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Abstract
Introduction: Small-sided games are used frequently all over the world as a means of training the players at an intensity that is replicated by match-play. Small-sided games also include many technical and tactical aspects that are crucial to performing well in a match and this is a type of training that cannot be replicated any other way without it being time consuming as small-sided games can be completed in short bouts with periods of rest because they are high intensity. 
Method: Participants completed some testing prior to the small-sided games that included the Yo-Yo test which was used to calculate the participants’ V02 max score. The participants also used the Tanita machine so that body fat percentage could be analysed. After this, participants completed 3 countermovement jumps with their hands on their hips and this was completed on the force platform so that force and power could be analysed from the jump. The participants then completed two bouts of 7-minute small sided games with 5-minute recovery in between. The 3x3 small-sided games were completed first and the participants all wore a Polar Team Pro strap to record the physiological stats such as average heart rate, maximum heart rate, time spent in heart rate zones, distance covered in speed zones, number of sprints, and total distance covered in the session. Participants then gave their score on the RPE Borg scale and then completed another countermovement jump and this process was repeated for the 5x5 small-sided games.
Results: Results form the paired samples t-tests showed that there were significant differences between several variables including average heart rate, RPE, number of sprints, jump force, height, and power. 
Conclusion: 3x3 small-sided games were shown to produce the higher average heart rates and higher maximum heart rates than 5x5 small-sided games. In terms of fatigue, the 5x5 games produced the lower scores after the small-sided games than the 3x3 games.
Introduction
Performance in football is dependent on many factors, including, psychological, tactical, mental, and technical. During a match players will experience fatigue that is manifested through reduced work rate, a reduction in the ability to perform and maintain high-intensity exercise and a progressive reduction in muscle strength that is often seen towards the end of a match (Stone and Oliver, 2009). Small-sided games are used frequently during football training and they enable players to experience the situations that they will encounter during a match. By experiencing these in training, players will improve their technical, tactical, and physiological aspects of their game (Owen, Twist and Ford, 2004). Team sports are characterised by long periods of low intensity activity including walking and jogging that is interspersed by repeated bouts of high intensity efforts and team sport athletes are required to perform explosive actions such as jumping, kicking, changing direction, and sprinting during competition and training (Hammami et al, 2017). Small-sided games are commonly used by coaches for football training as an effective tool for aerobic training, whereas they were previously used to improve player interaction and to develop technical and tactical abilities but this was before researchers found about the physiological responses that small-sided games provide (Halouani et al, 2014).
Football is classed as a high-intensity intermittent team sport so coaches must make sure that training replicates these demands and small-sided games are one of the best ways of doing this as they elicit the responses that are seen in a game and players have been shown to provide more high-intensity actions within small-sided games than in actual match-play (Dellal, 2012). When training stimuli is similar to that of the competitive demands, maximum benefits can be achieved and this is why small-sided games are often used as a form of HIIT training as it replicates the demands of competitive match-play (Clemente et al, 2012). Sanchez-Sanchez et al (2017) also states that incorporating exercises that mimic the requirements of competition are one of the most important components of improving players’ performances. 
Small-sided game training is often played with modified games on reduced pitch areas which uses adapted rules and involving a smaller number of players to achieve different physiological responses (Hammami et al, 2017). Halouani et al (2014) found that high-intensity exercise can be achieved during small-sided games but with a high degree of neuromuscular and metabolic stress where mean heart rates generally exceed 80% of HR max. Small sided games are games that enable players to experience situations that they will come across during an actual match and they are widely used during football training sessions all over the world  by amateur coaches, semi-professional coaches and professional coaches (Owen et al, 2004). Asci (2016) found in a study on heart rate responses during small-sided games and an 11-a-side game that the 3-a-side games showed higher heart rate responses and a higher percentage of max HR. Halouani et al, 2014) also found in their study that 3-a-side games results in higher intensities than the 5-a-side games. Another study by Owen, Twist and Ford (2004) found that players in the 5-a-side games performed the least amount of technical actions per player and they also found that the heart rate responses in the 3-a-side games were similar to the heart rate responses from the 11x11 competitive games.
Max heart rate, average heart rate, V02 max, time spent in each training zone, and time spent in each speed zone will be analysed in this study. A countermovement jump will also be used to measure the amount of neuromuscular fatigue that is present in the legs. This subject has been chosen for analysis because there has recently been a lot of research into small sided games and what physiological responses they provide. For example a study by Rampinini et al (2007) researched the factors that influence physiological responses to small sided games, Hill-Haas et al (2011) has also looked at the physiology of small sided games in football, and Owen et al (2014) has studied the physical and technical comparisons between various sided games in professional football. Small-sided games are a high intensity activity that involves a lot of movement and changes of direction so this will ultimately cause neuromuscular fatigue in the legs because there are a range of physically demanding actions such as sprinting, jumping, accelerating, and changing direction which imposes significant disturbances on multiple physiological systems (Brownstein, Dent and Thomas, 2017). By doing a countermovement jump after each small sided game, the scores will show which types of small-sided games show greater neuromuscular fatigue. Smilios (1998) completed a study on the effects of muscular fatigue on vertical jump performance. Also, Kennedy and Drake (2017) completed a study looking at the effect of acute fatigue on countermovement jump performance. A countermovement jump is routinely used in a lot of sporting settings to provide a functional measure of neuromuscular fatigue (Kennedy and Drake, 2017). Claudino et al (2017) completed a meta-analysis on the countermovement jump for monitoring neuromuscular status. By knowing which types of games cause more neuromuscular fatigue, football coaches will be able to plan their training sessions accordingly because they will be aware of the effects that small sided games have on the body in terms of neuromuscular fatigue. Rowell et al (2018) completed a study and explains that small sided games may be a useful way of detecting neuromuscular fatigue. However, this study will further research at what size of small sided games cause greater neuromuscular fatigue.
Football places heavy demands on aerobic pathways whilst requiring a lot of intermittent high-intensity activity and the ability to sustain this at a high intensity is an important component of fitness for football (Clemente et al, 2012). Small sided games are often used because they are a football specific drill that have the physiological responses required to condition the players. As Reilly and White (2005) explain, the physiological responses to small-sided games testify to the potential of using small-sided games as a form of play for its training effects. Small-sided games will also be more enjoyable for players because it is so specific to match play and the other alternatives are high intensity fitness drills. 
This study will address an area of importance in terms of the target population. There is a lot of research available on the physiological responses of small sided games, however most of this research is focused on professional players, semi-professional players, or youth players as previously discussed. Therefore, research based on university players is required so that comparisons can be made between university athletes and semi-professionals and professionals. Also, in terms of neuromuscular fatigue, knowing which size small-sided games cause more neuromuscular fatigue will help coaches to plan a training schedule around games and when to implement the more demanding small-sided games and when to implement the less demanding small-sided games. Hammami et al (2017) completed a meta-analysis on whether small-sided games improve physical fitness and specific skills for team sports. The results of this meta-analysis showed that small-sided games had a large beneficial effect on maximal oxygen uptake (Vo2 max) and repeated sprint ability and there was a moderate beneficial effect on 10 and 20m sprint performance and intermittent endurance. The results also showed larger positive effects on specific skills after performing small-sided games when compared to generic or agility training. 
The results of this study would be beneficial to coaches at any level of football and even a number of other sports as well, because knowing the physiological responses and levels of neuromuscular fatigue enables the coaches to understand what type of small sided game to use in certain situations. For example, the game that produces the most neuromuscular fatigue will not be used in the days leading up to a game or after a game because this means the players would not be in peak condition during competitive games and there would be a higher risk of injury to the players as De Hoyo et al (2015) state that 87% of football injuries occur in the lower extremity and football is a sport where the hamstrings and quadriceps are being constantly used so overtraining would represent a higher risk of injury. 
