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ABSTRACT 

Changes in maximal power output and perceptual fatigue 

responses during a Division I female collegiate soccer season 

 

by 

 

Blake David McLean, M.S.Kin 

The University of Texas at Austin 2011 

Supervisor: Edward F. Coyle 

 

The purpose of this study was to investigate how maximal power output (Pmax), 

as measured via the inertial load technique, changes throughout a collegiate soccer season 

in relation to training load completed. Furthermore, this study also aimed to describe the 

time course of recovery of Pmax following two collegiate soccer matches in one weekend. 

 

The current investigation involved two experimental periods. The first took place 

throughout the 2010 Big XII soccer season. Nineteen Division I female collegiate soccer 

players (19.9 ± 1.2 yrs, 165.1 ± 6.6 cm, 61.0 ± 6.8 kg) from the same collegiate soccer 

team completed regular inertial load testing and perceptual fatigue questionnaires 

throughout this study period. These athletes’ training was not altered in any way by the 

investigators throughout the 2010 season. During the second experimental period, two 

off-season matches were played in one weekend during the 2011 off-season. Training 

was prescribed by coaches, with the aim of simulating an in-season training week. Pmax 

and perceptual fatigue responses were monitored every day throughout the second study 

period. All training and matches throughout the study were monitored via the session 

RPE method. 
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The results demonstrated that STARTERS experience much greater load throughout the 

season than NON-STARTERS (p<0.05, 2247 ± 176 AU and 1585 ± 174 AU), accounted 

for by increased load experienced during matches. This increased training load 

throughout the season lead to a decline in Pmax in STARTERS (to 92.3 ± 6%, p<0.05) 

whilst Pmax was maintained in NON-STARTERS (p>0.05) for the duration of the season. 

Furthermore, STARTERS experienced greater muscle soreness throughout the in-season 

period compared to NON-STARTERS. 

 

During the second experimental period Pmax declined (p<0.05, 93.3 ± 7%) two days 

following matches played on the weekend and remained reduced for three days. Notably, 

two heavy training days in the middle of the training week appeared to have detrimental 

effects on both Pmax and perceptual fatigue responses. 

 

The main finding of this study is that Pmax declined throughout the middle and latter parts 

of the season in STARTERS, after experiencing significantly greater training loads than 

NON-STARTERS throughout the season. The current findings, combined with previous 

investigations, suggest that the inertial load technique may be useful in monitoring 

fatigue in team sport athletes.  
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Chapter I 

INTRODUCTION 

Tracking of physical performance is an important consideration for athletic trainers, 

strength and conditioning professionals and coaches. In soccer, there are many different 

variables that contribute to an individuals’ overall physical performance, such as aerobic 

capacity, power output and skill execution. Of these variables, the ability to produce a 

large amount of power is often considered the most critical, non-skill related aspect, in 

determining a soccer physical ability. Soccer involves a series of short duration maximal 

efforts during which the ability to produce large forces very quickly is a large 

determinant of success. 

 

The in-season period in soccer presents a challenge for trainers and coaches to balance 

training demands with appropriate recovery and avoid the physical performance 

decrements associated with overtraining. This is especially true in collegiate soccer, 

where athletes are regularly required to compete in two matches per week, often with 

only 48 hours between matches. Therefore, it has been suggested that the ability to 

regularly quantify power changes, across a soccer season, may provide objective 

feedback on how athletes are coping with the training and playing demands throughout a 

season. 

 

Many field and laboratory tests have been used to quantify power output including 

vertical jump assessment, cycle ergometry and sprint performance. Recently, 

countermovement jumps (CMJ) have been a popular method of monitoring power output 

throughout soccer and similar team sport seasons [1-5]. Indeed, this method has been 

previously been used to describe reductions in neuromuscular performance throughout a 

collegiate soccer season [5]. Kraemer et al [5] observed reductions in vertical jump height 

in STARTERS, as compared to NON-STARTERS, throughout the in-season period in 
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male collegiate soccer players. Furthermore, Counter Movement Jumps (CMJ) have been 

used to describe acute reductions in power performance immediately following a match 

in collegiate soccer [1], professional rugby league [4] and Australian Rules Football 

(ARF) [3]. For example, Cormack et al [3] has shown reductions in CMJ 

flight:contraction following a pre-season ARF match, with values returning to baseline 

values four days post match. However, limited data exists reporting maximal power 

outputs across a team sport season, and current studies that have examined changes max 

power throughout the season have not examined how these changes relate to training load 

completed [1, 2]. 

 

During the last decade, an inertial load cycling technique [6], has been used as a method 

to quantify power output in endurance cyclists [7] and swimmers [8, 9]. Trinity et al. 

recently used this method to examine the relationship between maximal power output and 

training load during a swimming taper. These authors demonstrated reductions in 

maximal power output during periods of heavy training, and witnessed an increase in 

max power during periods reduced training volume preceding major competitions [9]. 

The inertial load technique has been shown to be extremely reliable (Pmax CV=3.3%) [6], 

with intraday variation similar to levels previously reported in peak power obtained from 

CMJ’s (CV=3.6%) [10].  

 

These observations, relating power output to changes in training volume, along with the 

small coefficient of variation examined in the inertial load method [6], suggest that this 

technique may be a useful way to monitor how athletes are responding to training and 

match stressors, and provides scope for the possible use of this technique in monitoring 

fatigue within a team sport setting. Furthermore, the relationship between training and 

match stressors throughout the in-season period and changes in Pmax has not been 

examined in collegiate soccer players. 
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STATEMENT OF THE PROBLEM 

To date, no studies have examined how lower body power changes throughout a team 

sport season using the inertial load technique. Furthermore, no current studies have 

examined how Pmax changes throughout the season in relation to training and match 

stressors encountered. The acute time course of change in max power following a single 

soccer match, using the inertial load technique, have also not been described.  

POTENTIAL BENEFITS OF THE RESEARCH  
The results obtained from this study may help our understanding of collegiate soccer 

respond to and recover from the stress of multiple matches in one weekend and the 

ongoing demands of a collegiate soccer season. Past research has identified markers 

which may be useful in monitoring athlete fatigue; however efficacy in team sports of the 

technique being used in this study has not been investigated.  

