
 

 

 

 

 
 

 

Unilateral or Bilateral Training to 

Improve Amateur Female Handball 

Players’ Sprint Acceleration and 

Change of Direction Ability 

 

- A Quantitative Study Comparing Two 

Training Methods 
 

Marcus M. Hawkins 
 

THE SWEDISH SCHOOL OF SPORT 

AND HEALTH SCIENCES 

Bachelor Thesis 95:2015 

Sport Science and Sport Coaching Program 2013-2016 

Supervisor: Mikael Mattsson 

Examiner: Pia Lundqvist Wanneberg 



 

 

Abstract 
Aim  

The aim of the study was to identify the difference between unilateral and bilateral training 

and their effect on female handball players sprint acceleration and change of direction (COD) 

ability. The research question was “What differences are there between the effect of combined 

training performed unilaterally and training performed bilaterally on female handball players’ 

sprint acceleration ability and COD ability?” 

 

Method  

60 female (age: 20 ± 5yr) handball players participated in the study, 30 in each group. A loss 

of 30 subjects occurred, leaving total of 30 subjects finished the study, 15 in each group. The 

subjects performed two tests before initiating a combined training protocol, inducing strength 

and plyometric exercises. The first test consisted of a 10-meter straight sprint that was also 

divided into a 5-meter split, which measured their sprint acceleration by using Ivar Run 

System. The second test was a modified version of Spasic’s (2015) handball specific COD 

assessor. After the baseline-test, the subjects participated in a six-week long training protocol, 

one plyometric workout a week and one strength workout a week. Once the six weeks were 

completed, the same tests were performed. The data was recorded in Microsoft Excel (2016, 

Seattle, USA) and analyzed in IBM SPSS (2013, version 22.0, New York, USA). 

 

Results  

Statistically, unilateral training has proven to be a more effective training method to improve 

the first 5-meters (p=0,013) of the 10-meter sprint acceleration test and not the other areas. 

Whilst bilateral training has proven to be more effective training method to improve the total 

time of the 10-meter sprint acceleration test (p=0,035). Both groups have statistically shown 

no significant difference in the COD-ability test. 

 

Conclusion 

Crucial standardization errors were made during this study, which in turn could have impaired 

the results greatly. A cautious approach to a solid conclusion should be considered, due to the 

standardization errors and the fact, that the subjects were not used to a training protocol being 

systematically structured. More research with a similar perspective has to be brought about, 

focusing on the long-term effect and maybe even on elite players. 



 

 

Sammanfattning 
 

Syfte och frågeställningar  

Studiens syfte var att ta reda på om unilateralt baserat träning eller om bilateralt baserat 

träning var effektivast för att förbättra sprint acceleration och riktningsförändringsförmåga 

(COD). Frågeställningen lyder; Skiljer sig effekten av kombinerat träning som utförs 

unilateralt från bilateralt på kvinnliga handbollsspelare som tävlar på amatörnivå? 

 

Metod  

60 kvinnliga handbollsspelare (age: 20 ± 5yr) deltog i studien. Totalt genomförde 30 stycken 

deltagare hela studien, 15 per grupp, vilket innebär ett bortfall på 30 stycken. Innan 

träningsperioden började fick deltagarna genomföra två förtester. Första testet var ett 10-

meters sprint accelerationstest, som hade splittider på 5-meter, andra testet var en modifierad 

Spasics (2015), som är ett riktningsförändringsförmågatest. De testades tider mättes med 

IVAR Run system. Efter testerna, genomförde deltagarna ett sex-veckors långt 

träningsprogram, varje vecka genomfördes ett styrkepass och ett plyometriskt träningpass. 

Eftertester genomfördes efter träningsperioden, resultatet från testerna antecknades i 

Microsoft Excell (2016, Seattle, USA) och analyserades i IBM SPSS (2013, version 22.0, 

New York, USA). 

 

Resultat  

Resultatet visar att unilateral träning är en mer effektive träningsmetod för att förbättra de 

första 5-meterna (p=0,013) i 10-meter sprint accelerationstestet, men inte i de andra delarna. 