The null hypothesis for this study is that there are no physiological differences between the different sized small sided games and there are no differences in the amount of neuromuscular fatigue after each small sided game. The alternate hypothesis is that there are differences in the psychological effects of the different sized small sided games and that the different sized small sided games produce different amounts of neuromuscular fatigue. 
The aims of this study are to find out which types of small sided games provide the greater physiological benefits and therefore have a lower effect of neuromuscular fatigue. There will be several steps taken to ensure that this aim is met. The objectives are to measure physiological responses to 3 different sized small sided games and the effects of fatigue from each of them and this will then be analysed though SPSS to look for differences and correlations.
The purpose of this study is to analyse the physiological responses to each small sided game and look at the effects that these small sided games have on neuromuscular fatigue in the legs. To do this, volunteered students who play in the University of Wales Trinity Saint David men’s football team will take part in 3 different sessions that will take place once a week and each week they will play a different sized small sided game. In the first week they will play 3v3, in the second week they will play 4v4 and in the third week they will play in a 5v5. 
Methodology
To complete this study, there were various pieces of equipment that were required. This includes the polar team pro system, a force platform, and some plastic cones. The testing took place on the outdoor court at the University of Wales Trinity Saint David and this is because the Polar Team Pro software is a GPS based software so it could not have been used indoors which limits the facilities that could have been used in this study. The outdoor tennis courts at the University are a hard-concrete surface so appropriate footwear will be required to lower the risk of the participants getting an injury. If the weather was bad and the conditions were poor, then participants had to be extra cautious and make sure they wore appropriate footwear, and this was explained to the participants prior to the data collection period.
Equipment
The equipment used in this study included the Polar team pro system (Warwick, UK) and this includes a docking station where an iPad and all the sensors are connected an this allows the information from each session to be recorded onto the iPad. There is also straps that are used to go around the participant’s chest to get the sensor to hold in the right place. To measure the participant’s height and weight the Tanita MC-980MA Plus (Manchester, UK) was used and this gives an accurate measure. Cones were also used to mark out the playing area and this was measured using an electric measuring wheel. To measure the countermovement jump, the force platform (Massachusetts, USA) was used. To measure the rate of perceived exertion (RPE) of the participants a sheet with the Borg scale on it was used. 
Participants
The target population for the participants of this study was Males who are part of the football team at the University of Wales Trinity Saint David and they had to be injury free to take part. The participants were all volunteers and they were able to drop out of the study at any time without providing a reason. The participants were a variety of ages from 19-25 and they all have a high level of experience in football but with mixed abilities. Some players have just played at school and for a club, while others have played football throughout their lives including at School, at College, at University and for a club. The teams for this study were randomised where two ‘captains’ were picked by the researcher and then the rest of the participants were given numbers and the two captains had to pick numbers so they did not know who they would get on their team and since all of the participants knew each other and knew of everyone’s footballing ability, this was the fairest way to split the teams.
Protocol
Prior to the tests commencing, the participants were given a Par-Q and informed consent form (see appendix 1 and 2) to complete and they were told that they could withdraw from testing at any point. The PAR-Q was made to show whether there were any contraindications to prevent anyone from taking part. However, as all the participants were active football players then there were no obvious issues. The participants’ height was also measured and then their body mass and body fat percentage were measured using the Tanita body composition machine. Once these measures had been taken, the participants then took part in a short warm up that included some running and stretches to make sure that there was a lower risk of injury. Warming up prior to exercise is important as Fradkin, Gabbe, and Cameron (2006) explain that warming up prior to exercise is advocated in injury prevention programmes and it is hypothesised that warming up will reduce the number of injuries sustained during physical activity. Prior to the small sided games commencing, some tests were conducted so that V02 max, maximum heart rate and speed zones could be discovered. The first test that was performed was a Yoyo intermittent recovery test which has been used in a study by Nazarali et al (2013). This test was used instead of other aerobic tests such as the bleep test because the Yoyo test is more relevant to football as football is an intermittent sport, whereas the beep test is a continuous test, therefore it doesn’t have the same characteristics as a football game. The purpose of this test is to show maximum heart rate values so that V02 max could be calculated. 
The Yo-Yo test was conducted on the tennis courts at the university because the Polar Team Pro system was used to look at the distance covered by each participant which then helped to work out their V02 max score. To perform the test, cones were laid out 20m apart with another line of cones 5m apart at one end and this was the recovery zone. The DVD of the Yo-Yo test that was used by Bangsbo et al (2012) was used in this study to perform the Yo-Yo test. The participants started on the first beep and the speed gradually got faster. The participants had to get to each end before or on the beep and if they failed to do so twice in a row then their test was completed. Alternatively, they could also stop when they feel like they could not go anymore and could not keep up with the speed. Once the participants had stopped, then the level they just completed was the level that was used along with their maximum heart rate to calculate their V02 max. For example, if a participant had a level of 15.8 and their total distance covered was 1.038km then V02 max was worked out by multiplying the total distance in metres by 0.0084 and then adding 36.4 and this will give a V02 max result.
The participants also completed the countermovement jump on the force platform before the small sided games and immediately after the small sided games. The participants completed the countermovement jump with their hands on their hips because if the arms were used then there would not be an accurate result because neuromuscular fatigue in the legs is what is being tested and a jump using arms will not reflect their actual scores so the results would be affected. The force platform is regularly used for gait analysis and sports technique analysis and it measures the force exerted on it by the subject (Linthorne, 2001). The measures that were taken on the force platform were the height of the jump, the power of the jump and the force of the jump. The participants completed 3 jumps and the best scores were taken. Once these tests were completed and data has been recorded, the small sided games could then commence. Every Monday on 3 consecutive weeks the participants completed the small sided games starting with an hour of 3v3 in the first week, 4v4 in the second week and 5v5 in the third week. Each participant performed two 7-minute sets of each small sided game with 5 minutes of passive recovery in between sets. This is where the polar team pro system was used to look at average heart rate, maximum heart rate, distance covered, time spent in each training zone, time spent in each speed zone and the amount of sprints that each participant performs. The pitch size was different in each small sided game. The 3v3 pitch size was 15x20m, the 4v4 was 20x25m and the 5v5 was 25x30m and these pitch sizes were used in a study by Owen, Twist, and Ford (2004). The polar team pro system has previously been used in a study by Asci et al (2016) where heart rate responses were measured during small sided games and official match play. Once the participants had finished playing then they were given an RPE scale to self-assess how they felt after the session. This gave an indication of how intense the participants perceived the session and this was done individually and not as a group so the participants could not try and compare the scores to others or try and give different scores to compete with other players in the group to have a better score.
After each small sided game session, the participants then came into the lab to perform a countermovement jump on the force platform and the purpose of this was to see whether or not there was a difference in the levels of neuromuscular fatigue between each type of small sided game when comparing to the countermovement jump that was performed prior to the games.
Data Analysis
To analyse the data, a paired samples t-test test was used to see if there were any differences between the small sided games and to see if the differences are significant. The paired samples t-test was completed using SPSS software on a password protected personal laptop where the data will also be stored. Once the significant differences had been analysed, a series of Pearson’s correlation tests were then used on the different variables to see if there were any correlations. This was also conducted using SPSS software and was also stored on a password protected laptop. The only people who had access to this data are the people who will be assisting in the testing and the dissertation supervisor, plus the participants can receive their individual data if they wish which will allow them to receive feedback from the games.

