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Abstract 

Deep-water running has previously been studied as a tool for long-distance runners and as a 

rehabilitation tool for injured athletes. To date, long-distance runners have shown that they can 

use deep-water running without negatively affecting physical fitness parameters, such as 

VO2max compared to land-based running sessions. The main objective of this randomized 

controlled trial study was to examine the difference between the effects of aerobic land-based 

running sessions (LBR) and aerobic deep-water running (DWR) sessions on motivation and 

key variables in football, when applied to female youth footballers (age 14-17), with the 

secondary objective of examining the relationship between physical and psychological 

parameters. The forty-five players were randomly divided into LBR (n=22) and DWR (n=23) 

groups. They were all footballers at the same Icelandic club during the time of the study. The 

measured variables were: VO2max, vertical jumping height, kicking velocity, agility, sprint 

speed, intrinsic motivation, extrinsic motivation, and amotivation. The intervention took seven 

weeks, with two-to-three endurance session per week, per group at the start of the pre-season 

in January 2018. The intensity was matched with having the same amount of minutes in each 

intensity zones for both groups. Both groups increased in VO2max and vertical jumping height. 

The DWR group increased their VO2max by 1.62ml/kg/min  (p<0.01, ES=0.34) and the vertical 

jumping height by 2.67cm (p<0.01, ES=0.62), while the LBR increased their VO2max by 

1.99ml/kg/min (p<0.01; ES=0.69) and the vertical jumping height by 2.75cm (p<0.01, ES = 

0.95). However, there was no interaction found between groups in any of the variables. It is 

possible to conclude that DWR can be used to stimulate cardiovascular fitness, without 

negatively affecting other key variables of football, for seven weeks at the beginning of the pre-

season of youth female footballers. We also conclude that the motivational state had little-to-

no effects on improvement.  



4 
 

Samantekt 

Djúpvatnshlaup hefur áður verið rannsakað sem aðferð fyrir langhlaupara og sem 

endurhæfingarmeðferð fyrir meidda íþróttamenn. Rannsóknir hafa fram til dagsins í dag sýnt 

fram á að langhlauparar geta notað djúpvatnshlaup, án þess að það hafi neikvæð áhrif á 

hámarkssúrefnisupptöku, þegar borið er saman við hefðbundin hlaup á landi. Markmið 

rannsóknarinnar er að skoða muninn á áhrifum loftháðrar hlaupaþjálfunar á landi (LH) og 

loftháðrar hlaupaþjálfunar í djúpu vatni (DVH) á lykilþætti í knattspyrnu og áhugahvöt hjá 

ungum knattspyrnukonum (14-17 ára), með það aukamarkmið að skoða tengslin milli 

líkamlegra og sálfræðilegra þátta. Fjörutíu og fimm leikmönnum var af handahófi skipt í LH 

(n=22) og DVH (n=23) hópa. Þátttakendur iðkuðu allir knattspyrnu hjá sama íslenska 

knattspyrnufélaginu á meðan á rannsókn stóð. Mældar breytur voru: Hámarkssúrefnisupptaka, 

stökkhæð, skotkraftur, snerpa, tími í 30 metra sprett, innri og ytri áhugahvöt og skortur á 

áhugahvöt. Íhlutunin tók sjö vikur, með tveim til þrem þolæfingum í viku á hvorn hóp í upphafi 

undirbúningstímabils í janúar árið 2018. Reynt var að hafa jafna ákefð í báðum hópum með því 

að stilla upp sama æfingamagni í hverju ákefðarhólfi hjá báðum hópum. Niðurstöður 

rannsóknarinnar var sú að báðir hópar bættu sig í hámarkssúrefnisupptöku og stökk hæð. DVH 

hópurinn jók súrefnisupptöku sína um 1.62ml/kg/min (p<0.01, ES=0.34) og stökkhæð um 

2.67cm (p<0.01), ES=0.62). LH hópurinn jók súrefnisupptöku sína um 1.99ml/kg/min (p<0.01, 

ES=0.69) og stökkhæð sína um 2.75cm (p<0.01, ES=0.95). Það fannst engin samvirkni milli 

hópa í neinni af breytunum. Það er mögulegt að draga þá ályktun að hægt sé að nota 

djúpvatnshlaup til að örva súrefnisupptöku í það minnsta sjö vikur á undirbúningstímabili hjá 

14-17 ára knattspyrnustelpum, án þess að það hafi neikvæð áhrif á aðrar breytur. Það er einnig 

hægt að draga þá ályktun að staða áhugahvatar hafði lítið sem ekkert að segja um áhrif 

íhlutunarinnar. 
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Prologue 

This is a 45ECTS project to finish M.Sc. degree in sports science and coaching from Reykjavík 

University. I was first introduced to the deep-water running concept in a running book while 

working on my first running-related project. Later, I was introduced to deep-water running and 

ever since, I have been curious about this method of training. What benefit it could have that 

land-based running does not, why we should do it and which population should do it, and so 

on. This study could have a valuable information, specially considering it is, to the best of my 

knowledge, the first study to use deep-water running in team sports, as it had previously been 

used on distance runners, cross country skiers and those individual sports. If this study shows 

positive results towards to deep-water running, it could become an alternative for team sports 

instead of land-based running to improve or maintain endurance, while decreasing the load on 

the joints and potentially decrease severe injuries, frequency of injuries and/or total time where 

a player is unfit for match because of an injury.  

When I entered Reykjavík University five years ago as an insecure young man, I was not even 

sure if I would make it through the first semester. Ten semesters later (five years), I will be 

leaving with a M.Sc. degree. However, the degree itself is not the biggest reward I can think of. 

It is the mental strength gain from pushing through the hard-time phases and never giving up, 

despite disbelief in my abilities, that is my biggest victory. I am a lot better learner than I was 

and I am able to read scientific documents a lot faster than I did. The degree itself will therefore, 

forever, be one of my signs of what I can achieve when I follow my heart and push through to 

make some of my ideas become a reality.  

At last, I would like to give my thanks to a few people. My instructors, Ingi Þór Einarsson, Jose 

M. Saavedra and Hafrún Kristjánsdóttir for a good partnership, along with Ben Waller from the 

University of Jyväskylä; the students who co-worked the study with me: Ella Nurmi, Gunnar 

Egill Benonýsson, Guðný Erna Bjarnadóttir, Fanney Þóra Þórsdóttir and Kim Kron. Last but 

not least, the great support from my friends and family. 
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Introduction 

Football (sometimes referred to as soccer) is the world‘s most popular sport (Stolen, Chamari, 

Castagna, & Wisloff, 2005), and has been increasing in popularity amongst women recently 

(UEFA, 2017). Approximately 1.365.000 female footballers were registered in 2017, a 7.5% 

increase from the year before. The amount of female professional footballers has also increased 

from 2013-2017 by almost a double, from 1.680 to 3.572 professionals (UEFA, 2017). 

Football is a game of 2x45 minutes of match play (FIFA, 2016). To become a good footballer, 

a variety of physical, technical and psychological skills are needed. Players need to possess 

good level of endurance (Krustrup, Mohr, Ellingsgaard, & Bangsbo, 2005), technical skills with 

the ball (Lees, Asai, Andersen, Nunome, & Sterzing, 2010; Rampinini et al., 2008), agility 

(Reilly & Williams, 2003), repeated sprint ability (Krustrup et al., 2006), jumping (Arnason et 

al., 2004) and mental skills, such as motivation (Tenenbaum & Eklund, 2007). 

The basis of the football game is kicking. The kick has been noticed to be one of the most 

important skills of the football game (Lees et al., 2010; Rodriguez-Lorenzo, Fernandez-del-

Olmo, Sanchez-Molina, & Martin-Acero, 2016). The performance of a football kick depends 

on the accuracy of the ball and the velocity (Lees & Nolan, 1998; Rodriguez-Lorenzo et al., 

2016). When the kicking performance is being evaluated, the kicking velocity is the most 

common method as increased velocity means increased chances of scoring a goal as the 

goalkeeper has less time to react (Markovic, Dizdar, & Jaric, 2006; Rodriguez-Lorenzo et al., 

2016). The ball velocity is influenced by a lot of biomechanical factors, such as technique, 

muscle strength, and power, type of kick, skill level, age, gender and more (Kellis & Katis, 

2007). Passing is another factor of kicking and is considered a relevant skill for all footballers 

(Rampinini et al., 2008). Short-passing accuracy can be a crucial skill for the outcome of a 

football match, as reported from the FIFA World Cup, where 61% of goals of the 2006 FIFA 

World Cup came from direct shots. Those direct shot goals were assisted by a short pass from 

less than or equal to three meters out in 47% of the cases (Rampinini et al., 2008; Sajadi & 

Rahnama, 2007).  

Football is also a contact sport which includes a lot of stress on the body, and sometimes 

injuries can be a part of a footballers career (Datson et al., 2014; Faude, Junge, Kindermann, & 

Dvorak, 2006). The lower body is at more risk of an injury in football players than the upper 

body in females, with an injury incidence of 1.2-7.0 injuries per 1000 hours of training and 

12.6-24.0 injuries per 1000 hours of matchplay (Datson et al., 2014). Knee injuries are more 
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common in females than males. Female athletes have 2-6 times higher incidence of an anterior 

cruciate ligament injury than male athletes (Datson et al., 2014).  

Deep-water running is a form of cardiovascular exercise that takes place in a swimming 

pool, normally with the help of a floatation vest (Puleo, Milroy, & Gibas, 2010; Reilly, Dowzer, 

& Cable, 2003; Wilder & Brennan, 1993). Deep-water running has previously been known as 

a tool for injured players in their rehabilitation (Harrast & Colonno, 2010; Killgore, 2012; Liem, 

Truswell, & Harrast, 2013; Nicola & Shami, 2012), but it has also been studied as a tool for 

long-distance runners (Bushman et al., 1997; Wilber, Moffatt, Scott, Lee, & Cucuzzo, 1996) 

and in the untrained population (Quinn, Sedory, & Fisher, 1994). However, we should not 

assume that DWR is only beneficial for injured athletes because running in water can decrease 

the load on the joints of the body at the same time as the athlete is given a cardiovascular 

stimulation. Another reason is the drag of the water includes an element of resistance training 

that does not exist when running on land (Puleo et al., 2010).  

Motivation is often regarded to be a key element to an athlete‘s success (Tenenbaum & 

Eklund, 2007). It can be divided into intrinsic motivation, extrinsic motivation and the absence 

of motivation (amotivation) (Pelletier et al., 1995; Vallerand, 1997). Motivation can be 

influenced by personal traits, situational factors, a mix of both personal and situational factors 

(Weinberg & Gould, 2011) and can also be affected by self-talk, resulting in better endurance 

performance (Blanchfield, Hardy, De Morree, Staiano, & Marcora, 2014; Wallace et al., 2017). 

