20 m Sprint Test. ................................................................................................. 124 

Yo-Yo Intermittent Recovery Test Level I. ......................................................... 124 

Statistical Analysis .............................................................................................................. 125 

Results ......................................................................................................................................... 126 

Weekly Load ....................................................................................................................... 126 

ANOVA Analysis ................................................................................................................ 126 

Linear Models ..................................................................................................................... 132 

Discussion ................................................................................................................................... 138 

Practical Applications ................................................................................................................. 141 

Acknowledgements ................................................................................................................. 142 



 

 

12 

References ............................................................................................................................... 143 

Chapter 6. Summary and Directions of Future Research ........................................................... 149 

References ................................................................................................................................... 152 

VITA ........................................................................................................................................... 186 

 

  



 

 

13 

LIST OF TABLES 

Table 1. GPS Data Mean ± SD (Data from 2017-2022 matches) ................................................. 58 

Table 2. Positional GPS Data Mean ± SD (Data from 2017-2022 matches) ................................ 59 

Table 3. Jump Testing Data Mean ± SD (Data from 2017-2022 Pre-season) ............................... 60 

Table 4. Isometric Mid-Thigh Pull Testing Data Mean ± SD (Data from 2017-2022) ................. 61 

Table 5. Field-testing Data Mean ± SD (Data from 2017-2022 Pre-season) ................................ 62 

Table 6. Linear Mixed Models for field test and match-related GPS metrics .............................. 63 

Table 7. Relationship between Lab Testing and GPS Data ........................................................... 65 

Table 8. Game-related GPS metrics differences between playing positions ................................ 67 

Table 9. Average Projected Technical Outputs per 90 Minutes .................................................... 89 

Table 10. Estimated Technical Output per 90 Minutes by Position Group ................................... 90 

Table 11. Average GPS Outputs per 90 Minutes ........................................................................... 91 

Table 12. Average GPS Outputs per 90 Minutes by Position ....................................................... 92 

Table 13. Correlations – WyScout® and Match GPS Outputs ..................................................... 93 

Table 14. Correlations – WyScout® and Lab Testing Results ...................................................... 93 

Table 15. Correlations – WyScout® and Field-testing Results ..................................................... 95 

Table 16. Poisson Regression Results – General Volume & GPS Metrics ................................... 96 

Table 17. Poisson Regression Results – Offensive Volume & GPS Metrics ................................ 96 

Table 18. Poisson Regression Results – Defensive Volume & GPS Metrics ............................... 97 

Table 19. Poisson Regression Results – Technical Variables & CMJ Variables ........................... 98 

Table 20. Poisson Regression Results – Technical Variables & IMTP Variables ....................... 103 

Table 21. Poisson Regression Results – Technical Variables & Field-testing Variables ............ 105 

Table 22. Average Cumulative GPS Load .................................................................................. 126 



 

 

14 

Table 23. ANOVA Results for Jump Tests .................................................................................. 127 

Table 24. ANOVA Results for IMTP, Yo-Yo IR 1, and 20 m Sprints ......................................... 132 

Table 25. Linear Models: Percent Change ~ GPS Training Load ............................................... 133 

 

 
  



 

 

15 

LIST OF FIGURES 

 
Figure 1. Mean Differences in YYIRT-L1 Distance ................................................................... 129 

Figure 2. Mean Differences in Jump Variables per Condition .................................................... 130 

Figure 3. Mean Differences in IMTP Variables .......................................................................... 131 

  



 

 

16 

Chapter 1. Introduction 

Soccer is one of the most popular sports in the world with a large viewership across the 

world (FIFA, 2007). Due to its popularity, soccer has also been one of the most researched 

sports, particularly at the collegiate level (Jenkins et al., 2022). However, despite all this 

research, it appears that a very small percentage focuses on the match demands of collegiate 

soccer players and focuses on injury or other aspects of sports medicine. Match demands, 

particularly in team sports, are dependent on contextual factors that influence not only the result, 

but the physical outputs of the match (Paul et al., 2015; Romero-Rodriguez et a., 2024; Díez et 

al., 2021; Oliva-Lozano et al., 2022). Given the influence of these, it is important to note that 

soccer in the United States at the NCAA D-I level is vastly different from the majority of soccer 

played at the international level.  

Because of the difference in match demands for this population of soccer players, it is 

important for the physical demands of a NCAA D-I season to be understood.  Measures of 

external load tracking have developed over the last two decades that allow the quantification of 

match demands in team sports. In soccer, GPS has become widely adopted as standard practice 

of external load quantification and player tracking (Thoedoropoulos, Bettle, & Kosy, 2020). 

These days, the collection of microsensors inside a “GPS” unit include GNSS signal, 

accelerometers, gyroscopes, and magnetometers all operating at high frequencies that allow for 

collection of thousands of data points related to player physical performance (Hennessy & 

Jeffreys, 2018). Another layer for analysis that has come about with the rise of technological 

advances is the technical-tactical analysis of match performance that is now at the coaching 

staff’s disposal. Multi-camera tracking systems used in professional sports have not only made 

the tracking of physical outputs more available, but they have also been at the forefront of the 
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influx of technical-tactical data that is now commonplace in soccer performance departments. 

The rise of technical-tactical analysis has made this data indispensable in large-scale 

organizations and thus should be understood in relation to physical outputs in team sports.   

In addition to GPS technology, the implementation of force plate testing has become 

more common place due to the increased commercial availability and reduced costs of 

purchasing such technology. Modern day force plate systems allow for easy implementation of 

various tests of physical outputs such as a variety of jump tests and isometric tests such as the 

Isometric Mid-Thigh Pull (IMTP). In addition to these tests of physical performance, there is a 

long history of field-testing performed in soccer and in team sports in general. Due to the easy 

implementation of field tests and their high degree of ecological validity, field-testing batteries 

have a long history of success and implementation in soccer and have been thoroughly 

researched. Bangsbo (1994) developed the Yo-Yo Intermittent Recovery Test (YYIRT-L1) which 

has been proven to have high degrees of correlation to match running performance in soccer 

players. Sprint testing has also been a consistent test performed in team sport. In soccer players, 

20-meter sprints have been commonly used due to the frequency of this action in soccer (Faude 

et al., 2012).  

Dissertation Purposes 

1. To further investigate the physical match demands of NCAA D-I male soccer using a 

larger sample over a longer period of time 

2. To further investigate the physical performance capabilities of NCAA D-I male soccer 

players assess through a battery of physical performance tests 

3. To quantify the technical-tactical demand of NCAA D-I male soccer using multi-camera 

tracking system software 
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4. To examine the relationships between technical-tactical match performance variables, 

physical match performance, and physical capabilities examined during performance 

testing 

5. To examine the relationship between changes in physical performance testing and 

training load over a single competitive season in NCAA D-I male soccer players 
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Chapter 2. Review of the Literature 

The ultimate goal of sport science is to improve performance by affecting physiological 

changes in athletes based around researched and innovative interventions. In order to achieve this 

goal, one must first understand the demands of the sport in which one is attempting to have a 

positive effect. For this reason, a good deal of sport science research is based around an attempt 

to deeply understand the demands of sport, whether that’s through careful observation, direct or 

indirect measurement of physical outputs, or collection of longitudinal data. In soccer 

specifically, the analysis of match demands goes back almost 50 years. Reilly & Thomas (1976) 

were among the first to examine the match demands of professional soccer players and the 

distances covered. Withers et al. (1982) analyzed the demands of professional soccer in 

Australian professional soccer. Mayhew and Wenger (1985) used video to analyze four 

professional players in-match during competitive games for the North American Soccer League 

(NASL). Each player was recorded for 7-minute intervals and the subsequent video was tagged 

using a specifically designed computer program to tag the physical activity taking place.  

As technology evolves, the methods used to evaluate player performance have also 

evolved. Currently there are multiple methods of analyzing match demands in sport such as the 

use of High-Speed Video Cameras, Global Navigation Satellite System (GNSS), Accelerometers 

and Inertial Measurement Units (IMUs), and Local Positioning Systems (LPS) (Torres‐Ronda, 

Beanland, Whitehead, Sweeting, &, Clubb, 2022) these tools of evaluation are primarily based 

around physical outputs and use different methods to come to their conclusions. GNSS 

(colloquially known as GPS) has become the primary technology used to evaluate physical 

demands in sport over the course of the last decade. With its increase in both availability and 

affordability, the use of GPS at different levels of sport has brought about new research and new 
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insights into the specific demands of both practice and matches for different sports. Different 

metrics are used to evaluate physical demands based on velocities achieved, accelerometer 

variables, and even custom metrics provided by these GPS companies. The present review of the 

literature is an examination of the use of GPS in soccer across different levels of competition, the 

use of physical testing in soccer at different levels of competition, and the use of video to analyze 

technical and tactical demand in soccer at different levels, all of which will be compared to the 

present data available at the American Division-I level of competition.  

GPS in Sport 

The use of player tracking in sports using GPS has grown exponentially over the last 

decade or so. One of the goals of sport science is to understand the external load placed on 

athletes, which has brought about an increase in the use of technology that aims at quantifying 

external load. An increase in the availability of this technology – primarily GPS – has saturated 

the market and subsequently brough down the cost of using this technology. Torres‐Ronda et al 

(2022) describe the three main purposes of this technology as Describing, Monitoring, and 

Planning, and give guidelines for best practice when it comes to the evaluation of the technology, 

its intended use, and the metrics used for player evaluation (Torres‐Ronda et al., 2022). The use 

of GPS for tracking athletes has been in question since the late 1990s when Schutz and Chambaz 

put a commercially available GPS tracker on a recreationally trained runner and had them run at 

different speeds (Schutz & Chambaz, 1997). Edgecomb and Norton (2006) were some of the first 

to use GPS technology in team sports when they examined the validity and reliability of this 

technology to evaluate total distance covered by Australian Rules Football players (Edgecomb & 

Norton, 2006). The use of GPS units in sport-specific running patterns was examined by 

Jennings et al. (2010) by using a course involving changes of direction while subjects wore two 
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GPS units in a custom-made harness that placed the units between the scapulae. The GPS units 

sampled at both 1 Hz and 5 Hz, with the 5 Hz unit showing greater reliability during the sport-

specific activity. Expanding on this research, Boyd et al. (2011) examined the reliability and 

validity of combined GPS/ Accelerometer units in Australian Rules Football players and 

concluded that the GPS unit could be used when examining the player outputs (Boyd et al., 

2011). Aughey (2011) was one of the first to review the use of GPS technologies in team sports, 

with most of what he discovered being in the realm of Australian Rules Football or Cricket. 

Aughey (2011) highlighted the differences between using GPS units with different sampling 

rates, using GPS for different types of activities, and the speed at which these activities are 

conducted (Aughey, 2011). A review by Scott et al. (2016) also highlighted the improvements in 

the reliability of both distance and velocity measurements of portable GPS units based on 

sampling rates, with statistically significant improvements in the measures between 1 Hz and 

5Hz and then again between 5Hz and 10Hz (Scott et al., 2016). All of these are factors to 

consider in the collection of data, particularly during the unpredictable tasks presented in team 

sports.  As technology surrounding GPS systems has improved, so has the breadth and the depth 

of the research involving the use of this technology in sport. A steady increase in the availability 

and amount of research regarding GPS in team sports has been noted from 2001 to 2015 (Malone 

et al., 2017). Malone et al.’s review highlights the importance of understanding the method by 

which technology calculates the metrics it reports and how to account for variation and error 

within the measurements.  

Catapult Optimeye S5 

Catapult Sports (Catapult Sports, Melbourne, VIC, Australia) is perceived today as one of 

the main providers of GPS technology in sport, and has been one of the pioneers of player 
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tracking in sports. A recent review of the literature on GPS units by Principe et al. (2020) found 

that Catapult Sports was the listed GPS provider in at least 17 out of 21 of the studies included in 

the review (Principe et al., 2020). Additionally, approximately 42% of these studies were 

performed using the Catapult MinimaxX unit, which is no longer supported by Catapult Sports. 

The next generation of GPS units designed by Catapult Sports was the Optimeye S5 unit. The 

Optimeye S5 unit is a GNSS unit that contains a tri-axial accelerometer, a tri-axial gyroscope, 

and a tri-axial magnetometer, all of which sample at 100 Hz. According to Principe et al. (2020), 

the Optimeye S5 system from Catapult is the second most popular GPS system presented in the 

available research. The validity and reliability of this unit and its different capabilities has been 

tested in the research. For instance, Holme (2015) examined the reliability and validity of 

accelerometer-derived metrics from Catapult’s Optimeye S5 unit, particularly the Inertial 

Movement Analysis or IMAs. An IMA is Catapult’s way of quantifying data from the 

accelerometer by using an algorithm to quantify the magnitude and direction of an agility action 

(Holme, 2015). IMAs were proven to be both valid and reliable when measuring and quantifying 

change of direction activities. Nicolella et al. (2018) aimed to test the reliability of the Optimeye 

S5 by subjecting it to a number of tests in a controlled laboratory setting (Nicolella, Torres-

Ronda, Saylor, Schelling, 2018). The results of this study were indicative of a high level of 

intraunit reliability for accelerometer-derived metrics (PlayerLoad).  

GPS in Soccer 

The use of GPS units to quantify external load in athletes has been a long process, but 

some sports were less reluctant to become early-adopters – soccer is one of these sports. The 

Fédération Internationale de Football Association (FIFA), the governing body of international 

soccer, approved the use of tracking technology in matches during the year 2015 (FIFA, 2015). 
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Previously, the use of GPS was only allowed in training and was not allowed in official 

competitive matches in the professional ranks, resulting in an abundance of literature on different 

levels of competition (amateur, amateur youth, elite youth, etc…). Hill-Hass et al. (2009) used 

GPS units on youth soccer players (U16) in order to examine the time-motion demands of small-

sided games (SSG) in conjunction with their physiological outputs (Hill-Haas et al., 2009). This 

was one of the first studies using GPS in a soccer population, at the time of the study the 

technology was not as advanced as it is today, with the GPS unit sampling rate only being 1 Hz. 

In addition to the limited sampling rate of the GPS units, no accelerometer data was reported for 

this study. Similarly, Barbero-Alvarez et al. (2008) used GPS units with a 1 Hz sampling rate to 

examine the time-motion demands of locomotion as well as the subsequent heart rate response in 

youth female soccer players during a friendly 7v7 soccer game (Barbero-Alvarez et al., 2008). 

Harley et al. (2010) use Catapult MinimaxX units to assess the motion demands of over 100 

youth soccer players from U12 to U16 involved in two professional English club academy 

systems. Data from competitive games was analyzed for the players who were involved in the 

study and were presented as both relative and absolute in terms of physical demand (Harley et 

al., 2010).  In professional soccer, Dellal et al. (2012) used GPS to investigate the demand of 

SSGs during an international national camp (Dellal et al., 2013). The physical demands of 

professional soccer players during an 11v11 game were first evaluated by Mallo et al. (2015). 

Although the data was not published until 2015, this was the first study to examine the in-match 

physical demands of professional soccer players using GPS technology (Mallo et al., 2015). 

Authors of this study used GPS units sampling at 1 Hz during pre-season friendly matches before 

the start of the 2011 and 2012 La Liga seasons (Mallo et al., 2015). This was one of the first 

studies that used GPS technology to quantify physical outputs in professional soccer. Scott et al. 
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(2014) also examined the match demands of professional soccer players in the Australian 

professional league, but also examined the training data for the competitive season from which 

the match data that were collected. The results of this study revealed statistically significant 

differences between the high-intensity distance covered by players during matches compared to 

training sessions (Scott et al., 2014). Suarez-Arrones et al. were among the first to place GPS 

devices on professional soccer players in Europe during competitive matches. By using a 

combination of heart rate and GPS, the authors of the study were able to quantify physical and 

physiological demands of the professional soccer players involved in the study, however, only 

one half of match data was used in this examination. Torreño et al. (2016) expanded on the work 

of Suarez-Arrones et al (2014) by analyzing the physical and physiological outputs of both 

halves of competition in professional European soccer players using GPS and heart rate. Data 

was collected over two seasons using GPS that recorded at 5 Hz frequency, an improvement over 

some of the previous investigations done in professional soccer at the time (Torreño et al., 2016). 

GPS has also been used in order to quantify training load in professional soccer players across a 

season while accounting for different influential factors related to training load (Malone et al., 

2017).  

GPS Derived Key Performance Indicators (KPI) 

The most commonly reported metric using GPS technology is total distance covered. 

Because the GPS units use an atomic clock to help calculate displacement, they can provide 

information about the velocity of the movements performed by the athletes as well as the time 

spent in certain velocity zones. The distance metrics that are calculated are based on the speed at 

which these distances are covered. These are termed “velocity bands” and are typically chosen 

by the sport scientist in charge of the GPS data collection (Hennessy & Jeffreys, 2018). The two 
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velocity bands of note are typically High-Speed Running (HSR) and Sprint Running (SPR), 

which are recorded when players achieve velocities greater than 19.8 and 25.2 km/h, respectively 

(Sæterbakken et al., 2019).  Although the literature often states the designation of velocity bands 

in their methods, there seems to be no consensus on what the velocity thresholds for each band 

should be set at, due to the different rationales that are applied in the designation of said 

thresholds (Sweeting et al., 2017). Diaz-Soto et al. (2022) review the literature related to velocity 

and accelerometer thresholds using GPS technology and found that while the majority of 

velocity band designations that were individualized were related to a 40m maximal sprint test, 

there was no majority and no consensus with how the subsequent individualization of velocity 

thresholds should take place (Diaz-Soto et al., 2022). It is suggested that one of the reasons in the 

early inconsistencies in the data could be related to the decreased reliability of GPS units at 

higher velocities of movement and during sport specific activity (Johnston et al., 2014; Coutts et 

al., 2010). There is also a substantial difference in the core technology that some of these studies 

use for comparison. While GPS is a term that is used to referred to most external load tracking 

devices these days, there are fundamental differences between the old GPS units and newer 

GNSS units both in the method used to acquire the data and the quality of the data itself, 

therefore the data should not be compared as if the devices are interchangeable (Jackson et al., 

2018). It is also important to note that some studies have shown better reliability and validity of 

measurements at higher velocities using newer GNSS units vs older GPS units and even newer 

Local Positioning Systems (Roe et al., 2016; Hoppe et al., 2018; Beato et al., 2018).Other GPS-

derived metrics such as Metabolic Power, Explosive Distance, or High Metabolic Load Distance, 

which are measures of the metabolic exertion a player experiences above a certain threshold of 

Metabolic Power (W • kg-1) in addition to “over or under” a certain velocity of movement 
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(Hennessy & Jeffreys, 2018). It should be noted the formula used for Metabolic Power is a 

relative power formula (N • M • s-1 • kg • -1). Metabolic power was proposed as a method of 

quantifying intensity in soccer by Osgnach et al. (2009). The authors of this study used video 

analysis and known calculations of energy costs to calculate power at different running speeds 

and use them as a measure of intensity in professional soccer players (Osgnach et al., 2009). 

However, Buccheit et al. (2015) attempted to validate the use of Metabolic Power as a 

measurement for metabolic demand, but found that GPS-derived metabolic power was markedly 

underestimated when compared to actual power at specific VO2 gas exchange measurements 

(Buccheit et al., 2015). Furthermore, the metric used to estimate intensity of effort during 

training was found to be unreliable (Buccheit et al., 2015). Thus, what had previously been 

referred to as metabolic power (Osgnach et al., 2009), was erroneous terminology and largely 

unusable. Regardless, metrics involving GPS derived power measures have been consistently 

used to evaluate match demands, practice demands, and overall fitness for soccer players at 

different levels of competition (Manzi et al., 2014; Tierney et al.  2016; García-Calvo et al., 

2022; Castagna et al., 2016).  

Accelerometer-Derived Key Performance Indicators (KPI) 

Not all movement in sport that requires high physical demand occurs at high velocities, 

therefore understanding the metrics derived from the other Micro-Electromechanical Sensors 

(MEMS) that are present in the devices has become crucial to getting a full picture of the 

external load experienced by the athlete. PlayerLoad is one of Catapult Sports ® main 

proprietary metrics and has been used extensively to quantify external load in athletes. 

PlayerLoad is defined as “…the sum of the accelerations across all axes of the internal tri-axial 

accelerometer during movement. It takes into account instantaneous rate of change of 
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acceleration and divides it by a scaling factor (divided by 100).” (Catapult Sports). Boyd et al. 