Literature review

Small-sided football games are the topic of a lot of literature due to the physiological responses and benefits they provide. Plenty of researchers study the effects of different sized small-sided games and what benefits each game has and how they can be used to maximise a football teams ability to perform in a game as many coaches use small-sided games in training as a form of HIIT training but using small-sided games allows technical aspects to be worked on as well as cardiovascular fitness. Clemente et al (2012) explains that in high performance sports, it has been well documented that when training stimuli are similar to competitive demands, maximum benefits are achieved, thus a lot of coaches use different sized small-sided games due to their similarity to a match situation. Halouani et al (2014) also back this up by saying that small-sided games are often used by coaches because the greatest training benefits occur when the training stimulates the exact movement patterns and physiological demands of the sport. Sanchez-Sanchez et al (2017) further explains that one of the most important methods of enhancing players’ performance in football is to incorporate exercises that totally or partially mimic the requirements of the competition. Therefore, small-sided games are being commonly used in this process by incorporating modified playing rules, increasing an athletes motivation, and offering a greater training efficiency which will then have a positive effect on the technical-tactical abilities of the players, and it will also have a positive effect on fitness and psychological traits. Game-based training is being increasingly used to help improve the skill and physical fitness of team-sport athletes and the use of games in training is based on the premise that the largest improvements in performance occur when the physiological demands and the movement patterns are replicated to the demands of that sport (Gabbett, Jenkins, and Abernethy, 2009). All of the aforementioned studies prove that game-based training is crucial to improving an individual or team’s performance and it shows the importance of making sure that training mimics the demands of a game situation.