LIMITATIONS AND ASSUMPTIONS 
The following limitations and assumptions apply to the study reported in this thesis. 

Specificity of Results 

Results in this study are specific to well-trained, female collegiate soccer players 

involved in regular weekly competition. 

Subject Compliance 

Subjects were asked to maintain a normal diet and only complete prescribed training 

throughout the study period; however this was not recorded so compliance cannot be 

confirmed.  

Dependant Variables 

The present study was conducted with particular reference to the physical and 

psychological responses to exercise. 

Subjects and Sample Size 

The sample population represented in this study was healthy female collegiate soccer 

players aged between 18-22 years. Therefore, implications that may be derived from this 
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study can only be directed at this population. Further, the study has a relatively small 

sample size (N=16 and N=12) therefore small changes may be difficult to detect. 

Dietary Effects 

No attempt was made to accurately control diet throughout the study period. 

Control Group 

As a result of the nature of the environment and subject sample in this study, the 

utilization of an inactive control group was neither practical nor viable. Comparisons to 

an inactive control group would not provide valuable practical information within the 

scope of the objectives of this study. Therefore, comparisons between these groups may 

have lead to inappropriate conclusions for athletic populations. 

 

PROTECTION OF HUMAN SUBJECTS 

Subjects used in this study will be from the University of Texas at Austin women’s 

soccer team. All subjects were informed of the possible risks of involvement in the study 

prior to the commencement of data collection. Procedures were approved according to 

guidelines of the internal review board of the University of Texas at Austin. 

 

Potential risks 

Physical intervention in this study is very minimal. Training completed by the subjects is 

not altered at all by the study design throughout the first experimental period. Throughout 

the second experimental period training will be designed to reflect normal training 

sessions completed throughout the season, therefore increased risk of injury as a result of 

participating in the study is negligible.  

 

Power measurements taken on the cycling ergometer present a small risk of injury 

throughout both experimental periods. However, this technique involves only concentric 

muscular contractions and no impact or stretch shortening reflexes are involved, therefore 

the risk of injury is small. The greatest risk of injury may come from a foot becoming 

unsecured from the pedal during the test. To minimize this risk the correct size pedals 
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will be used for each test and investigators will strap in each subject before each trial to 

ensure feet are secure before the test begins. 

 

This small risk of injury during the cycling ergometer test may be considered negligible 

in comparison to the possible benefits of completing the testing. The overall aim of 

collecting the cycling ergometer data is to identify athletes who are becoming non-

functionally overreached and adjust their training load accordingly. Overtraining itself 

presents an increased risk of injury, therefore if individuals can be identified in the early 

stages of overtraining and training load adjusted accordingly, this may lead to a reduced 

incidence of injury within the playing group. Furthermore, thousands of pilot tests using 

this method have been conducted in our laboratory and there has yet to be one incidence 

of injury resulting from participating in this testing procedure. 

 

SUMMARY  
To date, no studies have examined how lower body power changes throughout a team 

sport season using the inertial load technique and how Pmax changes in relation to match 

and training stressors. The acute time course of change in max power following a single 

soccer match, using the inertial load technique, has also not been described.  This 

technique may provide a short, simple and reliable, non-fatiguing test that is effective in 

monitoring changes in power throughout a team sport season.  

 

Primary Purpose: This research project has two primary aims: 1) to examine how power 

changes in relation to training load throughout a female collegiate soccer season, 2) To 

describe acute changes in response to a simulated collegiate soccer training week (2 

matches within 3 days). 

 

Secondary Purpose: Examine how maximum power output changes in relation to 

previously described perceptual fatigue measures and quantitative performance measures 

collected from match statistics. 
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Hypothesis: It is hypothesized that; 1) throughout a collegiate soccer season, periods of 

high training volume and intensity will lead to subsequent reductions in maximal power 

output and during periods of reduced training, maximal power output will be maintained, 

2) power will decline following acute match stress and return to pre-match levels within 4 

days. 
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Chapter II 

REVIEW OF LITERATURE 

INTRODUCTION 

Soccer is a highly physically demanding international team sport. The game is played 

over two forty five minute halves separated by a ten minute rest interval. The game is 

played at high intensity and combines intermittent bouts of very intense anaerobic 

exercise interspersed with longer periods of lower intensity aerobic exercise. These high 

physical demands often leave players with a high level of fatigue and muscle soreness, 

which can take many days to recover. 

 

Collegiate soccer players face many challenges during the in-season period, including 

hours physically demanding training each week, a full time university class load as well 

as playing two matches each weekend. Since these demands place large physical and 

psychological stress soccer players, they need to be closely monitored to avoid 

maladaptive training.  In the past a variety of methods have been used to monitor team 

sports athletes who may not be coping with training. These methods include monitoring 

training load [11], psychological questionnaires [12, 13] and analyzing regular non-

fatiguing performance tests [3, 14, 15]. It has also been proposed that monitoring 

endocrine function may be used to monitor an athlete’s overall stress tolerance [16-29].  

TRAINING DEMANDS OF SOCCER 
The goal of any training program in high level sport is to provide stimulus for sport 

specific adaptation that will result in improved athletic performance [30]. Soccer places 

complex physiological demands on its athletes, requiring players to have highly 

developed speed, agility, muscular strength and power and maximal aerobic power [31]. 

Therefore, training programs must be developed to improve all of these physiological 

aspects, whilst also including specific skill training for soccer. 
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Collegiate soccer players train 5-6 days a week, often with multiple sessions in one day. 

Typically, the conditioning program of soccer players will involve resistance training, 

focusing on strength and power development, aerobic fitness training, speed and agility 

sessions as well as skill and tactical development sessions.   

 

Due to the demanding nature of the sport, soccer training sessions need to be performed 

at high intensity, to develop the specific physical qualities needed to optimize 

performance throughout the duration of a match [32]. With such a high training intensity 

and load, players can easily become considerably fatigued, which if sustained over long 

periods, can lead to overreaching [17]. Therefore, it is important that training completed 

as well as physiological and psychological responses to training are monitored carefully. 