(2011) used Catapult MinimaxX units to determine the reliability of PlayerLoad as a metric to 

report the external load placed on the athletes. A number of testing conditions (Machine, Lab, 

and Field) showed high inter-unit and intra-unit reliability for PlayerLoad at each condition 

(Boyd et al., 2011). Barret et al. (2014) Reaffirmed Boyd’s findings but highlighted the 

differences between the measurements taken at the Center of Mass (COM) and the measurements 

taken between the scapulae, noting that comparisons between players should be avoided due to 

the influence of running style on PlayerLoad (Barret et al.,  2014). This finding was later 

reaffirmed by Akyildiz et al. (2022) who found similar differences in PlayerLoad during field 

tests in soccer players when the GPS units were placed between the scapulae versus on the COM 

(Akyildiz et al., 2022). The reliability for the Catapult Optimeye S5 unit’s calculation of 

PlayerLoad was assessed by Nicolella et al. (2018). The results of this examination showed 

excellent intraunit reliability, but high variability between units – especially when comparisons 

are made between individual axes (Nicolella et al., 2018). Additionally, the Authors of this study 

found large differences between the PlayerLoad given by Catapult’s software and the player load 

that resulted as a calculation of the equation given by Catapult Sports, suggesting additional data 

manipulation or filtering before the final values are exported to the user. Despite this, PlayerLoad 

has become a commonly reported metric for team sports. Barron et al. (2014) used PlayerLoad to 

investigate the acceleration and deceleration load placed on youth soccer players (Barron et al., 

2014). Because measurements taken from accelerometers are not in need of a GPS, they are 

frequently used for indoor sports to quantify the physical demand of movement, often with 

metrics like PlayerLoad (Wik, 2015; Holme, 2015; Randsell et al.,, 2020).  
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A review by Gomez-Carmona et al. (2020) highlights the use of Inertial Movement 

Analysis (IMA) as another accelerometer-derived metric frequently used in the research by 

Catapult Sports technology users. IMAs have been used in research to report on the match 

demands of different athletes, particularly those of indoors sports such as handball and basketball 

(Wik, 2015; Holme, 2015; Meylan et al., 2016; Luteberget et al., 2017; Randsell et al., 2020; Fox 

et al., 2020) and can be described as “Application of polynomial smoothing curves between the 

start and end point of identified accelerative events. The magnitudes of such events are 

subsequently calculated by summing the accelerations under the polynomial curves, measured in 

terms of delta-velocity” (Gomez-Carmona et al., 2020). While some studies have shown a good 

reliability for these metrics, others highlight some of the shortcomings in the calculation of said 

metrics and warn against their use. For instance, Meylan et al. (2016) overlayed raw IMA traces 

from an accelerometer with video for change of direction tasks in female soccer players playing 

at a national team level. The authors found that the variability for high-intensity IMAs ranged 

between 13 and 21% and therefore IMAs depending on the task at hand, and therefore concluded 

that IMAs should not be used to assess acceleration, deceleration, or other change of direction 

activities. However, later research contradicts the findings of Meylan et al. (2016) when newer 

technology was used. Meylan et al. (2016) conducted their study using Catapult MinimaxX units, 

but Wik (2015) and Holme (2015) assessed the reliability of Catapult’s newer models, Optimeye 

S5, and found good reliability for IMA measurements. Similarly, Luterberget et al. (2017) found 

good reliability of IMA measurements from Optimeye S5 units when they were non-directional, 

in the higher bands (medium or high categories), or expressed as a count of total IMAs. Other 

studies have used IMAs as a way of quantifying physical load related to changes of direction in 

different sporting populations (Ransdell et al., 2020; Konefal et al., 2022; Kupperman et al., 
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2021). It is important to note that IMA research has been conducted by exploring or associating 

accelerometer-variables that have presumably not been well measured or well understood by 

those conducting the research. For instance, while IMA measurements derived from changes in 

the accelerometer, they don’t actually report accelerations or decelerations from the 

accelerometer and thus should reported as the delta velocity in units of meters per second (m • s -

1) (Wik, 2015; Holme, 2015; Luterberget et al., 2015). This does not always appear to be the case 

in research that investigates IMAs, having instances of IMAs reported in meters per second 

squared (m • s-2) (Gomez-Carmona et al., 2020). Similar concerns with the algorithm for 

PlayerLoad have been stated and should be noted when reporting as a measure of comparison 

between players or between devices (Bredt et al., 2020; Nicolella et al., 2018). 

GPS in Collegiate Soccer 

Although soccer was one of the early adopters of GPS technology, the accessibility to 

GPS/GNSS technology was usually limited to organizations with a high level of economic 

investment, due to the associated costs. The increased developments of both the player 

technology and sports performance departments have led to an overall increase in the number of 

investigations using GPS in different athletic populations. At the American NCAA collegiate 

level, there is abundance of research that is centered around Division-I (D-I) female soccer 

players. Vevosci and Favero (2014) were some of the first to examine the physical demands of 

collegiate soccer players, focusing on female collegiate soccer players at the NCAA D-I level. 

Alexander (2014) followed up on this work by investigating the high-intensity demand of NCAA 

D-I female soccer players at different positions using Catapult MinimaxX units. A later 

investigation by Sausaman et al. (2019) also added to the research on women’s college soccer by 

investigating the locomotor demands of women’s college soccer players by examining four 
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seasons worth of data of a team participating at the NCAA D-I level (Sausaman, Sams, 

Mizuguchi, DeWeese, Stone, M.H., 2019). More recently, Isihida et a. (2022) examined the 

relationship between external and internal training load in female collegiate soccer players, with 

an emphasis on the differences between player position groups (Ishida, Travis, Draper, White, 

Stone, 2022). Although early research at the NCAA level started and has continued with the 

women’s game, there are significant differences in the physical demand between male and 

female players, as highlighted by research in both professional soccer and NCAA D-I soccer 

(Krustrup et al., 2005; McFadden et al., 2020). 

While the physical demands of soccer players as a whole have been thoroughly 

investigated, the physical demand of NCAA D-I male soccer players has not been as thoroughly 

investigated until recently. Sams et al. (2015) were some of the first to examine the physical 

demands of NCAA D-I male soccer players and examine the differences between different 

positions over two seasons (Sams et al., 2015). A few years later, Curtis et al. (2018) examined 

the physical demands of NCAA D-I soccer players across a competitive season using GPS and 

Heart Rate (Curtis et al. 2018). GPS data was collected using Catapult MinimaxX devices for a 

total of 235 match observations across 18 soccer players and 24 total matches of a single soccer 

team. Descriptive data for distances covered at different speeds as well as acceleration and 

deceleration data were provided for each position, with statistically significant differences 

between midfielders and all other positions. Slater et al. (2018) also examined the physical 

outputs of collegiate soccer players, examining the data by half, by position, and by proportion of 

total distance covered in a single longitudinal study following one NCAA D-I soccer team across 

a single season (Slater et al. 2018). Curtis et al (2020) later expanded on the research in this area 

by adding contextual factors to the physical demands of the season such as starter vs reserve 
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players, position groups, training day in relation to the next match (MD-1, MD-2, etc…), in-

season vs post-season, and other factors specific to an NCAA D-I environment (Curtis et al., 

2020). This time by examining 5 teams across 2 seasons, the authors were able to analyze 

substantially more data, with over 5,000 total data points to analyze, collected from 107 NCAA 

D-I male soccer players. The results of this study indicated statistically significant differences in 

match load between starters and reserves as well as differences between time-periods of the 

season, with pre-season having the highest physiological load in the shortest amount of time 

(Curtis et al., 2020). Training load throughout a season was also examined by Ryan et al. (2022) 

by investigating measures of internal load via heart rate and measures of external load via GPS. 

Statistically significant differences were found between different periods of the season and 

between position groups, with heart rate data showing larger differences (Ryan et al., 2022). 

Curtis et al. (2021) used heart rate and GPS data to highlight the differences in training load over 

a season in NCAA D-I soccer players. By examining 5 NCAA D-I teams across two competitive 

seasons, a substantial gap was found between the accumulated workloads of starters (over 60% 

of matches started) and reserves, particularly in the GPS variables examined (Curtis et al. 2021). 

Fields et al. (2021) examined these same differences in external load between starters and non-

starters across a competitive season in NCAA D-I male soccer players and found no statistically 

significant differences in external practice load. This finding suggests that non-starters are 

chronically undertraining because they have the same external loading during training sessions, 

but do not receive the same game load as starters during the season (Fields et al. 2021).  

Physical Testing in Soccer 

With soccer being the most popular sport in the world, there has been expansive research 

carried out in order to understand the physical determinants of performance in soccer players. 
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Thomas & Reilly (1979) performed an extensive battery of physical tests on a population of 

professional soccer players throughout the course of a full season. Twenty-six tests were 

performed at three different time-points, including 17 anthropometric tests, 4 tests of muscular 

strength and power, as well as 5 measures of cardiac function (Reilly & Thomas, 1979). A review 

by Hoff (2005) found that the most common physical attributes that are tested in this population 

are aerobic power and muscular strength (Hoff, 2005). This review was also an examination of 

strategies to both test and train these physical characteristics in populations of soccer players. An 

earlier review by Tumilty (1993) was an examination of both aerobic and anaerobic capabilities 

of soccer players and touched on different anaerobic measurements related to soccer 

performance such as vertical jump, agility and change-of-direction testing, strength, and 

anaerobic power (Tumilty, 1993). Svensson & Drust (2005) reviewed the available literature on 

testing surrounding soccer players and highlighted the importance of using field tests rather than 

lab tests in order to get more valid results (Svensson & Drust, 2005). There have been a wide 

range of investigations in different populations describing the physiological profiles of soccer 

players at different levels (Sporis, et al., 2009; Slimani & Nikolaidis, 2017; Silva et al., 2021).  In 

male collegiate soccer players, the research surrounding physical testing varies in terms of scope 

and sampled population. Samples of lower division NCAA soccer players (Division-III) have 

been performed by both Magal et al. (2009) and Miller et al. (2011).  

Although each of these studies were performed at a different time of the competitive 

calendar (off-season vs in-season), both of these studies focused on indicators of aerobic and 

anaerobic physical performance, using tests such as the Wingate test, VO2max testing, and agility 

testing  (Magal et al., 2009; Miller et al. 2011). In NCAA D-I soccer players, physical 

performance testing has been performed more extensively. In male populations specifically, 
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Kraemer et al. (2004) examined changes in blood serum testosterone and cortisol, along with 

changes in physical performance testing, across the course of an NCAA season (Kraemer et al. 

2004). Additional research on performance testing variables in male NCAA soccer players 

highlights some of the changes in physical performance across a competitive season, including 

statistically significant decreases in fitness and various performance testing variables (Silvestre 

et al. 2006; Sapp et al. 2017). This section will review the different tests that are included in the 

scope of this dissertation as well as their relevance to soccer performance.  

Isometric Mid-Thigh Pull 

The Isometric Mid-Thigh Pull (IMTP) was first developed by M.H. Stone, H.S. 

O’Bryant, and G. Haff (Stone et al. 2019) in the early 1990’s to test force isometric production 

capabilities in various sports, particularly weightlifters, at specific positions and relate these 

measures to dynamic performances (Stone et al. 2019; Haff et al. 1997). While initially designed 

to assess strength-power sport performance, reviews by Brady et al. (2018), Giles et al. (2020), 

and Stone et al. (2019) demonstrated that the IMTP assessment is consistently used in different 

sports populations to assess different biomotor abilities related to sport performance (Brady et 

al., 2018; Giles et al., 2020 Stone et al., 2019). For instance, Stone et al. (2003) aimed to find 

relationships between IMTP-derived variables and different aspects of dynamic performance in 

NCAA collegiate track and field throwers (Stone et al., 2003). Both Beckham et al. (2013) and 

Stone et al. (2003) highlighted the importance of Rate of Force Development (RFD) and training 

that emphasizes high-RFD in order to improve physical performance (Stone et al., 2003; 

Beckham et al. 2013). Since its inception, the IMTP has been used to measure absolute and 

relative isometric strength in many different sport populations. McGuigan & Winchester (2008) 

were among the first to examine the role of IMTP-derived variables in the physical performance 
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of NCAA football players. Strong correlations between 1RM tests and Isometric Peak Force 

(IPF) were found, along with weak correlations between the same 1RM tests and RFD 

(McGuigan & Winchester, 2008). Nuzzo et al (2008) contributed to the research in NCAA 

athletes, specifically in American Football and Track & Field, finding that absolute isometric 

testing variables were not strongly correlated with countermovement jump (CMJ) variables, but 

both IMTP and CMJ results improved when body mass was taken into account (Nuzzo et al., 

2008). More normative data in NCAA athletes was later provided by both Kraska et al (2009) 

and Beckham et al. (2014) who both examined the results of large numbers of NCAA athletes 

from different sports including sprint cycling, soccer, track and field, tennis, volleyball, and 

softball (Kraska et al., 2014, Stone et al., 2006, Stone et al., 2003).  

Specifically in soccer players, Dos’Santos et al. (2017) were the first to publish the 

reliability of IMTP measures in a population exclusively made of soccer athletes. The authors 

administered IMTP tests to 13 professional youth soccer players after a 7-week preseason, 

finding a high within-session reliability for the IMTP kinetic variables being examined, with 

Peak Force showing the highest degree of reliability (Dos’Santos et al., 2017). In one of the first 

studies assessing the IMTP performance elite soccer players, Brownlee et al. (2018) recruited 

over 150 soccer players ranging from U9 to U21 age groups and compared the IMTP results of 

elite youth players to non-elite youth players that were matched for their maturity-offset based on 

Peak Height Velocity (PHV). Only small differences were observed between the Pre-PHV and 

Mid-PHV stages of development in this study, but a similar examination by Morris et al. found 

that while differences are highlighted between ages and stages of development, there were little 

to no differences when the results were normalized by body mass (Brownlee et al., 2018; Morris 

et al., 2018). In professional soccer players, the relationship between IMTP and sprint 
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performance was examined by Mason et al. (2020). Negative correlations of varying degrees 

were found between sprint performance variables and measures of performance in IMTP at 

different timepoints (F50, F100, etc…), with stronger negative correlations occurring with the 

later timepoints of IMTP force variables (Mason et al., 2020). Abbott & Clifford (2021) 

examined Peak Force from IMTP and its relationship to recovery in professional soccer players, 

finding that stronger players had a tendency to recover faster. In collegiate soccer players, both 

Thomas et al. (2015) and Kuki et al. (2017)ca examined the relationship between variables 

derived from IMTP and the results of other physical performance tests (i.e. sprint testing, CMJ 

testing, etc). The results of both of these studies indicated that there is indeed a relationship 

between sprint testing and IMTP variables at specific timepoints (Thomas et al., 2015; Kuki et 

al., 2017). While these studies were carried out on “collegiate soccer players”, the studies do not 

specify which population of collegiate soccer players the samples were pulled from and thus the 

results of these studies are difficult to extrapolate to NCAA D-I athletes. In NCAA D-I male 

soccer players specifically, Ishida et al. (2021) used IMTP along with other physical performance 

tests to establish a relationship between strength and power characteristics and physical 

performance related to sport (Ishida et al., 2021).  

Jump Testing 

Jump testing has been a part of athlete monitoring for decades. Bosco & Komi were some 

of the first to use the countermovement (CMJ) and static jump (SJ) for profiling purposes, using 

the two jumps to determine the relationship between skeletal muscle fiber composition and jump 

performance (Bosco & Komi, 1979). Since the development of these two tests, different tools 

have been used to assess both the static and countermovement jumps, such as potentiometers, 

switch mats, accelerometers, LED light systems, and force platforms operating at different 
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frequencies (Hatze, 1998; Cronin et al., 2004; Castagna et al., 2013; Chouko et al., 2014; Loturco 

et al., 2017). Force plate assessments of jumping ability have become more prominent in the 

research and have been used to assess different physical abilities related to jumping. In soccer 

players, the countermovement jump has typically been used to assess physical performance or to 

measure neuromuscular fatigue after games. Due to the accessibility of tools used to measure 

jump performance, as well as the extensive amount of research on the subject, a variety of 

methods for collecting data on jump performance exist in the literature.  

A review by Petrigna et al. (2019) showed a wide range of methods used in the 

assessment of jump performance in adolescents. The authors provided sample Standard 

Operating Procedures based on the most common practices found in their meta-analysis 

(Petrigna et al., 2019). In soccer players specifically, there has been a wide range of jump testing 

performed at different ages and levels of competition and for various assessments of 

performance. Castagna & Castellini (2013) tested the jump performance of elite male and female 

performers at the national team level of different ages using an Optojump. The authors did not 

find any statistically significant differences between male age groups, but found large differences 

in jump performance both between male and female soccer players and between age groups of 

female soccer players (Catagna & Castellini, 2013). Chelly et al (2010) applied a plyometric-

based strength training program to a cohort of adolescent, recreational soccer players. The 

program resulted in statistically significant changes in markers of lower limb performance, but 

notably SJ and CMJ (Chelly et al., 2010). Kotzamanidis et al. (2005) performed a similar 

examination with youth soccer players, analyzing the differences in jump performance after a 

period of strength training alone, strength training and sprint training, or a control condition. 

Statistically significant improvement was found from pre- to post-test results for subjects that 
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participated in the combined training (Kotzamanidis et al., 2005). Quagliarella et al. (2011) used 

force-plate derived metrics to evaluate the differences in neuromuscular performance, finding 

significant differences between competitive and recreationally trained youth soccer players 

(Quagliarella et al., 2011).  

Both the countermovement jump (CMJ) and the static or squat jump (SJ) have been used 

extensively for monitoring purposes in competitive athletes (Petrigna et al., 2019), and while 

both are considered excellent assessments of physical neuromuscular performance, there are 

marked differences in the mechanisms behind both and their underlying performances (Van 

Hooren & Zolotarjova, 2017). Nedelec et al. (2014) studied the effect of soccer actions during a 

match and the recovery kinetics at different timepoints after the match, finding that changes in 

CMJ performance were statistically significantly correlated with the number of high intensity 

changes of direction at 24 hours post-match (Nedelec et al., 2014).  In general, jump testing has 

been used to assess a number of different characteristics, including recovery after matches. 

Andersson & colleagues (2008) studied the changes in neuromuscular performance in female 

soccer players at different timepoints post-match. The repeated measures analysis indicated that 

the performance in jump testing was markedly lower for all post-match timepoints, indicating the 

negative effects of match play on neuromuscular performance (Andersson et al., 2008).  

At the collegiate level, many studies examining the different elements of physical 

performance of women soccer players have been completed.  Vescovi et al. (2007)used a switch 

mat to assess the positional differences in jump height of female NCAA D-I lacrosse players 

(Vescovi et al., 2007). Lombard et al (2020) monitored changes in the recovery of amateur male 

soccer players after simulated matches. A field test designed to simulate a soccer match was 

performed by athletes and followed up by self-reported wellness questionnaires and 
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countermovement jumps performed on force platforms (Lombard et al., 2020). In this same vein, 

other research has been performed in order to assess the performance of both male and female 

NCAA soccer players at different levels. Hoffman et al. (2003) used a linear position transducer 

attached to the athletes’ centers of mass in order to assess jump height in NCAA D-III female 

soccer players after matches (Hoffman et al., 2003). Ishida et al. (2021) evaluated the acute 

effects of match play on neuromuscular performance in NCAA D-I female soccer players. The 

authors discovered that there was a statistically significant decrease in neuromuscular 

performance in weighted an unweighted CMJ performance from pre-match jumps to 12 hours 

post-match jumps (Ishida et al., 2021). The relationship between weekly training load and jump 

height was examined by Polly da Costa Valladão et al. (2023) by comparing the sum of weekly 

training load in GPS variables and the jump performance on a switch mat in NCAA D-I female 

soccer players (Polly da Costa Valladão et al., 2023).  

In male collegiate soccer players, the relationship between training load and measures of 

physical performance has been studied by few authors. Kai et al. (2020) used the CMJ test on 

switch mats as part of a battery of tests used in order to evaluate the effect of preseason training 

on physical performance in male collegiate soccer players (Kai et al., 2020). A small increase in 

CMJ jump height with a small effect size was found across after the preseason period. The 

authors of this study, however, provided no further information about the subjects’ level of 

competition or previous training, making it hard to extrapolate from their results. McFarland et 

al. (2016) examined the relationship between jump performance and sprinting performance in 

male and female soccer players at the NCAA Division-II level. While the jump tests were found 

to be correlated to some degree with the sprint tests, jump height was the only variable used to 

compare to sprint time leaving other CMJ related variables open to further examination 
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(McFarland et al.,  2016). Sams et al. (2018) studied the effect of an athlete monitoring program 

on measures of fatigue using SJ derived variables, specifically in NCAA D-I soccer players. 

Loaded SJ (20 kg) were measured on a switch mat every week and were then assessed in relation 

to the weekly training load. No statistically significant decreases in SJ jump height were found 

throughout the course of the season suggesting the effectiveness of the monitoring program being 

evaluated (Sams et al., 2018).  

Yo-Yo Intermittent Recovery Test – Level 1 

Stølen et al. (2005) reviewed the literature on the physiological demands of soccer and 

remained steadfast in the importance of the aerobic system in soccer performance (Stølen et al., 

2005). The Yo-Yo Intermittent Recovery Test-Level 1 (YYIRT-L1) was developed by Bangsbo 

(Bangsbo, 1994) in order to assess the fitness level of soccer players in a more specific manner. 

The YYIRT-L1 consists of bouts of 2 x 20m shuttles performed at increasing speeds followed 

immediately by 2 x 5m jogs as active rest (Bangsbo et al., 2008). Krustrup et al. (2003) 

examined the physiological and physical responses to the YYIRT-L1 test in semi-professional 

Danish soccer players, finding that there were clear relationships between the YYIRT-L1 test and 

measures of blood lactate, blood markers of fatigue, and VO2max (Krustrup et al.,  2003). 