During a 90-minute football game, players usually travel anywhere from 8 to 12km and high intensity activities account for around 22% of the total match difference while distance covered with the ball accounts for less than 2% of the total distance covered in match because players come into contact with the ball around 50 times during a match (Mallo and Navarro, 2008). Dellal et al (2012) also states that elite players cover 10-12km in a match with 3-7% of this distance being high-intensity actions which corresponds to an average of 80-90% of maximal heart rate and 75-80% of V02 max. An elite player will have 150-250 brief intense actions during a game, and this indicates that the rates of glycolysis and creatine-phosphate utilisation are often high during a game (Bangsbo, Iaia and Krustrup, 2007). Elite players will also need high aerobic fitness because there will be high aerobic requirements during a game and there will also be extensive anaerobic demands during certain parts of a game which will lead to metabolic changes throughout the game, which therefore, may contribute to the development of fatigue during and towards the end of a game (Bangsbo, Iaia and Krustrup, 2007). Mohr, Krustrup and Bansbo, 2004) also state that aerobic loading during a game is around 75% of maximal oxygen uptake, with the anaerobic system also being heavily taxed during intense periods of a football game. 

Reilly, Cabri and Araujo (2005) stated that football-specific drills have been advocated for the training of football players. The physiological responses to small-sided games show the potential of using football-specific drills as a form of HIIT training (Reilly, Cabri and Araujo, 2005). HIIT training is an effective method of improving variables such as speed, explosive power, peak incremental running speed, and high-intensity intermittent exercise capacity with changes of direction and it also improves aerobic capacity and the ability to perform high-intensity actions as well as changes of direction with a high solicitation of the anaerobic system (Dellal et al, 2012). Although there are plenty of benefits from HIIT training, coaches prefer to use small-sided games due to the possibility of them maintaining or developing the physical capacity while soliciting simultaneously the technical and tactical parameters (Dellal, 2012). Aerobic fitness is an important physical component for football players so it is integral for their performance that their aerobic system is the best it can be and using small-sided games as interval training has shown to be an effective method for improving aerobic fitness and football-specific endurance (Fanchini et al, (2010). What is meant as football-specific fitness is that small-sided games are a form of HIIT training but it has specific movement patterns that are replicated during a game whereas a HIIT training session on a wattbike or treadmill will not be a type of football-specific endurance. There is often a term used called ‘match fit’ and this means that someone could be aerobically fit but they are not fit in terms of football and game time and this is where the football-specific drills such as small-sided games prove to be a better alternative as fitness because players will not need to do extra sessions to be match it they can just do it all in one using small-sided games.
Football training should consider factors such as psychology, technical, and tactical because these factors are important constraints that influence performance over time and if these factors are considered in training then players are more likely to develop (Clemente et al, 2012). Mallo and Navarro (2008) also found that small sided games can be used effectively to develop the endurance capacity of football players if there is a correct integration of these small-sided games into a regular training schedule.

Getting players to work hard with high heart rates that is close to their maximum heart rate is what a coach will want to help improve cardiovascular fitness. Small-sided games illicit heart rate responses around 90-95% of maximal heart rate when it is used as a tool for conditioning and exposure to these intensities on a regular basis will lead to improvements in both aerobic fitness and match performance (Kelly and Drust, 2009). Several studies show that small-sided games with less players involved will produce higher heart rates and higher HR% of max and a study by Asci (2016) on heart rate responses during small-sided games and an official 11-a-side game on professional football players showed that 3-a-side games produced higher heart rates and higher HR% of max than 4-a-side, 5-a-side, 7-a-side, 9-a-side, and a full 11-a-side game. The 5-a-side games were also shown to have the second highest heart rates and second highest HR% of max. Kelly and Drust (2009) also completed a study on the effect of pitch size on heart rate responses and the technical demands of small-sided games in elite football players. Eight players took part in this study and they all participated in small-sided games on three different sized pitches and games were 4x4 minutes. The results showed that changes in pitch size do not alter heart rate or the technical requirements observed in the small-sided games. 
Adjusting small-sided games will also show different physiological responses. For example, modifications such as pitch size and number of players may be physiologically beneficial for athletes who already have relatively high initial aerobic fitness levels (Halouani et al, 2014). Halouani et al (2014) also found that three-a-side resulted in higher intensity than five-a-side. For example, there was an overall greater distance covered, less jogging and walking , higher heart rate, and more tackling, dribbling, goal attempts, and passes during the three-a-side game when compared to the five-a-side game. A study by Owen, Twist, and Ford (2004) looked at the physiological and technical effects of changing pitch size and player numbers during small sided games where all participants in the study were professional players in the English second division. Owen, Twist, and Ford (2004) found that an increase in players led to an increase in the total number of technical actions that were performed. However, the ten players involved in the 5x5 game performed the least amount of technical actions per player. The addition of extra players showed few one touch passes but altering player numbers did not affect the amount of technical errors. It was also found that heart rate responses during the 3x3 were similar to the mean heart rate responses found in the 11x11 competitive matches. Meanwhile, during the 4x4 and 5x5 games, the mean heart rate was generally lower than the 11x11 competitive games (Owen, Twist, and Ford, 2004). This shows that the 3x3 games produced physiological responses that were similar to a competitive match situation and this means that the 3x3 small-sided game would be the best sized small-sided game to help players prepare for matches. This study shows that coaches have the ability to manipulate the physical and technical demands of the game so that the coach gets the responses that are required from that session. Kelly and Drust (2009) also found that altering the pitch size does not significantly alter the technical requirements or heart rate responses within small-sided games. Abrantes et al (2012) also found that different task constraints influence the intensity of small-sided games as several studies have reported that increasing the number of players reduces average heart rate responses and this also decreases the amount of technical actions per player which has a reduction in the intensity of the training. This shows that if a coach wants a training session of high intensity, small-sided games with less players seem to be the best way to get high heart rates and a high intensity. 