Monitoring these responses will assist in early detection of non-functional overreaching 

or maladaptation to training. 

 

PERIODIZATION OF IN-SEASON TRAINING  
One of the main goals of athletic training programs is to overload the athlete to induce 

physical adaptation and improve performance. After an overload phase adequate rest and 

recovery needs to be completed in order for this compensation to take place [33]. If the 

athlete is not given adequate rest, they may become non-functionally overreached or even 

overtrained. With this in mind training should gradually overload the athlete to induce 

performance benefits in that particular mode of training. Ideally, phases of overload 

should be followed by periods of decreased load to allow adaptation to occur. This type 

of periodization is easily implemented in healthy rugby league players during the pre-

season. However, during the in-season period, the training periodization for collegiate 

players provides a much greater challenge for coaches, as there are many non-

controllable factors that can influence a player’s recovery.  Indeed, the number of 

matches each week, difficulty of the match, in relation to the quality of the opponents, 

and possible interstate travel must all be considered.   
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To assist coaches, Kelly and Coutts [34] developed a simple model that helps predict the 

difficulty of an upcoming match based on the quality of the opposition, number of days in 

the training week and the match location. It was suggested that once the match difficulty 

is predicted, which should be updated at the start of each training week, the subsequent 

week of training can then be planned according to the difficulty of the match for that 

particular week, thus allowing optimal recovery and performance [34].  Similarly, it has 

also been suggested that non-linear, undulating periodization of training loads should be 

implemented between-matches, to allow for adequate recovery following a game and 

prior to the next match [34-36]. This type of periodization model has been reported to be 

common during the in-season phase in team sports [35, 36]. Collectively, these studies 

show that the structure of in-season training programs and periodization models within 

physical team sports should follow a non-linear pattern, allowing for sufficient recovery 

from the stress of the previous match. 

 

OPPORTUNITY FOR RECOVERY IN COLLEGIATE SOCCER 
Collegiate soccer in the USA is played primarily between August and December. 

Division I schools typically play around 20 matches per season plus regional and national 

tournament matches post-season, if the team qualifies. Often teams are required to play 

multiple matches in one week, usually only separated by one or two days. Due to the 

extended season and limited recovery time between games in-season, training programs 

should focus on recovery strategies, regeneration and skill preparation [37]. 

Simultaneously, training programs aim to maintain fitness levels (i.e. aerobic capacity, 

strength and power) developed during the pre-season phase of training. 

 

FATIGUE AND PERFORMANCE 
It is well established that an appropriately designed training program can enhance athletic 

performance [38]. Athletes frequently train hard in an attempt to optimize performance. 

Inherent in all training programs is the application of the progressive overload principle, 

which implies working beyond a comfortable level in order to maximize athletic ability. 
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However, there is a fine line between improved performance and maladaptation. When 

intensive physical training and competition is completed without sufficient recovery 

periods, fatigue may accumulate, resulting in reduced performance capacity [39]. These 

periods of intensified training can lead to functional (short term) overreaching, non-

functional (extreme) overreaching, or in severe cases lead to Overtraining Syndrome [40]. 

Functional overreaching is often deliberately induced by strength and conditioning 

coaches as it has been shown to lead to enhanced performance when followed by 

adequate recovery periods [16]. However, if overreached athletes continue to complete 

high volume intensified training programs, followed by a short recovery or ‘taper’ period, 

then this overreaching will not elicit the same performance benefits. This is known as 

non-functional overreaching, or in severe cases can lead to Overtraining Syndrome [40]. 

During non-functional overreaching an athlete may present with a range of symptoms 

(e.g. hormonal dysregulation, psychological disturbances, reduced immune function, 

sleep disorders) and require weeks to months to restore performance capacity. The 

symptoms for the more serious Overtraining Syndrome are the same, with the delineation 

between these conditions being made on the basis of the length of time taken to recover 

[39].  The effectiveness of training programs essentially depends on intensity, volume 

and periodization of the training stimuli [41]. However, the challenge for strength and 

conditioning coaches is to determine the point at which training becomes maladaptive. 

Determining this point is difficult, especially in a team sport setting, as each athlete may 

respond differently to the training stimuli and functional overreaching.  

 

An imbalance between the overall strain of training and the individual’s tolerance to 

stress can lead to overtraining [20, 41, 42]. Therefore, an optimal training program needs 

an adequate assessment of the individuals’ current tolerance to stress. Apart from training 

and competition, additional stressors resulting from disease, injuries, professional and 

social stressors must also be taken into consideration [27].  Therefore, it seems crucial 

that each of these factors be monitored, as they can impact of training and performance. 

Many researchers have investigated psychological, metabolic, hormonal, physiological 

and immunological changes that occur in response to non-functional overreaching and 
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overtraining [25, 43-45]. However, there is still no consensus on simple tests that can be 

used in the early detection of maladaptive overreaching or overtraining, especially in 

team sports such as soccer. It is possible that such a test (or battery of tests) could be used 

to monitor how players are coping with training and competition and therefore used to 

guide future training. 

 

 

MONITORING FATIGUE IN TEAM SPORTS 

Many exercise tests can be used to assess performance in soccer players [46, 47]. These 

tests may be designed to assess speed, agility, muscular strength and power and maximal 

aerobic power, all attributes that are important for the success of soccer athlete. However, 

many of these performance tests are not useful for regular monitoring during the season, 

as they can be highly fatiguing and are difficult to conduct with large numbers of athletes. 

Other problems with using many of these tests in a practical setting include; tests often 

require a high degree of skill and/or technique (e.g. maximal lifting capacity, Olympic 

lifts), have limited portability, or have poor test-retest reliability scores. However, the 

major limitation of many of these tests is that they require a maximal effort and can cause 

a high level of residual fatigue. The exhaustive nature of such tests can limit their 

usefulness in team sports, particularly during competitive season when there are limited 

opportunities for recovery between-matches. 

 

Therefore there is a need for simple, non-fatiguing exercise tests that can measure 

changes in performance throughout a season. It has been recommended that for the 

assessment of physical performance, tests should have a low skill component, be safe, be 

reproducible, and should be transportable for simple, regular assessment of athletes 

throughout a season [14]. Recently, counter movement jumps (CMJ’s) have been 

suggested to be a useful, non-fatiguing performance test for team sport athletes [1, 14]. 