Some coaches have described athletes as „real winners,“ based on their instinct to be personally 

motivated and willing to win, giving them a personal trait that can allow them to maximise their 

potential (Weinberg & Gould, 2011).   
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1. Literature review 

1.1. Energy systems 

1.1.1. The aerobic system 

Endurance performance is mainly determined by three major factors: Maximal oxygen 

consumption (VO2max), acidosis threshold (more commonly known as lactate threshold) and 

work economy (Karp, 2007b; Midgley, McNaughton, & Jones, 2007). The heart is an 

extraordinary muscle, and perhaps the most important muscle of the body. The heart has many 

roles inside the body, but perhaps the most important role is to deliver oxygen and other energy 

substrates through the body so that it can sustain life (Karp, 2013; Kenney, Wilmore, & Costill, 

2015). When the body is active, the heart is responsible for delivering the oxygen to match the 

energy demands of the active skeletal muscles. The energy demands gets greater, when the 

intensity has been increased. Therefore, a linear relationship has been found between intensity 

and oxygen consumption, until the maximal oxygen consumption is reached (Rivera-Brown & 

Frontera, 2012). Individuals can be able to sustain maximal oxygen consumption effort for a 

short period of time, but that is also because of the contributions from the other energy systems 

of the body, the anaerobic ones (Rivera-Brown & Frontera, 2012). 

Maximal oxygen consumption is calculated by three factors: Maximal cardiac output 

(Stroke volume of the heart * heart rate) and the difference of oxygen values in the artery blood 

vs. The venous blood (VO2max = SVMax * HRmax * (A-V O2 Difference)) (Rivera-Brown & 

Frontera, 2012). Therefore, the limitations of the maximal oxygen consumption are the capacity 

of the active muscles to extract oxygen from the arteries, along with the maximal heart rate and 

maximal stroke volume (Rivera-Brown & Frontera, 2012). All of these factors can be affected 

by training (Kenney et al., 2015). The body adapts to endurance training, not necessarily by 

increasing the heart rate, but lowering the resting heart rate values, giving those who put large 

demands on the body a chance to recover more quickly (Kenney et al., 2015). It has been 

reported that resting heart rate values can be lowered by one beat per minute, per week of 

training and especially for those who are just beginning to engage to physical activity (Kenney 

et al., 2015). Training also has an effect on the heart rate during exercise; those who are less 

trained, the heart rate reduction in recovery is slower (Kenney et al., 2015). When it comes to 

cardiovascular adaptations, the stroke volume is the most responsive to training. When the body 

adapts to endurance training, it elevates the stroke volume, to be able to deliver more oxygen 

to the active skeletal muscles. It has been reported that some well-trained athletes tend to have 

lower heart rate values than others, and that could be a response to the increased ability of each 
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stroke to pump blood to the muscles, giving the heart a chance to lower the heart rate instead 

(Kenney et al., 2015) 

1.1.2. Anaerobic lactic system 

The lactic acid also plays a big part in endurance and is being produced anaerobically through 

the glycolysis system (Kenney et al., 2015). The glycolysis system is constantly delivering 

lactic acid to the muscles, but it is also being removed to the corresponding amount, while the 

intensity is under the lactate threshold. At a certain intensity point, the lactic acid production is 

getting faster than the ability to remove it, leading to lactic acid building up in the muscles 

(Kenney et al., 2015). The lactate threshold is relevant in all sports that rely on endurance 

because of its relationship with fatigue. When an individual runs slowly enough, the production 

of lactate is at the same speed as the removal. At faster speeds, aerobic metabolisms can‘t keep 

up with the pyruvate production from the glycolysis system, so the anaerobic systems become 

more dominant in energy production (Karp, 2007b). It also determines a change in fuel use, as 

the body uses more carbohydrates the more the intensity and less fat, and above the lactate 

threshold, the energy production is only made from carbohydrates, causing the muscle glycogen 

storage to empty faster (Karp, 2007a). Even though lactic acid has a relationship with fatigue, 

lactic acid is not a direct cause of fatigue. While above the lactate threshold, the lactate 

production is supporting the continued ability of glycolysis system to keep working. It is being 

used by the liver to make a new glucose through gluconeogenesis, which helps to fuel the 

muscles to keep maintain a high-intensity exercise (Karp, 2007a). Anaerobic capacity is 

traditionally evaluated using blood lactate (Datson et al., 2014). Elite female footballers have 

been reported with blood lactate concentration of (5.1 ± 0.5 mmol.L-1) in the first half and 2.7 

± 0.4 mmol.L-1 in the second half (mean ± SD). The decrease is attributed to a reduction in 

distance covered, and intensity (Datson et al., 2014). 

1.1.3. The anaerobic alactic system 

During very short maximal sprints, the body uses the third and the last energy system of the 

body, the ATP-PCr system (Kenney et al., 2015). The ATP-PCr system is widely considered to 

be the simplest energy system of the three (Kenney et al., 2015). When there are a large, 

maximal physical demand on the body, the body uses the little amounts of phosphocreatine 

stored in the body, but the body can not store much phosphocreatine, and therefore the supplies 

are depleted fast. The ATP stores and the PCr stores combination is only able to sustain the 

energy demands of the body for 3-15 seconds (Kenney et al., 2015). 
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Sprint performance is majorly under the influence of two factors: the length of the sprint 

and how much time he got to recover. Balsom et al. studied 11x40m sprint with three recovery 

bouts, 120sec, 90sec and 30sec. In all three protocols, running speed decreased during the last 

10m (Balsom, Seger, Sjödin, & Ekblom, 1992a). Post-exercise blood lactate did not differ 

between 120s and 90s protocols, but they did significantly differ in comparison to the 30s 

method. After six sprints of 11, there was no significant difference between blood lactate, but 

there was a significant drop in performance from the 30s group, indicating that blood lactate is 

a poor predictor of performance. The drop in performance from the 30s group was explained 

with significantly affected acceleration during the first 15m (Balsom et al., 1992a). Balsom and 

his colleagues did a similar study the same year with the focus on the length of the sprinting 

interval, repeated every 30s (Balsom, Seger, Sjödin, & Ekblom, 1992b). The group, seven male 

subjects, did 15m, 30m and 40m tests on separate days. The study demonstrated that 15m sprints 

could be repeated without a significant time increase. However, sprint times increased in both 

the 30m sprint bouts and the 40m sprint bouts, indicating fatigue. Also, the VO2 values after 

30m sprints and 40m sprints, were significantly higher than after the 15m sprint, indicating the 

15m sprints with the rest of the 30s in recovery did not stimulate the cardiovascular system 

enough for the maximal oxygen consumption to adapt (Balsom et al., 1992b). 

1.1.4. Endurance training 

Studies have demonstrated that high-intensity interval training is a proper way to increase the 

maximal oxygen consumption, rather than static running on low-intensity (Esfarjani & Laursen, 

2007; Gormley et al., 2008; Helgerud et al., 2007). The definition of a high-intensity workout 

is when an individual exercises in intervals corresponding to his or her 95-100% of VO2max 

(Karp, 2007b). The chosen pace is, therefore, a key variable to get the best training stimulus, 

and the chosen pace should be the pace the individual reaches his or her maximal oxygen 

consumption. If a heart-rate monitor is available to guide the intensity, individuals must come 

close to their maximal heart rate at the end of each interval. To individualize training programs, 

the intensity level should therefore not be changed. Instead, it would give better result to change 

the other three variables to make a training session: The time length of the work-phase, the time 

of the rest recovery interval or the number of repetitions (Karp, 2007b). Long intervals (2-5 

min) are thought to be optimal to reach the cardiovascular stimulus needed, as the athletes 

repeatedly reach and sustain VO2max values during the work periods of the exercise. Shorter 

intervals (<1 min) can also be used, but the recovery must be altered as well. In the shorter 

intervals, VO2 values will not decrease back down to it‘s resting value, which is good because 
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the next repetition will begin with the VO2 elevated and will reach a little bit higher values. 

VO2 should reach VO2max after a few intervals if the training intensity is planned correctly, 

which is the goal of the workout.  In general, 1:1 rest-to-work ratio is thought to be a good 

stimulus, but that can also be individualised (Karp, 2007b). These training sessions are hard as 

the body is working at consuming the maximal amount of oxygen it possibly can, and also 

because of the anaerobic system contributions (Karp, 2007b). When the body is working above 

the lactate threshold, like in the high-intensity interval training, the body has greater energy 

needs and is fueled with carbohydrates, causing the glycogen storage to empty faster (Kenney 

et al., 2015). However, depleting muscle glycogen can have a good training effect on endurance 

factors. Studies have reported that the body adapts to glycogen depleting exercises by increasing 

the glycogen storage, resulting in better enduring glycogen for the next sessions (Goforth et al., 

2003). Glycogen depleting exercises also increase the activity of the mitochondria, which 

enables the body to use more fat as a fuel source to spare the glycogen and therefore playing 

another role in delaying or avoiding depleting the glycogen the next time for the same amount 

of work intensity (Holloszy & Coyle, 1984). 
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1.2. Physical fitness in football 

1.2.1. Endurance and speed of the match 

1.2.1.1. Aerobic endurance in football 

Football is a sport that includes high-intensity running, sprints and jumps, and therefore football 

requires a lot of endurance. Even though football would not be classified as a typical endurance 

sport, then endurance surely is a major part of female football and could have a huge impact on 

the results of the game (Bangsbo, Mohr, & Krustrup, 2006). Studies have reported that due to 

fatigue, players perform fewer sprints, high-intensity runs and cover less ground in the second 

half, compared with the first half (Bangsbo, 1994; Bangsbo, Nørregaard, & Thorsø, 1991).  

Studies have also reported that top level footballers perform more high-intensity runs during a 

game and perform better at aerobic fitness tests than moderately professional footballers (Mohr, 

Krustrup, & Bangsbo, 2003). Studies have also demonstrated a link between high-intensity 

running bouts and less short-passing accuracy in youth players from 17-18 years old (Rampinini 

et al., 2008). The research is also supported by the findings of Helgerud et. Al, as they were 

able to decrease the number of unsuccessful passes in their team by using aerobic interval 

training (Helgerud, Engen, Wisloff, & Hoff, 2001; Rampinini et al., 2008). 