Däremot visar det sig att bilateral träning har en statistiskskillnad (p=0,035) på hela 10-meters 

sprint accelerationstestet, men inte de första eller sista 5-meterna var för sig. Både grupperna 

visade ingen statistiskskillnad i riktningsförändringstestet. 

 

Slutsats 

Standardiseringsmisstag gjordes under studiens gång, som kan ha haft direkt påverkan på 

resultatet. Innan en slutsatsen dras, bör man ta hänsyn till misstagen som begåtts ur ett 

standardiseringsperspektiv och att deltagarna var ej vana att genomföra ett träningsprogram 

som var systematiskt strukturerat. Mer forskning inom samma område, utifrån samma 

perspektiv behövs göras, särskilt långsiktiga studier och kanske även på elitspelare.  
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1 Introduction 
Many sports are performed with unilateral movements, such as running, walking, playing 

handball and basketball (with some exceptions). Although, there are also sports consisting of 

bilateral movements, such as powerlifting, weightlifting, breast swim and the butterfly swim. 

Roget’s 21st Century Thesaurus (2015) defines the word “unilateral” as “one-sided” and 

“bilateral” as “reciprocal” i.e. two-sided. Applying the definition to the previously mentioned 

sports, it can be concluded that depending on the sport, movements occur with either one leg 

and arm, or with both legs and/or arms simultaneously. 

 

Bompa (2009) states that when physiologically adapting to an external stress, i.e. training, the 

adaptation will differ depending on what is being trained, meaning, what kind of demands is 

the training placing on contraction type, force generation pattern, muscle recruitment pattern 

and the metabolism. When a trainer recognizes these specific demands being placed by the 

sport, they can start to construct a training regimen specified for that particular sport. 

 

When performing bilateral exercises, people tend to produce more force with the dominant 

leg, rather than producing an equal amount on both legs (Lanshammar & Ribom 2011). 

Logically, this would result in the dominant leg becoming even more dominant and creating a 

greater asymmetry between the legs. Naturally, it would seem logical, for an example a 

handball player, to apply unilateral exercises that place similar physiological demands as the 

sport itself and to prevent asymmetry to occur. 

 

1.1 The Physiological Demands of Handball 

Despite being an Olympic sport since 1972, and one of the most prominent team sports for 

men and women worldwide, the scientific knowledge regarding the physiological demands in 

the sport is scarce (Póvoas et al. 2014). 

 

A handball game consists of two periods (30 min each), separated by a half-time break (<15 

min). The amount of time handball players stands still or walks comprise up to 70 % of the 

game. Given that, you would assume it is a very slow and calm sport where not a lot happens, 

however, once you watch a game, you would quickly reconsider your previous assumption. 

Handball is intense and one of the fastest team sports in the world, due to the amount of 
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repeated high-intensity sprints, jumps, body contact, duels, changes of direction and specific 

technical movement patterns occurring in response to the various tactical situations of the 

game (Karcher & Buchheit 2014). Handball is in other words a sport with high anaerobic 

demands on legs and arms that rely on the athletes’ aerobic capacity to recuperate between the 

anaerobic inputs (Kounalakis et al. 2008). According to Póvoas et al. (2014), all positions in 

handball have more or less high intensity situations and actions. These situations and actions 

require the players’ physical state to meet the intensive demands. This can be done by 

implementing a training regime to specifically suit the players position. Meaning players that 

perform several explosive jumps and movements in various directions etc. should train in 

such a manner where their body has become skillful in those particular neurological demands 

(Bompa 2009. p. 9-11). 

 

1.2 Adaptation and how it Works 

If trainers wish to improve certain physiological aspects in their athletes, certain training 

stimulus has to be achieved in order for the desired physiological adaptations to take place. 

This is due to the fact that adaptation is eminently specific to the type of training undertaken, 

training programs must be established on the energy systems dominant in the sport, as well as 

the motor abilities required by the sport and the skills of the sport (Bompa 2009. p. 9-11). 