Rating of perceived exertion was used in this study and Coutts et al (2009) states that the rating of perceived exertion (RPE) could be a practical measure of global exercise intensity in team sports. Being able to monitor exercise intensity during football training can provide good feedback to coaches when it comes to the training stimulus applied to players (Coutts et al, 2009). RPE is often used to measure intensity in sports because it is inexpensive and it is fairly easy to assess which makes it a lot easier for coaches/testers (Sanchez-Sanchez, 2017). The Borg scale has been used to determine the intensity during different modalities of exercise that includes resistance training, high-intensity interval training, team sports, and swimming (Tibana et al, 2019). The use of the RPE has been shown to be related to physiological markers, such as maximal oxygen consumption (V02 max) and it can be used as a surrogate for heart rate to understand heart rate response to exercise intensity (Tibana et al, 2019).
Sanchez-Sanchez et al (2017) completed a study on the comparison of heart rate, rate of perceived exertion, and technical actions during small-sided games. 22 young male football players were used, and they randomly completed six 4x4 small-sided game situations. The results showed that the incorporation of internal and wildcard players reduced heart rate, RPE, and dribbling actions. Another study by Hill-Haas et al (2009) looked at generic training versus small-sided games in football and the effects on Yo-Yo test scores and V02 max over a 7-week pre-season training period. The results showed that both generic and small-sided games are effective at improving Yo-Yo test performance but not V02 max and neither method effected sprint performance.

Neuromuscular fatigue is very complex, and it can be described as a loss of force-generating capability or the inability to sustain exercise at a required level or intensity (Strojnik and Komi, 1998). Neuromuscular fatigue is very common in football especially at a high level due to the physical demands required to play well consistently throughout the whole match. Andersson et al (2007) say that distance covered in female football has increased to 10.3km and sprinting distance in male football has increased by 37%. This shows that football is becoming more physically demanding for players and this means that the harder they have to work, further they have to run and faster they have to run should produce neuromuscular fatigue so it is important for football coaches to plan their training sessions around their recovery after a game of a high intensity training session. This is especially important in competitive tournaments where the recovery period between 2 matches is limited to 2 days (Andersson et al, 2007). These matches are also found to be very intense and of high quality where players need to be performing at their physical peak every game and this will put a lot of strain on several neuromuscular and metabolic parameters because football is a complex sport that involves many different activities including tackling, jumping, speed changes, and sharp changes of direction (Andersson et al, 2007). Fatigue has been defined by Goodall et al (2017) as an exercise-induced reduction in the ability of a muscle of muscle group to generate maximal force which stems from peripheral and central mechanisms. Mohr, Krustrup and Bangsbo (2004) also define fatigue as the failure to maintain the required or expected power output. Simulated and actual match-play has been shown to elicit a substantial amount of peripheral fatigue and this will be due to the amount of different movements and changes of direction that are involved in a game of football (Goodall et al, 2017).

Oliver, Armstrong, and Williams (2008) completed a study on the change in jump performance and muscle activity after 42 minutes of football-specific exercise. 10 youth football players were assessed before and after 42 minutes of football-specific exercise that was performed on a non-motorised treadmill and they were assessed using a squat, countermovement jump, and a drop jump on a force platform. The results found that completing football-specific exercise reduced performance in all jump tasks. However, during this study the participants had to complete three trials of jumps which may have affected the levels of fatigue that the participants would have. Also, this study did not use actual football drills or games as this study was completed on a non-motorised treadmill so these results may not be similar if the jump tests were completed before and after small-sided games because due to the different movement patterns which will have an effect on the neuromuscular fatigue. Katis and Kellis (2009) also completed a study which looked at the effects of small-sided games on physical conditioning and performance in young football players. Players performed 3x3 games and 6x6 games which consisted of 10 bouts of 4-minute duration and 3 minutes of active recovery between bouts. Five technical and endurance tests were then performed after these games to look at the effects of their technical ability and their fitness and these tests were the 30m sprint, throw-in for distance, Illinois agility test, dribbling the ball and horizontal jump. The results showed that after the 3x3 games there was a significant decline in sprint and agility performance. These results indicate that 3x3 games provide a higher stimulus for physical conditioning and technical improvement than 6x6 games. Katis and Kellis (2009) also suggest that coaches use 3x3 games for training young football players. 

During a normal footballing season, players will be required to play consecutive matches interspersed by 3 days and this means that a full physical performance recovery may not be achieved and an incomplete recovery can lead to a player underperforming or getting injured. Therefore, it is important to manage fatigue and recover effectively (Nedelec et al, 2012). Resistance to fatigue is a key factor which determines the effectiveness of a player’s ability to perform and maintain efficient and precise movements during a game (Stone and Oliver, 2009). In other words, the players who take longer to fatigue will still be able to perform movements and skills during a game when players who fatigue quickly will not be able to and Lyons et al (2006) states that the development of fatigue may be a determining factor of success and failure and the difference between winning and losing so, therefore, it is important to manage fatigue levels because it can be a contributing factor towards performance. 

Results
To analyse the data, a paired samples t-test was used to see if there were any significant differences between the variables. 20 pairs of the physiological responses and the vertical jump scores were compared against each other and 9 of those pairs showed a significance of under 0.05. Once the significant differences were analysed, a Pearson’s correlation was used to see if there were any correlations between the variables. The Pearson’s correlation test showed that were 12 correlations between the different variables. 



Table 1- Table showing paired samples t-test results on the physiological responses.
	