Research examining performance profiles of deliberately overtrainined athletes have 

shown a decline in maximum power output when a very high volume of training is 

completed [16, 48, 49]. For example, Welsh et al. [48] found a significant decrease in 
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both jump height (-4.9 ± 2.1%), and power output (-8.9 ± 5.5%) measured from a Linear 

Position Transducer (LPD) in 29 U.S. Marines after eight days of military operational 

field training.  

 

These findings have lead to the application of CMJ’s to describe decrements in 

performance following team sport competition [1, 3]. For example, Cormack et al. [3] 

reported a decrease in CMJ flight time:contraction time for 72 hr following a pre season 

Australian Rules Football (ARF) match. Furthermore, this technique has recently been 

used to describe fatigue-associated changes in power across a team sport season [2, 4]. 

Indeed, McLean et al [4] reported reductions in CMJ maximum relative power in 

professional rugby league players during periods of increased training load. 

 

The recent development of the inertial load technique, to examine changes in maximal 

power output, provides another possible method for monitoring changes in athletic 

performance. There is now a substantial body of research examining the efficacy of 

CMJ’s in monitoring fatigue in team sports. However, to date no studies have examined 

how the inertial load technique may be utilized in a team sport setting.  

 

Recent findings by Trinity et al. [9] showing a decline in upper body maximal power 

output (Pmax) during heavy training periods in swimmers, and increases in Pmax during 

periods of reduced training, suggest the inertial load technique is able to detect changes in 

neuromuscular fatigue related to training stressors. Furthermore, Trinity et. al. [8] also 

observed improved performance, over two collegiate swimming season, when power, as 

measured via the inertial load method, was maintained (i.e. did not decline) during 

competition. However, to date no studies have used this technique to examine acute or 

seasonal changes in power in team sport athletes. As the inertial load technique displays a 

very small coefficient of variation [6], it may provide a sensitive measure capable of 

detecting small changes in Pmax during a team sport season. 
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INERTIAL LOAD TECHNIQUE 

The inertial load technique used for determining maximal power output was developed 

by Martin et al. [6] within the last 15 years. This technique involves a 3-4 s maximal 

effort on a modified Monark (Varberg, Sweeden) cycle ergometer, whereby the 

resistance is provided solely by the moment inertia of the accelerating flywheel. As 

described by Martin et. al. [6], maximum power output (Pmax), with the use of this 

technique, is calculated by the following equation: Power= I x α x ω, where I = moment 

of inertia of the flywheel, α = angular acceleration and ω = Angular velocity. Flywheel 

angular velocity and acceleration are determined by an optical sensor and 

microcontroller-based computer interface that measure time (±1µs) and allow power to be 

calculated instantaneously, every 3° of crank revolution, or averaged over one complete 

revolution of the cranks.  
 

Martin et. al. [50] have also described the time course of learning effect to obtain 

maximal power output using the inertial load technique in both trained cyclists and active 

men. These authors reported that during familiarization with the inertial load method, 

power increases over the first 3 days of testing in active men, at which point the learning 

effect appears to be complete [50]. These findings have important implications for both 

researchers and practitioners when employing the inertial load method. A period of at 

least three days of familiarization should be employed to be confident true maximal 

power has been achieved. 
 

QUANTIFYING TRAINING LOAD IN SOCCER 

Quantifying training load is essential in monitoring and planning training programs to 

optimize athletic performance. There are number of techniques available to quantify 

training data, including; measuring total distance covered [51], total number of 

repetitions performed, recording heart rate (HR) [52, 53] and using session-RPE [11]. In 

team sports, the most widely used methods for monitoring training are the session-RPE 

method and the heart rate (HR) training impulse (TRIMP) [11, 54-57]. Both of these 

methods account for training intensity and duration, and therefore may be more useful in 

quantifying training where intensities between and within training sessions may be highly 
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variable, as in team sports. Furthermore, these techniques may be used to quantify the 

training load throughout multiple modes of training, such as skill/running based and 

resistance training session. 
 

The HR-based methods for quantifying training dose were first developed for endurance 

athletes [52, 53, 56]. The TRIMP was calculated by monitoring duration and intensity 

with electronic HR monitors. Although this method is useful in the quantification of 

training load, two important limitations of this method have been highlighted. Firstly, 

although commercial HR monitors are widely available, if the athlete fails to wear their 

HR monitor or the HR monitor has a technical failure during an exercise bout, then all 

information from that training session is lost [11]. Secondly, monitoring HR is a poor 

method of monitoring exercise intensity for extremely high intensity and intermittent 

exercise, like resistance training, high intensity interval training and plyometric training 

[11, 54]. This short term extremely high intensity exercise does not elicit a rise in HR 

equal to the rise in intensity as predominantly anaerobic energy pathways are being 

activated. Therefore, HR may not be a true representation of the global exercise intensity 

during this type of exercise. Recently, perceptual based methods for quantifying training 

load have been suggested to be more viable methods for quantify training during these 

types of exercises [54, 58, 59].  
 

Following on from the TRIMP method, Foster et. al. [11] developed a method using a 

modification of the rating of perceived exertion (the session-RPE), which uses RPE as a 

marker of training intensity within the TRIMP concept [19, 60]. This method involves 

having the athlete rate the intensity of the session by choosing a verbal anchor, which 

describes the intensity of the session. The global RPE obtained is then multiplied by 

session duration to obtain an overall training load for that session. This method is much 

more easily applied in a practical setting as compared with using HR monitors. 

Furthermore, although the session-RPE method is a subjective estimate of training load, it 

has been shown to correlate highly with the summated HR zone method, used to calculate 

TRIMP, when monitoring HR during a variety of different exercises that are commonly 

completed by team sport athletes [11, 54, 58, 61-63]. Recently, session-RPE has also 
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been shown to correlate with the number of sprints competed at high velocity during 

soccer specific training in professional soccer players [64]. However, some investigators 

have shown that the correlation between HR and session-RPE may not be strong during 

high-intensity, intermittent training as it is with steady state exercise [54]. 