Due to the time length of the game, 90 minutes (FIFA, 2016), the aerobic system covers the 

majority of the energy production of the game (Hoff, Wisloff, Engen, Kemi, & Helgerud, 2002; 

Kenney et al., 2015), where the heart rate has been measured to be average around 85% and 

peak heart rate about 98% of maximal heart rate (Krustrup et al., 2006). It has been documented 

in the female football literature that football includes a variety of intensity throughout the full 

90 minutes of match play, and the distance covered could vary from 9.2-11.0km (Datson et al., 

2017). The distance includes all movements, from walking, jogging, running and higher speed 

sprinting. Easier intensities, such as walking and jogging cover from 6-7km (From 55-70% of 

total distance covered) and higher intensities, such as running covers from 1.3-2.0km of the 

distance (Datson et al., 2017). Activity changes, such as jumping, kicking, tackling and heading 

the ball, have also been recorded to occur from 1336-1529 times per 90 minutes, which 

corresponds to an activity change every four seconds (Krustrup et al., 2005). The intensity of 

the match can vary between playing positions. It has been reported that the defenders run shorter 

high-intensity runs than other players (Mohr et al., 2003). However, the heart-rate response to 

match play does not seem to be significantly different between positions (Datson et al., 2017). 

 



18 
 

1.2.1.2. Lactate threshold in football 

The average intensity during the full 90 minutes has been measured close to the lactate 

threshold, the maximal point where lactate accumulates in the bloodstream at an equal rate as 

it‘s removal (Stolen et al., 2005). Lactate threshold in footballers normally corresponds to 80-

90% of maximal heart rate (Stolen et al., 2005). Blood lactate has been used to evaluate the 

anaerobic capacity in elite female footballers, where mean blood lactate concentrations have 

been reported as of 5.1 ± 0.5 mmol.L-1 and 2.7 ± 0.4 mmol.L-1 following the first and second 

halves. The reduction in blood lactate between halves has been attributed to a reduction in 

distance covered and intensity (Datson et al., 2017). Players must be able to endure for 90 

minutes with a lot of explosive movements, such as jumping, kicking, tackling, turning, 

sprinting, changing pace, and to keep balance and control of the ball against pressure from the 

opponent (Stolen et al., 2005). In every football match, there are periods of high-intensity 

activities like repeated sprints, that require a lot of energy, where lactate accumulates fast in the 

blood (Stolen et al., 2005). It has been demonstrated that blood lactate concentration average is 

about 3-6mmol/kg and even up to 14.8mmol/kg (Krustrup et al., 2006), indicating that the 

anaerobic systems contribute highly to metabolism during the periods of high-intensity of the 

game (Krustrup et al., 2006; Mohr, Krustrup, & Bangsbo, 2005). There is a weak correlation 

between muscle lactate during matchplay and decreased sprinting performance, but the 

correlation has been found to be significant (Mohr et al., 2005).  

1.2.1.3. Football and sprinting 

Repeated sprint ability (RSA) is considered an important aspect of female football (Datson et 

al., 2017). RSA. The activity of sprinting depends on anaerobic energy and could depend on 

both playing position and level of competition (Stolen et al., 2005). Sprinting is considered one 

of the result determining factor, as demonstrated in the German national league, where 45% of 

all analysed goals (n = 161) came after straight sprints (Faude, Koch, & Meyer, 2012).  Despite 

the importance of sprinting, there are very few studies that have assessed the sprinting ability 

in female football (Datson et al., 2014).  

Development of fatigue in football can be seen with a drop in sprint performance. Study in the 

Danish league found out that a drop in sprint performance could be related to depletion of 

muscle glycogen (Krustrup et al., 2006). It has been demonstrated that fatigue might hinder the 

match intensity in the last 15 minutes of the game (Mohr et al., 2003). It is not only reported 

with a significant decrease in the amount of distance covered in high-intensity activity in the 

last 15 minutes compared to the other quarters of an hour of the game, but it has also been 
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reported that substitute players run 25% more amount of high-intensity running and 63% higher 

amount of sprinting during the last 15 minutes of the game, than those who have played the 

whole game (Mohr et al., 2003). Although maximal sprinting is only maintained with the 

contribution of the anaerobic alactic (ATP-PCr) system, the performance of repeated sprints is 

majorly influenced by the maximal aerobic capacity. Enhancing the maximal aerobic endurance 

could, therefore, result in an increase in covered distance, enhanced intensity, increasing the 

amount of sprinting and increasing the involvements of the ball (Helgerud et al., 2001).  

1.2.2. Agility and power in football 

Having a high maximal sprint speed and high aerobic fitness is not the only running factor that 

affects football performance. Agility and power are also very important factors for footballers 

(Reilly & Williams, 2003). Agility is usually defined as the ability to change direction as quick 

as possible. Agility is under the influence of power, coordination, balance and flexibility 

(Sheppard & Young, 2006). The difference between the speed of agility and having a high 

maximal speed is therefore in the change of direction (Sheppard & Young, 2006). Research has 

reported that those two factors are different. Therefore, it is not possible to assume that the 

quickest sprinter is the most agile player as well (Draper & Lancaster, 1985; Sheppard & 

Young, 2006). Draper and Lancaster found a low-to-moderate correlation between straight 

sprinting speed and the change of direction speed (r=0.472) (Draper & Lancaster, 1985). 

Vescovi and Mcguigan examined the relationship between agility (Pro-agility test and Illinois 

agility test), counter-movement jump and straight sprint speed (9.1m – 18.3m – 27.4m – 36.6m 

– Flying 9.1m – Flying 18.3m) in female high school footballers (age 15.1 ±1.6), female college 

footballers (age 19.9 ±0.9) and female lacrosse players (age 19.7 ±1.1) (Vescovi & McGuigan, 

2008). There was a significant relationship between all variables in all the groups (p<0.0001), 

with the only exception of the female college players had relationships between pro-agility test 

compared with 9.1m sprint and the pro-agility test with counter-movement jump (p<0.006) 

(Vescovi & McGuigan, 2008). Nine years later, Negra et al found a similar relationship between 

agility, sprints and jumps (Negra et al., 2017). 

Agility can be measured with a few tests, perhaps one of the most common ones is the Illinois 

Agility Test, which has been proven as a reliable and a valid agility test (Getchell, Mikesky, & 

Mikesky, 1998; Hachana et al., 2013; Sheppard & Young, 2006). There is a limitation to agility 

testings in footballers is that the test is performed in closed skill movement, which means there 

is nothing unpredictable that an individual must respond to. Football is an open-skilled sport, 
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where the players must be agile to react to unpredictable situations, such as tackles from the 

opponent (Sheppard & Young, 2006). 

Vertical jumping is a critical motor skill in a variety of sports, including football (Rodriguez-

Rosell, Mora-Custodio, Franco-Marquez, Yanez-Garcia, & Gonzalez-Badillo, 2017). Counter-

movement jump is a commonly used test to assess the vertical jumping height  (Balsalobre-

Fernández, Tejero-González, del Campo-Vecino, & Bavaresco, 2014; Bosco, Luhtanen, & 

Komi, 1983). In young athletes, the acceleration, speed, and power depend on the maturity 

status along with muscle mass (Ford et al., 2011) and maximal vertical jump height has 

therefore been found to have been linked strongly with pre-adolescents growth rates  

(Butterfield, Lehnhard, Lee, & Coladarci, 2004). Increasing the maximal strength in half squats 

could be performance enhancing in both sprinting and jumping, which indicates there should 

be a focus on maximal strength training to improve the performance of those factors (Wisloff, 

Castagna, Helgerud, Jones, & Hoff, 2004). The maximal height an individual can jump is an 

indicator of leg muscular power, which influences performance (Rodriguez-Rosell et al., 2017). 

The relationship has been found between average team jump height and team success in the top 

two Icelandic men‘s league (p=0.009 and p=0.012) (Arnason et al., 2004).  
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1.3. Deep-Water Running 

Deep-water running (DWR) has mostly been used as a rehabilitation tool for injured athletes 

(Aukerman, 2008; Killgore, 2012) and for those people who need exercise, but struggle to do 

land-based exercise because of problems with their musculoskeletal system (Aquatic Exercise 

Association, 2010). Takahashi et al. also concluded with a controlled trial that muscle soreness 

in the calf was greater three days after a downhill running exercise, in a control group than in 

an aquatic exercise group (Takahashi, Ishihara, & Aoki, 2006). However, DWR has also been 

applied before on more than only athletes. It has also been used as a tool for public health 

improvements in the elderly as it can decrease the risk of an injury in previously inactive elderly 

people, compared to walking and jogging programs (Broman et al., 2006).  Older people exhibit 

lower maximal metabolic responses in general than young people (Chu, Rhodes, Taunton, & 

Martin, 2002), but nevertheless, a study reported no significant interaction between age and 

exercise mode (DWR or TMR) on HRMax, which suggests that reductions in heart rate in water 

occur independent of age (Chu et al., 2002). The study compared a young group (23.6 ± 4.7 

years) with older group (63.3 ± 2.9), where the young group experienced average 182 (±9.1) 

beats per minute in water, compared with (192 ±8.7) beats on land, and the older group 

experienced an average (156 ±11.2) beats per minute in water, compared with (167 ±10.2) beats 

per minute on land (Chu et al., 2002). 

Aquatic exercise does not always include DWR though, as swimming is also a popular exercise. 