	DC 3x3 v 5x5
	AVHR 3x3 v 5x5
	MHR 3x3 v 5x5
	RPE 3x3 v 5x5
	Spr 3x3 v 5x5
	AVSP 3x3 v 5x5

	Significance
	.027
	.009
	.382
	.255
	.104
	.023

	Mean and SD 3x3
	1.04 ± .089
	158.6 ± 16.57
	183.80 ± 8.46

	14.20 ± .92

	2.10 ± 1.60
	4.08 ± .30

	Mean and SD 5x5
	.86 ± .088
	138.8 ± 15.71
	180.70 ± 9.92
	13.20 ± 1.03

	2.10 ± 1.52

	4.08 ± .30




Figure 1- Chart showing maximum and average heart rates




	
	MVJH 3x3A V MVJH 5x5A
	MVJP 3x3A V MVJP 5V5A
	MVJF 3x3A V MVJF 5x5A
	MVJH 3x3B V MVJH 5x5B

	Significance
	0.20
	.001
	.047
	.014

	Mean and SD 3x3
	35.44 ± 5.79

	4264.80 ± 835.59

	2131.50 ± 518.96

	35.5 ± 6.12

	Mean and SD 5x5
	33.16 ± 7.08

	4007 ± 672.99

	1902.90 ± 335.24
	35.3 ± 6.70


Table 2- Table showing mean and standard deviation of countermovement jump data







Table 1 shows the mean ± standard deviation of the physiological responses from the paired samples t-test that was conducted on SPSS. A Pearson’s correlation test between certain variables showed that there were some correlations observed. There was a correlation seen between the participants’ average heart rate in the 3x3 game (AVHR3x3) and the height difference from the 3x3 game (MVH3x3) (r= -0.74, n=10, p<0.05). To look at the direction of the relationship of these two variables the r value is looked at and this shows that there is a negative correlation between these two variables because the r value is negative.
This shows that there is a high score on one variable and a low score on the other variable. In other words when one variable goes up, the other variable goes down. Therefore, this correlation is a large, negative relationship. In this instance, the average heart rate is the higher value and the 3x3 game height difference is the lower value so the higher the average heart rate, the lower the height difference will be. This suggests that the higher the average heart rate, the lower participants will get on the MVJ in terms of height. Another correlation was seen between distance covered in the 3x3 games (DC3x3) and the RPE in the 3x3 games (RPE3x3) (r=0.65, n=10, P<0.05). This shows that as the amount of distance covered increased, the RPE of the participants increased which means that as the amount of distance covered increased, the participants’ RPE increased which shows that they found the session harder with the more distance they covered. The relationship between these two variables is a significant, large relationship. 
Furthermore, when looking at maximum heart rate of the participants in the 3x3 games (MHR3X3) and the RPE in the 3x3 games (RPE3x3) there is a positive correlation between these variables (r=0.92, n=10, P<0.05). This shows that the higher the maximum heart rate of the participants, the harder they found the games. This correlation is a significant, large relationship. There was also a correlation seen between average heart rate in the 3x3 games (AVHR3x3) and MVJ height difference for the 3x3 games (MVJH3x3) and this showed a negative correlation (r=-0.74, n=10, P<0.05). This shows that a significant, large, negative relationship exists between AVHR3x3 and MVJH3x3 which means that as the average heart rate increases, the jump height difference decreases. The last correlation in the 3x3 games showed a negative correlation between the number of sprints in the 3x3 games (SPR3x3) and the force difference in the jumps (MVJF3x3) (r=-0.65, n=10, P<0.05). This shows that a significant, large, negative relationship exists between the number of sprints in 3x3 and the force difference for the 3x3 games. 
Table 3- Table showing paired samples t-test results on heart rate data.
	
	HRZ1 3x3 V 5x5
	HRZ2 3x3 V 5x5
	HRZ3 3x3 V 5x5
	HRZ4 3x3 V 5x5
	HRZ5 3x3 V 5x5

	Significance
	.254
	.452
	.902
	.278
	.879

	Mean and SD 3x3
	.44 ± .50
	1.75 ± 1.52
	5.44 ± 4.24
	4.93 ± 4.03
	2.84 ± 4.33


	Mean and SD 5x5
	.65 ± 1.25

	1.93 ± 1.62
	3.14 ± 1.84
	3.99 ± 2.87

	1.09 ± 1.67




Table 4- Table showing results of paired samples t-tests on speed zone data
	
	SZ1 3x3 v 5x5
	SZ2 3x3 V 5x5
	SZ3 3x3 V 5x5
	SZ4 3x3 V 5x5
	SZ5 3x3 V 5x5

	Significance
	.124
	.203
	.172
	.029
	.026

	Mean and SD 3x3
	.55 ± .02
	.25 ± .06

	.08 ± .03

	.02 ± .01

	.004 ± .002

	Mean and SD 5x5
	.41± .09
	.20 ± .06

	.14 ± .17

	.04 ± .02
	.01 ± .003




Table 3 and 4 show the mean ± standard deviation of the heart rate and speed zone data in which a series of paired samples t-tests were conducted in order to see whether there were any significant differences. There were no significant differences found in the heart rate zone data but there were two significant differences found in the speed zone data. The paired samples t-test showed that there were significant differences between distance covered in speed zone 4 in the 3x3 games (SZ4 3x3) and distance covered in speed zone 4 in the 5x5 games (SZ4 5x5). The other significant difference was found between distance covered in speed zone 5 in the 3x3 games (SZ5 3x3) and distance covered in speed zone 5 in the 5x5 games (SZ5 5x5). 
When looking at the Pearson’s correlation results of the 5x5 games there were 6 correlations found. The first correlation found was a positive correlation between max heart rate in the 5x5 games (MHR5x5) and RPE in the 5x5 games (RPE5x5) (r=0.90, n=10, P<0.05). This shows that there is a significant, large, positive relationship between max heart rate and RPE from the 5x5 games. Therefore, this means that as max heart rate increased, so did the RPE. Another correlation found between the 5x5 games was the average heart rate (AVHR5x5) and RPE (RPE5x5) which was also a significant, large, positive correlation (r=0.76, n=10, P<0.05). 
There were other correlations discovered with average heart rate including a correlation between AVHR and the number of sprints completed (SPR5x5). The results showed a significant, large, negative relationship between these two variables (r=-0.63, n=20, P<0.05). The other negative correlation was between AVHR and force difference in the jumps (MVJF5x5). This correlation showed a significant, large, negative relationship between these variables (r=-0.72, n=10, P<0.05) which means that as the average heart rate increased, the force difference decreased. 
A positive correlation was also seen between average heart rate (AVHR) and height difference in the MVJ jumps (MVJH5x5) and this showed a significant, large, positive relationship between these two variables (r=0.76, n=10, P<0.05) and this shows that as the average heart rate increased, so did the height of the jumps. The final correlation that was a positive correlation between distance covered in speed zone 5 (SZ5 5x5) and height difference for the 5v5 games (MVJH5x5). These two variables showed a significant, large, positive relationship.