Krustrup et al. (2003) also examined the reliability of the YYIRT-L1 and found no statistically 

significant differences between tests performed one week apart with an intra-individual 

Coefficient of Variation (CV) of 4.9%. Different levels of the YYIR Tests are available and have 

different formats, with the level one being a longer test and thus challenges more aerobic 

processes. The YYIRT-L2 starts the test at a higher speed and has more efforts at higher speeds, 

and is therefore believed to be a better measure of the anaerobic energy contribution of an athlete 

(Schmitz et al., 2018). 
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The YYIRT-L1 has been commonly used in different populations as part of field test 

batteries commonly used to assess physical performance. In particular, the YYIRT-L1 has 

become common practice in youth soccer players. The YYIRT-L1 has been used to assess the 

aerobic performance of youth soccer players at different levels and is the most commonly 

reported YYIR test used in players over 16 years of age (Schmitz et al., 2018). Castagna et al. 

(2010) examined the relationship between YYIRT-L1 scores and physical match performance in 

elite-level youth soccer players. The study showed statistically significant correlations between 

final score in the YYIRT-L1 and the total distance covered throughout the match, highlighting 

the importance of aerobic fitness in soccer match performance (Castagna et al., 2010). This is 

also in line with findings from Krustrup et al. (2003).  Bujnovsky et al. (2019) also examined the 

physical performance of the YYIRT-L1 in youth soccer players, but highlighted the differences 

in positional demands between players (Bujnovsky et al., 2019). The previously mentioned study 

gave way to similar results as similar studies performed on male youth soccer players and elite 

male soccer players.  

Sprint Testing 

Soccer has long been thought of as a sport that requires substantial endurance, 

competition mean heart rates of up to 85% of maximal values and average oxygen uptake of 

approximately 70% of maximum oxygen consumption (VO2max) (Bangsbo et al., 2006; Bangsbo 

et al., 2007). Despite the relevance of the aerobic system for performance, recent research in the 

sport of soccer has revealed anaerobic energy system outputs to be fundamental for success 

(Dolci et al., 2020). In fact, an in-depth examination of the physical demands of official matches 

contested in the English Premier League have revealed statistically significant changes in both 

the total demand placed on soccer players and the number of high-intensity actions in a match 
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over the last few years (Bush et al., 2015). Furthermore, researchers believe that the demands of 

soccer a decade from now will be even greater with respect to the anaerobic energy system 

(Nassis et al., 2020). Not only is the development of the anaerobic energy system relevant for 

coping with game demands but it is essential for success. Faude, Koch, and Meyer (2012) 

concluded that straight line sprint actions are the most frequent physical actions that happen 

before goals are scored in elite-level soccer (Faude et al., 2012).  Given the importance of the 

anaerobic system, specifically sprinting speed, in determining success in soccer, protocols have 

been developed to test soccer players’ sprints at various distances.  

Mirkov et al. (2008) examined the reliability of different field tests in professional soccer 

players and found that there was a high degree of reliability for 20m sprint tests, as well as 

among other field performance tests (Mirkov et al., 2008). Little & Williams (2005) investigated 

the relationship between anaerobic tests of speed and power in 106 professional soccer players 

across 2 different levels of competition. They used an agility test, a 10m sprint from a static start, 

and a 20m flying sprint with a 30m run-up (Little & Williams, 2005). While this testing battery 

did include a large sample size from a homogenous population, it is difficult to draw any 

immediate conclusions from the 20m sprint, as it is different from the majority of the research, 

which uses a static start instead of a flying sprint. Haugen et al. (2013) examined the anaerobic 

performance of soccer players of different levels and ages across multiple decades using a large 

sample of national level athletes. Marked differences were found in 0-20m sprint times between 

soccer players of different ages and of different levels, highlighting the importance of developing 

the anaerobic qualities of soccer as an athlete progresses through level of competition and age 

groups (Haugen et al., 2013). 



 

 

42 

In youth soccer players, the relationship between strength and sprint training was further 

examined by Comfort et al. (2014). The authors of this study found statistically significant 

negative correlations between 5m sprint time and SJ and CMJ, however, no statistically 

significant relationships between sprint times and back squat were found in this particular study. 

In a similar study, Styles et al. (2016) showed contrasting results to Comfort et al. (2014). Styles 

et al. examined the relationship between Squat 1RM and sprint times at different distances, 

finding statistically significant negative correlations between increases in squat 1RM and 

decreases in sprint times (Styles et al., 2015). The relationship between sprints, repeated sprint 

ability (RSA) and aerobic performance was investigated by Meckel et al. (2009). A 20m shuttle 

test and a 20m repeated sprint test protocol were used to investigate the relationship between 

aerobic performance and repeated sprint ability, with a statistically significant negative 

correlation between estimated VO2max and performance in the 20m RSA protocol (Meckel et al., 

2009). A 40m RSA test was also used in this study, but no statistically significant relationships 

were found between VO2max and 40m RS performance, highlighting the importance of 20m 

sprints in soccer players. Mendez-Villanueva et al. (2011) used a 40m sprint test to determine 

differences in acceleration and maximum speed capacity between different age groups and 

different maturity statuses (Mendez-Villanueva et al., 2011). Statistically significant differences 

were found in both 10m sprint time and 20m fly time when results were split up by both age 

group and maturity status, reflecting the effect of maturation on anaerobic abilities related to 

performance. 

Assessments of speed and endurance are also important at the NCAA D-I level (Sayers et 

al., 2008). In collegiate soccer players, Bellon et al. (2019) used a 20m sprint protocol to identify 

the different phases of early acceleration (Drive, Mid-Stance, Transition, etc.). The authors of the 
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study used intercollegiate soccer players at the NCAA D-I level as subjects and used LED light 

transmitting devices to gain insights into the kinematics of soccer players during a 20m sprint 

(Bellon et al., 2019). Nagahara et al., (2016) also examined the kinematics and kinetics of 

collegiate soccer players, although the level of competition is unclear. The authors’ study 

included a 35m sprint protocol after the first and second half of friendly matches in order to 

compare the performance between the two and determine the effect of playing a soccer game on 

the kinetics of a straight-line sprint (Nagahara et al., 2016). The results demonstrated a clear 

performance decrement from pre-match to post-match testing, but no decrement from pre-match 

to after the first half. While the protocol used in this study used a longer distance in the sprint, it 

is clear from the results that the ability to maintain sprint kinetics in the presence of fatigue is 

correlated with the high-speed distance covered during the game. Lockie et al. (2017) used a 

30m sprint test along with a 30m RSA test to examine the relationships between sprint times at 

10m and 30m and performance in an RSA test. A clear relationship between the 10m and 30m 

times and the RSA performance decrement was established in the results of the study, 

highlighting in the importance of improving straight line sprinting qualities in order to improve 

anaerobic performance (Lockie et al., 2017).   

Video Tracking/WyScout 

Since Thomas & Reilly (1979) first used video to assess the physical demands of soccer, 

this method of determining physical demands has evolved substantially towards evaluating both 

physical and technical demands of the sport. As technology has evolved, the use of different 

video analyses methods has been used to assess the physical demands of different levels of 

professional soccer in different leagues. The use of post-match video analysis and semi-

automatic camera systems (i.e., ProZone ®, AMISCO Pro ®, SICS ®, WyScout ®, etc…) have 
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been used to assess physical match demands in professional soccer at different levels (Di Salvo 

et al., 2007; Rampinini et al., 2007; Di Salvo et al., 2009; Bradley et al., 2009; Randers et al., 

2010; Bradley et al., 2013). More recently, this technology has been used to assess physical 

performance with relation to the contextual factors around the match, such as playing position, 

opponent level, first vs second half match performance, substitutions, different phases of the 

game etc… (Di Salvo et al., 2007; Carling, 2010; Castellano, Blanco-Villaseñor, & Alvarez, 

2011; Bradley et al., 2011; Bush et al., 2015; Arjol-Serrano, Lampre, Díez, Castillo, Sanz-López, 

& Lozano, 2021). While AMISCO Pro and ProZone were the most common video-analysis 

providers in the early research published, more research has been done using newer video 

analysis providers such as WyScout and OPTA (Otero-Saborido, et al., 2021).   

WyScout is a video analysis company based in Chivari, Italy that uses their video 

platform to provide analysis of soccer matches at different levels of competition. The reliability 

of WyScout has been previously examined by Pappalardo et al. (2l019) before using WyScout 

event data in an algorithm for ranking player performances (Pappalardo et al., 2019). The 

reliability of the system was tested in accordance with previously used optical tracking validation 

methods (Liu et al., 2017). While camera-based player tracking systems have become common at 

the higher levels of competition in professional soccer, WyScout and other similar platforms, 

such as Statsbomb or Whoscored, have been used to gain insights about the technical-tactical 

indicators of soccer performance in professional soccer (Plakias et al., 2023). Mitrotasios et al. 

(2019) used video taken from WyScout’s platform to determine the most common methods of 

creating goal-scoring opportunities in different professional European soccer leagues 

(Mitrotasios et al., 2019). Because of its video dissection capabilities, WyScout has also been 

used to analyze specific phases of matches. Mitrotasios et al. (2021) used WyScout to anlayze the 
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success rate of corner kicks in the professional Spanish League, finding a very low overall 

success rate that was dependent on the zone where the kick landed (Mitrotasios et al., 2021). 

Diez et al. (2021) used WyScout to examine the physical outputs of soccer players in relation to 

the technical-tactical demands for each position in a professional soccer team. Physical outputs 

were measured for each player using 18 Hz GPS units and technical-tactical variables were 

analyzed by WyScout and then further analyzed by the authors of the study. This study analyzed 

30 official matches of a Spanish professional team in the second division and broke down both 

physical and technical-tactical indicators by position for the matches analyzed (Díez et al.,  

2021). While there has been research relating technical tactical factors to physical outputs (Arjol-

Serrano et al., 2021; Brito de Souza et al., 2019; Bush et al., 2015), Díez et al (2021) are the only 

group to publish these metrics, to this author’s knowledge, that uses WyScout specifically for the 

analysis of technical-tactical variables.  

Summary 

In summary, there are many different facets of performance that can be examined at the 

NCAA D-I level of soccer that remain rich in information but, more than likely, untapped 

sources of information. Several new technologies that are used in higher levels of elite soccer can 

provide further information about the demands of NCAA D-I male soccer and help practitioners 

and coaches prepare the athletes in this population in a more effective manner. GPS measures are 

commonly used is elite levels of sport in order to understand the physical demand of matches on 

players. Micro electromechanical systems allow for deeper insights into the physical load by 

measuring outputs via accelerometers, gyroscopes, and magnetometers, giving a clearer picture 

of the physical demands of sport. Other tracking technologies in elite soccer have given insight 

into other aspects related to the match demands of soccer players such as technical-tactical 
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variables, effects of formation, quality of opposition and other important factors that influence 

performance. Additionally, there are a number of studies that have been carried out in recent 

years that examine the physical capabilities of soccer players that are related to performance. 

Tests of explosive power, maximum strength, aerobic endurance, and sprint speed have been 

carried out in these populations to varying degrees. The main theme in the literature for NCAA 

male soccer as a whole is the lack of depth in the literature available for this population in any of 

the facets of performance listed above. The lack of available literature on this population shows a 

need for better understanding in order to maximize the potential of these athletes who operate 

within a unique set of constraints as well as unique demands of competition.  
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Abstract 

The purpose of this study was to add to the existing data specific to NCAA D-I male soccer 

players related to both physical match performance and physical capacity examined through a 

battery of performance tests. Data from 73 eligible male soccer players from a Division-I 

Southeastern mid-major institution was used for a retrospective analysis. Athletes were subjected 

to a battery of physical performance tests in order to assess a range of physical capabilities. GPS 

data from matches was used to assess match physical performance. Linear mixed models were 

used to examine the relationship between GPS match physical outputs and field tests and lab 

tests administered in the testing battery. Generalized Least Squares models were used to assess 

the positional differences for the GPS match outputs. Statistically significant relationships were 

found between GPS match outputs and field tests. No statistically significant relationships were 

found between GPS match outputs and lab tests. Statistically significant differences were found 

between position groups, with the FWD group being different than the MID or DEF group. 

Statistical significance was set a p ≤ .0.05. The results uncovered suggest that field tests could be 

better predictors of match physical performance than lab tests. Additionally, the positional 

differences found in this study differ from most of the literature examining positional differences 

at different levels. This deviation suggests that the match demands for FWD differ statistically 

significantly than FWD at other levels of competition.  

 

Keywords: GPS, NCAA soccer, match demands, physical testing, positional differences 
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Introduction 

Soccer is one of the most popular and most widely played sports in the world, with 

approximate 3.5 billion viewers annually and over 270 million participants globally (FIFA, 

2007). Popularity in the United States has also grown in both the men’s and women’s game with 

franchise purchases and sales hitting new records of investment (Mendola, 2023; Gutierrez, 

2024). The growth in popularity in the United States has brought about the need to understand 

the ecosystem of elite amateur soccer that feeds into the professional ranks. One of the branches 

of soccer increasing in popularity in the United States is at the NCAA D-I level with 202 

member institutions and over 5,900 participating athletes in the 2020-2021 season (NCAA, 

2021). With increased levels of participation at this level of soccer – from a sports science 

perspective – it is important to understand the physical demands of soccer players that could 

potentially reach the professional ranks.  

The analysis of the physical outputs of soccer players is rooted in video analysis of 

matches individually coded by dedicated researchers (Reilly, 1976). Technological advances 

have made the evaluation of physical workloads vastly simpler and more readily available for 

analysis with the emergence of GPS tracking systems (Aughey et al., 2011; Hennessy & Jeffreys, 

2018). The increased use of GPS technology in soccer has brought about an enormous amount of 

data and a subsequent increase in the research surrounding physical match demands of the sport. 

Soccer physical match performance has been widely examined at different levels of competition 

from elite professional levels to amateur and recreational levels (Abbott et al., 2018; Bangsbo et 

al., 2006; Curtis et al., 2018; Mallo et al., 2015; Scott et al., 2014). Despite its increased 

popularity in the last few years, NCAA D-I soccer has not seen a lot of representation in the 

research. Recently, more research has come about that examines the physical demands placed on 
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this specific population of athletes (Curtis et al., 2018; Curtis et al., 2020; Aziz et al., 2023; 

Anderson et al., 2021). Curtis et al. (2018) focused on examining the match outputs of this 

population across an entire competitive season for NCAA D-I soccer players by using GPS. 

Basic Descriptive statistics and positional differences were given by the authors, who found 

trends in this population that are in agreement with research in more elite populations, mainly 

that central midfielders (CM), covered the most ground during matches. Anderson et al. (2021) 

examined two seasons worth of internal and external load data of a NCAA D-I soccer team, 

comparing both absolute and relative outputs for matches and training throughout the 

competitive season, finding marked differences between training load and competition load.  

Ryan et al. (2020) examined the positional demands of training load, speed, heart rate, and 

recovery in a cohort of 21 NCAA D-I male collegiate soccer players over the course of a 14-

week season, observing statistically significant differences between positions for measures of 

internal and external load throughout the season.  

In addition to physical match demands on the field, the physical demand of soccer 

players is often examined using a variety of tests of different physical capacities (i.e. 

cardiovascular endurance, strength, power, etc.). One of the more popular tests of physical ability 

is the countermovement jump (CMJ). The CMJ has been used in varying populations using 

different modalities such as jump mats, LED light systems, and force platforms (Rago et al. 

2018; Haugen, Tønnessen, & Seiler, 2012). Because jump performance and jump-derived 

variables are associated with various characteristics of athleticism, jump tests are often used with 

soccer player to assess potential sport-specific physical capabilities. Another test that has been 

widely used in the population is the Isometric Mid-Thigh Pull. Abott & Clifford (2022) used the 

IMTP Peak Force (IPF) as an indicator of strength in professional soccer players in order to 



 

 

51 

assess the effect of strength on recovery and its association to match physical performance. 

Testing batteries for soccer players have also included a field-testing component to measure 

aerobic and anaerobic outputs. Chamari et al. (2004) performed field and lab tests in elite 

adolescent soccer players, including 20- and 30-meter sprint tests as well as aerobic performance 

field tests. Although there is a large quantity of research examining physical performance in 

soccer, there is scarce research in the specific population of NCAA D-I male soccer players.  

In populations of NCAA D-I male soccer players specifically, there has been some 

research using both dynamic and isometric performance tests. Silvestre et al. (2006) examined 

the relationship between body composition and performance in physical tests in a population of 

NCAA D-I male soccer players, finding that players with higher lean mass and less fat mass 

performed better in these tests. Similarly, Ishida et al. (2021) examined the relationships between 

body composition and physical testing performance, adding more depth to the previous research 

by studying short sprints, SJ and CMJ jumps on force platforms, and IMTP on force platforms. 

Similar relationships were found between the isometric strength variables, body composition, 

and sprinting performance were all found to varying degrees. More specific to jump testing Sole 

et al. (2018) used a large cohort of male and female NCAA D-I soccer players to assess the RSI 

qualities of these two specific populations and provide normative data. Similarly, Harry et al. 

(2017) looked at the differences in Ground Reaction forces (GRFs) between two different jump 

tasks measured via force platforms. Ishida et al. (2020) examined the changes in physical 

performance tests (CMJ, IMTP, sprint) in relation to a partial block periodization strength 

training program. The current state of the research is growing, but given the amount of research 

performed in soccer at other levels of competition, there is a need for more in-depth research in 

larger populations of NCAA D-I male soccer players. Thus, the purposes of the study were: to 
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provide additional normative data on GPS match outputs for male collegiate soccer players at the 

NCAA D-I level, to provide additional normative data on physical performance testing outputs of 

male collegiate soccer players at the NCAA D-I level,  and to examine the relationships between 

match GPS outputs and physical performance testing outputs.  

Methods 

Experimental Approach to the Problem 

The design of this study was a retrospective analysis using previously collected data 

collected for athlete monitoring purposes. The study was designed in order to examine the match 

demand of NCAA D-I men’s collegiate soccer. Data used in the study were collected as part of a 

comprehensive athlete monitoring program for the soccer team. The data included GPS data 

matches and results from a number of physical performance tests including, countermovement 

and static jump testing on force platforms, and isometric mid-thigh pull testing on force 

platforms.  Data were collected before the start of the season as part of a battery of pre-season 

physical performance testing. Athletes who did not consent for their data to be included in the 

ETSU Sport Science Research Repository were excluded from the analysis (n = 2).  

Subjects 

Data from an eligible 73 NCAA NCAA D-I male collegiate soccer players (height = 

178.0 ± 5.9 cm; body mass = 75.4 ± 13.3 kg; age = 20.79±1.68 years) was retrieved from the 

ETSU Sport Science Research Repository. Retrospective analysis of the performance data was 

approved by the East Tennessee State Institutional Review Board (ETSU IRB # c0623.17sw). 

Procedures 

GPS Training Load Data. GPS training load data from matches and training sessions 

was retrieved from the University Sport Science Research Repository. Data was collected over 
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the span of five competitive Fall seasons for the sample of NCAA D-I soccer players (2017-

2022). The Fall season was chosen for analysis because this is the designated “in-season” period 

for men’s soccer by the NCAA. Data was collected by a qualified sports scientist that was 

present at every game and training session. All competitive non-conference matches and 

conferences championships took place during the Fall seasons. The 2020 Fall season was 

excluded due to the restrictions placed around competition and practice due to the global 

COVID-19 pandemic. A total of 97 matches were played across five seasons, including 

exhibition games, non-conference games, conference games, and conference tournament games. 

290 training sessions were collected across the same time span. A training session was 

designated as practice that was led by the soccer coaching staff, included a majority of the 

players in it, and a session in which the nature of the exercise was not purely conditioning. Each 

player was assigned a playing positionsout of three major categories based on the position 

designated in the original data. If no assigned position was available in the data, then the position 

group that was assigned on the ETSU athletics website was assigned to that athlete.  

Testing Procedures. Testing was conducted at the beginning of every season. Lab 

protocols and field-testing protocols were performed on the same day. Prior to testing, Players 

performed a standardized warm up before the start of testing that included 25 jumping jacks, 1 x 

5 repetitions @ 20 kg and 3 x 5 repetitions @ 60 kg of a mid-thigh pull (MTP). 