Swimming has been reported to be the fourth most popular in the United States (Adi Pool and 

Spa, 2015). In some cases, it is reported that water-based exercise appears more enjoyable than 

training on land (Lotshaw, Thompson, Sadowsky, Hart, & Millard, 2007), perhaps as those 

people can exercise longer in water without experiencing the increased effort on one‘s joints 

and without the muscle pain that is sometimes associated with land-based exercise (Broman et 

al., 2006). Water-based exercise in elderly has also previously been found to improve the 

quality of their life by improving exercise habits and decreasing their disabilities (Sato, Kaneda, 

Wakabayashi, & Nomura, 2007). Secondly, water-based exercises have been used in a wider 

population in health-related purposes. People with rheumatoid arthritis (Hall, Skevington, 

Maddison, & Chapman, 1996) have improved health with water-based exercise and patients 

with knee, or hip osteoarthritis have also been reported to have decreased pain from water-

based exercise (Bartels et al., 2016). Thirdly, water-based exercise has been used to improve 

physical health and mental health in patients that suffer from fibromyalgia (Tomas-Carus et al., 

2008) and also on mood and sleep quality (Gowans & deHueck, 2007).  
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1.3.1. Physiological responses of deep-water running 

Researches have found that peak heart rate and peak oxygen consumption in aquatic exercise 

is lower than in land-based exercises, but it can reach up to similar levels (Liem et al., 2013; 

Wilder & Brennan, 1993). The findings are that 83-89% of VO2max can be found with aquatic 

exercise and 89-95% of maximal heart rate (Wilder & Brennan, 1993). Research has as well 

established that heart-rate at a given submaximal intensity is lower in water than for the same 

submaximal intensity in treadmill running. Therefore, the heart rate in water contributes less to 

a given VO2 value than it does in treadmill running. This is thought to be due to increased stroke 

volume in water (Svedenhag & Seger, 1992). Water cools the body down faster than air, which 

can directly affect the intensity levels if the temperature is too low. It has been examined that 

exercise in cold water (18°C) enhances ventilatory response, which decreases exercise 

performance (Fujimoto et al., 2015). The general recommendation is to use warm water (28-

30°C) (Aquatic Exercise Association, 2010). The relationship between heart rate and ratings of 

perceived exertion (RPE) has been examined as well. The study reported no significant 

difference between the regression slopes between HR and RPE. However, heart rate during 

DWR was significantly less than on land, for a given submaximal rating of perceived exertion 

(Hamer & Slocombe, 1997)  

DWR has previously been studied as an effective way to do cross-training in competitive 

runners (Bushman et al., 1997; Wilber et al., 1996). During the interventions, which took place 

for four weeks and six weeks, runners managed to maintain their running performance and their 

key physiological variables in the running, such as VO2max, anaerobic threshold and leg 

strength (Bushman et al., 1997; Wilber et al., 1996). Wilber et al. examined a six week 

interventional study on sixteen trained male runners, where they were divided into DWR group 

and land-based running group. After six weeks, there was no significant difference between the 

groups, land-based running scored on average 58.4 – 60.1 ml/kg/min, while the DWR group 

scored 58.7-59.6ml/kg/min (Wilber et al., 1996). Bushman et al. examined as well a four week 

study on competitive distance runners. However, all of the eleven runners were put into the 

water with no land-based running group or any other kind of control groups. Their key findings 

were that in four weeks time, there was no significant difference between running performance, 

measured in 5km time trial (pre, 1142.7± 39.5 s; post, 1149.8 ± 36.9 s; p=0.28) nor maximal 

oxygen consumption (pre, 63.4 ± 1.3 mL·kg-1·min-1; post, 62.2 ± 1.3 mL·kg-1·min-

1; p=0.11). Research from Gatti et al. compared three groups straight after the competitive 

season in cross-country skiing. The first group continued their routines for three weeks after the 
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competitive season, one group stopped training, and the last group trained 6x a week in water 

(Gatti, Young, & Glad, 1979). Anova analysis reported there was not a statistical difference 

between those who continued training and those who trained in water, but both of the groups 

were different from the group who stopped training, meaning the water training was enough to 

maintain VO2max for three weeks (Gatti et al., 1979). 

Studies have as well demonstrated that blood lactate is either equivalent or higher during water 

running than when exercising on land (Michaud, Brennan, Wilder, & Sherman, 1995; 

Svedenhag & Seger, 1992). It is hypothesized that the different activity in the arms and legs 

against the resistance of the water could be causing more anaerobic energy use and could 

explain that perceived level of effort is higher both in trained and untrained subjects (Aquatic 

Exercise Association, 2010). Svedenhag‘s study examined the difference between the effects 

of water-running and land-based running on blood lactate and respiratory exchange ratio (RER). 

The main findings of the study was that the RER value was significantly higher in water than 

on the treadmill at VO2 of 3.0l/min (0.982 ±0.015 vs. 0.946 ±0.010; p<0.05). The blood lactate 

reported a similar response at 3.0l/min (5.02 ±0.30 vs. 1.33 ±0.22; p<0.01) (Svedenhag & Seger, 

1992).  

1.3.2. DWR Technique  

There are at least two main techniques that can be used while using DWR exercise, called cross-

country and high knees. The placement of the knees and ankles during cross-country technique 

has been reported to be a lot closer to the movement of land-based running than the high-knee 

method (Killgore, Wilcox, Caster, & Wood, 2006). When performing DWR, it is important to 

position the body. First of all, the depth of the water should be enough, so the feet are in no 

contact with the bottom of the pool. If the feet touch the bottom, the individual is introduced to 

shallow water running instead of a DWR (Puleo et al., 2010). Over the surface of the water 

should only be the shoulders, the neck, and the head. Using a flotation vest is also important, 

as, without the vest, there will be more muscle activity in the upper body to keep the body 

afloat, spending unnecessary energy without any extra benefits (Puleo et al., 2010). Elbows 

need to be bent 90°, and the movement is driven by the shoulder. The knee should then be 

driven upwards to approximately 75° angle from the hips before it is driven down to almost full 

extension before the circle is repeated (Puleo et al., 2010) 

There has a study been made on electromyography (EMG), which compared muscle activation 

during DWR and treadmill running. The study demonstrated that the calf muscle 
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(gastrocnemius) reported half less activation in water than on the treadmill, but instead tibialis 

anterior, the muscle in front of gastrocnemius, was more activated instead. Biceps femoris and 

the tricep muscles were also more active in water than on land, which concludes that DWR is 

not similar enough to treadmill running to be able to call it a sport-specific exercise (Bára 

Sigurbjörg Ólafsdóttir, 2015). 

 

1.4. Motivation 

To become a top athlete, it is not enough to possess high technical and physical fitness levels, 

a high level of mental skills is also considered a critical factor (Tenenbaum & Eklund, 2007; 

Weinberg & Gould, 2011). One of the mental skills required, is motivation (Weinberg & Gould, 

2011). From a coaches point of view, it is often considered more important to possess the ability 

to motivate people, rather than possessing great technical knowledge to the sport itself 

(Weinberg & Gould, 2011).  

In a simple definition, motivation can be defined to be the direction and the intensity of effort 

(Weinberg & Gould, 2011). The direction of the effort refers to where the person is going. What 

does he seek for? For example, a footballers direction of effort could refer to how many sessions 

he does per week. The other concept refers to the intensity of effort, which describes how much 

effort he is willing to give in the situation the direction of effort leads him to. For example, a 

footballer may attend a golf tournament without putting all his efforts into it. A golfer might 

also want to put the winning putt into the hole, but he becomes overexcited and performs the 

putt poorly. Both personal traits and situational factors can affect the direction and the level of 

intensity of effort (Weinberg & Gould, 2011). An example of a personal trait motivation is 

when the primary determinant of motivated behavior is the individual characteristics. However, 

in most cases, we are also driven by situational factors. For example, an individual might be 

highly motivated towards football practices but doesn‘t like competitive environment. If we 

turn the concept around, the individual can also remain motivated, despite a negative 

environment or circumstances. The individual might dislike his coach, without it affecting his 

motivation or attendance. He doesn‘t quit the team or the sport; then the personal traits 

motivation is the primary motivator (Weinberg & Gould, 2011). Motivation can also be 

influenced by how you talk to your self; a concept referred to as the motivational self-talk 

(MST) (Blanchfield et al., 2014). Blanchfield‘s study was the first to demonstrate that MST is 

significantly linked with a reduction in the ratings of perceived exertion (RPE) and to enhance 

endurance performance, by increasing the time-to-exhaustion (Blanchfield et al., 2014).  
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Researches have identified two classifications on motivated behavior: When the behaviour is 

performed for personal pleasure or satisfaction from the activity has been defined as the intrinsic 

motivation (Vallerand, 1997). The other involves behaviour that is made to achieve some 

extrinsic goals, such as receiving rewards or avoiding punishment, and that behaviour has been 

defined as the extrinsic motivation (Vallerand, 1997). Psychologists also classify the third term, 

called amotivation. Amotivation stands for the absence of motivation and should, therefore, be 

related to lower scores of other motivational concepts (Vallerand, 1997). All those three 

categories must be analysed to perform a complete analysis of motivation because human 

behaviour can largely be explained by those three categories as they are an important aspect of 

human experience and they could lead to important and varied consequences (Vallerand, 1997).  

Inside the intrinsic motivation, at least three categories have been invented: The intrinsic 

motivation to know, the intrinsic motivation toward accomplishments and the intrinsic 

motivation to experience stimulation (Pelletier et al., 1995). The first category of intrinsic 

motivation is intrinsic motivation to know, and it refers to the learner of the individual. The 

motives of the person are the need to know, need to understand, learn something new and so 

on. It could be for instance, the need to learn new movements, learning more about the sport 

and so on (Pelletier et al., 1995). In the case of chess, those who play chess because they enjoy 

finding out more ways to beat the opponent display this type of motivation (Vallerand, 1997). 

The second category of intrinsic motivation is toward accomplishment, and it refers to the 

personal satisfaction of the individual to accomplish something. This individual is motivated to 

do his work because he wants to be able to do something that previously was difficult (Pelletier 

et al., 1995). The focus is put to the process of accomplishing something rather than focusing 

on the result itself. For example, a student who works hard for the experienced pleasure coming 

from trying to create excellent projects (Vallerand, 1997) The last category is the intrinsic 

motivation to experience stimulation refers to the need for an individual to experience 

something exciting. He wants to have fun while doing the sport, creating memories, for the 

emotions of loving the game and being involved in the sport (Pelletier et al., 1995). This type 

of motivation is thought to have been neglected by researchers (Vallerand, 1997). An example 

of this type of motivation is when people swim because they enjoy the pleasure that follows the 

feeling of their bodies gliding through the water (Vallerand, 1997). 

Researchers have most often used two types of variables as indicators of the intrinsic motivation 

of the individual: Affective (e.g. towards attitude to the task ahead) and behavioral (for example 

the time spent doing the task). There have been some critical voices to that methodology as it 
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could assume that self-determined forms of extrinsic motivation can’t lead to a positive 

influence on effect and behavior (Vallerand, 1997) while research has reported positive effects 

from those forms of extrinsic motivation (Vallerand & Blssonnette, 1992). 

To understand the value of intrinsic motivation, it is good to take a look at the effects of extrinsic 

factors, such as money to understand. If a working person who is intrinsically motivated for its 

job, and would win large amounts of money through the lottery and the extrinsic motivation of 

money is absent, he would be more likely to continue his working routine as he enjoys his work. 

The one who is working primarily because he needs the money would be more likely to go the 

other way and quit his job if he is not intrinsically motivated to do it (Vallerand, 1997). 

Intrinsic and extrinsic motivation can also be distinguished from the feeling towards the 

motives. The intrinsic motivation involves an enjoyable feeling, feeling free, relaxed and 

without pressure, while the extrinsic motivation tends to go the other way and be more tense 

feelings and with a lot of pressure on (Vallerand, 1997).  