Baechle & Earle (2000) states that training should have similar demands as the sport being 

trained for, such as the metabolic demands, and the neuromuscular demands. Which implies 

athletes training for sports consisting of unilateral or bilateral movements, should be 

implementing unilateral or bilateral exercises with similar neurological and physiological 

demands as the sport, in to their training regimens. 

 

For a trainer to improve athletes’ performance, he must expose the athlete to a systematic and 

progressive increase in training stimuli that is constructed to elevate the athlete’s 

physiological performance capacity. Consequently, it is of utmost importance that the trainer 

designs training programs that can systematically challenge the adaptations of the bodies’ 

main functions, such as the neuromuscular function (Coffey & Hawley 2007), our metabolism 

(Maughan & Gleeson 2006), and the cardiorespiratory system (Kenney, Wilmore & Costill 

2012, p. 27, 49, 69, 113) 
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1.3 Speed and Acceleration 

Handball consists of many high intensive situations, that consists of repeated high-intensity 

sprints, jumps, body contact, duels and changes of direction (Karcher & Buchheit 2014). To 

perform these movements efficiently and for the players’ ability to perform well for the team, 

they have to improve their ability to accelerate quickly to high speeds and effectively change 

directions in in-game situations (Murphy, Lockie & Coutts 2003; Rienzi et al. 2000). 

 

Speed is the ability to cover a distance quickly. Harnessing the ability to move quickly in a 

straight line is an essential component of successful performance in a vast variety of sports 

(Little & Williams 2005; Moir et al. 2007). Acceleration is the capability to increase 

movement velocity in the least amount of time as possible (Little & Williams 2005). 

Acceleration determines the performance in sprinting abilities over short distances (e.g., 5-10 

m) and it is commonly measured as velocity (Murphy, Lockie & Coutts 2003). In team sports, 

such as football and handball, the ability to accelerate can determine successful sport 

performance (Little & Williams 2005; Murphy, Lockie & Coutts 2003). In team sports sprints 

are often initiated while athletes are moving at slower speeds (Young et al. 2001) or when 

athletes want to make a breakaway or want to initiate a tackle (Murphy, Lockie & Coutts 

2003; Rienzi et al. 2000). Therefore, an athletes’ ability to accelerate quickly in the first few 

steps is crucial for an effective game play (Murphy, Lockie & Coutts 2003). 

1.4 Improving Acceleration and COD Performance 

A considerable amount of literature reports significant correlations between lower-body 

strength, measured with the back squat exercise, and sprint performance (Laurent et al. 2014; 

Baker & Nance 1999; Comfort, Bullock & Pearson 2012; McBride et al. 2009; Seitz, Trajano 

& Haff 2014; Wisløff, Castagna & Helgerud 2004), as well as plyometric exercises, such as 

counter movement jump (CMJ), and depth jump (DJ) (Warren 2006; Warren, Steve & Scott 

2014).  

An effective way for handball coaches to increase their athletes’ sprint acceleration and COD 

ability is by incorporating plyometric exercises (Warren 2006; Warren, Steve & Scott 2014) 

and strength training exercises (López-Segovia 2011; 2014; Watts 2015), in such a manner 

where the bodies’ homeostasis is disrupted and forced to improve in such areas. Although, 

combining plyometric and strength training has shown to have greater significance when it 

comes to increasing the height of a vertical jump and leg strength (Alberto, Paulo & Eduardo 
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2014; Zatsiorsky 1995). Improving players’ ability to jump higher, further and in general 

produce more power with the leg, has been suggest to result to faster 10-meter sprint time and 

improved capability to change directions in in-game situations (Jorgen & Ian 2012; Neale, 

Matthew & Jonathan 2013; Watts 2015; Lockie et al. 2014).  