Jump Testing Data. Lab testing data was retrieved from the Sport Science Research 

Repository. Lab data included data collected from two different types of jump tests – Static 

Jumps (SJ) and Countermovement Jumps (CMJ). All jumps were performed on dual force 

platforms sampling at 1000 Hz (91.0 cm × 91.0 cm; Rice Lake Weighing Systems, Rice Lake, 

WI, USA). The tests were done in loaded and unloaded conditions. The unloaded condition 



 

 

54 

consisted of the athletes jumping with a PVC pipe on their back with the loaded condition 

consisting of athletes jumping with a 20 kg barbell on their back. Each athlete who was included 

performed at least one instance of every jump condition (SJ-0, SJ-20, CMJ-0, CMJ-20).  SJ 

included 1 warm up repetition at 50% and 75% self-perceived effort for the SJ-0 and 1 warm up 

repetition at 75% self-perceived effort for the SJ-20 condition. CMJ warm-up included on 

repetition of CMJ-0 at 75% self-perceived effort. During SJ testing, the athletes were instructed 

to stand still on the force platforms and maintain a squat position with the load on their back at a 

knee angle of 90º measured via goniometer. Athletes jumped from the bottom position on the 

command of “3-2-1, Jump!” given by the tester. A minimum of two trials were performed for 

each condition, with additional trials taking place if the difference in jump height exceeded 2.0 

cm. The average values of the two best jumps, determined by jump height, were taken and used 

in the final analysis. A total of 535 observations were used in the final analysis, consisting 46 

different athletes, 133 unweighted static jumps (SJ-0), 131 weighted static jumps (SJ-20), 138 

unweighted countermovement jumps (CMJ-0) and 133 weighted countermovement jumps (CMJ-

20) across the seasons included. The average of the top two jumps for each condition was used in 

the final analysis. The variables derived from the jumps that were used in the analysis included 

jump height (cm), peak power (W), and net impulse (NI). The reliability of these metrics at 

specific epochs of 200 msec have been examined and validated in previous research (Merrigan et 

al., 2020; Haff et al., 2015). Raw data was analyzed using a custom Labview software (National 

instruments, Austin, Tx) using a 4th order Butterworth low pass filter. JH, PP, and NI were all 

automatically calculated by the software. The jump offset and zero were all determined by an 

assigned sports scientist. 
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Isometric Mid-Thigh Pull Data. Isometric Mid-Thigh Pull (IMTP) testing was 

performed after Jump Testing on dual force plates (91.0 cm × 91.0 cm; Rice Lake Weighing 

Systems, Rice Lake, WI, USA; 1000Hz sampling rate). Athletes were strapped into a custom-

built rack that included a fixed steel bar with an adjustable height. Each athlete was instructed to 

grab onto the bar and flex their ankle, knee, and hip joints until a knee angle measured via 

goniometer of 125 ± 5º was achieved. The IMTP warm up consisted of two submaximal trials at 

50% and 75% of perceived maximal effort. Once the athletes were strapped I, they were 

instructed to pull upward as fast and as hard as possible on the command of “3-2-1, Pull!” A 

minimum of two trials were used for assessment, with additional trials being performed if there 

was a difference greater than 200 N between trials, or if there was a countermovement greater 

than 200 N at the start of the test. The average values of the two best trials, determined by 

isometric peak force, were taken and used in the final analysis. A total of 170 observations were 

used in the analysis form 53 different athletes. The average of the top two trials were used in the 

final analysis. The two best pulls were determined by sorting the pulls by peak force. PF, RFD, 

and IMP were all derived from the Force-Time Curve. Raw data was analyzed using a custom 

Labview software (National instruments, Austin, Tx) using a 4th order Butterworth low pass 

filter. PF was determined by the highest point in the Force-Time curve. RFD was calculated 

using a 0-200 millisecond window. Impulse was calculated using a 0-200 millisecond window, 

using the summation of area under the curve. The start of the pull was manually calculated by an 

assigned sports scientist. 

20 m Sprint Test. A 20 m sprint test was used to evaluate the athletes' anaerobic 

capabilities. Times were calculated using timing gates (Witty, Microgate, Bolzano, Italy) at 0-10-

and 20m intervals. Distances were calculated using a tape measure and were performed by a 
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certified strength and conditioning coach. Athletes performed a maximum of two trials from a 

static start, with the start line 30cm behind the first timing gate (Bellon et al., 2019). All trials 

were performed on a soccer field in soccer shoes. ICCs were calculated for the data utilized in 

the study (ICC = 0.95). The average time of the two trials was computed and used in the 

analysis.  

Yo-Yo Intermittent Recovery Test Level I. A Yo-Yo Intermittent Recovery Test- Level 1 

(YYIRT-1) was performed to assess the athletes' soccer-related fitness performance. The YYIRT-

1 consists of 20m shuttle runs that increase speed incrementally, along with a 10m recovery run. 

The starting speed of the test is 10 km•h-1. Beeps at different time intervals dictate the average 

running velocity. Players were given one warning if they failed to reach the start line before the 

second beep in the repetition. The total distance covered during the YYIRT-1 was used in the 

analysis. Distances were measured with a tape measure by a certified strength & conditioning 

coach. All trials were performed on a soccer field in soccer shoes. ICC was not calculated for this 

particular set of data but previous examinations of the YYIRT-L1 have shown it to be a reliable 

test with reported ICCs between 0.87–0.95 for youth players U15, U17, and U19 (Deprez et al. 

2015) and ICCs ranging from 78-90% for different populations, with the majority of the ICCs 

higher than 90% specifically for the YYIRT-L1 (Grgic et al. 2019). 

Statistical Analyses 

The statistical software R (version 4.2.1) and the packages nlme, car, tidyverse, 

emmeans, performance, and AICcmodavg were used to perform the different analyses on the 

relevant data. The positional differences in GPS outputs were determined using an Analysis of 

Variance (ANOVA). ANOVAs were fit using a Generalized Least Squares model instead of a 

General Linear mfor the relevant GPS variables, due to the combination of violation of 
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assumptions in a linear model fit as well as missing data points. GPS variables were taken from 

match data and were scaled by dividing the sum of all of game data by the number of game 

minutes played. Significance was set a p < .05. To describe the magnitude of the differences, 

Cohen’s d effect sizes (ES) with 95% confidence intervals (CI) were calculated from the 

resultant t ratios. Descriptions of effect size magnitudes follow Hopkins (Hopkins, 2002): <0.2 = 

trivial, 0.2 – 0.6 = small, and 0.6 – 1.2 = moderate.  

The relationships between GPS variables and field-testing variables were examined using 

various Linear Mixed Models (LMM) built with the lme() function from the nlme package. 

Linear mixed modeling was chosen because LMM are able to cope with unbalanced designs and 

missing data (Cnaan et al., 1997) — due to the nature of the data and multiple missing data 

points in the given repository data sets, this was deemed to be an appropriate approach. A 

random effect was set either for the individual athlete, for their position group, or the coach 

during that season, or for a a combination of these depending on how the fit of the model was 

affected. The random intercept that improved model fit was used in the final model. GPS 

variables were set as dependent variables with the interaction between the field tests set as 

independent variables. For the IMA variables, the only model that was used for post-hoc test was 

the High-Intensity Decelerations model. High-Intensity Acceleration model was not included in 

the post-hoc analysis because there was no difference between positions when examining the 

marginal means. The positional differences between groups that achieved statistical significance 

were only between DEF and MID, with the mean difference showing the DEF group showing 

higher levels of high-intensity IMAs per minute played. Generalized Least Squares models were 

fitted when violations of homoscedasticity or autocorrelation were found in the General Linear 

Models.  
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Results 

Descriptive statistics for all relevant GPS variables and performance testing are provided 

in the Tables 1-5: 

Table 1  

GPS Data Mean ± SD (Data from 2017-2022 matches) 

Total 

Distance (m) 

HSR 

Distance (m) 

Sprint 

Distance (m) 

High-Int IMA 

Accelerations 

High-Int IMA 

Decelerations 

7445.5 ± 

2805.8 
291.9 ± 126.4 65.7 ± 34.7 7.0 ± 3.7 6.2 ± 2.7 

n games = 97 
Means are taken from LMMs built in order to account for missing values and imbalanced 
sample sizes. 
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Table 2  

Positional GPS Data Mean ± SD (Data from 2017-2022 matches) 

Position 

Group 

Total 

Distance 

(m) 

HSR 

Distance 

(m) 

Sprint 

Distance 

(m) 

High-Int IMA 

Accelerations 

High-Int IMA 

Decelerations 

DEF 

(n = 23) 

7405.9 ± 

4256.4 

266.4 ± 

196.4 
65.4 ± 70.1 6.5 ± 4.9 6.6 ± 5.6 

MID 

(n = 28) 

7387.5 ± 

4249.4 

279.6 ± 

204.6 
52.1 ± 61.2 5.7 ± 4.7 6.9 ± 5.7 

FWD 

(n = 12) 

8956.1 ± 

3644 

432.7 ± 

208 

112.1 ± 

75.6 
7.0 ± 4.5 9.2 ± 6.4 

n Games = 97 
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Table 3  

Jump Testing Data Mean ± SD (Data from 2017-2022 Pre-season) 

Position 

Group 

Jump 

Type 

Bar Weight 

(kg) 

Jump Height 

(cm) 

Net Impulse 

(N•s) 

Peak Power 

(W) 

DEF 

(n = 60) 

CMJ 

 (n = 15) 
0 35.8 ± 6.5 216.9 ± 25.7 

4443.7 ± 

619.9 

CMJ 

(n = 15) 
20 27.0 ± 5.6 238.8 ± 38.1 

4458.3 ± 

816.1 

SJ 

(n = 15) 
0 32.3 ± 5.9 210.1 ± 25.1 

4423.7 ± 

768.7 

SJ 

(n = 15) 
20 25.0 ± 4.9 233.2 ± 27.6 

4410.7 ± 

714.2 

MID 

(n = 84) 

CMJ 

(n = 21) 
0 35.6 ± 4.9 202.6 ± 21.9 

4102.4 ± 

524.8 

CMJ 

(n = 21) 
20 25.8 ± 4.0 213.0 ± 21.0 

3902.5 ± 

486.4 

SJ 

(n = 21) 
0 31.8 ± 4.6 186.4 ± 22.7 

3847.4 ± 

576.7 

SJ 

(n = 21) 
20 24.0 ± 4.0 207.8 ± 24.5 

3838.4 ± 

558.7 

 

 

CMJ 

(n = 10) 
0 34.3 ± 3.4 187.2 ± 34.4 

3856.9 ± 

669.9 
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FWD 

(n = 40) 

CMJ 

(n = 10) 
20 25.5 ± 2.4 201.0 ± 33.4 

3748.9 ± 

627.9 

SJ 

(n = 10) 
0 31.0 ± 3.5 178.6 ± 37.6 

3805.8 ± 

810.5 

SJ 

(n = 10) 
20 23.9 ± 2.5 199.0 ± 38.9 

3764.7 ± 

773.3 

Jump Types: 
CMJ: Countermovement Jump 
SJ: Static Jump 
Player Positions: 
DEF: Defender 
MID: Midfielder 
FWD: Forward 

 

Table 4  

Isometric Mid-Thigh Pull Testing Data Mean ± SD (Data from 2017-2022) 

Position Group Peak Force (n) RFD @ 200 msec (n/s) Impulse @ 200 msec (n•s) 

DEF 

(n = 29) 
3451.5 ± 639.4 5251.9 ± 2798.3 343.2 ± 90.1 

MID 

(n = 36) 
3524.8 ± 522.2 6046.4 ± 2773.0 331.7 ± 88.4 

FWD 

(n = 29) 
3698.5 ± 519.5 6300.0 ± 2561.5 335.0 ± 106.2 

Player Positions: 
DEF: Defender 
MID: Midfielder 
FWD: Forward 
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Table 5  

Field-testing Data Mean ± SD (Data from 2017-2022 Pre-season) 

Position Group YYIRT1 Distance (m) 20m Sprint Time (s) 

DEF 

(n = 30) 
1953.3 ± 465.1 3.024 ± 0.089 

MID 

(n = 40) 
2042.0 ± 379.9 3.032 ± 0.112 

FWD 

(n = 20) 
2132.0 ± 350.7 2.981 ± 0.089 

Player Positions: 
DEF: Defender 
MID: Midfielder 
FWD: Forward 

 

Field Tests & GPS Variables 

The results for the LMM created for the field tests and GPS match outputs are found in 

the Table 5. Match TD was statistically related to both YYIRT-L1 distance and 20m sprint time; 

Match SPR was statistically significant related to 20m sprint time; Match IMA-D were 

statistically significantly related to 20m sprint time; Match IMA-A were statistically significantly 

related to the interaction between YYIRT-L1 distance and 20m sprint time. No other 

relationships between match GPS variables and field tests achieved statistical significance.  
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Table 6  

Linear Mixed Models for field test and match-related GPS metrics 

Dependent 

Variable 

Random 

Effects 
Fixed Effects 

Marginal 

R2 
95% CI P-value 

Match TD 

Random 

Intercept for 

Athlete 

YYIRT-L1 Distance 

0.021 

[0.006, 

0.020] 

p = 

0.002* 

20m Sprint Time 
[7.188, 

75.878] 

p = 

0.022* 

Interaction Effect of 

YYIRT * 20m Sprint 

[-0.101, 

0.055] 

p = 

0.530 

Match HSR 

Random 

Intercept for 

Athlete 

YYIRT-L1 Distance 

0.007 

[-0.0003, 

3.623] 

p = 

0.490 

20m Sprint Time 
[-4.761, 

0.888] 

p = 

0.161 

Interaction Effect of 

YYIRT * 20m Sprint 

[-0.003, 

0.010] 

p = 

0.268 

Match SPR 

Random 

Intercept for 

Athlete 

YYIRT-L1 Distance 

0.223 

[4.179e-05, 

0.0004] 

p = 

0.0179* 

20m Sprint Time 
[-2.934, -

0.330] 

p = 

0.0182* 

Interaction Effect of 

YYIRT * 20m Sprint 

[-9.345e-04, 

0.002] 

p = 

0.470 
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Match IMA-

D 

Random 

Intercept for 

Athlete 

YYIRT-L1 Distance 

0.000 

[-9.769e-06, 

1.583e-05] 

p = 

0.615 

20m Sprint Time 
[0.020, 

0.123] 

p = 

0.011* 

Interaction Effect of 

YYIRT * 20m Sprint 

[-5.537e-05, 

1.867e-04] 

p = 

0.260 

Match IMA-

A 

Random 

Intercept for 

Athlete 

YYIRT-L1 Distance 

0.001 

[-8.878e-06, 

1.928e-05] 

p = 

0.437 

20m Sprint Time 
[-0.087, 

0.0487] 

p = 

0.548 

Interaction Effect of 

YYIRT * 20m Sprint 

[-3.533e-04, 

-9.272e-05] 

p = 

0.003* 

Note: Alpha level was set a p ≤ 0.05 
† Indicates there may still be an issue with the modeling 

 

Lab Tests & GPS Variables 

The results for the LMMs created to assess the relationships between Lab Tests and GPS 

outputs are in Table 6. The relationships examined between lab test outputs and match 

performance were related. 
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Table 7  

Relationship between Lab Testing and GPS Data 

Dependent 
Variable Random Effects Fixed 

Effects 

Marginal 
R2 Estimate 95% 

CI 

P-

value 

Match HSR 
Random Effect of Athlete 

& Random Effect of 
Position Group 

PP CMJ-
0 

0.032 

[-0.002, 0.001] 

p = 

0.988 

PP CMJ-
20 [-0.001, 0.002] 

p = 

0.572 

PP SJ-0 [-0.001,0.002] 

p = 

0.447 

PP SJ -0 [-0.002,0.001] 

p = 

0.373 

Match IMA-A 
Random Effect of Athlete 

& Random Effect of 
Coach 

PF 

1.000 † 

[-0.0001, 
0.126e-05] 

p = 

0.077 

PF-Allo [-0.0002, 
2.06e-03] 

p = 

0.067 

Match IMA-D 
Random Effect of Athlete 

& Random Effect of 
Coach 

PF 

0.001 

[-4.53e-05, 
4.67e-05] 

p = 

0.955 

PF-Allo [-9.13e-04, 
7.55e-04] 

p = 

0.724 

Match Sprint 
Distance 

Random Effect of Athlete 
& Random Effect of 

Coach 

JH CMJ-
0 0.007 [-0.014, 0.025] 

p = 

0.576 
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NI CMJ-
0 0.013 [-0.001, 0.003] 

p = 

0.409 

PP CMJ-
0 0.000 † [-0.0002, 

0.0002] 

p = 

0.992 

JH CMJ-
20 0.001 [-0.023, 0.029] 

p = 

0.814 

NI CMJ-
20 0.005 [-0.006, 0.004] 

p = 

0.620 

PP CMJ-
20 0.000 † [-0.0002, 

0.0002] 

p = 

0.996 

JH SJ-0 0.002 [-0.021, 0.028] 

p = 

0.757 

NI SJ-0 0.000 † [-0.005, 0.005] 

p = 

0.902 

PP SJ-0 0.015 [-0.0001, 
0.0002] 

p = 

0.490 

JH SJ-20 0.003 [-0.023, 0.032] 

p = 

0.733 

NI SJ-20 0.002 [-0.005, 0.004] 

p = 

0.771 

PP SJ-20 0.001 [-0.0002, 
0.0002] 

p = 

0.852 

Note: Alpha level was set a p ≤ 0.05 
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PP: Jump Peak Power 
JH: Jump Height 
NI: Jump Net Impulse 
SJ: Static Jump 
CMJ: Countermovement Jump 
PF: Peak Force 
PF-Allo: Peak Force, allometrically scaled (PF/BM0.67) 
 
† Indicates there may still be an issue with the modeling 

 

The results above show that none of the relationships examined between lab test outputs 

and match performance were related.  

Positional Differences 

The results for the GLS models used to assess positional differences in match outputs are 

found below:  

Table 8  

Game-related GPS metrics differences between playing positions 

Dependent Variable Contrast P-value Cohen’s d [95% CI] 

Match TD 

DEF - FWD 0.022* -0.789 [-1.382, -0.197] 

DEF - MID 0.920 -0.093 [-0.567, 0.382] 

FWD - MID 0.042* 0.697 [0.124, 1.271] 

Match HSR 

DEF - FWD < 0.0001* -1.591 [-2.218, -0.965] 

DEF - MID 0.616 -0.224 [-0.699, 0.251] 

FWD - MID < 0.0001* 1.367 [0.769, 1.966] 

Match SPR 

DEF - FWD 0.0001* -1.255 [-1.859, -0.652] 

DEF - MID 0.4681 0.281 [-0.194, 0.756] 

FWD - MID < 0.0001* 1.536 [-0.951, 2.122] 
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Match IMA-D 

DEF - FWD 0.215 0.072 [-0.014, 0.159] 

DEF - MID 0.043* 0.084 [0.014, 0.153] 

FWD - MID 0.960 0.011 [-0.073, 0.096] 

Note: Alpha level was set a p ≤ 0.05 
DEF: Defender 
MID: Midfielder 
FWD: Forward 

 

 

The results above suggest that the only statistically significant differences between 

position DEF and FWD players were in Match TD and Match HSR. The comparisons between 

MID players and FWD & DEF players yielded several statistically significant differences for 

match GPS variables, specifically, Match TD (MID vs FWD), Match HSR (MID vs FWD), 

Match SPR (MID vs FWD), and Match IMA-D (MID vs DEF). Positional differences were 

examined using pairwise contrasts using the Tukey method. Differences in Total Distance 

covered during a match were found to be statistically significant between DEF and FWD (p = 

.0221*) and between FWD and MID (p = .0416*). The direction of the mean difference suggests 

that FWD covered more total distance than both DEF and MID. Differences in High-Speed 

Running Distance were found to have a statistically significant differences between DEF and 

FWD as well as between FWD and MID (p < .0001* for both), with the mean difference 

suggesting that FWD covered more HSR per game minute than DEF and FWD. The differences 

between groups for sprint distance followed a similar pattern with differences between DEF and 

FWD being statistically significant ((p = .0001*) as well as FWD and MID (p < .0001*).  
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Discussion 

The purpose of this study was to examine the physical demands and physical 

performance of male NCAA D-I soccer. A secondary purpose of this study was to highlight 

positional differences in both match outputs and physical performance tests. One of the main 

findings of this study was the relationship between the GPS match performance variables and the 

field tests. The LMMs used to assess these relationships showed statistically significant 

relationships between TD and both field tests, SPR and both field tests, IMA-D and 20m sprint 

time, and IMA-A and the interaction between both of the tests. The relationship with TD and 

field-testing variables can be explained by previous research. Bangsbo et al. (2008) highlight the 

importance of both the aerobic and anaerobic system in match physical performance in soccer 

players, so it stands to reason that the results of these tests are related to match physical outputs. 

Likewise, the relationship between the field tests and SPR match outputs follow the same logic. 

Because repeated anaerobic outputs require both efficient aerobic and anaerobic processes, and 

changes in the ratio of SPR per minute played could be explained by the performance in these 

tests.  

The most surprising finding of this study in regards to positional differences was that 

there were statistically significant differences in match physical performance outputs between 

FWD and the other two position groups when examining TD, HSR, and SPR. These findings 

suggest that forwards covered more TD, HSR, and SPR compared to defenders and midfielders. 

The positional differences in this study go against some of the literature based in professional 

soccer, where the MID position is the one that typically covers more ground during match and 

training activities (Owen et al., 2016; Owen et al., 2017). This result is also in conflict with the 

results in previous literature in NCAA populations (Curtis et al., 2018; Aziz et al., 2023) It is 
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important to note that there are multiple factors potentially influencing these results – the main 

factor being the rotation of the players during the match. The competition format NCAA D-I 

allows for re-entry of substitutions during the match, that is, players can rest for a period of time 

and come back on in the same half. This allows match outputs to stay high relative to minutes 

played, particularly with players who play less minutes. It is also important to note that the 

nature of the study does not allow for further classification of player positions (e.g. outside 

defender vs central defender, wide midfielder vs central midfielder, etc.) which can also be 

affected by contextual factors associated with the match, such as the given formation, coaching 

staff, coaching tactics, personnel, and others (Curtis et al., 2020; Diez et al., 2021; Romero et al., 

2024). The preliminary LMMs accounted for the random effect of different coaches throughout 

the given period of analysis, but model changes proved to not be statistically significant so the 

effect of coach was removed in order to simplify the models. The limitations of the data are 

mostly in the nature of the collection. Because the data was extracted from a data repository, 

there is no way to control for different collection methods, especially over a period of 5 years. 