In the extrinsic motivation, at least three categories have been invented as well: The external 

regulation, the introjection and the identification (Pelletier et al., 1995). The first category is 

the externally regulated motivation, which refers to the general appearance of motivation in the 

literature (Pelletier et al., 1995). This motivation refers to when the sport is performed to obtain 

praises or to avoid potentially negative consequences from others, such as criticism. The 

individual feels like he is urged to do the sport for their parents, for their coach or something 

else than themselves (Pelletier et al., 1995). The behavior can be regulated through external 

rewards or constraints as well; for example, the individual feels he must do his studies to get a 

better job in the future (Vallerand, 1997). The second category is introjected motivation. 

Introjected motivation is a form of extrinsic motivation that is often driven by internal pressures, 

like feeling guilty, or by anxiety. The individual feels like he needs to do the sport to feel good, 

to be in shape and so on (Pelletier et al., 1995). This type is most often internal to the person, 

but it is not completely self-determined as it is driven with other emotions. For example, if he 

would feel guilty if he doesn‘t perform a specific behavior, he displays introjection. This is 

often a self-imposed pressure to do an activity, so the motivation is kind of internal, but it is not 

self-determined (Vallerand, 1997). The last category is the identification, which refers to when 

an athlete participates in a sport because they feel that involvement in the sport has a part in 

their self-growth and self-development as a person. The individual believes that the behavior 

to participate in the sport is important and therefore, intrinsically, participates of his own choice 
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(Pelletier et al., 1995). The behavior is performed out of his own choices because of something 

important to the individual, for example, to do weekend studies at home to improve his math 

skills, as he perceives it as an important factor for his self-growth (Vallerand, 1997). 

All those motivational factors have high contributions to life satisfaction, as all the intrinsic 

factors and the identified regulation contribute positively to life satisfaction and the external 

regulation and the amotivation has a negative relationship to life satisfaction (Vallerand, 1997). 

Old studies have reflected the effects of extrinsic rewards on intrinsic motivation. Edward Deci 

studied the effect of money rewards on intrinsic motivation. His findings were that if money is 

included only for participation in a fun activity, the people spent significantly less time doing 

the activity and therefore intrinsic motivation is decreased (Deci, 1971).  

It is hypothesized that the impact of social factors on motivation takes place mainly through 

people‘s perceptions of social events. In 1989, McAuley and Tammen researched university 

physical education students in a basketball shooting match. The findings of the study indicated 

that the winners reported more intrinsic motivation than the ones that lost. However, the 

interesting finding of the research relates to the self-talk, as the individuals who perceived 

themselves as successful, regardless of if they won or not, reported significantly higher levels 

of intrinsic motivation than those who did not feel they were successful (McAuley, Duncan, & 

Tammen, 1989). 

The amotivation is similar to the learned helplessness concept (Abramson, Seligman, & 

Teasdale, 1978). The concept refers to when an individual doesn‘t believe his work will be 

rewarded with the outcome. They are not motivated, neither extrinsically nor intrinsically and 

might even drop out of the sport (Pelletier et al., 1995). An amotivated personnel are relatively 

without an purpose to do the activity and therefore has low intrinsic and extrinsic motives to do 

the job (Vallerand, 1997). Four major types of amotivation has been proposed: First of all, is 

the capacity-ability beliefs which can result from a percieved lack of ability to perform a 

behaviour. Secondly, an individual might be convicted that the proposed strategy of work won‘t 

bring any of his desired outcomes. Thirdly, it is the capacity-effort beliefs, which refers to the 

belief that the task ahead is too demanding and the person simply does not want to put forth the 

effort to go for it. The fourth type of amotivation refers to the perception of the individual that 

his efforts won‘t be rewarded with any desired outcomes (Vallerand, 1997). 

There can be numerous factors that contribute to one‘s level of motivational factors. For 

example, increased amotivation and external regulations while decreasing intrinsic motivation 
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can be the result of feeling controlled. The relationship is inverted when the autonomy is 

checked, if a factor enhances the autonomy of the individual, the more the intrinsic motivation 

is enhanced, and results in decreased amotivation and decreased external regulators (Deci & 

Ryan, 1987). This is supported with research done on the effect of teachers on the motivation 

of their students. If the student percieves the teacher to be a controlling teacher, the intrinsic 

motivation was less, and vice versa, when the teacher was autonomy-supported (Harter, 1981). 
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2. Objectives 

The objectives of this thesis were: 

(i)  to know the effects of two different programs (deep-water running and land-based running) 

on physical fitness and motivation on youth female football players. 

(ii) to know the relationship between motivation and improving physical parameters 

(iii) to know the relationship between physical and psychological parameters  
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3. Methods 

3.1. Type of study 

The study was a randomized controlled trial with two different groups. The players were sorted 

randomly into a land-based running (LBR) group and a deep-water running (DWR) based 

training group, which trained two-to-three sessions per week for seven weeks, 45 minutes per 

session. The groups are the independent variables, while all the physical and psychological 

parameters are the dependent variables. 

 

3.2. Participants 

Like prescribed in figure 1, the initial sample was 53 female footballers who all finished the 

pre-tests of the study. They were equally divided into LBR (n=26) and DWR (n=27). However, 

four players from each group were excluded due to an insufficient amount of data from post-

tests. The final sample was 45 female players in the age range of 14-17 (average 15.85 ± 0.87 

years old). The final sample was divided into LBR (n=22) and DWR (n=23).  

 

Figure 1. Flowchart of the players 
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3.3. Measurements 

All participants undertook a comprehensive battery of tests, which included assessment in the 

followings: aerobic power, physical fitness, football skill, and motivation. 

 

3.3.1. Maximal aerobic power 

Reference. (Carling, Reilly, & Williams, 2009). 

Objective. To assess the players’ aerobic power with a direct maximal oxygen consumption test 

on a laboratory treadmill. 

Test procedures. The measuring machine needs half an hour to heat up and properly calibrate 

itself to be ready for a measurement.  

Before the warm-up, the players were instructed to fill out the health forms and the motivational 

scale. Then their profile was created inside the Schiller VO2max machine, which requires a 

measurement of height and weight of the player. The heart-rate belt was attached and the player 

undertook a spirometry test. On the wall in front of the treadmill was a paper that introduced 

the Borg scale (rates of perceived exertion). 

The warm-up protocol was as follows: 

Table 1. Warm-up protocol 

Time Intensity Incline 

0:00-0:59 8km/h 1% 

1:00-1:59 9km/h 1% 

2:00-2:59 10km/h 1% 

3:00-3:59 9km/h 1% 

4:00-4:59 8km/h 1% 

 

Depending on the heart-rate of the player during the warm-up, the actual test was started with 

8km/hour or 9km/hour pace. If the heart-rate during warm-up was high, the test started in 

8km/hour and if the heart-rate was low, it was started in 9km/hour.  

The test protocol was then as followed, with a linear increase in intensity every two minutes 

until the pace of 15km/hour was reached and then the incline started to increase. The test 
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continued until either the testers assumed the VO2max had been reached or the player stopped 

individually. 

 

Table 2. Maximal oxygen consumption test protocol 

Time Intensity Incline  

0:00-1:59 8km/h 1% Stage skipped if HR 

during warm-up is low 

2:00-3:59 9km/h 1%  

4:00-5:59 10km/h 1%  

6:00-7:59 11km/h 1%  

8:00-9:59 12km/h 1%  

10:00-11:59 13km/h 1%  

12:00-13:59 14km/h 1%  

14:00-15:59 15km/h 1%  

16:00-17:59 15km/h 3%  

18:00-19:59 15km/h 5%  

 

Equipment. A schiller computer with AT-104 ergospirometry program. Oxygen mask, heart 

rate monitor, heart rate watch, treadmill. 

Variables. Maximal oxygen consumption (ml/kg/min), height (cm), weight (kg), 
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3.3.2. Weight 

Reference. (Stewart, Marfell-Jones, Olds, & De Ridder, 2011)  

Objective. To know the weight of the participant to calculate relative VO2max (ml/kg/min). 

Test procedure. The weight was taken before the VO2max testing. The participant is weighed 

in the running clothes (shorts + shirt), without the shoes. The weight scale is first turned on, 

and then the participant steps on the scale and the screen in front of him reports the result.  

Equipment. Weight scale  

Variable. Weight (kg) 

 

3.3.3. Repeated sprint ability 

Reference. Krustrup et al. (2006) 

Objective. To evaluate the players’ anaerobic power (measured with sprint time), using 

5x30meter sprint. The test aims to evaluate both anaerobic power and anaerobic endurance.  

Testing procedures. The 5x30m sprint test was taken to assess player’s pace over 30 meters. 

The player runs 30 meters, and from the beginning of the test, she has 30 seconds to get back 

to the starting line, ready for the next sprint, and the sprint was repeated five times. Three 

players were measured at a time, starting one every ten seconds. 

Equipment: Speed gates, measuring tape (30 meters or longer) 

Variable. Time (s) 

 

Figure 2. 5x30m sprint test demonstration  

(Hjalti Rúnar Oddsson, 2018) 
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3.3.4. Agility Test 

Reference. Getchell, Mikesky & Mikesky (1998) 

Objective. To evaluate the players’ agility.  

Test procedures. We used the Illinois agility test. The speed gates are set up at the starting line 

and the finish line. The player starts in the ground, on their stomach, with their heads under the 

speed gates, so the speed gate is triggered when the player stands up and starts running. Before 

the time trial, players’ were encouraged to give the test a try on non-maximal intensity to 

become accustomed to the test procedure demonstrated in figure 3. 

Equipment. Measuring tape, cones and speed gates 

Variable. Time (s)  

 

 

Figure 3. Illinois agility test demonstration   

(Hjalti Rúnar Oddsson, 2018) 
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3.3.5. Counter-movement jump 

Reference. Balsalobre-Fernández, Tejero-Gonzáles, del Campo-Vecino & Baverasco (2014); 

Bosco, Luhtanen & Komi (1983) 

Objective. To evaluate indirectly the players’ vertical jumping height using the counter-

movement jump.  

Test Procedures. To assess the height, it was analysed manually through cameras. For 

analyzing, markers were put on the knee of the player. Before the players jump, they were 

instructed to show their participant number to the camera. For the process of the test, it is 

important that the rules are the same for everyone. Hands on the waist, both feet on the ground, 

then get down and jump as high as you can with no flexion in hips or knees.  