 

PERCEPTUAL MARKERS OF FATIGUE 

Changes in psychological responses often occur concurrently with maladaptive training 

[65-67]. Previous studies have suggested that overtrained athletes have a greater global 

mood disturbance (i.e. sum of tension, anger, fatigue and confusion minus vigour) and 

may demonstrate symptoms similar to clinical depression [65, 68, 69]. Moreover, recent 

studies have shown that these measures are useful in the early detection of non-functional 

overreaching and overtraining [70]. Because of this, it has recently been suggested that 

monitoring training in elite sports through the athletes’ perception of stress and recovery, 

is the best method to examine the balance or imbalance between these two factors [71-73]. 

A number of psychometric tools have been used to do this, including the Daily Analyses 

of Life Demands for Athletes (DALDA)[12], Recovery-stress questionnaire for athletes 

(REST-Q) [73] and subjective ratings of well being [74].  

 

It has also been demonstrated that an athlete’s self rating of well-being, including ratings 

of fatigue, stress, sleep and muscles soreness, are able to predict when an athlete is going 

to become overtrained [13, 74]. For example, Hooper et al. [74] showed a battery of 

similar self ratings is able to predict overtraining and performance in a group of 14 elite 

swimmers. In this investigation, authors used a ‘staleness’ score to quantify overtraining, 

and swimming race times as a measure of performance. These researchers reported that 

wellbeing ratings were able to predict staleness scores, accounting for 76% of the 

variance and during tapering, wellbeing scores were able to predict the improvement in 

competitive performance, accounting for 72% of this variance [74]. More recently, 

similar perceptual fatigue questionnaires have been used to describe changes perceptual 

fatigue responses throughout a team sport season [4]. 
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Chapter III 

METHODS 

SUBJECTS 

Study I: Nineteen Division I female collegiate soccer players, recruited from the 

University of Texas at Austin women’s soccer team, were followed for this study (Age 

(yrs): 19.9 ± 1.2, Stature (cm): 165.1 ± 6.6, Mass (kg): 61.0 ± 6.8, VO2max ± 

(ml/kg/min): 51.7 ± 4.0, Body fat percentage (DEXA): 22.4 ± 4.5). Goal keepers were 

removed from the data analysis and one player was removed due to injury during the 

season (i.e. final n=16). Players were separated into STARTERS (n=8) and NON-

STARTERS (n=8) based on mean playing time throughout the season (STARTERS mean 

> 60 min, NON-STARTERS mean < 60 min). 

 

Study II: Fifteen Division I female collegiate soccer players, from the University of 

Texas at Austin women’s soccer team, were recruited for this study (Age (yrs): 19.1 ± 1.0, 

Stature (cm): 163.2 ± 5.4,  Mass (kg): 59.5 ± 5.6, VO2max ± (ml/kg/min): 52.2 ± 3.2, 

Body fat percentage (DEXA): 21.5 ± 3.9). Goal keepers were removed from the data 

analysis and one player was removed due to injury during the study (i.e. final n=12).  

 

DESIGN 

This study involved two experimental periods. The first study was during the 2010 season, 

during which training was prescribed by coaches. Measurements of maximal power, 

training load and perceptual fatigue were collected throughout the duration of the season. 

The second experimental period was during 2011 the off-season, involving a simulated 

collegiate soccer weekend i.e. two full length practice matches within three days. 

Training during this week was structured to simulate a typical training week as during the 

in-season period. Training load, maximal power and perceptual fatigue measures were 
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monitored daily, beginning on the morning of the first match day and concluding seven 

days after the first measure. 

 

STUDY I: IN-SEASON TRAINING 

All training was prescribed by team coaches and strength and conditioning coaches. 

Training was not altered in any way for the purposes of this study. Training stress was 

quantified with the session RPE method described by Foster et. al. [11]. Table 1 outlines 

a typical training week throughout the 2010 season and shows when experimental 

measures were taken. 

 

STUDY II: SIMULATED TRAINING WEEK  

During the 2011 off-season two practices matches were played on a Friday and Sunday 

night to simulate match stressors encountered during the regular season. The first was an 

intra-squad match (11 v 11) and the second was a friendly against an opposing collegiate 

team. Training structure aimed to simulate training completed during the in-season period 

and was prescribed by coaches without any interference from the investigators. Training 

session duration and intensity were monitored via the session-RPE method with the aim 

of matching session time and RPE with values that had been established throughout study 

I during the 2010 season. 

 

 

Table 1 – Typical in-season training week during 2010 season. FP = Field practice, WT 

= weight training, WB = Well Being review sheet, Power Bike = Maximal power 

measurements using inertial load technique. *Training Load monitored via session RPE. 

^Measure taken every 2 weeks. 

 
 Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Training Rest FP - AM* 

WT - AM* 

FP - AM* 

WT - AM* 

FP – AM* Match –PM* FP – AM* Match – PM* 

Measures  WB  WB 

Power Bike^ 

WB 

 

 WB 
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TRAINING LOAD QUANTIFICATION 

Every training session undertaken throughout both experimental periods was monitored 

via the session-RPE method as described by Foster et. al. [11]. This method involves 

obtaining a global RPE for each training session completed, obtained from a modified 10 

point RPE scale (see Appendix I) and multiplying this RPE by session time to calculate 

overall training load for that session in Arbitrary Units (AU).  

 

PERFORMANCE MEASURES 

The inertial load technique described by Martin et. al. [6] was used as a non-fatiguing 

performance measure throughout both experimental periods. Maximum power as 

averaged over one complete pedal revolution (Pmax) was obtained. All performance 

measures were taken in the morning around 9:00 ± 2 hours as to minimize variations 

throughout the day. Prior to commencing the inertial load cycling test, subjects competed 

3 minutes of sub-maximal cycling on a magnetically braked cycle ergometer. Before each 

test subjects began with the cranks at forty-five degrees past vertical (zero degrees equals 

top dead center of crank revolution and one hundred and eighty degrees equals bottom 

dead center of the crank revolution). Seat height was held constant for each subject. Four 

trials were performed for each subject on each testing day with a minimum of sixty 

seconds between each test. During trials one and three, the subject began with her right 

foot forward on the crank arm, which was placed at the forty-five degree position. Trials 

two and four were performed with the left foot forward and the crank arm in the forty-

five degree position. Total test time for each trial was three to five seconds.  