Additionally, the changes in coaching staff over that time span could alter some of the player 

classifications, as different coaches typically change team tactics according to their preference 

and thus affect the physical outputs of some players (playing time, position changes, etc.). 

Additionally, players were not divided into central and wide players due to a lack of knowledge 

on player position assignment beyond what was provided. This lack of classification could be the 

reason why some of the results presented differ from the majority of the previous research 

presented on these populations.  
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Practical Applications 

 The practitioner can examine the results of this study and ascertain there is a difference in 

the demand of NCAA D-I male soccer players compared to the populations which there were 

numerous studies on match demands. Positional demand may need to be re-evaluated for this 

population due to differences between FWD and the other positions available. Additionally, 

norms have been provided for benchmarking for physical capabilities in a number of different 

relevant tests. These tests of physical capability encompass the different areas of physical outputs 

that are required for collegiate soccer (strength, speed, aerobic endurance, etc.). These results can 

be used for comparison for coaches who work with these populations to varying degrees 

depending on available resources at a given institution.  
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Abstract 

The purpose of this study was to examine the technical-tactical match demands of NCAA D-I 

male soccer players as well as examine the relationship of the technical-tactical variables with 

physical capability and physical match outputs. Data from an eligible 23 NCAA D-I male soccer 

players playing at a mid-major Southeastern university were used in the retrospective analysis. 

Technical-tactical data was pulled from WyScout® for analysis. GPS data from matches where 

WyScout® data was available were also used in the analysis. Physical performance data was 

collected from pre-testing values. Correlation analysis was performed between technical-tactical 

variables and all the variables relating to physical capabilities. Match technical-tactical and 

physical outputs were scaled by player based on the number of total minutes played in a given 

match. Linear models were fit to the data to examine the relationships between the volume of 

technical actions and the physical outputs. Statistically significant relationships were found 

between technical-tactical variables and high-intensity GPS variables. No statistically significant 

relationships were found between technical-tactical variables and the lab performance testing 

variables. Positional differences were examined when a statistically significant interaction effect 

for position was found in the models constructed. Statistical significance was set at p ≤ 0.05. The 

results suggest that there are no statistically significant relationships between technical-tactical 

performance and physical match performance. Additionally, there was no evidence in the results 

to suggest that performance tests were indicative of match technical-tactical performance.  

 

Keywords: WyScout®, technical-tactical, match demands, physical capabilities 
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Introduction 

The evolution of technology in sports has led to an influx of data related to sport-specific 

performance (Adam, 2022). The first published video analysis of soccer players was done by 

Reilly (1976), using video analysis to quantify the physical demands in professional English 

soccer. Recent developments in video tracking technology have made it possible to quantify the 

physical demands of elite-level soccer, with companies such as Prozone® being able to track 

individual physical outputs based on video tracking (Rampinini et al., 2007; DiSalvo & 

Modonutti, 2009). This and other multi-camera systems have been validated for use in soccer (Di 

Salvo et al., 2006; Castellano et al., 2014; Redwood-Brown et al., 2012).  

Technical-tactical performance variables are the sport-specific measures that are 

indicative of individual and team performance. These variables have been previously studied in 

the context of professional soccer at different levels and to different extents. Rampinini et al. 

(2009) using Italian Serie A professional players, showed that there is a statistically significant 

relationship between the amount of physical work performed during a match and the final 

performance of the team over the season, with more successful teams performing less physical 

work, but having higher technical-tactical outputs. Bush et al. (2015) examined the effect of 

contextual factors on physical performance markers in the English Premier League over the 

course of a season. Data from this study showed a much higher variability in the technical-

tactical performance markers examined in comparison to the physical performance markers 

examined. Yi et al. (2020) examined the changes in technical variables in matches of the UEFA 

Champions League competition, showing differences between knockout stage and group stage 

matches. A longitudinal analysis of Spanish professional football by González-Rodenas et al. 

(2024) showed a decreasing trend in the number of offensive team sequences from the 2008 
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season to the 2021 season, but an increase in team-associated variables such as total passes, 

passing accuracy, and passing per offensive sequence.  

In professional soccer, technical-tactical variables have been analyzed with respect to 

performance in various contexts. Forcher et al. (2023) conducted a systematic review on the 

available literature related to physical performance assessed using multi-camera tracking 

systems. Analysis of technical-tactical and contextual variables in soccer using multi-camera 

technology dates back to the early 2010s when Bradley et al. (2011) examined a variety of 

different factors on the physical in-match performance of Premier League soccer. Multi-camera 

systems have been previously used to examine physical match demands in different contexts, 

including opponent level, final score, and match location (i.e. home vs way matches) (Castellano 

et al., 2011; Gonzalez-Rodenas et al., 2019; Fernandez-Navarro et al., 2018). Previous analyses 

have been conducted in the Spanish professional soccer league with a different camera tracking 

system (OPTA) investigating similar technical-tactical and match contextual variables (Brito de 

Souza et al., 2019a; Brito de Souza et al.,, 2019b). Russell et al. (2013) examined the changes in 

outputs of technical variables at different stages of the match, finding decrements in technical-

tactical performance in the second half and at different 15-minute intervals.  

In recent years, analysis of technical variables has expanded in the professional ranks 

with data providers such as Statsbomb® and WyScout®. WyScout® is a multi-camera tracking 

system that analyzes soccer data specifically at different levels of competition. This instrument 

has been validated by previous research (Pappalardo et al., 2019).  WyScout® data has been used 

in previous research in evaluations of the quality technical-tactical actions of soccer players 

(Sanchez-Lopez, Echeazarra, & Castellano, 2023; Izzo et al., 2020). Related specifically to 

WyScout®, Diez et al. (2021) analyzed the physical and technical-tactical outputs of Spanish 
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professional soccer players using GPS and the WyScout® camera tracking system software. 

Normative values for both technical-tactical variables as well as physical outputs were provided 

in different contexts, such as positional differences, Home/Away matches, Wins/Losses, etc. 

Gonzalez-Rodenas et al. (2020) used WyScout® to analyze the effects of technical and 

contextual variables on goal-scoring effectiveness.  

The amateur levels of competition. Contextual variables, such as location, opponent 

quality, end result, half of play, etc. have been analyzed by previous studies in populations of 

NCAA D-I and NCAA D-III soccer players (Curtis et al., 2018; Curtis et al., 2020; Aziz et al., 

2023). Despite the analyses of contextual factors in this specific population, there is limited 

research on the technical-tactical demands of playing at the level of NCAA D-I male soccer. 

WyScout® makes NCAA information available, but to the authors’ knowledge there is very 

limited published data on this specific population. Examinations of technical variables have been 

done in NCAA D-I female populations previously, but the insights provided cannot be 

extrapolated to male populations (Alexander, 2014; Spalding, 2017). Recent studies have 

attempted to draw connections between technical-tactical performance variables obtained via 

WyScout® and cognitive performance (Phillips et al., 2023), although this examination was also 

performed on a female population of NCAA D-I soccer players. 

Although more expansive, there also appears to be insufficient amounts of research in 

this population with regards to physical capabilities and physical performance. Ishida et al. 

(2021a) examined the physical capabilities of NCAA D-I male soccer players in relation to a 

strength training intervention, with a testing battery that included Static Jumps (SJ) Isometric 

Mid-Thigh Pulls (IMTP) and a 20-meter sprint test. Another examination by Ishida et al. (2021b) 
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 examined the relationships between lean body mass and physical performance in the 

Countermovement Jump (CMJ), SJ, IMTP, 20-meter sprint, and Yo-Yo Intermittent Recovery 

Tests.  

There is a clear lack of depth in the research evaluating the technical demands for this 

population and their relationship with the physical outputs in a match. Therefore, the purpose of 

this study is two-fold: to address the lack of literature on technical-tactical performance in male 

collegiate soccer players as well as to examine the possible relationships between technical-

tactical variables found in the soccer literature and the players’ physical capabilities. 

Methods 

Experimental Approach to the Problem 

The design of this study was a retrospective analysis using previously collected data that 

was collected for athlete monitoring purposes. The study was designed to provide normative data 

for technical-tactical variables in a population of male collegiate soccer players, as well as 

examining the relationship between technical-tactical performance and physical outputs. 

Subjects 

Data from a single competitive season was used for this study, resulting in 30 NCAA D-I 

soccer players at a mid-major university in the Southeastern United States. (n = 30, height = 

179.0 ±5.2 cm; weight = 79.2 ± 6.7 kg; age = 20.7 ±1.6 years). Players with missing testing data 

or a total of less than 90 cumulative minutes played across the matches analyzed were excluded 

from the analysis, resulting in a final sample of 12 players. The data was retrieved from two 

sources, the Institutional Sport Science Research Repository, and WyScout®. WyScout® is a 

video analysis service that holds publicly available technical-tactical data on various soccer 

matches and provides it to its subscribers. Positions were assigned by the head coach based on 
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the tactical 3-4-3 formation implemented by the coaching staff. Previous research has shown that 

tactical formation has a statistically significant effect on physical output during soccer matches 

(Arjol-Serrano et al., 2021; Forcher et al., 2023). Subjects were placed into one of the following 

positional categories: Center Back (CB), Wide Back (WB), Central Midfielder (CM), Wide 

Forward (WF), Central Forward (CF). If multiple positions were played during a single match, 

players were assigned the position where they spent the most match time. Goalkeepers were 

excluded from the analysis due to the statistically significant differences in match demands 

compared to field players. A retrospective analysis of the physical performance data and the 

technical-tactical data was approved by the University Institutional Review Board (Protocol 

number c0623.17sw).  

Procedures 

Technical-Tactical Data. WyScout® data is publicly available to its subscribers and 

stored in their Application Programming Interface (API). Access to the API is provided to 

subscribers and available for extraction. The data was Event data from 4 conferences matches 

was available for extraction, so all 4 were used in the analysis. Because the event data provided 

by WyScout® is extremely expansive, previous literature on technical-tactical analysis in soccer 

was used to inform the final selection of variables used in the final analysis. The technical-

tactical variables chosen for analysis mirror those used in Diez et al (2021). The variables chosen 

were as follows divided into offensive and defensive indicators:  

General Volume: sum of offensive and defensive indicators  

Offensive Indicators: Offensive Volume (OV), Total Passes (TP), Total Pass Success 

(TPS), Total Forward Pass (FP), Total Forward Pass Success (FPS), Total Forward Passes in 

Attacking Half (AZP), Total Forward Passes in Attacking Half Success (AZPS), Total Shots 
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(GS), Shot on Target (GST), Dribbles (DR), Turnovers (TO), Total Crosses (CR), Total Cross 

Success (CRS),  

Defensive Indicators: Defensive Volume (DV), Total Interceptions (IN), Interceptions in 

Opponent Half (OPIN), Total Clearances (CL), Total Aerial Duels (AD), Total Aerial duels won 

(ADW). 

GPS Training Load Data. GPS Training Load data from matches were retrieved from 

the University Sport Science Research Repository for the 2022 Fall season. The Fall season is 

characterized by competitive non-conference and conference matches and provides an 

opportunity for top-performers to compete for the NCAA national championship. The soccer 

team used for examination participated in a total of 19 matches over that span, with 2 Exhibition 

matches, 5 Conference matches, and 1 Conference Tournament game. Although GPS data was 

available for all these matches, only the matches that had available WyScout data were used in 

the final analysis for a total of 3 conference games and one conference tournament game.  

Jump Testing Data. Lab testing data was collected from the ETSU Sport Science 

Research Repository. Lab data included data collected for Countermovement Jumps (CMJ) at 

two different weight conditions, 0-kg and 20-kg (CMJ-0, CMJ-20). All jumps were performed on 

dual force platforms sampling at 1000 Hz (91.0 cm × 91.0 cm; Rice Lake Weighing Systems, 

Rice Lake, WI, USA). The tests were done in loaded and unloaded conditions. The unloaded 

condition consisted of the athletes jumping with a PVC pipe on their back with the loaded 

condition consisting of athletes jumping with a 20 kg barbell on their back. Each athlete who was 

included performed at least one instance of every jump condition (CMJ-0, CMJ-20). Players 

performed a standardized warm up before the start of testing that included 25 jumping jacks, 1 x 

5 repetitions @ 20 kg and 3 x 5 repetitions @ 60 kg of a mid-thigh pull (MTP). CMJ warm-up 
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included on repetition of CMJ-0 at 75% self-perceived effort. Athletes were instructed to jump 

by starting from a standing position and performing a countermovement to approximately 90° of 

knee bend and then jumping as high as possible. All jumps were performed on the command of 

“3-2-1, Jump!” given by the tester. A minimum of two trials were performed for each condition, 

with additional trials taking place if the difference in jump height exceeded 2.0 cm. The average 

values of the two best jumps, determined by jump height, were taken and used in the final 

analysis. The variables derived from the jumps that were used in the analysis included jump 

height (cm), peak power (W), and net impulse (NI). The reliability of these metrics at specific 

epochs of 200 msec have been examined and validated in previous research (Merrigan et al., 

2020; Haff et al., 2015). Raw data was analyzed using a custom Labview software (National 

instruments, Austin, Tx) using a 4th order Butterworth low pass filter. JH, PP, and NI were all 

automatically calculated by the software. The jump offset and zero were all determined by an 

assigned sports scientist. 

Isometric Mid-Thigh Pull. Isometric Mid-Thigh Pull (IMTP) testing was performed 

after Jump Testing on dual force plates (91.0 cm × 91.0 cm; Rice Lake Weighing Systems, Rice 

Lake, WI, USA; 1000Hz sampling rate). Athletes were strapped into a custom-built rack that 

included a fixed steel bar with an adjustable height. Each athlete was instructed to grab onto the 

bar and flex their ankle, knee, and hip joints until a knee angle measured via goniometer of 125 ± 

5º was achieved. The IMTP warm up consisted of two submaximal trials at 50% and 75% of 

perceived maximal effort. Once the athletes were strapped I, they were instructed to pull upward 

as fast and as hard as possible on the command of “3-2-1, Pull!” A minimum of two trials were 

used for assessment, with additional trials being performed if there was a difference greater than 

200N between trials, or if there was a countermovement greater than 200N at the start of the test. 
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The average values of the two best trials, determined by isometric peak force, were taken and 

used in the final analysis. IMTP variables assessed for the IMTP were Isometric Peak Force 

(IPF), RFD @ 200 msec (RFD200) and Impulse @ 200 msec (IMP200). Raw data was analyzed 

using a custom Labview software (National instruments, Austin, Tx) using a 4th order 

Butterworth low pass filter. PF was determined by the highest point in the Force-Time curve. 

RFD was calculated using a 0-200 msec window. Impulse was calculated using a 0-200 msec 

window, using the summation of area under the curve. The start of the pull was manually 

calculated by an assigned sports scientist. 

20 m Sprint Test. A 20 m sprint test was used to evaluate the athletes' anaerobic 

capabilities. Times were calculated using timing gates (Witty, Microgate, Bolzano, Italy) at 0-10-

and 20m intervals. Athletes performed a maximum of two trials from a static start, with the start 

line 30cm behind the first timing gate so the laser would not be set off by the athlete’s knee 

(Bellon et al., 2019). The height of the first gate was placed about 75cm off the ground in order 

to avoid being set off by the athlete’s knee. The rest of the timing gates were placed 

approximately 1.0 meter off the ground in order to be close to the height of the athletes’ hips. 

Distances for the test were calculated using a tape measure by a certified strength and 

conditioning coach. All trials were performed on a soccer field in soccer shoes. ICCs were 

calculated for the data utilized in the study (ICC = 0.95). The average time of the two trials was 

computed and used in the analysis. 

Yo-Yo Intermittent Recovery Test Level I. A Yo-Yo Intermittent Recovery Test- Level 1 

(YYIRT-1) was performed to assess the athletes' soccer-related fitness performance. The YYIRT-

1 consists of 20m shuttle runs that increase speed incrementally, along with a 10m recovery run. 

The starting speed of the test is 10 km•h-1. Beeps at different time intervals dictate the average 
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running velocity. Players were given one warning if they failed to reach the start line before the 

second beep in the repetition. The total distance covered during the YYIRT-1 was used in the 

analysis. Distances for the test were calculated using a tape measure by a certified strength and 

conditioning coach. All trials were performed on a soccer field in soccer shoes. ICC was not 

calculated for this particular set of data but previous examinations of the YYIRT-L1 have shown 

it to be a reliable test with reported ICCs between 0.87–0.95 for youth players U15, U17, and 

U19 (Deprez et al. 2015) and ICCs ranging from 78-90% for different populations, with the 

majority of the ICCs higher than 90% specifically for the YYIRT-L1 (Grgic et al. 2019). 

Statistical Analysis 

Normative data are presented as mean ± standard deviation. Players who played under 10 

minutes during those 4 games were excluded ( n = 3). Due to the small sample of games and lack 

of players who played a complete 90-minute game, data were summed for each game in the 

sample and the summed data was used in the final analysis. Descriptive data was reported by 

taking the per-minute values for the technical variables and multiplying those by 90 in order to 

get a per-90-minute value. Means and standard deviations were calculated with this transformed 

data. Due to the issues with Linear modeling, Poisson Regression Models were uses, specifically 

from the Quasi-Poisson family. Field times were log transformed to have the data be relative to 

the time played for each player. The models built were used in order to assess the relationships 

between physical GPS outputs, lab tests, field tests, and the technical variables chosen for the 

analysis when examining the differences by position group. Assumptions for these models were 

assessed and violation of statistical assumptions were corrected for in the modeling. WyScout® 

variables were set as the dependent variables with the player position and its interaction with the 

physical output or physical capability variable set as the independent variable. If statistically 
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significant interaction effects were found in a given model, then those relationships were 

assessed and reported. If no statistically significant interaction effects were found in the models 

constructed, then position was removed from the model and the model was re-assessed with the 

physical performance or physical capability variable used as the independent variable. 

Correlations between physical performance and physical capability variables and technical-

tactical variables were also assessed using Pearson’s r. Subsequent r-values and p-values were 

reported for each of the relationships. Defensive, Offensive, as well as General volume were 

used in the final statistics because they encompassed the totality of the actions performed by a 

player.   

Results 

Descriptive data are presented below as mean and standard deviation in Tables 1-4. 