Kinovea application was used for analyzing the jumps. First, the measures were calibrated. To 

do that, we had measured 50 cm on a red pole in the picture. Kinovea was then calibrated that 

this is the measure of 50 cm. Then to analyse the vertical jumping height, the height difference 

between the standing position of the knee and the top position was measured.  

Equipment needed. A camera, measuring tape, markers, a pole and kinovea application for 

analyzing. 

Variable.  Height (cm)  
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3.3.6. Kicking velocity 

Objective. To evaluate the kicking velocity of the players with their right and their left foot. 

Test procedures. Every player was instructed to hit the ball as hard as they can from the penalty 

spot, aiming towards the center of the goal. Each player had two attempts with each leg, and 

the better score was the result. The speed measuring gun must be placed behind the center of 

the goal and the shot to be pointed as straight towards the speed gun as possible. 

Equipment. Radar gun, SR3600 was used for evaluation. 

Variable. Velocity (Km/h) 

 

Figure 4. Kicking velocity test demonstration   

(Hjalti Rúnar Oddsson, 2018) 

 

3.3.7. Motivation 

Reference. Pelletier et al (1995) 

Objective. To evaluate what motives the players to participate in the sport, the level of 

motivation, and to evaluate how it relates to improvements in physical fitness parameters. 

Test procedures. The questionnaire used is sports motivational scale-28 (SMS-28). The SMS-

28 is a scale that measures the degree to which a person believes his main motives are to perform 

the sport and can be divided into intrinsic motivation, extrinsic motivation and the absence of 

motivation (amotivation). Furthermore, intrinsic motivation and extrinsic motivation can be 

divided into three sub-categories. Answers are given on a seven-point scale (1-7) and the scores 

are calculated with the average score of the questions in each of the category. Each sub-category 

includes four questions (twelve in total for intrinsic motivation and extrinsic motivation, and 

four for amotivation). Psychometric properties of the scale are considered to be sufficient 

(Pelletier et al., 1995). The scale used was an Icelandic version, with unknown psychometric 

properties. However, the Chronback Alpha in this study was 0.908. 
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Equipment. Printed Sports-motivational-scale-28 and a pen.  

Variable. Scale (1-7) 

 

3.4. Intervention 

The intervention took seven weeks, with three running sessions per week on Mondays, 

Wednesdays, and Sundays. The groups performed their sessions on Mondays and Wednesdays 

evening and in Sundays on noon time. Everyone was introduced to deep-water running for the 

first two sessions of the intervention, including the land group. 

To match the intensity levels of the two groups, both groups had the same amount of minutes 

of exercise in each intensity zone on each day. The intensity zones are called EN1, EN2, and 

EN3. EN1 is low-intensity, an easy run under the lactate threshold. EN2 is moderate intensity, 

set to target the lactate threshold pace and EN3 is high-intensity run, where the goal is to reach 

maximal oxygen consumption at the end of each interval.  

Table 3. Intensity distribution during the intervention 

Intensity distribution 

 EN1 EN2 EN3 LATO 

Week 1 67% 33%   

W2 56% 41% 4%  

W3 41% 37% 22%  

W4 89% 11%   

W5 22% 70% 8%  

W6 30% 30% 40%  

W7 37% 26% 26% 11% 

EN1 = Endurance 1 (Low-intensity) 

EN2 = Endurance 2 (Moderate-intensity – Above lactate threshold) 

EN3 = Endurance 3 (High-intensity – VO2max pace) 

LATO = Lactate Tolerance 
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3.5. Procedures 

This project is led by Reykjavík University in co-operation with the University of Jyväskylä in 

Finland. In 2017, the intervention was organized and introduced to a football club who were 

open to co-operate with the schools to make the study on their youth academy football girls. 

The study was started in January 2018 with the pre-measurements, where the maximal oxygen 

consumption was tested in one week. Motivational data was gathered before each VO2max 

testing. In the middle of the week, all the girls attended the other tests (agility, sprint, kicking 

velocity and vertical jump height) in the local training facilities of their club. The intervention 

then took seven weeks, followed by the post-tests taking part in the middle of March 2018. All 

players were unfamiliar with deep-water running before the intervention. The first two sessions, 

every player of the study (including LBR) was invited to the pool for a running session to 

introduce them to deep-water running. 

3.6. Statistical analysis 

All the variables satisfied the tests for normal distribution (Kolmogorov-Smirnov). Independent 

samples T-test was used to assess if there is a significant difference between groups, and paired 

samples T-test was used to assess the statistical difference between the same variables from 

pre-test to post-test, to assess if there is the difference in the variables. Wilks’ Lambda test was 

used to assess if either of there was an interaction between groups in any of the measured 

variables. All correlations were made from Pearson’s correlation, using bivariate correlation. 

Those statistical analysis was made through SPSS statistical program.  

Effect sizes were calculated in Excel by Cohen’s D formula (Social Science Statistics, n.d.): 

(M2-M1)/SDPooled, where SDPooled = √((SD1
2 + SD2

2) ⁄ 2). The quantity sizes were assessed using 

Andy Field’s estimation: Small effect size is lower than 0.2, small-to-medium is between 0.2-

0.5, medium-to-large is between 0.5-0.8, and large is above 0.8. 
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4. Results 

Table five shows the results between pre and post tests in each program for all variables. 

Maximal oxygen consumption (VO2max) was increased in both the land based running group 

and the deep-water running group (p<0.001). The land-based running (LBR) group improved 

slightly more (1.99 ml/kg/min, ES=0.63) than the deep-water running (DWR) group (1.62 

ml/kg/min, ES=0.34). However, no interaction was found between the improvement of those 

groups (p=0.54). 

 Vertical jumping height was also increased in both groups (p<0.001). The land group 

had improved 7mm more than the deep-water running group (2.75cm vs. 2.68cm). Large effect 

size was reported in the land-based running group, while the deep-water running group reported 

a medium-to-large effect size.  However, there was no significant difference between found 

between the improvement of those groups.  

Intrinsic motivation provided decrease (LBR -0.25 and DWR -0.37) in both groups 

(p<0.05) with a small-to-medium effect size. The Intrinsic motivation towards knowledge is 

the significantly decreasing (-0.38) factor in the land group (p<0.05) with a small-to-medium 

effect size and the intrinsic motivation toward accomplishment (-0.52) in the water group with 

a small-to-medium effect size. The external regulators were decreased, but the difference can 

only be found in the land-based running group (-0.92) with a medium-to-large effect size, while 

the deep-water running group reported almost no effect size. No extrinsic motivators were 

affected in the deep-water running group. The intervention did not prove any significant effects 

on the amotivation.  

No statistical difference was found between the groups, in any of the variables, prior to 

the intervention, nor post the intervention. Furthermore, there was no interaction found in any 

of the physical variables between groups (p=0.330-0.897) nor the psychological factors 

(p=0.089-0.937). 



Table 4. Mean (M), standard deviation (SD), and T-Test for physical fitness, kicking velocity and motivation for the DWR and LBR groups at pre- and post- intervention 

programs and effect sizes (Cohen‘s d) 

 Deep-Water Running (DWR) Land-based running (LBR) 

 Pre 

M±SD 

Post 

M±SD 

t ES Pre 

M±SD 

Post 

M±SD 

t ES 

VO2max (ml/kg/min) 46.16 ±4.75 47.78 ±4.65** -4.26 0.34 46.23 ±2.72 48.22 ±3.58** -4.17 0.63 

Weight (kg) 59.52 ±8.26 60.22 ±8.18 -2.68 0.09 58.18 ±5.75 58.50 ±5.79 -1.12 0.06 

30 meter sprint (s) 4.99 ±0.25 4.96 ±0.25 0.95 -0.13 5.04 ±0.16 4.99 ±0.17 1.73 -0.30 

Illinois Agility Test (s) 17.48 ±0.61 17.36 ±0.78 0.85 -0.17 17.76 ±0.67 17.72 ±0.56 0.57 -0.07 

Vertical jump (cm) 35.02 ±4.28 37.69 ±4.30** -6.51 0.62 33.43 ±2.65 36.18 ±3.15** -6.39 0.95 

Kicking Velocity – Right leg (km/h) 77.36 ±6.37 76.36 ±6.47 0.91 -0.16 75.95 ±5.97 77.00 ±9.99 -0.47 0.13 

Kicking Velocity – Left leg (km/h) 68.95 ±8.30 67.95 ±8.42 0.66 -0.12 64.73 ±11.48 61.23 ±14.53 1.50 -0.27 

Amotivation (1-7) 1.80 ±0.79 2.01 ±1.14 -0.86 0.21 2.37 ±1.14 2.29 ±1.21 0.37 -0.07 

Intrinsic Motivation (1-7) 6.20 ±0.96 5.87 ±0.98* 2.11 -0.35 5.91 ±0.72 5.66 ±0.99* 2.29 -0.29 

      To Know (1-7) 6.18 ±1.10 5.84 ±1.19 1.46 -0.29 5.96 ±0.83 5.58 ±1.16* 2.26 -0.38 

      Toward Accomplishments (1-7) 6.14 ±1.10 5.62 ±1.24* 2.28 -0.44 5.75 ±0.85 5.55 ±1.04 1.84 -0.21 

      Toward Experience Stimulation (1-7) 6.31 ±0.98 6.16 ±0.93 0.82 -0.16 6.03 ±0.77 5.86 ±0.98 1.05 -0.19 

Extrinsic Motivation (1-7) 4.14 ±1.15 4.03 ±1.08 0.51 -0.10 4.74 ±1.24 4.08 ±1.11* 2.49 -0.56 

      External Regulation (1-7)  3.42 ±1.57 3.32 ±1.37 0.32 -0.07 4.16 ±1.58 3.24 ±1.44* 2.75 -0.61 

      Introjection (1-7) 5.10 ±1.25 4.98 ±1.40 0.56 -0.08 5.49 ±1.22 4.98 ±1.38 1.87 -0.39 

      Identification (1-7) 3.89 ±1.30 3.79 ±1.30 0.45 -0.08 4.59 ±1.48 4.04 ±1.21 1.87 -0.41 

* Significant difference between pre- and post- measurements (p<0.05) ** Significant difference between pre- and post- measurements (p<0.01)



Table six shows the relationship between the motivational scales and the changes on physical fitness parameters. The results show that 30m sprint 

time is decreased with a greater level of intrinsic motivation toward accomplishments (r = -0.36; p<0.05), and with the overall score of intrinsic 

motivators (r = -0.31; p<0.05). The kicking velocity of the left foot is also decreased with a greater level of extrinsic motivation toward identification 

(r = -0.39; p<0.01). 