1.5 Unilateral and Bilateral Contractions 

Unilateral training and bilateral training can be practiced in many forms, e.g. plyometrics, 

strength training, and stretching. As scarcely mentioned earlier, unilateral and bilateral is 

defined as one-sided and two-sided. A unilateral contraction occurs when one extremity 

contracts at a time, whilst bilateral contraction occurs when both extremities contract 

simultaneously. 

 

When a bilateral contraction takes place, a phenomenon known as Bilateral Force Deficit 

(BFD) occurs, the term BFD has been used to illustrate the performance reduction in a 

bilateral contraction when compared to two unilateral contractions. It is when the resultant 

force from a bilateral homonymous contraction is less than the combined force of individual 

limb contractions (Jakobi & Chilibeck 2001; MacDonald et al. 2014). In other words, the sum 

of two maximal unilateral contractions will most likely be greater than a single maximal 

bilateral contraction (Nijem & Galpin 2014; Luiz et al. 2013; Costa et al. 2015 & Ronei et al. 

2012).  

 

The result of a considerable amount of studies (Nijem & Galpin 2014; Luiz et al. 2013; Costa 

et al. 2015 & Ronei et al. 2012; Jakobi & Chilibeck 2001; MacDonald et al. 2014) conclude 

that unilateral training might be more effective than bilateral training in increasing strength. 

This is due to the fact that a higher intensity and muscle stimulation can be reached with 

unilateral strength training (Ronei et al. 2012). On the other hand, a substantial amount of 

studies also provides evidence that bilateral exercises are effective for improving sprint 

acceleration and COD ability (Laurent et al. 2014; Baker & Nance 1999; Comfort, Bullock & 

Pearson 2012; McBride et al. 2009; Seitz, Trajano & Haff 2014; Wisløff, Castagna & 

Helgerud 2004; Warren 2006; Warren, Steve & Scott 2014). 
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1.5.1 Unilateral and Bilateral Training as Sports Specific Training 

Studies have shown that unilateral training for upper extremities improve handball players 

throwing ability (Raeder, Fernandez & Jerrauti 2015). Whilst Zbigniew et al. (2013) claims 

that sport specific training in the form of sprinting, is unnecessary for adolescent football 

players. Bompa & Haff (2009) states that too much sport specific training can result in 

athletes becoming bored or even worse, over-trained. Bompa & Haff (2009) claims that sport 

specific training is a must to maximize competitive success. Along with this statement, sport-

specific training has also shown that both unilateral and bilateral exercises have been used for 

rehabilitation and pre-rehabilitation purposes, for muscular ruptures in M. Semitendinosus, M. 

Semimembranosus and M. Biceps Femoris (Verrall, Slavotinek & Barnes 2005; Finch et al. 

2013). Concluding the previously referred sources, to train sports specifically does not only 

have benefits for athletes’ performance, but may even be beneficial in reducing the 

frequencies of sport injuries. 

1.6 Previous Research 

An extensive amount of studies has shown athletes performing unilateral and bilateral 

strength and plyometric exercises and the effect they have on power output, maximal strength, 

horizontal and vertical jumps, and the effect they have on athletes sprinting ability (López-

Segovia & Mario 2011; López-Segovia & Dellal 2014; Alberto, Paulo & Eduardo 2014; 

Zatsiorsky 1995; Jorgen & Ian 2012; Neale, Matthew & Jonathan 201; Giorgos, Theophilos & 

Nikos 2011; Asadi 2013; Silveira 2012; Nijum & Galpin 2014; Luiz et al. 2013; Costa et al. 

2015). 

After a thorough literature search, no found studies has approached this field of research from 

the same perspective as the current study, i.e. a comparison between unilateral and bilateral 

training protocols consisting of combined exercises, plyometrics and strength training, and the 

effect they have on sprint acceleration and COD ability. 