 

As previously described by Martin et al. [6] flywheel angular velocity and acceleration 

were determined by an optical sensor and micro-controller based computer interface 

which measured time (± 1 µsec) and allowed power to be calculated instantaneously 

every 3 degrees of crank revolution or averaged over one complete revolution of the 

cranks [18]. All powers expressed in this paper are average values over one complete 

crank cycle. The inertial load of the ergometer used was 3.65 kgm2. As previously 
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described [6] maximal power was calculated as the product of moment of inertia, velocity 

and angular acceleration of the flywheel. 

 

PERCEPTUAL FATIGUE MEASURES 

A previously described perceptual fatigue questionnaire [4] was used throughout the 

study period to obtain scores for; Muscle Soreness, Fatigue, Sleep Quality, Stress Levels 

and Mood (on a five-point scale (scores of 1 to 5, 0.5 point increments; see Appendix II). 

These scores were then summed to give an Overall Wellbeing score. All perceptual 

fatigue measures were collected in the morning around 10am ± 2 hours as to minimize 

variations throughout the day. Perceptual fatigue responses were collected on Tuesdays, 

Thursdays and Match Days (primarily Friday and Saturday) throughout the 2010 season 

and every day during Study II. 
 

STATISTICAL ANALYSIS 

All power measurements in this study are represented as percentage change from baseline. 

During Study I baseline was set to pre-season values and during study II Baseline was 

considered the first value collected during the experimental week. Perceptual fatigue 

scores were converted to individual z-scores for each subject as previously described [4] 

to account for individual fluctuations in perceived responses. Specifically, a Z-score 

expresses a score in terms of the number of standard deviation units the raw score is 

below or above the mean of the distribution and is calculated using the following 

formula: (individual players score—individual players average)/individual players 

standard deviation (SD)). The Z-scores were calculated using all data points collected 

from each player over the study period, including baseline measures and reported as 

mean values ± SEM.  Goal keepers were removed from the data analysis. A two way 

analysis of variance (ANOVA)  univariate was used to describe differences between 

groups and time throughout the season. A one-way ANOVA was used to describe time 

course changes within groups. Effect size (ES) statistics were calculated using Cohen’s d. 

Values of 0.2, 0.5 and >0.8 were considered small, moderate and large, respectively. An 

alpha (α) level of < 0.05 was used as the criterion for significance. Statistical analyses 

were performed using the software package SPSS (version 19.0). 
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Chapter IV 

RESULTS 

STUDY I 

TRAINING LOAD 

Figure 1B shows mean weekly training load ± SEM for STARTERS and NON- 

STARTERS.  Significantly higher training load was completed by STARTERS 

throughout every in-season training week compared to NON-STARTERS (P<0.05) 

except for week 1. Load completed during training (excluding matches) was significantly 

higher for NON-STARTERS during week 1 (p<0.05) but did not differ in any other week 

throughout the season. Load completed during matches was significantly higher for 

STARTERS than NON-STARTERS during every week except for week 1 (p<0.05). 

 

PERCEPTUAL FATIGUE MEASURES 

Fatigue: Figure 2A shows mean Fatigue scores on Tuesdays, Thursdays, Fridays and 

Sundays throughout the season. Fatigue was significantly increased (lower scores) on all 

days throughout the season when compared to Friday (p<0.05). Fatigue was also 

significantly greater on Tuesdays when compares to Thursdays and Sundays (p<0.05). 

No differences in were found between STARTERS and NON-STARTERS throughout 

the season. 

 

Figure 3A shows mean fatigue scores on Fridays throughout each week of the season. 

Fatigue was significantly increased (lower scores) in week 1 compared to all other weeks 

(p<0.05). Fatigue scores were also lower in week 9 when compared to week 2 (p<0.05). 

No significant differences were found between STARTERS and NON STARTERS. 

 

Muscle soreness: Muscle soreness was significantly increased (lower scores) on all days 

throughout the season when compared to Friday (p<0.05). Muscle soreness was also 

significantly greater on Tuesdays when compares to Thursdays and Sundays (p<0.05). 
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Muscle soreness was greater (lower scores) in STARTERS on Tuesdays, Thursdays and 

Sundays for STARTERS compared to NON-STARTERS. 

 

Figure 3B shows mean Muscle Soreness scores on Fridays throughout each week of the 

season. Muscle Soreness was significantly increased (lower scores) in week 1 compared 

to all other weeks (p<0.05). Muscle Soreness scores were also lower in week 9 when 

compared to week 2 (p<0.05). No difference was found between STARTERS and NON-

STARTERS. 

 

Overall Wellbeing: Figure 2C shows mean Overall Wellbeing scores on Tuesdays, 

Thursdays, Fridays and Sundays throughout the season. Overall wellbeing was 

significantly lower on all days throughout the season when compared to Friday (p<0.05). 

Overall wellbeing was also lower on Tuesdays when compared to Thursday and Fridays 

(p<0.05). No difference was found between STARTERS and NON-STARTERS. 

 

Figure 3B shows mean Overall Wellbeing scores on Fridays throughout each week of the 

season. Overall wellbeing was significantly lower in week 1 compared to all other weeks 

(p<0.05). 