Table 5. Pearson‘s linear correlation and p-value for each variable (motivational parameters and changes in physical fitness parameters after intervention) 

 VO2max 30meter 

sprint 

Agility Vertical jump Kick Velocity 

Right foot 

Kick Velocity 

Left foot 

Intrinsic Motivation 0.18 -0.31* -0.01 0.03 0.13 -0.10 

    Towards knowledge 0.15 -0.23 -0.09 0.01 0.13 -0.07 

    Towards accomplishment 0.24 -0.36* -0.04 0.05 0.07 -0.16 

    Towards experience 0.08 -0.24 0.10 0.01 0.14 -0.03 

Extrinsic Motivation 0.05 0.05 0.08 0.02 0.01 -0.26 

   External Regulation 0.03 -0.01 0.15 0.04 -0.06 0.02 

   Introjection -0.01 0.17 -0.01 -0.03 0.11 -0.28 

   Identification 0.09 -0.06 0.05 0.02 -0.04 -0.39** 

Amotivation -0.05 -0.04 0.14 0.14 -0.20 0.06 

* Significant correlation at the 0.05 level  ** Significant correlation at the 0.01 level 
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Table seven shows the relationship between the physical factors. The data shows a relationship between agility with both vertical jump height (r = 

-0.56; p<0.01) and 30 meter sprint (r = 0.63; p<0.01). Vertical jumping height and 30 meter sprint were also reported with a relationship (r = -0.56; 

p<0.01). The players who perform the fastest sprint, are related with having higher vertical jumping height and better agility. VO2max is also 

correlated with less weight (r = -0.59; p<0.01), and less time performing Illinois Agility Test.  Vertical jumping height was also found to be 

correlated with the right foot kicking velocity (r = 0.44; p<0.05). 

 

 Table 6. Pearson‘s linear correlation and p-value for each variable (physical parameters after intervention) 

 VO2max Weight 30meter 

sprint 

Agility Vertical Jump Kicking velocity 

Right Foot 

Kicking velocity 

Left Foot 

VO2max -       

Weight -0.59** -      

30meter sprint -0.30 -0.01 -     

Agility -0.45** 0.26 0.63** -    

Vertical jump 0.40 -0.09 -0.68** -0.56** -   

Kicking velocity right  0.24 -0.03 -0.21 -0.29 0.44* -  

Kicking velocity left 0.04 0.14 0.34 -0.11 0.25 0.34 - 

* Significant correlation at the 0.05 level ** Significant correlation at the 0.01 level  
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Table eight shows the relationship between the psychological factors and the physical factors post the intervention. The data shows that VO2max 

is related with higher scores of intrinsic motivation (r=0.34; p<0.05), intrinsic motivation to know (r=0.39; p<0.01) and lower scores of amotivation 

(r=-0.42; p<0.01). A low amotivation also shows significant relationship with lower time in the agility test, meaning lower scores on amotivation 

is linked with better agility (r=0.31; p<0.05). The kicking velocity with right foot was also significantly related with two of three sub-categories of 

intrinsic motivation (r=0.32-0.35; p<0.05), resulting in a significant relationship with the overall value of intrinsic motivation (r=0.35; p<0.05) 

 

Table 7. Pearson‘s linear correlation and p-value for each variable (physical and psychological factors after intervention) 

 VO2max Weight 30meter 

sprint 

Agility Vertical jump Kicking velocity 

Right Foot 

Kicking velocity 

Left Foot 

Intrinsic Motivation 0.34* -0.04 -0.19 -0.25 -0.05 0.35* 0.07 

   To know 0.39** -0.13 -0.15 -0.27 -0.05 0.32* 0.04 

   Toward Accomplishment 0.27 0.05 -0.14 -0.16 0.10 0.28 -0.01 

   Toward Experience 0.25 -0.02 -0.23 -0.24 0.05 0.35* 0.18 

Extrinsic motivation -0.03 -0.08 -0.09 -0.20 0.09 0.10 -0.09 

   External regulation 0.00 -0.12 -0.12 -0.18 0.18 0.08 0.18 

   Introjection 0.09 -0.26 0.05 -0.19 -0.22 0.15 -0.11 

   Identification -0.16 0.17 -0.16 -0.12 0.06 0.03 -0.30 

Amotivation -0.42** 0.26 0.28 0.31* -0.02 -0.21 -0.04 

* Significant correlation at the 0.05 level ** Significant correlation at the 0.01 level 
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Table nine shows the correlation between the psychological factors, measured post the intervention. The table shows that the intrinsic motivation 

(r=0.81-0.96; p<0.01) and extrinsic motivation (r=0.78-0.86; p<0.05) is very significantly related with it‘s subcategories. Intrinsic motivation shows 

a significant negative relationship with all the sub-categories of amotivation (r= (-)0.45 – (-)0.55; p<0.01), but seems to be less linked with the 

extrinsic motivators.  

Table 8. Pearson‘s linear correlation and p-value for each variable (psychological factors after intervention) 

 Intr. 

Motiv. 

To Know Tow 

Acc. 

Tow 

Exp. 

Extr 

Motiv. 

Ext Reg. Introj. Identif. Amotiv. 

Intrinsic Motivation  -         

   To know 0.96** -        

   Toward Accomplishment  0.91** 0.87** -       

   Toward Experience 0.81** 0.68** 0.54** -      

Extrinsic motivation 0.26 0.22 0.21 0.29 -     

   External regulation 0.20 0.19 0.16 0.17 0.78** -    

   Introjection 0.24 0.20 0.11 0.39** 0.86** 0.51** -   

   Identification 0.20 0.15 0.24 0.15 0.81** 0.40** -0.59** -  

Amotivation -0.55** -0.54** -0.45** -0.48** -0.14 -0.01 -0.25 -0.09 - 

* Significant correlation at the 0.05 level ** Significant correlation at the 0.01 level 



5. Discussion 

5.1. Effects of DWR vs. LBR on physical fitness, kicking velocity and motivation 

The main findings of this study is that VO2max was improved in those seven weeks of time, in 

both groups. No interaction was found between groups regarding to VO2max. This suggests 

that deep-water running sessions can be an effective alternative to land-based running sessions 

in female youth footballers for seven weeks. This finding is supported with three different 

studies on long-distance runners and cross-country skiers (Bushman et al., 1997; Gatti et al., 

1979; Wilber et al., 1996). Wilber et al (1996) found no difference between DWR group and 

LBR groups on VO2max in long-distance runners (Wilber et al., 1996). Bushman et al (1997) 

had no control group, but used deep-water running and saw no difference in four weeks on 

running performance in 5km run, nor VO2max (Bushman et al., 1997). The reason why this 

study shows an improvement in VO2max compared with the other studies that show no 

improvement in VO2max could be that this study takes place in the pre-season. We suggest that 

the players are increasing the volume of training compared with former weeks, resulting in an 

increase in VO2max. The similarity in results between this study and former studies is that there 

is no difference between training methods when looking at VO2max. 

However, the training methods of footballers, cross-country skiers and long-distance runners 

are varied. Long-distance runners go for many running sessions, put a large amount of stress 

on their bodies in order to become better runners. The difference between footballers, runners 

and cross-country skiers is that football results are determined by different parameters, and 

therefore, footballers need to train more variety of skills than runners, which means they don’t 

have as many sessions to work with the endurance. Long-distance running and cross-country 

skiing are largely aerobic as well, while the most result-determinant actions in football are high-

intensity running or sprints, and therefore, they need a lot more of repeated sprint abilities, 

which is largely anaerobic actions. To the author’s best of knowledge, there are no previous 

studies that compare directly with football or other team sports, where results are not directly 

related to running performance. 

Vertical jumping height was as well increased in both groups, without an interaction between 

groups. However, the increase is thought to be non-related to the intervention itself, as the 

participants also participated in non-interventional related strength training with their club, 

which resulted in a greater amount of vertical jumping height. The deep-water running or land-

based running sessions are therefore not concluded to have an impact on the vertical jumping 

height.  
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There was a change in motivation between the seven weeks of time, without an interaction 

between groups in any of the motivational parameters. Intrinsic motivation was overall 

decreased in both groups. The reason this may be happening is the timing of the intervention 

was in the pre-season. Everyone is excited and more likely to have thought patterns similar to 

“I love the sport, let me play!”. In seven weeks of time, things may be starting to get a bit tough, 

which may be affecting their thought pattern, resulting in a decrease in intrinsic motivation.  

However, to the authors best of knowledge, there are no former studies that have directly related 

motivation with physical fitness aspects, in football or any other sports. 

5.2. Relationship between motivation and changes in physical parameters 

Despite motivation being regarded as a key skill to become an successful athlete (Weinberg & 

Gould, 2011), the relationship between motivation and improving physical fitness parameters 

was small, but there are three relationships reported. The surprising finding of this table is to 

see that high rates of identification are linked with less improvements in kicking velocity of the 

left foot. Identification is a sub-category of an extrinsic motivation that is usually related with 

higher rates of life satisfaction (Vallerand, 1997), so it’s easy to believe that higher rates of life 

satisfaction would relate with more effort. However, as stated in table five, the kicking velocity 

was not decreased between the seven weeks of intervention. 

Another finding was that the intrinsic motivators were linked with improvements in 30 meter 

sprint. The theory why this could be happening is that to improve 30 meter sprint, a lot of 

maximal effort work needs to be done. If a player works hard in low-intensity zones, he might 

improve his endurance, but it would unlikely affect his sprint speed. To improve the speed of 

the sprint, a lot of intense actions needs to be made (Kenney et al., 2015), and those who are 

intrinsically motivated towards it, may have had more efforts to push through the hard sessions. 

However, just like with the kicking velocity, 30meter sprint was not affected between the seven 

weeks of intervention. 

We hypothesize that the time frame of the study may have been too small to show a significant 

relationship. It might be more easy to improve over the short time than maintaining the 

improvement or keep on improving. To keep on improving, the extra kick of motivation may 

be needed to push through the tougher times.  
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5.3. Relationship between physical and psychological parameters 

It comes as a no surprise that the intrinsic and extrinsic factors have really high correlation with 

it’s sub-categories, considering those two factors are calculated from the sub-categories. All the 

intrinsic motivators have a strong significant relationship with lower scores of amotivation. 

That tells us, those who are intrinsically motivated are less likely to have thoughts towards that 

they can’t reach their goals or they are possibly wanting to quit and so on. They are less likely 

to experience an absence of motivation. This finding is in line with the prior knowledge that 

amotivation should have a negative relationship with other motivational concepts (Vallerand, 

1997).  