Pearson correlation values are presented in Table 5 for WyScout® variables and the match GPS 

outputs as well as the physical performance tests. Pearson’s r correlation values are provided 

along with corresponding p-values for each relationship examined. Descriptive statistics are 

provided in Tables 1-4 below:  
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Table 9  

Average Projected Technical Outputs per 90 Minutes 

Variable Abbreviated Mean ± SD 

General Volume GV 245.2 ± 78.3 

Offensive Volume OV 229.3 ± 74 

Defensive Volume DV 15.9 ± 9.6 

Total Pass TP 101.7 ± 32 

Total Pass Success TPS 78.5 ± 30.7 

Forward Pass FP 12.3 ± 7.1 
Forward Pass 

Success FPS 8.7 ± 6.4 

Attacking Zone 
Pass AZP 5.5 ± 3.8 

Attack Zone Pass 
Success AZPS 3.9 ± 3.5 

Shots TS 0.7 ± 0.9 

Shots on Goal GST 0.8 ± 1.1 

Dribbles DR 2.3 ± 2.3 

Dribbles Success DRS 1 ± 1.2 

Turnovers TO 12.8 ± 3.9 

Crosses CR 1 ± 1.3 

Crosses Success CRS 0.1 ± 0.2 

Interceptions IN 4.4 ± 3.2 
Opposing Half 
Interceptions OPIN 1.5 ± 2.1 

Clearance CL 0.2 ± 0.4 

Aerial Duels AD 6.5 ± 4.3 

Aerial Duels Won ADW 3.4 ± 3.3 
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Table 10  

Estimated Technical Output per 90 Minutes by Position Group 

Metric 

Position 

CB 

(n = 6) 

WB 

(n = 4) 

CM 

(n = 6) 

WF 

(n = 4) 

CF 

(n = 2) 

GV 308.9 ± 27.2 220.8 ± 62.7 302.9 ± 48.6 152.2 ± 24.4 167.8 ± 45.8 

OV 295.2 ± 30.4 207.1 ± 57.1 279.4 ± 42.9 143.3 ± 23.4 152.7 ± 55.6 

DV 13.7 ± 4.8 13.7 ± 7.4 23.5 ± 12.6 8.9 ± 2.5 15.1 ± 9.8 

TP 135.1 ± 8.8 91.6 ± 20.3 121.8 ± 15.1 63.2 ± 11.7 67 ± 19.4 

TPS 106.1 ± 10.1 59.7 ± 13.4 103.3 ± 14.5 44 ± 12.3 45.8 ± 10.1 

FP 19.8 ± 3.7 13.2 ± 8.1 14.2 ± 5 4.7 ± 2 5.1 ± 5 

FPS 14.8 ± 4.4 8.7 ± 7 10.6 ± 5.8 2.6 ± 0.9 2.5 ± 3.5 

AZP 4 ± 2.9 5.7 ± 2.5 8.6 ± 4.4 3.3 ± 1.2 3.3 ± 4.7 

AZPS 2.9 ± 2.3 4.5 ± 3.3 6.4 ± 4.4 1.8 ± 1.6 1.6 ± 2.2 

TS 0.6 ± 0.5 0.7 ± 0.9 0.2 ± 0.5 1.2 ± 1.2 2.4 ± 1.9 

GST 0.6 ± 0.5 0.4 ± 0.5 0.2 ± 0.5 1.2 ± 1.2 2 ± 1.3 

DR 0.7 ± 0.4 3.4 ± 1.5 1.1 ± 1.4 4.3 ± 2.1 3.3 ± 4.7 

DRS 0.5 ± 0.3 0.6 ± 0.6 0.6 ± 1.3 1.9 ± 0.9 2 ± 2.9 

TO 9.7 ± 0.9 15.5 ± 5.8 12.2 ± 4.5 13.3 ± 2.6 16 ± 1.2 

CR 0.3 ± 0.3 2.7 ± 1.8 0 ± 0.1 1.5 ± 1.1 1.4 ± 0.6 

CRS 0.1 ± 0.2 0.2 ± 0.1 0 ± 0.1 0.2 ± 0.2 0.3 ± 0.4 

IN 4.3 ± 1.5 6.5 ± 5.6 6 ± 2.8 1.5 ± 1.2 2.1 ± 1.5 
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OPIN 0.3 ± 0.4 2 ± 2.4 3.1 ± 2.8 0.4 ± 0.5 0.2 ± 0.2 

CL 0.7 ± 0.8 0.2 ± 0.3 0.1 ± 0.2 0 ± 0 0 ± 0 

AD 5.2 ± 2.5 4 ± 0.7 8.7 ± 6.2 5.6 ± 3.4 8.2 ± 4.6 

ADW 3.2 ± 1.6 1 ± 0.9 5.6 ± 4.4 1.4 ± 0.9 4.6 ± 3.8 

Technical Variable Definitions: 
GV = General Volume, OV = Offensive Volume, DV = Defensive Volume, TP = Total Passes, 
TPS = Total Pass Success, FP = Forward Passes, FPS = Forward Pass Success, AZP = 
Attacking Zone Pass, TS = Total Shots, GST = Goal Shots on Target, DR = Dribbles, DRS = 
Dribble Success, TO = Turnovers, CR = Total Crosses, CRS = Total Cross Success, I N = 
Interceptions, OPI N = Interceptions in Opponent Half, CL = Clearances, AD = Aerial Duels, 
ADW = Aerial Duels Won 
 
Positional Definitions:  
CB = Center Back, WB = Wide Back, CM = Center Midfielder, WF = Wide Forward, CF = 
Central Forward 

 

Table 11  

Average GPS Outputs per 90 Minutes 

 

  
GPS Metric Abbreviation Mean ± SD 

Total Distance (m) TD 10756.2 ± 948.3 

HSR Distance (m) HSR 451.9 ± 188.4 

Sprint Distance (m) SPR 92.6 ± 80.3 

High-Intensity IMA Accelerations IMA-A 11.7 ± 6.3 

High-Intensity IMA Decelerations IMA-D 5.9 ± 3.8 
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Table 12  

Average GPS Outputs per 90 Minutes by Position 

Metric 

Position 

CB 

(n = 4) 

WB 

(n = 3) 

CM 

(n = 6) 

WF 

(n = 4) 

CF 

(n = 2) 

TD 9928.9 ± 276.7 11071 ± 765.8 10380.7 ± 879 11199 ± 702.6 12179.7 ± 851 

HSR 292 ± 50.3 491.8 ± 192.9 362.6 ± 152.6 605.5 ± 124.2 672.4 ± 217.8 

SPR 57.3 ± 42.5 106 ± 55.4 21.7 ± 24.6 182.7 ± 80 175.5 ± 21.6 

IMA-A 6 ± 2.9 10.1 ± 0.9 16.9 ± 8.5 11.1 ± 2 12.41 ± 6.9 

IMA-D 5.7 ± 2.7 5.6 ± 1.5 7.2 ± 5.9 4.1 ± 3.3 6 ± 0.3 

Metric Definitions:  
TD = Total Distance, HSR = High Speed Running Distance, SPR = Sprint Distance,  
IMA-A = High-Intensity IMA Accelerations, IMA-D = High-Intensity IMA Decelerations 

 

Correlations were calculated between the WyScout® variables and each of the match GPS 

metrics, lab performance tests, and field performance test values. The r values and corresponding 

p-values for each of those relationships are found in Tables 5-7 below: 
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Table 13  

Correlations – WyScout® and Match GPS Outputs 

WyScout® 

Metric 

GPS Metric 

Total Distance HSR Distance Sprint Distance IMA-Accel IMA-Decel 

GV 
r = -0.667 

p = 0.002* 

r = -0.656 

p = 0.002* 

r = -0.774 

p = 0.0001* 

r = 0.205 

p = 0.400 

r = 0.140 

p = 0.569 

OV 
r = -0.672 

p = 0.001* 

r = -0.679 

p = 0.001* 

r = -0.763 

p = 0.0001* 

r = 0.208 

p = 0.392 

r = 0.093 

p = 0.706 

DV 
r = -0.267 

p = 0.268 

r = -0.114 

p = 0.641 

r = -0.438 

p = 0.060 

r = 0.066 

p = 0.790 

r = 0.423 

p = 0.071 

GV = General Volume,  
OV = Offensive Volume, 
DV = Defensive Volume 

 

Table 14  

Correlations – WyScout® and Lab Testing Results 

WyScout® 

Metric 

Lab Tests Results 

CMJ-

0 JH 

CMJ-

0 PP 

CMJ-

0 NI 

CMJ-

20 JH 

CMJ-

20 PP 

CMJ-

20 NI 

IMTP 

PF 

IMTP 

RFD200 

IMTP 

IMP200 

GV 

r = 

-

0.287 

r = 

-

0.348 

r = 

-

0.181 

r = 

-0.075 

p = 

0.782 

r = 

-0.225 

p = 

0.402 

r = 

-0.094 

p = 

0.728 

r = 

0.083 

p = 

0.770 

r = -

0.278 

p = 0.316 

r =  

-0.211 

p = 

0.450 
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p = 

0.282 

p = 

0.187 

p = 

0.501 

OV 

r = 

-

0.141 

p = 

0.603 

r = 

-

0.350 

p = 

0.183 

r = 

-

0.213 

p = 

0.428 

r = 

-0.105 

p = 

0.700 

r = 

-0.235 

p = 

0.381 

r = 

-0.116 

p = 

0.668 

r = 

-

0.093 

p = 

0.742 

r = -

0.278 

p = 0.317 

r =  

-0.198 

p = 

0.479 

DV 

r = 

0.094 

p = 

0.730 

r = 

-

0.148 

p = 

0.583 

r = 

0.144 

p = 

0.115 

r = 

0.179 

p = 

0.508 

r = 

-0.040 

p = 

0.896 

r = 

0.115 

p = 

0.671 

r = 

0.020 

p = 

0.943 

r = -

0.167 

p = 0.553 

r = 

 -0.213 

p = 

0.447 

Technical Variables:  
GV = General Volume, OV = Offensive Volume, DV = Defensive Volume 
 
Lab Testing Variables:  
CMJ-0 JH = Countermovement Jump Jump Height – 0 Kg External Load 
CMJ-0 PP = Countermovement Jump Peak Power – 0 Kg External Load 
CMJ-0 NI = Countermovement Jump Net Impulse – 0 Kg External Load 
CMJ-20 JH = Countermovement Jump Jump Height – 20 Kg External Load 
CMJ-20 PP = Countermovement Jump Peak Power – 20 Kg External Load 
CMJ-20 NI = Countermovement Jump Net Impulse – 20 Kg External Load 
IMTP PF = Isometric Mid-Thigh Pull Peak Force 
IMTP RFD200 = Isometric Mid-Thigh Pull RFD @ 200 msec 
IMTP IMP200 = Isometric Mid-Thigh Pull Impulse @ 200 msec 
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Table 15  

Correlations – WyScout® and Field-testing Results 

WyScout® 

metric 

Field Test 

YYIRT-L1 Distance (m) Mean 20m Sprint Time 

GV 
r = -0.525 

p = 0.037* 

r = 0.507 

p = 0.045 * 

OV 
r = -0.524 

p = 0.037* 

r = 0.519 

p = 0.040* 

DV 
r = -0.262 

p = 0.328 

r = 0.161 

p = 0.552 

GV = General Volume,  
OV = Offensive Volume, 
DV = Defensive Volume 

 

Results for the statistical models built per position are below in Tables 8-13. Only models 

that displayed statistically significant interaction effects for position are shown.  The CF position 

was excluded from this analysis because the number of subjects for that group was less than 

three after accounting for missing testing data points.   
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Table 16  

Poisson Regression Results – General Volume & GPS Metrics  

Model Dep Var Predictor Estimate 
Psuedo R2 

(Efron) 
IRR IRR 95% CI P-value 

General Volume 

TD -0.00000399 0.961 0.9999 [0.999, 1.000] 0.532 

HSR -0.000255 0.962 0.9997 [0.999, 1.000] 0.0436* 

SPR -0.000793 0.970 0.9992 [0.998, 0.999] 0.0350* 

IMA-A 0.00118 0.982 0.9958 [0.981, 0.997] 0.0140* 

IMA-D 0.00175 0.969 0.9891 [0.990, 1.020] 0.511 

 

Table 17  

Poisson Regression Results – Offensive Volume & GPS Metrics 

Model Dep Var Predictor Estimate 
Psuedo R2 

(Efron) 
IRR IRR 95% CI P-value 

Offensive Volume 

TD -0.00000310 0.954 0.9999 [0.999, 1.000] 0.640 

HSR -0.000241 0.956 0.9997 [0.999, 1.000] 0.066 

SPR -0.000584 0.967 0.9993 [0.999, 1.000] 0.053 

IMA-A -0.0107 0.980 0.9964 [0.981, 0.997] 0.0194* 

IMA-D 0.00505 0.964 0.9890 [0.990, 1.021] 0.530 
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Table 18  

Poisson Regression Results – Defensive Volume & GPS Metrics 

Model Dep Dar Predictor Estimate 
Psuedo R2 

(Efron) 
IRR IRR 95% CI P-value 

Defensive Volume 

TD -0.0000180 0.868 0.9999 [0.999, 1.000] 0.0171* 

HSR -0.000501 0.849 .9995 [0.999, 1.000] 0.0243* 

SPR -0.00120 0.934 0.9976 [0.998, 0.999] 0.00452* 

IMA-A -0.0139 0.952 0.9878 [0.974, 0.998] 0.0381* 

IMA-D 0.00664 0.821 0.9905 [0.983, 1.031] 0.588 

 

  



 

 

98 

Table 19  

Poisson Regression Results – Technical Variables & CMJ Variables 

Model Dep 

Var 
Predictor Estimate 

Psuedo 

R2 

(Efron) 

IRR 
IRR 95% 

CI 
P-value 

General 

Volume 

CMJ-20 

JH:PositionWB 
-0.155 0.970 0.8562 

[0.765, 

.961] 
0.0372* 

CMJ-0 

PP:PositionWB 
-0.00152 0.994 0.9985 

[0.997, 

0.999] 
0.0107* 

CMJ-0 PP 0.00122 0.994 1.0012 
[1.0004, 

1.002] 
0.0245* 

CMJ-0 JH -0.0265 0.822 0.9738 
[0.947, 

1.001] 
0.0827 

CMJ-20 PP -0.00000344 0.743 0.9999 
[0.999, 

1.000] 
0.983 

CMJ-0 NI 0.00111 0.746 1.0011 
[0.991, 

1.011] 
0.827 

CMJ-20 NI 0.00304 0.759 1.0030 
[0.995, 

1.011] 
0.468 

Offensive 

Volume 
CMJ-0 JH 0.0292 0.973 1.0296 

[1.015, 

1.044] 
0.0000493* 
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CMJ-0 

JH:PositionWB 
-0.0958 0.9087 

[0.8889, 

0.929] 
6.40e-17* 

CMJ-0 

JH:PositionWF 
-0.0282 0.9722 

[0.954, 

0.991] 
0.00353* 

CMJ-0 

JH:PositionCB 
0.0604 1.0622 

[1.033, 

1.092] 
0.0000188* 

CMJ-0 

JH:PositionCF 
-0.164 0.8484 

[0.781, 

0.918] 
0.0000615* 

CMJ-20 JH 0.0513 

0.960 

1.0527 
[1.033, 

1.073] 
9.26e- 8* 

CMJ-20 

JH:PositionWB 
-0.154 0.8572 

[0.831, 

0.884] 
1.64e-22* 

CMJ-20 

JH:PositionWF 
-0.0499 0.9513 

[0.925, 

0.978] 
4.46e- 4* 

CMJ-20 

JH:PositionCF 
-0.177 0.8375 

[0.775, 

0.902] 
5.00e- 6* 

CMJ-0 PP 0.00118 

0.991 

1.0012 
[1.001, 

1.002] 
3.50e- 9* 

CMJ-0 

PP:PositionWB 
-0.00149 0.9985 

[0.998, 

0.999] 
2.27e-13* 

CMJ-0 

PP:PositionWF 
-0.000802 0.9992 

[0.999, 

0.999] 
0.000153* 
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CMJ-0 

PP:PositionCB 
-0.000693 0.9993 

[0.999, 

1.000] 
0.000952* 

CMJ-0 

PP:PositionCF 
-0.00156 0.9984 

[0.998, 

0.999] 
1.13e-11* 

CMJ-20 

PP:PositionWB 
-0.000724 

0.989 

0.9993 
[0.999, 

1.000] 
0.00154* 

CMJ-20 

PP:PositionCF 
-0.000702 0.9993 

[0.999, 

1.000] 
0.00510* 

CMJ-0 

NI:PositionWB 
-0.00483 

0.989 

0.9951 
[0.990, 

0.999] 
0.00495* 

CMJ-0 

NI:PositionWF 
0.0236 1.0239 

[1.016, 

1.032] 
9.91e-10* 

CMJ-0 

NI:PositionCB 
0.0210 1.0212 

[1.015, 

1.027] 
4.75e-12* 

CMJ-20 

NI:PositionWB 
-0.00610 

0.990 

0.9939 
[0.988, 

0.999] 
0.0347* 

CMJ-20 

NI:PositionWF 
0.0119 1.0120 

[1.006, 

1.018] 
4.46e-5* 

CMJ-20 

NI:PositionCB 
0.0180 1.0181 

[1.012, 

1.024] 
8.04e-9* 

Defensive 

Volume 
CMJ-0 JH 0.0932 0.890 1.0977 

[1.041, 

1.157] 
0.0006* 
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CMJ-20 JH 0.0870 

0.815 

1.0909 
[1.016, 

1.167] 
0.0134* 

CMJ-20 

JH:PositionWB 
-0.167 0.8459 

[0.748, 

0.959] 
0.0081* 

CMJ-20 

JH:PositionWF 
-0.124 0.8833 

[0.788, 

0.990] 
0.0327* 

CMJ-20 

JH:PositionCF 
0.223 1.2492 

[0.996, 

1.557] 
0.0490* 

CMJ-0 PP 0.00179 

0.835 

1.0018 
[1.000, 

1.003] 
0.0130* 

CMJ-0 

PP:PositionWB 
-0.00191 0.9981 

[0.997, 

0.999] 
0.0098* 

CMJ-0 

PP:PositionWF 
-0.00183 0.9982 

[0.997, 

0.999] 
0.0192* 

CMJ-0 

PP:PositionCB 
-0.00216 0.9978 

[0.996, 

0.999] 
0.0057* 

CMJ-20 PP 0.00221 

0.843 

1.0022 
[1.000, 

1.004] 
0.0400* 

CMJ-20 
PP:PositionWB -0.00236 0.9976 [0.995, 

0.999] 0.0314* 

CMJ-20 
PP:PositionWF -0.00224 0.9978 [0.995, 

0.999] 0.0412* 

CMJ-20 
PP:PositionCB -0.00261 0.9974 [0.995, 

0.999] 0.0186* 

CMJ-0 NI 0.0327 0.874 1.0332 
 

[1.012, 
1.058] 0.0036* 
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CMJ-0 
NI:PositionWB -0.0348 0.9658 [0.942, 

0.988] 0.0045* 

CMJ-0 
NI:PositionCB -0.0462 0.9548 [0.926, 

0.983] 0.0020* 

CMJ-20 
NI:PositionCB -0.0385 0.832 0.9623 [0.930, 

0.991] 0.0167* 

Note: The ‘:’ notation denotes an interaction effect between the dependent variable and the 
player position. For example, CMJ-0 JH:PositionWB would refer to the interaction effect 
between the CMJ-0 JH and the WB position for the given information. See below for more 
details. 
 
Jump variables: 
CMJ-0: Countermovement Jump – 0 kg external load 
CMJ-20: Countermovement Jump – 20 kg external load 
JH: Jump Height 
PP: Peak Power 
NI: Net Impulse 
 
Player Positions: 
CB: Center Back 
WB: Wide Back 
CM: Central Midfielder 
WF: Wide Forward 
CF: Central Forward 
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Table 20  

Poisson Regression Results – Technical Variables & IMTP Variables 

Model Dep 

Var 
Predictor Estimate 

Pseudo 

R2  

(Efron) 

IRR 
IRR 95% 

CI 
P-value 

General 

Volume 

IMTP PF 0.0000695 0.735 1.0001 
[0.999, 

1.000] 
0.729 

IMTP RFD200 -0.0000488 0.755 0.9999 
[0.999, 

1.000] 
0.185 

IMTP IMP200 -0.00149 0.738 0.9985 
[0.995, 

1.001] 
0.311 

Offensive 

Volume 

IMTP PF 0.0000746 0.727 1.0001 
[0.999, 

1.000] 
0.715 

IMTP RFD200 -0.0000491 0.746 0.9999 
[0.999, 

1.000] 
0.191 

IMTP IMP200 -0.00146 0.728 0.9985 
[0.996, 

1.001] 
0.328 

Defensive 

Volume 

IMTP 

PF:PositionWB 
-0.00288 

0.9971 

.9971 
[0.995, 

0.999] 
0.0206* 

IMTP 

PF:PositionCB 
-0.00213 0.9979 

[0.997, 

0.999] 
0.0201* 
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IMTP RFD200 -0.0000346 0.956 0.9999 
[0.999, 

1.000] 
0.624 

IMTP IMP200 -0.00162 0.867 0.9983 
[0.993, 

1.004] 
0.585 

Note: The ‘:’ notation denotes an interaction effect between the dependent variable and the 
player position. For example, CMJ-0 JH:PositionWB would refer to the interaction effect 
between the CMJ-0 JH and the WB position for the given information. See below for more 
details. 
 
IMTP variables: 
PF: Peak Force 
RFD200: RFD @ 200 msec epoch 
IMP200: Impulse @ 200 msec epoch 
 
Player Positions: 
CB: Center Back 
WB: Wide Back 
CM: Central Midfielder 
WF: Wide Forward 
CF: Central Forward 
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Table 21  

Poisson Regression Results – Technical Variables & Field-testing Variables 

Model Dep Var Predictor Estimate 

Pseudo 

R2 

(Efron) 

IRR IRR 95% CI P-value 

General Volume 
YYIRT -0.000601 0.816 0.9994 [0.999, 1.000] 0.0201* 

20m Sprint 2.03 0.866 7.5825 [2.099, 27.217] 0.0078* 

Offensive 

Volume 

YYIRT -0.000590 0.802 0.9994 [0.999, 1.000] 0.0274* 

20m Sprint 1.99 0.848 7.3282 [1.905, 27.983] 0.0115* 

Defensive 

Volume 

YYIRT -0.000789 0.708 0.9992 [0.998, 0.999] 0.0611 

20m Sprint 2.62 0.803 13.7188 
[1.355, 

136.939] 
0.0429* 

Note: No significant interaction effects were found in the initial models, so a single predictor 

was used.  

 

The correlation analysis performed between the technical-tactical volumes and the match-related 

GPS variables revealed statistically significant correlations between GV and TD (r =-0.667, p = 

0.002), GV and HSR Distance (r = -0.656, p = 0.002), GV and SPR Distance (r = -0.774, p = 

0.0001), OV and TD (r = -0.672, p = 0.001), OV and HSR Distance (r = -0.679, p = 0.001), OV 

and SPR Distance (r = -0.763, p = 0.0001). Similarly, statistically significant relationships were 

found between the field test results and the volume of technical actions performed. Specifically, 

statistically significant correlations were found between GV and YYIRT-L1 distance (r = -0.525, 
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p = 0.037), GV and 20m sprint time (r = 0.507, p = 0.045), OV and YYIRT-L1 distance (r = -

0.524, p = 0.037), and OV and 20m sprint time (r = 0.519, p = 0.040). No statistically significant 

correlations were found between the physical capabilities related to lab testing and any of the 

technical tactical variables. The Poisson regression models yielded statistically significant results 

for a number of different variables. HSR, SPR, and IMA-A were found to have positive effects 

on the amount of general volume performed in games. Positive effects were found between 

offensive and IMA-A only. Positive effects on defensive volume were found for all GPS metrics. 