 

PERFORMANCE MEASURES 

Figure 1A shows Pmax (percentage of baseline) for STARTERS and NON-STARTERS 

throughout the 2010 season. NON-STARTERS did not change from baseline measures 

throughout the course of the season. STARTERS power was significantly reduced from 

baseline at week 10 (d=-1.28, p<0.05). Pmax also appeared to be somewhat lowered in 

STARTERS during weeks 9, 12, 13 and 16, although changes were not significant, 

moderate effects sizes were observed (d>0.4). STARTERS had significantly lower Pmax 

than NON-STARTERS during week 10 (d= -0.98, p<0.05) and 12 (d= -0.91, p<0.05) 

compared to NON-STARTERS. Although significance was not reached, STARTERS 

also tended to exhibit lower power during weeks 9, 13 and 16 with a moderate effect size 

observed (d >0.4). 
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Figure 1: A – Mean ± SEM Pmax during 2010 season. B – Mean training load during 2010 

season. * Denotes significantly different from pre-season values, # denotes significant 

difference between STARTERS and NON-STARTERS. 
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Figure 2: A – Mean ± SEM Fatigue responses during 2010 season. B – Mean ± SEM 

Muscle Soreness responses during 2010 season. C – Mean ± SEM Overall Wellbeing 

responses during 2010 season. * Denotes significant difference between STARTERS and 

NON STARTERS, # denotes significantly different from all other days, ^ Denotes 

significantly different from Tuesday and Friday
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Figure 3: A – Mean ± SEM Fatigue responses on Fridays during 2010 season. B – Mean 

± SEM Muscle Soreness responses on Fridays during 2010 season. C – Mean ± SEM 

Overall Wellbeing responses on Fridays during 2010 season. * Denotes significant 

different from all other time points, ^ denotes significantly different from week 2. 
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STUDY II 

TRAINING LOAD 

Figure 4B shows mean training load ± SD throughout the simulated training week v 

average values obtained from study I.  Significantly less load was completed on the first 

match day (day 0) during the simulated week compared with 2010 values (P<0.05). 

Significantly higher training load was completed on days 4, 5 and 6 during the simulated 

week compared with 2010 values (p<0.05). 

 

PERCEPTUAL FATIGUE MEASURES 

Fatigue: Figure 5A shows mean fatigue scores throughout Study II. Fatigue scores was 

significantly decreased (increased fatigue) from day 0 on days 3, 4, 5 and 6 (p<0.05). 

Fatigue was not significantly different on Day 7 but a large effect size was observed (d=-

0.85). 

 

Muscle soreness: Muscle soreness scores were significantly decreased (increased 

soreness) from day 0 on days 3, 4, 5 and 6 (p<0.05). Fatigue was not significantly 

different on Day 7 but a moderate effect size was observed (d=-0.72). 

 

Fatigue: Overall wellbeing scores were significantly decreased from day 0 on days 3, 4, 5 

and 6 (p<0.05).  

 

PERFORMANCE MEASURES 

Figure 4A shows Pmax (percentage of Day 0) throughout the study. Pmax was significantly 

lower than day 0 on days 4 and 5 (p<0.05, d=-0.73 and -1.03). Pmax was significantly 

lower than day 2 on days 4, 5 and 6 (p<0.05, d=-1.01, -1.03 and -0.90). Pmax also 

appeared to be somewhat lowered on day 7, compared to day 0, although changes were 

not significant, a moderate effect size was observed (d=-0.49).  
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Figure 4: A – Mean ± SD Pmax during simulated in-season week. B – Mean ± SD training 

load during simulated in-season week (2011) and 2010 season. * Denotes different from 

Day 0. # Denotes significantly different from Day 2. ^ Denotes significantly different 

from 2010 values.
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Figure 5: A – Mean ± SD Fatigue z-score during simulated in-season week. B – Mean ± 

SD Muscle Soreness z-score simulated in-season week. C – Mean ± SD Overall 

Wellbeing z-score simulated in-season week * Denotes different from Day 0. 
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Chapter V 

DISCUSSION 

The current investigation was the first to assess maximal power output, with the use of 

the inertial load technique, throughout a team sport season. Furthermore, the current 

study examined how Pmax changes in relation to training load in a highly ecologically 

valid environment, and provided additional insight into perceptual fatigue responses 

throughout the course of a collegiate soccer season. The results demonstrated that large 

training and match stressors throughout the season, in particular those loads experienced 

by STARTERS, may lead to decrements in Pmax, as measured by the inertial load 

technique, late in the season.  

 

The first study in this investigation aimed to track changes in Pmax throughout a female 

collegiate season and elucidate how any changes in power are related to training and 

match stressors encountered throughout the in-season period. Previous investigations 

have demonstrated both an acute reduction in power output following soccer matches [1] 

as well as reduced power output following prolonged periods of intensified training [16, 

48], however this is the first study to describe how Pmax changes throughout a soccer 

season in relation to training and match stressors.  

 

The current results showed Pmax can be maintained throughout the season when moderate 

training loads are encountered i.e. Pmax is maintained in NON-STARTERS. However, 

these athletes were experiencing very limited stress from match play, with the majority of 

load experienced coming from training modalities. Conversely, the ‘STARTERS’ in this 

study (i.e. those players averaging >60min per match) completed much higher training 

loads than NON-STARTERS, with all of the difference in load accounted for by 

increased stress from match play. Consequently, the STARTERS power began to decline 
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throughout the second half of the season, leading to a significant reduction from pre-

season values after ten weeks of competition. 

 

There is very limited opportunity for recovery during a collegiate soccer season, with two 

matches played per week in most weeks throughout the season. Therefore, training loads 

need to be carefully monitored in order not to overreach athletes during the in season 

period. From the current study, it appears that once the negative affects of large training 

loads are apparent, it is difficult to provide adequate rest to reverse the negative 

performance effects. It may be that if the STARTERS in this study completed less 

training during the week, bringing their overall load to levels closer to that seen in NON-

STARTERS, this group may have been able to maintain Pmax throughout the season. 

However, it is also possible that the stress of matches alone was the cause for the 

reductions seen in Pmax. Indeed, it has previously been shown in female collegiate soccer 

players that STARTERS experience a greater decline in maximal power output following 

the acute stress of one match [1].  Both of the aforementioned possibilities should be 

carefully considered by coaches when prescribing training and establishing team rotation 

policies in order to avoid negative performance decrements. Future studies may be able to 

elucidate whether a reduction in training stressors alone to reduce overall load is 

sufficient to maintain Pmax throughout the season in STARTERS. 

  

Perceptual markers of fatigue have previously been shown to be useful in detecting acute 

and longer term accumulated fatigue in team sport athletes [4, 70]. It is evident in current 

investigation that athletes are experiencing more fatigue through the early part of the 

week, following matches on the preceding weekend, and are feeling least fatigued on the 

Friday of each week, leading into the weekends matches. Interestingly, the current 

findings suggest STARTERS experience more muscle soreness throughout the in-season 

period than NON-STARTERS. This should also be a consideration for coaches when 

prescribing training throughout the week for athletes that have completed very high loads 

from match stress in the preceding weekend(s). 