The physical factors showed a few relationship inside each other. Those who are the fastest 

sprinters, are also those who jump the highest and have the best agility scores. This finding is 

in line with Vescovi et al (2008) study, who found significant relationships between all of the 

six measured sprints (9.1-36.4m), compared with counter-movement jump and agility in high 

school female footballers and Negra et al’s (2017) study, who also found relationship between 

jumps, sprints and agility (Negra et al., 2017; Vescovi & McGuigan, 2008).  

VO2max was found to be related with higher scores of intrinsic motivation and less scores of 

amotivation. This is an interesting finding, suggesting VO2max could be a critical factor to the 

motivation of the players, or vice versa. Perhaps having a higher maximal oxygen uptake relates 

to higher confidence in your abilities and reduces ratings of perceived exertion, giving them 

more capacity to do more without the feeling of how hard the training is. However, as stated 

before, no former studies are known to have directly related motivation with physical fitness 

aspects.  
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6. Limitations of the study 

One of the limitations of the study is the control of intensity distributions between land and 

water. First to mention, the groups performed their sessions at the same time on different 

locations. That means, at least two coaches were needed, so they can‘t feel it if the groups have 

different levels of effort. No intensity data like heartrate was available, so it‘s impossible to 

know for sure if there was no unintentional difference between intensity. The coaches may as 

well have explained the intensity zones differently. The intensity zones were tried to match by 

having the same amount of minutes in each intensity zones for each group, usually represented 

with the scale of perceived exertion (RPE scale or the Borg scale). 

Like with all interventional studies, you can’t control what the population does outside the 

sessions. In this case, the population did more sessions with their clubs, like football training 

and strength training which we don’t know about in any details. Furthermore, the study takes 

place in a pre-season, and we can not confirm how physically active the players were prior to 

the intervention. Perhaps an increase can be normal, if the overall training volume is increased 

compared to the weeks before. 

 

This study provided overall a positive feedback towards deep-water running in female youth 

footballers. However, this study is not enough as an evidence of why we should choose deep-

water running rather than land-based running as the study showed a similar effect between both 

training methods. Why would we train in water if we can train on land, if the effect is the same? 

The main objective of using the water is to decrease the load on the joints, which can potentially 

reduce injury rates, a research question that is still left to answer after this study.  
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7. Conclusions 

The conclusions of this study are as follows:   

A) Both land-based running and deep-water running groups improved their vertical jumping 

height and maximal oxygen uptake and decreased in intrinsic motivation. There was no 

difference between the effects of land-based running or deep-water running in any of the 

variables. 

B) There was little-to-no relationship found between the motivational state and improving key 

football variables. There was a small relationship between intrinsic motivation toward 

accomplishments and 30 meter sprint time, and between identification and kicking velocity 

with left foot. However, the change from pre- to post was insignificant in sprint time and kicking 

velocity in both groups.  

C) Players of higher levels of aerobic fitness tend to carry less weight and score faster in Illinois 

agility test, than those players of lower levels of aerobic fitness. Relationship was also found 

inside all of three variables: 30m sprint time, agility and vertical jumping height.  

D) Those who have higher levels of aerobic fitness and with higher kicking velocity of right 

foot are more likely to have higher levels of intrinsic motivation and less scores of amotivation.  

E) Those who are intrinsically motivated are less likely to experience an absence of motivation, 

feeling like they can’t reach their goals, not thinking their place is in the sport, and so on. 

Extrinsic motivation only found a relationship between introjection and intrinsic motivation 

towards experience stimulation. Extrinsic motivation had no relationship with any other 

motivational concepts of amotivation nor intrinsic motivation. 
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8. Future research lines 

There is a lot of potential researches that can be done in the future on this topic. The main 

objective of the deep-water running method is to decrease the load on the joints, which could 

potentially reduce frequency and severity of injuries. However, it would be interesting to see 

data on this subject. How much can our athletes benefit from DWR, compared to LBR, in the 

prevention of injuries? It would be possible to do a similar study, and then follow the team up 

after the season and see if there is a difference in injury rates between groups. 

It would also be interesting to repeat a similar study on other populations as well. Is the benefit 

of DWR different between gender or age? Does it have more benefit on frequently injured 

players than non-frequently? Another idea of a study would be to see the difference between 

LBR and DWR over a longer term. Does LBR have advantage ahead of DWR on aerobic fitness 

in a longer term? Can we use DWR for a full season or is the benefit greater when using it only 

for shorter amounts of time? 
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Appendix I – The motivational questionnaire 

Háskólinn í Reykjavík                     Vor 2018 
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Áhugahvöt stúlkna sem taka þátt í djúpvatnshlaups rannsókn  

HR og Breiðabliks 

 

 

 

Nafn þátttakanda:_________________________________________________ 
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Áður en þú byrjar er mikilvægt að þú vitir að:  

a) Enginn mun sjá svör þín nema rannsakendur. 

b) Það er ekki til rangt svar hér, það sem þér finnst, er alltaf rétt. 

c) Allir svar möguleikar eru á bilinu 1-7 þar sem 1 á minnst við þig og 7 á mest og 

best við þig. 

d) Settu kross í þann reit sem passar best við þig. 

 

Hversvegna æfir þú fótbolta? 

 

1) Vegna þeirrar ánægju sem ég upplifi við að takast á við spennandi verkefni 

 

1 2 3 4 5 6 7 

 

 

 

2)  Af því að mér finnst gaman að auka færni mína í fótbolta 

 

1 2 3 4 5 6 7 

 

 

 

3)  Áður fyrir hafði ég gaman að æfa fótbolta, en nú spyr ég sjálfa mig hvort ég ætti að 

halda áfram 

 

1 2 3 4 5 6 7 

 

 

4) Vegna ánægjunnar sem ég upplifi við að uppgötva nýja tækni í fótbolta 

 

1 2 3 4 5 6 7 

 

 

5) Ég veit það ekki lengur; Mér finnst ég ófær um að bæta mig í fótbolta 

 

1 2 3 4 5 6 7 
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6) Vegna þess að fótboltinn gerir mig vel liðin af fólki sem ég þekki 

 

1 2 3 4 5 6 7 

 

 

7) Vegna þess að, að mínu mati er það eina besta leiðin til að hitta fólk 

 

1 2 3 4 5 6 7 

 

 

8) Vegna þess að ég upplifi mikla persónulega ánægju þegar ég næ tökum á erfiðri tækni 

æfingu 

 

1 2 3 4 5 6 7 

 

 

9) Vegna þess að það er lykilatriði að stunda íþróttir/fótbolta ef maður vill vera í formi 

 

1 2 3 4 5 6 7 

 

 

10) Fyrir þá virðinu sem maður fær við að stunda íþróttir/fótbolta 

 

1 2 3 4 5 6 7 

 

 

11) Vegna þess að það er ein besta leiðin sem ég veit um til að þroska aðra þætti í sjálfri 

mér 

 

1 2 3 4 5 6 7 

 

 

12) Vegna ánægjunnar sem ég finn við að bæta suma veikleika mína 

 

1 2 3 4 5 6 7 

 

 

13) Vegna spennunnar sem ég upplifi þegar ég spila fótbolta  

 



65 
 

1 2 3 4 5 6 7 

 

 

14) Vegna þess að ég verð að stunda fótbolta til að mér líði vel 

 

1 2 3 4 5 6 7 

 

 

15) Vegna ánægjunnar sem ég upplifi þegar ég fullkomna hæfni mína 

 

1 2 3 4 5 6 7 

 

 

16) Vegna þess að fólki í kringum mig finnst mikilvægt að vera í formi 

 

1 2 3 4 5 6 7 

 

 

17) Vegna þess að það er góð leið til að læra fullt af hlutum sem geta verið gagnlegir á 

öðrum sviðum í lífi mínu 

 

1 2 3 4 5 6 7 

 

 

18) Vegna þeirra sterku tilfinninga sem ég upplifi við að stunda fótbolta 

 

1 2 3 4 5 6 7 

 

 

19) Það er ekki ljóst lengur; ég hugsa að í raun er minn staður ekki í fótbolta 

 

1 2 3 4 5 6 7 

 

 

20) Vegna þeirrar ánægju sem ég upplifi við að framkvæma flóknar og erfiðar hreyfingar 

 

1 2 3 4 5 6 7 
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21) Vegna þess að mér myndi líða illa ef ég gæfi mér ekki tíma til spila og æfa fótbolta 

 

1 2 3 4 5 6 7 

 

 

22) Til að sýna öðrum hversu góð ég er í fótbolta 

 

1 2 3 4 5 6 7 

 

 

23) Vegna þeirra ánægju sem ég finn þegar ég læri nýjar þjálfunaraðferðir sem ég hef ekki 

reynt áður 

 

1 2 3 4 5 6 7 

 

24) Vegna þess að þar er besta leiðin til að viðhalda góðu sambandi við vini mína 

 

1 2 3 4 5 6 7 

 

 

25) Því mér líkar sú tilfinning að vera algerlega á kafi í fótbolta 

 

1 2 3 4 5 6 7 

 

 

26) Vegna þess að ég verð að stunda fótbolta reglulega 

 

1 2 3 4 5 6 7 

 

 

27) Vegna ánægjunnar við að ná tökum á nýrri tækni sem bætir mig í fótbolta 

 

1 2 3 4 5 6 7 

 

 

28) Ég spyr mig oft; ég virðist ekki geta náð þeim markmiðum sem ég hef sett mér 

 

1 2 3 4 5 6 7 
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Appendix II – The health trial 

SAFE Trial 

 

Name_____________________________________ 

Health and fitness screening before comencing testing 

 

Yes No 
1) Has a physician ever diagnosed you with a heart 

condition and indicated you should restrict your physical activity? 

Yes No 
2) When you perform physical activity, do you feel discomfort in your 

chest? 

Yes No 
3) When you were not engaging in physical activity, have you 

experienced chest pain in the past month? 

Yes No 4) Do you ever faint or get dizzy and lose your balance? 

Yes No 
5) Do you have an injury or orthopedic condition (such as a back, hip, or 

knee problem) that may worsen due to a change in your physical activity? 

Yes No 
6) Do you have high blood pressure or a heart condition in which a 

physician is currently prescribing a medication? 

Yes No 7) Have you had any serious injury in the last 3 months 

Yes No 8) Do you have insulin dependent diabetes? 

Yes No 9) Do you know of any other reason you should not take part i this test 

Yes No 10) Are you using any prescribed medicin? 

Yes No 11) Do you have astma? 

 

Participant signature Date 
 

 

 

 

 

 