Fitness based test results

Prior to the small sided games commencing, some tests were conducted including a Yo-Yo test to obtain the participants’ V02 max score. The participants also completed a body composition test on the Tanita machine. However, due to unforeseen circumstances which caused the University and its facilities to close, only 6 participants managed to complete the body composition test. The height and weight of the participants were also recorded. From the Yo-Yo test, max heart rate was also noted and the average heart rate for the group was 190.1 ± 4.86. The highest score from the Yo-Yo test was by participant 2 who managed to reach stage 18.9. The average score for the Yo-Yo test was 15.8 ± 1.49 which meant that the average V02 max for the group was 44.7 ± 3.00. A study by Koklu et al (2011) on the comparison of physiological effects to different sized small sided games in young elite footballers showed that the average V02 max for these participants was 53.1 ± 5.9 which is relatively higher than the participants in the current study. To work out the V02 max from the Yo-Yo test there was a simple equation used. The equation was the distance the participants’ ran multiplied by 0.0084 plus 36.4 (Bangsbo et al, 2011).
Discussion
[bookmark: _Hlk39751096]The main findings of this study supported the hypothesis that because of the different demands of the small sided games, there will also be a difference in the physiological effects and therefore produce neuromuscular fatigue in the legs accordingly. 

These results indicate that the differences between small sided games, such as the number of players participating and the size of the playing area, will have an effect on the physiological demands required. As a result, players will experience neuromuscular fatigue in their legs. 

The main objective of this study was to analyse the physiological response to each small sided game and look at the effects that these small sided games have on neuromuscular fatigue in the legs. This was done through analysing max heart rate, average heart rate, V02 max, time spent in each training zone, time spend in each speed zone and a countermovement jump. Previous research has primarily tested the effects on professional players, semi-professional players, or youth players. Therefore, the key difference in this study was the focus on football players at a university level. 
The results explain that there was significance and correlation when comparing the physiological responses and vertical jump scores. In other words, there was physiological responses to the small sided games and there was an effect on neuromuscular fatigue. Furthermore, there were 20 pairs of physiological responses and vertical jump scores that were compared. Out of the 20 pairs, 9 were significant. There were also 12 correlations between different variables tested. 

3x3 small sided games 
Physiological Differences: 
There were 4 correlations in the 3x3 small sided games. When alaysing the max heart rate, there was a correlation between the players heart rates and their RPE during the games. This explains that when one’s heart rate increased, their RPE also increased. In other words, the players found the small sided game to be a lot harder as their heart rate increased or when they worked harder. 

Another correlation was found when analysing the distance covered in the small sided game. It was found that as the distance increased so did the player’s RPE. In other words, as the players worked harder, they also travelled farther which resulted in a harder session. 

Fatigue: 
The last 2 correlations in the 3x3 small sided games were related to the countermovement jump differences. There was a correlation between the average heart rate and the height difference, and the number of sprints completed and the force of the jumps. In other words, as the average heart rate and the number of sprints increased, the jump height and the force of the jumps decreased. This explains that as the sessions increased heart rate and included more intensity, it decreased the effectiveness of the countermovement jumps, which relates to neuromuscular fatigue. 

5x5 small sided games 
Physiological Differences:
There were 6 correlations in the 5x5 small sided games. When analysing max heart rate and average heart rate, the RPE increased. Similarly, to the 3x3 small sided games, when the participants increased their intensity of work, which increases the average and max heart rate, they found the session to be more challenging, which therefore increased the RPE score. 

Fatigue:
Another correlation discovered with heart rate, was the average heart rate increased when the number of sprints increased. In other words, the more sprints that were completed, the higher the average heart rate increased.  

Two of the correlations referred to the countermovement jumps. It was found that when the average heart rate increased, the force of the jumps decreased. However, it was found that when the heart rate increased, the height of the jump increased.  

Finally, there was a correlation between the distance covered in speed zone 5 and the height difference in the counter movement jumps. It was found that as the athletes covered more distance, their height difference in their counter movement jumps increased. 


Heart Rate
Most of the physiological differences, in both the 3x3 and 5x5 games consisted of the heart rate being affected. In other words, anytime a participant’s heart rate increased, they found the training session to be more challenging, and as a result, there was direct correlation with fatigue after the session. Studies have proved that small-sided games can be used as a high-intensity training session and it can mimic the intensity of a match due to heart rates reaching close to maximal. 


A study compared players heart rate response during a small sided games of 2v2 and 8v8 and different types interval training where athletes worked for 10 seconds, rested for 10 seconds; worked for 15 seconds, rested for 15 seconds; and worked for 30 seconds, rested for 30 seconds. When the athletes were working, they were working at 100% of VO2 max. In other words, the work period was “all out” and the rest period was either active or passive recovery. 
The results of the study showed that small-sided games created similar heart rate responses than did several intermittent exercise sessions. 