P-values and model statistics are found in Tables 8-10.  

 The relationships between the jump variables and the technical variables proved to be a 

bit more complex. The jump variables that were found to have positive effects on the amount of 

GV were CMJ-0 PP, and the interactions betweenCMJ-0 PP & the WB position, as well as the 

interaction between CMJ-20 and the WB position. A number of statistically significant positive 

effects were found between OV and CMJ-derived variables. This was also the case between DV 

and the CMJ-derived variables. Both of these dependent variables saw multiple statistically 

significant interaction effects between different positions, with the most frequent position effect 

being WF and WB. Further details can be found in Table 11.  

 Isometric Mid-Thigh Pull variables showed no statistically significant effects on the 

independent variables of GV and OV. DV was found to be statistically significantly affected by 

the interaction between both IMTP-PF and the positions of WB and CB. Both GV and OV were 

positively affected by YYIRT-L1 and 20m sprint test results. DV only saw a positive effect from 

20m sprint times. Parameter estimates, p-values, and 95% CIs for effect sizes can be found in the 

corresponding tables.  
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Discussion 

To the authors’ knowledge, this study is the first of its kind in the given population. A 

technical-tactical analysis using video software performed in this population. The first novel 

finding in this study is that the in-match GPS variables that had statistically significant 

correlations had negative r values in relation to all of GV, and OV suggesting that a greater 

amount of running was a result of negative technical performance. All of the relationships 

between GPS and WyScout® metrics had negative r -values, suggesting that the relationship 

between the variables is inverse. In practical terms, this is suggestive of the fact that players who 

performed more physical work during matches performed fewer technical actions. Positional 

differences could also play a factor in the magnitude of the correlation. The normative data 

provided shows a large difference between the amount of general and offensive volume. This 

could be in part because the volume of TP was higher in the CB group, which in turn is typically 

the position group that has the least amount of physical demand (Di Salvo et al. 2007). The 

correlations of the field-testing and both GV and OV also showed negative relationships with the 

YYIRT-L1 distance covered. Again, positional differences specific to a 3-4-3 tactical system 

could be the main cause of these inverse relationships. Players who played in the center of the 

field were more likely to have contact with the ball and thus accumulate more of both OV and 

GV. While fitness is important for all players, players whose positions are more on the width of 

the field naturally have a higher physical demand due to the greater distances covered at high 

intensities (Mohr et al. 2003; Ingebrigtsen et al. 2015), but seemingly at the expense of the total 

volume of technical actions performed per minute of match time. Similarly, the correlations 

between GV, OV and 20m sprint time were positive, an indication that the fastest players were 

not the ones that performed the highest number of both general and offensive volume actions. 
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The Poisson regression models yielded curvilinear relationships between the technical variables 

examined and the physical performance and physical capability metrics. Most of the statistically 

significant relationships between the technical variables and the performance variables are 

suggestive of a positive effect of physical performance in a curvilinear fashion, meaning that the 

effect of the relationship sees a certain plateau at a certain point in the relationship between the 

variables. It is also important to note that most of the statistically significant results came from 

models that designated an interaction effect for position. The majority of the statistically 

significant effects for position were wide positions, mainly the WF and the WB.  The field tests 

only showed statistical significance when examining the main effects.  

The novelty in this examination result in many areas of improvement with regards to 

future research. First of all, the sample size for this study is very small, and while it is the nature 

of sport that every team is its own unique population the number of data points does not suffice 

in order to make more broad generalizations with regards to the global population of NCAA D-I 

soccer players. Only 4 games were available for technical-tactical analysis, and thus more than 

likely resulted in some skew in the end results. Secondly, the third-party software that is being 

used for the research is subject to potential errors in collection and subsequent tagging/analysis 

of a given game. Because of software errors, some of the data examined was not able to be 

tagged appropriately and thus excluded from the final analysis. From a context perspective, it is 

important to understand that the technical-tactical factors are subject to influence by a variety of 

external factors that affect performance, but were not examined here (i.e. Game location, quality 

of opponent, halftime score, final score, etc…). All of these factors have been previously 

examined at different levels of competition and have been found to have statistically significant 

effects on both physical and technical KPIs. More data is needed in order to make more global 
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inferences about this specific population, but the results presented in this study are a starting 

point for future examinations. Future research should focus on using a larger sample size and 

accounting for other related contextual elements that affect technical performance such as 

location (i.e. Home vs Away), quality of opponent, final result (i.e Win, Loss, Draw), etc.  

Practical Applications 

For practitioners considering using this data in an applied setting, it is important to note 

that both the physical and technical outputs presented are specific to the formation being 

proposed by the coaching staff for this team during this single season. This explorative data 

included provides a starting point for coaches to physically prepare their soccer athletes at this 

level. Technical outputs should be used cautiously in athlete preparation due to the dynamic 

nature of soccer. Every game provides different challenges from a technical-tactical perspective 

and no game in isolation should be used as a benchmark for performance preparation.  
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Abstract 

The purpose of this study was to examine the relationship between training load and physical 

performance changes in NCAA D-I male soccer players over the course of a competitive season. 

Data from an eligible 30 NCAA D-I male soccer players from a Southeastern university were 

used in the retrospectively analysis. GPS data from matches and training sessions for a single 

season were analyzed. Pre- and Post-tests for a number of different physical capability tests were 

used in the analysis in order to assess the effect of accumulated training load on changes in 

physical capabilities. Repeated measures ANOVA were run on the relevant physical performance 

variables for Static Jumps (SJ), Countermovement Jumps (CMJ), Isometric Mid-Thigh Pull 

(IMTP), Yo-Yo Intermittent Recovery Test – Level 1 (YYIRT-L1), and 20m sprint tests. 

Statistical significant was set at p ≤ 0.05. ANOVA results showed no statistically significant 

changes in any of the physical capabilities except for YYIRT-L1, showing significant decreases 

from pre-testing to post-testing values. Linear models were used to assess the relationship 

between the percent of change from pre-testing to post-testing and the amount of total training 

volume accumulated of the course of the season. The relationships between CMJ-0 Peak Power 

and Total Distance, YYIRT-L1 and High-Speed Running, and IMA-Decelerations and CMJ-0 PP 

were the only relationships examined that showed statistical significance. The results suggest that 

the physical demands of training and playing games does not significantly negatively affect the 

physical capabilities of the athlete form one timepoint to another, however, the amount of 

decrement could be affected by other factors not thoroughly examined in this study.  

 

 

Keywords: Physical capabilities, pre-season testing, post-season testing, training load 
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Introduction 

While the research on soccer players is already expansive, there is a growing need to 

understand specific populations of soccer players and how they perform physically over a 

season. Training load and its effects on athletic performance have also been examined more in-

depth over the last few years. Gabbett et al. (2016) established the relationship between large 

fluctuations in training load and increased risk of injury. A brief review by Jiang et al. (2022) of 

the available literature on training load and schedule congestion in soccer also seems to support 

the notion that there is an increase in the risk of injury when training load is high, and periods of 

congested schedules are present. 

Collegiate soccer in the United States is characterized by a short preseason and a 

condensed competitive schedule. More recently, research has come about examining male 

collegiate populations and the physical demands of collegiate soccer. In collegiate soccer, the 

density of the competitive schedule makes long-term performance planning a challenge (Curtis et 

al., 2021). The influence of contextual factors in soccer matches has been well-established in 

previous literature (Díez et al., 2020; Guerrero-Calderon et al., 2021), therefore it is important to 

note that there are contextual factors surrounding NCAA D-I soccer that influence the physical 

match demands of the athletes (Curtis et al., 2021).  

Performance testing in soccer has also been carried out for a long time in various 

populations (Siegler, Robergs, & Weingart, 2006; Haugen, Tønnessen, & Seiler, 2013) but while 

normative data has been collected for many tests, there is still a need to examine the effects of 

competitive play on physical performance testing, particularly in under-researched populations, 

such as collegiate soccer. Clark et al. (2003) tracked measures of aerobic performance and CMJ 

performance over a three-year period. Thomas et al. (2017) examined the Dynamic Strength 
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Index in team sport athletes, including soccer players, by taking CMJ and Isometric Mid-Thigh 

Pull (IMTP) results and observing trends across different sports.  

Training strategies often change over the course of a season to maximize athlete potential 

during the competitive season and place an increased emphasis on competition performance 

rather than training (Plisk & Stone, 2003; Stone et al., 2021). Because of this, there is often a 

decrease in markers of physical performance taken in the beginning stages of the competitive 

calendar.  In soccer players, the Yo-Yo Intermittent Recovery Level I Test has been used as a 

measure of physical fitness (Bangsbo, 2008). This test has also been used to determine the level 

of fitness changes in soccer players after a competitive season (Haugen, 2018). Various 

examinations of measures of aerobic performance have yielded conflicting results, but a review 

by Jaspers et al. (2017) found that most of the literature examined which tracked seasonal 

cardiovascular changes in soccer players showed little to no changes in anaerobic and aerobic 

markers of performance. Similarly, Silva (2022) found that the results of aerobic performance 

tests varied according to the time of the season in which the tests were conducted.  Younesi et al. 

(2021) examined the relationship between training load and various physical performance tests in 

professional soccer players, using measures of cardiovascular fitness as well as CMJ and 20m 

sprint tests. Although the battery of tests was expansive, the effects of training load were 

examined in the context of a preseason period and not in the context of a full competitive season. 

Similarly, a review by Jaspers et al. (2017) found increases in anaerobic performance outputs in 

relation to match time over a season.  

To the author’s knowledge, there has only been one study that examined changes in 

performance testing in relation to training load in the population of NCAA D-I soccer players 

(Huggins et al., 2019) though the only performance tests administered measured cardiovascular 
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power.  Other examinations of training load and physical performance have focused mainly on 

different populations with different constraints or have not examined the effect of said training 

load on physical performance outputs.  

Therefore, the purpose of this study is two-fold: To examine the changes in physical 

performance testing values from pre-testing to post-testing for maximal strength, power, speed 

and cardiovascular power as well as to determine the effect of total accumulated training load on 

the change in physical capacity 

Methods 

Experimental Approach to the Problem 

The design of this study was a retrospective analysis using previously collected data 

collected for athlete monitoring purposes. The study was designed in order to examine the 

changes in physical performance testing for NCAA D-I male soccer athletes from pre-testing to 

post-testing. There was a period of 3 months between pre-testing and pos-testing. Additionally, 

the impact of the training load accumulated over the course of the season on the performance 

testing results was examined. 

Subjects 

Data from a single competitive season was used for this study, resulting in 30 NCAA D-I 

soccer players at a mid-major university in the Southeast United States to be eligible (n = 30, 

height = 179.0 ±5.2 cm; weight = 79.2 ± 6.7 kg; age = 20.7 ±1.6 years). The data was retrieved 

from the ETSU Sport Science Research Repository. Athletes participated in an average of 1.5 

games per week, 4.3 training sessions per week, and 2 resistance training sessions per week. A 

retrospective analysis of the physical performance testing data was approved by the East 

Tennessee State Institutional Review Board (Protocol number c0623.17sw).  
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Athletes were excluded from the analysis for the following criteria: 1) Athlete’s primary 

position was a Goalkeeper. 2) Athletes were excluded from the analysis of any test for which 

they did not complete either pre-test or post-test. 

Procedures 

GPS Training Load Data. GPS training load data from matches and training sessions 

were retrieved from the ETSU Sport Science Research Repository for the 2022 Fall season. The 

Fall season was chosen because this is the designated “In-Season” period for soccer at the NCAA 

level, running from early August to anywhere from late October to late November, depending on 

the success of a team’s season. The soccer team used for examination participated in a total of 19 

matches over that span, with 2 Exhibition matches, 5 Conference matches, and 1 Conference 

Tournament game. A total of 60 team training sessions took place in that time span.  A qualified 

sports scientist was in charge of data collection for the team during this period. Data was 

collected by the sports scientist at every game and team training session.  Player positions were 

assigned by the coach at the beginning of the season into one of 3 major categories: Forward 

(FWD), Midfielder (MID), Defender (DEF). Goalkeepers were excluded from the analysis due to 

the major positional differences in match demands. The GPS variables examined were as 

follows: Total Distance (TD), High Speed Running Distance – distance covered above 5.5 m•sec-

1 and below 7.0 m•sec-1 (HSR), Sprint Distance – distance covered above 7.0 m•sec-1, High-

Intensity IMA Decelerations (IMA-D) and High-Intensity IMA Accelerations (IMD-A). IMAs 

are proprietary to Catapult software and are derived using a combination of accelerometer and 

gyroscope data in order to determine the magnitude and direction of a movement.  
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Jump Testing Data. Lab testing data was collected from the ETSU Sport Science 

Research Repository. Lab data included data collected from two different types of jump tests – 

Static Jumps (SJ) and Countermovement Jumps (CMJ). All jumps were performed on dual force 

platforms sampling at 1000 Hz (91.0 cm × 91.0 cm; Rice Lake Weighing Systems, Rice Lake, 

WI, USA). The tests were done in loaded and unloaded conditions. The unloaded condition 

consisted of the athletes jumping with a PVC pipe on their back with the loaded condition 

consisting of athletes jumping with a 20 kg barbell on their back. Each athlete who was included 

performed at least one instance of every jump condition (SJ-0, SJ-20, CMJ-0, CMJ-20). Players 

performed a standardized warm up before the start of testing that included 25 jumping jacks, 1 x 

5 repetitions @ 20 kg and 3 x 5 repetitions @ 60 kg of a mid-thigh pull (MTP). SJ included 1 

warm up repetition at 50% and 75% self-perceived effort for the SJ-0 and 1 warm up repetition at 

75% self-perceived effort for the SJ-20 condition. CMJ warm-up included on repetition of CMJ-

0 at 75% self-perceived effort. During SJ testing, the athletes were instructed to stand still on the 

force platforms and maintain a squat position with the load on their back at a knee angle of 90º 

measured via goniometer. Athletes jumped from the bottom position on the command of “3-2-1, 

Jump!” given by the tester. A minimum of two trials were performed for each condition, with 

additional trials taking place if the difference in jump height exceeded 2.0 cm. The average 

values of the two best jumps, determined by jump height, were taken and used in the final 

analysis. The variables derived from the jumps that were used in the analysis included jump 

height (JH; cm), peak power (PP; W), and net impulse (NI; N•s). Thomas et al. (2021) previously 

examined the differences in CMJ variables between male and female soccer players, using JH, 

PP, and Relative Propulsion Impulse. Petridis et al. (2019) provided normative data in CMJ and 

SJ performance for 3 different age groups of youth soccer players from U16 to U18 in an elite 
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Hungarian league using maximum and relative values for JH, NI, and PP. The variables derived 

from the jumps that were used in the analysis included jump height (cm), peak power (W), and 

net impulse (NI). The reliability of these metrics at specific epochs of 200 msec have been 

examined and validated in previous research (Merrigan et al., 2020; Haff et al., 2015). Raw data 

was analyzed using a custom Labview software (National instruments, Austin, Tx) using a 4th 

order Butterworth low pass filter. JH, PP, and NI were all automatically calculated by the 

software. The jump offset and zero were all determined by an assigned sports scientist. 

Isometric Mid-Thigh Pull. Isometric Mid-Thigh Pull (IMTP) testing was performed 

after Jump Testing on dual force plates (91.0 cm × 91.0 cm; Rice Lake Weighing Systems, Rice 

Lake, WI, USA; 1000Hz sampling rate). Athletes were strapped into a custom-built rack that 

included a fixed steel bar with an adjustable height. Each athlete was instructed to grab onto the 

bar and flex their ankle, knee, and hip joints until a knee angle measured via goniometer of 125 ± 

5º was achieved. The IMTP warm up consisted of two submaximal trials at 50% and 75% of 

perceived maximal effort. Once the athletes were strapped I, they were instructed to pull upward 

as fast and as hard as possible on the command of “3-2-1, Pull!” A minimum of two trials were 

used for assessment, with additional trials being performed if there was a difference greater than 

200N between trials, or if there was a countermovement greater than 200N at the start of the test. 

The average values of the two best trials, determined by isometric peak force, were taken and 

used in the final analysis. IMTP variables assessed for the IMTP were Isometric Peak Force 

(IPF), RFD @ 200 msec (RFD200) and Impulse @ 200 msec (IMP200). Raw data was analyzed 

using a custom Labview software (National instruments, Austin, Tx) using a 4th order 

Butterworth low pass filter. PF was determined by the highest point in the Force-Time curve. 

RFD was calculated using a 0-200 msec window. Impulse was calculated using a 0-200 msec 
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window, using the summation of area under the curve. The start of the pull was manually 

calculated by an assigned sports scientist. RFD, and IMP with no time epochs have previously 

been examined in competitive weightlifters to examine changes in performance in relation to 

training load across a competition calendar (Hornsby et al., 2017). The reliability of these metrics 

at different time epochs was investigated by Merrigan et al. (2020). In this study, the authors 

tested the reliability of CMJ and IMTP metrics derived from force platforms, finding that 

absolute impulse and instantaneous force readings had a high degree of reliability, but reliability 

did not meet acceptable standards in all RFD metrics examined. However, Haff et al. (2015) 

showed more reliable ICC in RFD windows at higher epochs, specifically in RFD200 and RFD 

250. 

20 m Sprint Test. A 20 m sprint test was used to evaluate the athletes' anaerobic 

capabilities. Times were calculated using timing gates (Witty, Microgate, Bolzano, Italy) at 0-10-

and 20m intervals. Athletes performed a maximum of two trials from a static start, with the start 

line 30cm behind the first timing gate so the laser would not be set off by the athlete’s knee 

(Bellon et al. 2019). The height of the first gate was placed about 75cm off the ground in order to 

avoid being set off by the athlete’s knee. The rest of the timing gates were placed approximately 

1.0 meter off the ground in order to be close to the height of the athletes’ hips. Distances were 

measured using a tape measure by a certified strength and conditioning coach. All trials were 

conducted on a soccer field in soccer shoes. The average time of the two trials was computed and 

used in the analysis.  ICCs were calculated for the data utilized in the study (ICC = 0.95).  

Yo-Yo Intermittent Recovery Test Level I. A Yo-Yo Intermittent Recovery Test- Level 1 

(YYIRT-1) was performed to assess the athletes' soccer-related fitness performance. The YYIRT-

1 consists of 20m shuttle runs that increase speed incrementally, along with a 10m recovery run. 
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The starting speed of the test is 10 km•h-1. Beeps at different time intervals dictate the average 

running velocity. Players were given one warning if they failed to reach the start line before the 

second beep in the repetition. The total distance covered during the YYIRT-1 was used in the 

analysis. Distances were measured using a tape measure by a certified strength and conditioning 

coach. All trials were conducted on a soccer field in soccer shoes. ICC was not calculated for this 

particular set of data but previous examinations of the YYIRT-L1 have shown it to be a reliable 

test with reported ICCs between 0.87–0.95 for youth players U15, U17, and U19 (Deprez et al. 

2015) and ICCs ranging from 78-90% for different populations, with the majority of the ICCs 

higher than 90% specifically for the YYIRT-L1 (Grgic et al. 2019).  

Statistical Analysis 

Data is presented as mean ± standard deviation, The data were analyzed in two different 

ways. In the first analysis, a Repeated Measures Analysis of Variance (RM ANOVA) was used to 

determine if there were any statistically significant differences between testing timepoints. The 

size of the effect was determined using Hedges’ g values for effect size. Effect sizes were 

interpreted in accordance to Cohen (1998): < 0.2 = trivial, 0.2 – 0.5 = small, 0.5 – 0.8 = medium, 

> 0.8 = large. In cases where there were there was violation of the statistical assumption of 

normality of residuals, the results were bootstrapped and the subsequent confidence intervals 

were reported. No measures of effect size could be computed for bootstrapped results. To 

measure the effect of training load on performance testing changes, a series of linear models 

were developed to determine the size, direction, and statistical significance of each relationship. 

For this analysis, the total training load was calculated by dividing the physical outputs by the 

total time for each session (training or game) in which the player was involved. The ratios for 

each event the player participated in were then added up for the season, giving a cumulative load 
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that was scaled by participation level. The cumulative load of 5 GPS-derived variables were used 

in the final analysis. A General Linear Model was used in order to examine the relationship 

between these cumulative load scores and the various physical performance variables that were 

derived from the lab tests. The percentage change for each variable from pre-test to post-test was 

used as the dependent variable in the model while the GPS variables were designated as the 

independent variables either as main effects or interaction effects. The 95% confidence interval 

was provided along with the subsequent p-value for each relationship, Significance was set at p < 

.05. 