 



	  
	  

30	  

The perceptual markers of fatigue used in this study also appear to be useful in tracking 

changes experienced across different weeks throughout the season, not only throughout 

each microcycle. Figure 2 shows perceptual fatigue responses on each Friday throughout 

the season. Interestingly, fatigue is significantly increased in STARTERS during week 9, 

which is immediately followed by a significant reduction in Pmax during week 10. These 

results are somewhat in agreement with Hooper et. al. [74], who found perceptual fatigue 

ratings were able to predict 72% of the variance of the improvement in race times in elite 

female and male swimmers. Combined, these results further support the use of perceptual 

fatigue questionnaires to monitor athletes throughout the season. 

 

The second part of this study aimed to elucidate the time course of recovery of Pmax, 

using the inertial load technique, following two collegiate soccer matches in one weekend. 

However, the experimental design used in this study has a number of limitations which 

make application of the results somewhat limited. The first major limitation is that the 

matches played in the study, which aimed to simulate the stress of matches in the in-

season period, were practice matches and as a result were not as actually as stressful as 

those matches encountered during the in-season period. Furthermore, as the matches were 

practice matches, coaches shared playing time, and thus the stress of the match was 

spread amongst the squad, whereas during the season the majority of the work during 

matches is completed by a smaller group of players (STARTERS) who, as a result, 

experience much greater loads from each match.  The second limitation of the research 

design is that players completed extremely high training loads, much higher than those 

encountered during the season, throughout the middle of the training week (see figure 

4B). 

 

Nonetheless, some useful insight can be gained from the results obtained. Notably, Pmax 

did not decline following the first match and was not significantly reduced until 3 days 

following the second match in the weekend. This does not agree with the results of 

Hoffman et. al. [1] who witnessed a decline in peak power in both squat jump and 

countermovement jump within 24 hours following a female collegiate soccer match. The 
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current results may be explained by the relatively low stress encountered during these 

matches in comparison to the in-season period. Pmax did however decline to its lowest 

values throughout the week following 2 days of heavy training throughout the week (see 

figure 4A). Following this decline, Pmax appeared to increase slightly after a lighter 

training day. However, although not significant, Pmax still tended to be lower on day 7 

(d=-0.49). This is in contrast to previous research in team sport athletes, which shows a 

decline in power in the days following the match, but a return to baseline values after 

four days [3, 4]. The current results that two heavy training sessions throughout the week 

may lead to inadequate recovery before the following match in a collegiate soccer season. 

Furthermore, these results suggest that an number of lighter days should be placed in-

between heavy training sessions/match stressors and Pmax testing days across the season, 

otherwise the results may only reflect acute fatigue experienced as a result of this heavy 

training/matchplay. 

 

This investigation is the first to use the inertial load technique in examining how maximal 

power output changes in response to different training loads throughout a team sport 

season. This study is also the first to examine how Pmax changes throughout a soccer 

season in relation to training and match stressors.  The current findings, combined with 

previous investigations in team sport and the recent results using the inertial load 

technique in swimmers, suggest that the inertial load technique may be useful in 

monitoring fatigue in team sport athletes.  

 

 

FUTURE RESEARCH DIRECTIONS 

Further research should aim to assess the current variables under more strictly controlled 

experimental conditions. Indeed, it appears from the current findings that increased load, 

due mainly to the stress of matchplay, have notable impact on Pmax. However, the applied 

nature of this research means all factors could not be controlled. Future studies should 

aim to more strictly control all variables in order to gain a greater understanding of the 

relationship between training load, match stress and Pmax. Additionally, factors such as 
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social activities, sleeping patterns and travel were not recorded or controlled. Further 

research may be able examine the impact if these uncontrolled variables throughout the 

season. Furthermore, it is evident that Pmax is affected by acute training stressors, and the 

most appropriate timing of when to collect the measure, to best quantify long term, 

accumulated fatigue, is yet to be determined. 

 

 

PRACTICAL APPLICATIONS 

This study was conducted in a real training environment with Division I collegiate 

athletes. The high level of ecological validity in the research design allows for several 

important practical findings to be made.  The results of the current investigation highlight 

the importance of monitoring and controlling the training loads prescribed to collegiate 

soccer players, particularly during the in-season period. The data from this study can be 

used by coaches to understand what training loads can be tolerated by their athletes 

throughout the in-season period. These findings are important as they show that 

inappropriate training loads can negatively impact on Pmax and perception of fatigue and 

soreness, which have previously been shown to be related to impaired performance [16, 

39]. 

 

The results from this study suggest that Pmax, as calculated by the inertial load technique, 

is sensitive to changes in training/match stress. It is suggested that coaches should 

perform regular analyses of non-fatiguing performance test, such as the inertial load test, 

and use these results to best titrate in-season training loads for individual players. 

 

The perceptual measures proved to be quite sensitive to match and training stressors. The 

implementation of the perceptual fatigue questionnaire used in this study provided very 

useful information and is cost effective and easy to implement. Similar psychological 

questionnaires should be implemented on a regular basis throughout a team sport season 

to monitor how athletes are responding to matches, training and other uncontrolled 

stressors. 
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Finally, the Z-score analyses used in this study is a useful way of individualizing results 

in a team sport setting. This method reduces the impact of normal fluctuations in an 

individual’s responses and helps to more clearly understand how each individual and the 

team as a whole is responding. These data were very useful for monitoring how 

individual athletes are tolerating or responding to the training. It is suggested that team 

sport coaches should consider this approach when assessing individual’s responses to 

training. 
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APPENDICES 
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Appendix A – Perceptual fatigue questionnaire 
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Appendix B – Modified 10 point RPE scale 

Rating       Descriptor 

0 Rest 

1 Very, Very Easy 

2 Easy 

3 Moderate 

4 Somewhat Hard 

5 Hard 

6 - 

7 Very Hard 

8 - 

9 - 

10 Maximal 
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