This data is important to consider while competing at a university or recreation level when more underdeveloped players are more interested in games and socializing with peers. In other words, training sessions might not have as many participants, but in order to still get the same physiological benefits, coaches can use a small-sided game with the numbers that they have. 

Koklu et al (2013) investigated the effects of the pitch size on the physiological responses of young soccer players. He discovered that by enlarging the pitch size, there is an influence on heart rate and RPE. Furthermore, when pitch size per player is increased, the heart rate and percentage of heart rate max responses increased. The pitch size can cause players to cover a greater distance in a game played with and without ball possession. Also, when the pitch size increases, the pitch ratio per player is greater, which increases the run distance and necessity to be constantly moving. In other words, even if players do not have possession of the ball, they still have greater distance to cover while supporting their teammates. Therefore, players manifest a higher heart rate response. 
Fatigue
Data proved that after the 3x3 and 5x5 football sessions, the countermovement jump tests were lower than before the training sessions. Both training sessions showed that when the average heart rate increased and the number of sprints increased, the force and the height of the jumps decreased. 
When comparing the average height, power, and force produced from the countermovement jumps after 3x3 games and the 5x5 games, it is shown that the athletes produced less height, power and force after the 5x5 game than the 3x3 game. The average height comparison was 35.44cm in the 3x3 game and 33.15cm in the 5x5 game. The average power comparison was 4264.8W in the 3x3 game and 4007.8W in the 5x5 game. Finally, the average force comparison was 2131.5N in the 3x3 game and 1902.9N in the 5x5 game. 
As a result, this explains that the 5x5 training session, compared to the 3x3 training session could me more physically demanding. 

Oliver et al (2008) explain how the stretch-shortening soccer is used through a football game and is an important factor during exercise movements in sprinting and jumping. Therefore, any fatigue-induced impairment in the stretch-shortening cycle could then negatively affect football performance.  Furthermore, Oliver et al (2008) tested fatigue through jump performance after football-specific intermittent exercise. The football training consisted of intermittent activity where the average heart rate was reaching 88% of their maximal heart rate. As a result, the jump performance after the session decreased among all jump conditions. 

Nedelec et al (2005) explained that one football match can result in acute fatigue described by a decline in physical performance the following hours and days. Furthermore, 72 hours is required to achieve pre-match values for physical performance. Although this study focused on training sessions, the training sessions were created to mimic the same intensity as a football match, which therefore resulted in similar results. Post-football fatigue has many potential causes such as dehydration, glycogen depletion, muscle damage, mental fatigue, all due to the result of how physically demanding the sport is.  

This is resulted because of the physical demands of football causes fatigue. Andersson et al (2008) explains that average heart rates can reach up to 85% of maximal values, and peak heart rates are close to maximal. During a football game, many intense actions are performed resulting with levels of creatine-phosphate utilisation and glycolysis are also high during the match. One of the main resources of energy production is muscle glycogen, which can decrease in a game anywhere from 40-60%. Therefore, fatigue can be a result of depletion of glycogen in muscle fibres.

Strengths and Limitations 
A limitation in this study was not including a control group. Including a control group would have allowed the opportunity to compare the results to prove its effectiveness more. For example, this study could have used the University of Wales Trinity St. David’s women’s football team to compare the results of not implementing small-sided football games into their training. Another comparison could have been to the men’s team playing an actual football game in the league to compare the results of each athlete’s physiological responses. 
Considering this study was testing University athletes at a recreation level, there are some athletes who have had football experience, and some who have not. As a result, the players who have football experience will most likely have more endurance fitness than the players who just started. This could have affected heart rate results. 
Further Research
Further studies can research the physiological and fatigue effects of different sized small-sided games on different types of pitches. For example, replicating this study on a grass pitch and a 3G pitch may show different results because of the type of pitch. A study already completed by Nedelec et al (2013) on physical performance and subjective ratings after a football-specific exercise on natural grass and artificial turf found that artificial turf does not induce greater fatigue or delay the recovery process when compared to natural grass. However, this study did not have the players play intense small-sided games on these pitches so the results after this may be different. Also, the study was completed on players who regularly play on artificial turf so this would not reflect the results of most players who do not regularly play on artificial turf. 
Another key factor that could influence small sided games to consider is the use of goal keepers. A study showed that while playing an 8v8 small sided game with goal keepers, increased the players heart rate by 12% compared to the same game scenario but without goalkeepers (Dellal et al, 2008). The study further explained that with goal keepers, the intensity increased to protect their goalkeeper from the aims of scoring. In other words, the players had a greater motivation. Therefore, this could be a strategy to consider while coaches plan their training sessions for their players. 
Future studies could also research on different methods to measure neuromuscular fatigue and even test athletes after 24, 48, and 72 hours of training. Using different measures and time periods could prove different results. 

Conclusion
Abundant research has validated that small-sided games are often used by coaches because the greatest training benefits occur when the training stimulates the exact movement patterns and physiological demands of the sport (Halouani et al, 2014). In other words, player’s performance is enhanced when exercises are incorporated that mimic the requirements of competition. As a result of such physiological demands, neuromuscular fatigue can be present in athletes’ legs. Research on this topic has been focused on professional and semi-professional athletes, however very little investigating regarding its effects on recreational university level athletes exist.  
This study determined that 3v3 and 5v5 small sided games can produce physiological responses seen in football matches. As a result of both training scenarios, players can experience neuromuscular fatigue in their legs, and there was a greater response in the 5v5 trainings.
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Max and Average heart rates

3x3	AVHR	MAXHR	156	184	5x5	AVHR	MAXHR	141	181	Column1	AVHR	MAXHR	
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