Results 

Weekly Load 

The average weekly GPS load is in the table below:  

Table 22  

Average Cumulative GPS Load 

Average Season Load 
TD HSR SPR IMA-A IMA-D 

352,088 (m) 12,384 (m) 3,195 (m) 362 247 

Average Weekly Load 27,033 (m) 951 (m) 240 (m) 28 19 

 

ANOVA Analysis 

Due to violations of the assumption of normality of residuals, a permutation ANOVA was 

performed and the posthoc tests were bootstrapped. The results for the bootstrapping are in Table 

3. 
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Table 23  

ANOVA Results for Jump Tests 

Dependent 

Variable 

Independent Variables Original Boot 

Bias 

Estimate 95% 

CI 

CMJ-0: Jump 

Height 

Interaction of Time, Jump Type, 

and Bar Weight 

1.121 0.002 [-0.247, 

2.645] 

CMJ-20: Jump 

Height 

Interaction of Time, Jump Type, 

and Bar Weight 

0.603 0.003 [-0.616, 

1.837] 

SJ-0: Jump 

Height 

Interaction of Time, Jump Type, 

and Bar Weight 

0.850 0.008 [-0.067, 

2.062] 

SJ-20: Jump 

Height 

Interaction of Time, Jump Type, 

and Bar Weight 

0.453 0.006 [-0.285, 

1.235] 

CMJ-0: Peak 

Power 

Interaction of Time, Jump Type, 

and Bar Weight 

1.121 0.003 [-0.076, 

2.024] 

CMJ-20: Peak 

Power 

Interaction of Time, Jump Type, 

and Bar Weight 

.603 0.007 [-0.615, 

1.850] 

SJ-0: Peak Power Interaction of Time, Jump Type, 

and Bar Weight 

0.850 0.003 [-0.076, 

2.023] 

SJ-20: Peak 

Power 

Interaction of Time, Jump Type, 

and Bar Weight 

00.603 0.007* [0.303, 1.241] 

CMJ-0: Net 

Impulse 

Interaction of Time, Jump Type, 

and Bar Weight 

1.121 0.009 [-0.241, 

2.038] 
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CMJ-20: Net 

Impulse 

Interaction of Time, Jump Type, 

and Bar Weight 

0.615 0.006 [-0.626, 

1.869] 

SJ-0: Net Impulse Interaction of Time, Jump Type, 

and Bar Weight 

0.850 0.009 [-0.088, 

2.038] 

SJ-20: Net 

Impulse 

Interaction of Time, Jump Type, 

and Bar Weight 

0.453 0.004 [-0.276, 

1.265] 

 

After bootstrapping the post hoc tests, the only mean difference that reached statistical 

significance was the mean difference in PP in SJ-20 (Original: 0.603; Boot Bias: 0.007*; 95% CI 

[0.303 -- 1.241]). The 95% confidence interval for all other bootstrapped post hoc tests crossed 0, 

therefore we can infer that they are not statistically significant differences. Of the examined 

IMTP variables examined, there were no statistically significant differences between testing 

timepoints for any of variables that were chosen for analysis. The analysis for PF yielded a non-

significant p-value (p = .563). Additionally, there were no statistically significant differences 

found between testing timepoints for RFD200 (p = .253 or for IMP200 (p = .645, respectively. 

The 20m sprint test also yielded no statistically significant changes between testing timepoints (p 

= 0.209). The only ANOVA that yielded statistically statistically significant changes was the 

YYIRT-1. A statistically significant p-value for the difference between testing timepoints was 

observed and the Cohen’s d effect size was calculated (p = .0001*, d = 1.318 [.618 – 1.995], 

large). The size and direction of the Cohen’s d value suggests that there was a large decrease in 

YYIRT-1 distance covered from pre-testing values to post-testing values (Table 2). 
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Figure 1  

Mean Differences in YYIRT-L1 Distance 
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Figure 2  

Mean Differences in Jump Variables per Condition 
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Figure 3  

Mean Differences in IMTP Variables 
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Table 24  

ANOVA Results for IMTP, Yo-Yo IR 1, and 20 m Sprints 

Independent 

Variable 

Dependent 

Variable 
Timepoint 

Estimated 

Marginal 

Mean 

Hedges g 

Effect 

Size 

Hedges 

g 

 95% CI 

P-VALUE 

IMTP 
Isometric Peak 

Force (N) 

Pre-Test 3504 
-0.10 

[-0.74, 

0.54] 
p = 0.563 

Post-Test 3548 

IMTP 
RFD @ 

200ms (N/sec) 

Pre-Test 5171 
0.14 

[-0.50, 

0.78] 
p = 0.253 

Post-Test 4795 

IMTP 

Impulse @ 

200ms 

(N*sec) 

Pre-Test 346 

-0.08 
[-0.72, 

0.56] 
p = 0.645 

Post-Test 352 

YYIRT-1 

Yo-Yo 

Distance 

Covered (m) 

Pre-Test 2178 

1.37 † 
[.62, 

2.12] 

p = 

0.0001* Post-Test 1750 

20m Sprint Time (sec) 
Pre-Test 3.01 

0.15 
[-.49, 

0.79] 
p = 0.209 

Post-Test 3.00 

Note: † Represents a statistically significant large effect 
 

Linear Models 

The 95% CIs for effect sizes and the subsequent p-values for each of the linear models 

are in the Table 5.  
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Table 25  

Linear Models: Percent Change ~ GPS Training Load 

Performance 

Test 

Dependent 

Variable 

Independent 

Variable 

Relative 

Importance 

(Normalized 

lmg) 

Standardized 

Coefficient 

Standardized 

Coefficients 

95% CI 

p-value 

20m Sprint 

% Change 

20m 

Sprint 

Time 

Ratio HSR 0.374 0.98 [-0.09, 2.06] 
p = 

0.066 

Ratio SPR 0.377 -0.84 [-1.90, 0.22] 
p = 

0.129 

Interaction 

HSR * SPR 
0.248 -0.36 [-1.10, 0.37] 

p = 

0.308 

YYIRT-1 
% Change 

YYIRT-1 

Ratio HSR 0.667 0.45 [-0.27, 1.17] 
p = 

0.059 

Ratio IMA 

Decel 
0.103 -0.19 [-0.82, 0.44] 

p 

=0.603 

Interaction 

HSR * IMA 

Decel 

0.230 0.56 [-0.27, 1.39] 
p = 

0.166 

Isometric 

Mid-Thigh 

Pull 

% Change 

ISO PF 

Ratio Total 

Distance 
0.316 -0.12 [-2.53, 2.29] 

p = 

0.915 

Ratio HSR 0.332 0.33 [-1.87, 2.53] 
p = 

0.750 



 

 

134 

Ratio IMA 

Decel 
0.352 0.21 [-0.58, 1.00] 

p = 

0.571 

Isometric 

Mid-Thigh 

Pull 

% Change 

ISO RFD 

@ 200ms 

Ratio Total 

Distance 
0.342 0.36 [-1.88, 2.61] 

p = 

0.731 

Ratio HSR 0.393 0.28 [-1.76, 2.33] 
p = 

0.769 

Ratio IMA 

Decel 
0.264 -0.43 [-1.16, 0.30] 

p = 

0.227 

Isometric 

Mid-Thigh 

Pull 

% Change 

ISO 

Impulse @ 

200ms 

Ratio Total 

Distance 
0.435 -1.06 [-3.56, 1.44] 

p = 

0.375 

Ratio HSR 0.528 1.04 [-1.25, 3.32] 
p = 

0.344 

Ratio IMA 

Decel 
0.036 0.10 [-0.72, 0.91] 

p = 

0.801 

SJ-0 

% Change 

Peak 

Power 

Ratio Total 

Distance 
0.406 1.07 [-1.11, 3.25] 

p = 

0.306 

Ratio HSR 0.383 -1.25 [-3.37, 0.86] 
p = 

0.221 

Ratio IMA 

Decel 
0.211 0.21 [-0.42, 0.84] 

p = 

0.485 

SJ-0 
Ratio Total 

Distance 
0.272 1.46 [-0.63, 3.54] 

p = 

0.155 
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% Change 

Net 

Impulse 

Ratio HSR 0.308 -1.60 [-3.51, 0.31] 
p = 

0.094 

Ratio IMA 

Decel 
0.419 0.37 [-0.32, 1.05] 

p = 

0.266 

SJ-0 

% Change 

Jump 

Height 

Ratio Total 

Distance 
0.418 1.52 [-0.36, 3.40] 

p = 

0.102 

Ratio HSR 0.247 -1.14 [-2.86, 0.57] 
p = 

0.173 

Ratio IMA 

Decel 
0.335 0.24 [-0.38, 0.85] 

p = 

0.419 

SJ-20 

% Change 

Peak 

Power 

Ratio Total 

Distance 
0.374 0.80 [-1.63, 3.24] 

p = 

0.485 

Ratio HSR 0.224 -0.64 [-2.86, 1.59] 
p = 

0.543 

Ratio IMA 

Decel 
0.402 0.18 [-0.62, 0.98] 

p = 

0.630 

SJ-20 

% Change 

Net 

Impulse 

Ratio Total 

Distance 
0.464 1.39 [-0.87, 3.65] 

p = 

0.205 

Ratio HSR 0.276 -1.09 [-3.15, 0.98] 
p = 

0.275 

Ratio IMA 

Decel 
0.260 0.10 [-0.65, 0.84] 

p = 

0.781 
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SJ-20 

% Change 

Jump 

Height 

Ratio Total 

Distance 
0.356 -0.18 [-2.25, 1.88] 

p = 

0.850 

Ratio HSR 0.400 0.64 [-1.25, 2.53] 
p = 

0.475 

Ratio IMA 

Decel 
0.244 0.25 [-0.43, 0.93] 

p = 

0.439 

CMJ-0 

% Change 

Net 

Impulse 

Ratio Total 

Distance 
0.408 2.15 [ 0.88, 3.42] 

p = 

0.003** 

Ratio HSR 0.251 -1.78 
[-2.94, -

0.62] 

p = 

0.006** 

Ratio IMA 

Decel 
0.341 0.30 [-0.11, 0.72] 

p = 

0.137 

CMJ-0 

% Change 

Peak 

Power 

Ratio Total 

Distance 
0.244 1.15 [-0.24, 2.53] 

p = 

0.096 

Ratio HSR 0.154 -1.08 [-2.35, 0.18] 
p = 

0.087 

Ratio IMA 

Decel 
0.602 0.66 [ 0.21, 1.12] 

p = 

0.008** 

CMJ-0 

% Change 

Jump 

Height 

Ratio Total 

Distance 
0.336 0.80 [-1.03, 2.63] 

p = 

0.360 

Ratio HSR 0.219 -0.46 [-2.13, 1.22] 
p = 

0.562 
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Ratio IMA 

Decel 
0.446 0.41 [-0.19, 1.01] 

p = 

0.166 

CMJ-20 

% Change 

Net 

Impulse 

Ratio Total 

Distance 
0.312 0.89 [-1.20, 2.98] 

p = 

0.373 

Ratio HSR 0.188 -0.69 [-2.60, 1.22] 
p = 

0.447 

Ratio IMA 

Decel 
0.500 0.38 [-0.30, 1.07] 

p = 

0.248 

CMJ-20 

% Change 

Peak 

Power 

Ratio Total 

Distance 
0.143 0.17 [-1.96, 2.30] 

p = 

0.863 

Ratio HSR 0.088 -0.27 [-2.22, 1.68] 
p = 

0.769 

Ratio IMA 

Decel 
0.769 0.62 [-0.08, 1.32] 

p = 

0.076 

CMJ-20 

% Change 

Jump 

Height 

Ratio Total 

Distance 
0.391 0.04 [-2.12, 2.19] 

p = 

0.969 

Ratio HSR 0.412 0.45 [-1.52, 2.42] 
p = 

0.629 

Ratio IMA 

Decel 
0.198 0.15 [-0.56, 0.86] 

p = 

0.647 

 

The variables that showed statistically significant relationships with the ratio of GPS 

variables were CMJ-0 NI with TD (p = 0.003) and HSR (p= 0.006); CMJ0-PP and IMA-D (p= 
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008).  All other relationships did not reach statistical significance at an alpha level of .05 (Table 

5). 

Discussion 

The results of the RM ANOVA suggest that there were no significant performance 

changes in any of the tests administered, except for the YYIRT-1 and PP in the SJ-20. The lack of 

changes in the strength, power and speed tests, corroborated by trivial effect sizes, could be 

indicative of the effectiveness of the training program that took place during the season. Without 

access to the prescribed training program, it is impossible to say if there was an effect of strength 

training in maintaining strength levels across the competitive season. As for the YYIRT-1 results, 

this could be explained by a lack of soccer-specific fitness maintained over the course of the 

season. Mohr & Krustup (2014) examined seasonal changes in YYIRT-1 and YYIRT-2 values 

across a season in semi-professional soccer players and found that positive changes were present 

in the mid-season testing values, but followed by decreases in the end-of-season values. A 

consideration for these results is how much carry over “specific” training has to fitness-related 

tasks or tests. Although Bangsbo et al. (2008) showed a high degree of agreement between 

YYIRT scores and match-related fitness outcomes, it is important to consider the differences 

between tasks. For example, Thomakos et al. (2023) compared the effects of a preseason 

program that was focused on soccer-ball related fitness vs H.I.I.T. protocols on the results of a 

YYIRT-L1 test in elite U19 soccer players. Although both groups showed improvements after 4 

weeks, the degree of improvement in the YYIRT-L1 was statistically significantly greater for the 

group that did not use the ball in their fitness protocols. Similar to the findings of the previous 

study, work done by Howard & Stavrianeas (2017) found that High School aged boys improved 

fitness when they took part to a training program that included High-Intensity Interval Training 
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(HIIT). Elloumi et al. (2012) examined the relationship between total training load and changes 

in performance testing after a high-intensity training period of 6 weeks. The authors showed 

decreases in all performance testing results that were correlated with the training load 

accumulated over that time.  

Another interesting finding of this study is that measures of physical performance that 

were derived from the tests did not realize statistically significant changes, notably, no 

statistically significant decreases were found in the groups. One explanation for this lack of 

change could be the strength training program. Suchomel et al. (2018) highlight the need for in 

season training in order to maintain the physical qualities that are important for sports 

performance (RFD, impulse, strength, etc.).  The lack of changes in the measures of physical 

strength could speak to a properly structured strength training intervention across the season. The 

importance of maintaining fitness characteristics while minimizing fatigue during a Competition 

Phase has been highlighted by DeWeese et al. (2015), therefore a lack of changes in performance 

testing could speak to a properly structured training. Although the only statistically significant 

change from pre-testing to post-testing was a large (ES = 1.37) decrease in YYIRT-L1 distance 

covered, these results appear to be in direct contradiction with Haugen (2018) who performed a 

long-term study examining performance changes in soccer players across a multitude of tests. 

Haugen observed a statistically significant increase in most performance measures over the 

course of a year of observation in a population of professional Norwegian soccer players 

(Haugen, 2018), but it is important to note that the period of adaptations for this population of 

NCAA D-I athletes was much shorter. Interestingly, the lack of increases in CMJ performance 

measures are in concert with what was published by Jaspers et al. (2017). Jaspers et al. (2017) 

reviewed the literature that examined the relationship between CMJ testing performance and 
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indicators of soccer match volume over the course of a competitive season. Various populations 

of soccer players were included in the review and the authors came to the conclusion that in most 

populations, markers of cardiovascular performance had a tendency to increase from pre-test to 

post-test. Perhaps the results are conflicting due to the characteristics of populations sampled in 

each individual study and the limitations associated with each population.  

The relationships between the magnitude of change and the training load accumulated 

also showed limited statistically significant relationships based on the relationships examined. 

The most substantial relationships were found between CMJ-0 NI and the ratio of TD and Ratio 

of HSR as well as CMJ-0 PP and the Ratio of IMA-D. Although most of the linear models 

assessed did not achieve statistical significance, the relative importance and standardized 

coefficients are indicative of relationships that could be of importance in the dependent variables 

being assessed. Of note, the change in YYIRT-L1 scores and the ratio of HSR performed over a 

course of a season did not achieve statistical significance, but the standardized coefficients 

suggest a moderate relationship between the amount of HSR and IMA-D performed with the 

percentage of change seen in the YYIRT-L1.  Poulson (2017) found similar relationships 

between IMA-Decelerations at different magnitudes and decreases in CMJ performance in soccer 

players, indicating a relationship between deceleration and fatigue.  The relationships between 

the GPS variables examined and CMJ performance could be an indication of changes in force 

production capabilities across a competitive season. The results, however, are contrasting when 

examining the effect of TD and HSR on CMJ-0 NI. TD was associated with an increase in CMJ-

0 NI while HSR was associated with a decrease in CMJ-0 NI. This could potentially be 

explained by the differences in match demand by position. Wide players tend to see elevated 

HSR distances compared to central positions, making it likely that the accumulation of distances 
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at these velocities are associated with negative changes in CMJ-0 NI performance, as previously 

discussed in Chapter III.  

This study is not without its limitations. For one, the paucity of the data collected made it 

hard to build statistical models that would be free of any statistical violations, thus a lot of the 

models built had to be reconstructed with more data.  It is also important to note that the study 

design was retrospective and thus the data collection was not a controlled aspect of this study. 

Data cleaning issues such as missing values and small sample sizes definitely contributed to the 

final analysis and influenced the results. From a statistical perspective, the relatively small 

sample sizes and data exclusions resulted in some violations of key statistical assumptions, 

which could have influenced the final results. Future investigations should provide larger sample 

sizes in order to draw better conclusions from the resulting data. Another limitation of the study 

is the lack of information regarding the training program. Because of the nature of the analysis, 

no information on the training plan was provided, where it seems that the training program could 

have had an effect on the results. Future investigations should account for volume load of any 

strength training programs that take place during the time period examined and any other 

modalities used as part of the training program.   

Practical Applications 

One of the practical applications that can be taken from this study is the importance of 

providing adequate stimulus to maintain aerobic fitness throughout the competitive season. Sharp 

decreases in aerobic fitness over the season could be explained by a few different factors.  

Aerobic fitness specific to the YYIRT-L1 could have decreased due to a lack of specific 

conditioning carried out over the course of the season, therefore an additional adequate aerobic 
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stimulus may be appropriate in this population in order to maintain soccer-specific fitness over 

the course of a season.  
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Chapter 6. Summary and Directions of Future Research 

The purpose of this dissertation was to provide insights into the physical and technical 

demands placed on NCAA D-I male soccer players. Access to a range of varying data was used 

to investigate different facets related to the performance of this specific population of soccer 

athletes. The following individual research projects were conducted in an attempt to fulfill the 

purposes of this dissertation: 1) a retrospective analysis with five years of performance data to 

assess physical match demands and outputs in physical performance testing, 2) A new type of 

investigation involving video analysis software used to assess technical-tactical performance of 

soccer players and the relationships of those technical-tactical variables to physical performance, 

and 3) an investigation into the relationship of physical performance tests to the training load 

accumulated over a season.  

The results of study one provided more in-depth normative data related to physical 

performance. Interestingly, the physical outputs of the FWD position were the highest in terms of 

match demand, which contradicts the bulk of the available research on elite soccer players. 

Another possible reason for the differences between the studied carried out here and the previous 

research done could be related to the system of play or the management of player rotations 

throughout a single match and an entire season. This paper adds to the scarce amount of research 

on match demands that exists for soccer players at this level of competition. Similarly, normative 

data was provided for tests related to physical capabilities, including tests of maximal force, 

explosive power, and aerobic endurance. These data were then related to the physical match 

performance data previously mentioned and their relationship to physical match performance 

was determined. Statistically significant relationships were found between field-testing variables 

and match outputs calculated using GPS, suggesting that these field tests are an important tool 
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that can be used to project performance in this population of athletes. Study 2 was novel in that 

an examination of this kind had not been performed in this population. The limited amount of 

data made it difficult to extrapolate the findings to a large population, but this study does provide 

new insights on the technical demands of soccer players in at this level of competition. The 

technical variables were then related to physical performance and physical capabilities, finding a 

few statistically significant relationships between these two kinds of variables. The first two 

studies differ from Study 3, as this study was focused on the relationships between training load 

and the decrements or improvements found between pre- and post-testing of physical 

capabilities. The lack of statistically significant decrements could be related to the effects of a 

strength training program carried out throughout the competitive season (or the relative level of 

the athlete), though this was not related to the primary aim of the study. Overall, the findings of 

study 3 suggest that training load can have an effect of end-of-season physical capabilities and 

these should be accounted for in the implementation of the training program during the 

competitive season. Additionally, due to the issues found in the data examined, the results of 

these three studies should be taken lightly in terms of broader applications. Having data that has 

more depth and is more consistently collected would improve these studies and make inferences 

about the broader population of NCAA D-I soccer players much more applicable.  

This dissertation was successful in raising new questions about a scarcely studied 

segment of elite-level soccer, as well as in providing new data to add to the existing literature 

that examines match demands. Although new insights have been provided, further research needs 

to focus on multiple cohorts within the same population when examining both the physical 

demands and the technical-tactical demands of the players. Additionally, information relevant to 

the in-season training demands and the effect of these training/match demands on physical 
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capabilities appears to be novel in this specific population. Understanding the demands of 

training and competition across a season will help coaches and sports performance practitioners 

prepare the athletes for the demands of a competitive season.  
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