Very few long-term studies, have observed strength training and its effect on sprint 

acceleration (Barr et al. 2014) as well as jumping ability (Sheppard & Newton 2012). The 

same holds true for the effects of plyometric training on sprint acceleration and jumping 

performance (Markovic & Mikulic 2010), compared to immense amount of short-term studies 
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(López-Segovia & Mario 2011; López-Segovia & Dellal 2014; Alberto, Paulo & Eduardo 

2014; Zatsiorsky 1995; Jorgen & Ian 2012; Neale, Matthew & Jonathan 201; Giorgos, 

Theophilos & Nikos 2011; Asadi 2013; Silveira 2012; Nijum & Galpin 2014; Luiz et al. 

2013; Costa et al. 2015). 

1.7 Aim 

The aim of the study was to identify differences in training effect between unilateral and 

bilateral training on female handball players’ sprint acceleration ability and COD ability, by 

using combined exercise protocols, including plyometric and strength training.  

• What differences are there between the effect of combined training performed 

unilaterally and training performed bilaterally on female handball players’ sprint 

acceleration ability and COD ability? 

 

2 Method 
This study addressed the question as to whether unilateral or bilateral training was more 

effective in improving sprint acceleration and COD-ability. The study has a quantitative 

approach, and the method used to collect data was through physiological performance tests 

before and after a six-week long combined training protocol. The tests consisted of a 5 and 

10-meter sprint and a COD ability assessor. The data was entered in Microsoft Excel (2016, 

Seattle, USA) and analyzed in IBM SPSS (2013, version 22.0, New York, USA). 

 

2.1 Subjects 

Sixty female subjects (age: 20 ± 5yr), from three different teams participated in the study, 

thirty in the unilateral group and thirty in the bilateral group. Convenience sampling was 

conducted when picking the subjects (Emerson 2015). The subjects are amateur handball 

players, playing in division two and three in Sweden. The subjects have no/limited previous 

experience of systematic and progressive strength training regimes. The subjects’ 

anthropometrics varied, everything from their bodyweight (69 ± 18.5kg) and length (170 ± 

20cm). Towards the end of the training protocol a total of thirty subjects did not finish, due to 

prolonged illness, injuries that occurred during games and lack of motivation, leaving a total 

of thirty subjects finishing the study. Fifteen in the unilateral group and fifteen in the bilateral 

group.  
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2.2 Tests and Standardization 

Before and after the training protocol, the subjects participated in two test occasions, where 

sprint acceleration and COD ability were measured. The first test consisted of a 5 and 10-

meter straight sprint and the second test was a modified version of Spasics’ (2015) COD 

assessor test (figure 1).  

The results from both test occasions were measured with IVAR Run System. Before each 

specific test, the subjects were permitted to a familiarization test. Each subject had three tries 

at each occasions, and the best results were used in the analysis. The subjects were instructed 

not to train the day before tests, and that no performance enhancing supplements were 

permitted. The test occasions were held the hour immediately preceding their normal training 

started. 

Before the tests, the subjects were instructed to perform their regular warmup routine, which 

consisted of 10 min of jogging, dynamic stretching and a few footwork drills. The first test 

performed was the 10-meter sprint, which was divided into 5 m splits. The subjects’ recovery 

times between the runs were the amount of time it took the team to perform one run each (>60 

sec). After the sprint tests were completed by all athletes they were allowed a 5-minute rest 

before performing the COD ability test. During that time, a quick and informative 

presentation of the test was given. Same standardization applied to the COD ability test. All 

subjects were permitted a familiarization test, and had three tries to achieve the best result 

possible.  

2.2.1 Handball Specific COD-Test 

Spasics (2015) COD ability assessor was modified to suit the technology available. The 

difference between the modified version and the original was the removal of cones that light 

up randomly, to eliminate the subjects’ freedom of direction choice. Instead, the cones that 

were originally connected to Spasics’ Ivar system had been hypothetically disconnected and 

replaced with a tape-marked spot on the floor, that did not light up. 

 

The tests starting position is the same as the original test, and the distance to the X-marked 

spot is 3 meters. The Ivar Run system was placed by the starting line instead of 1.5 meters in 

front. The subjects ran in a straight line towards the X-marked spot, then ran laterally to the 

left cone, then laterally back to the X-marked sport, and continued to run laterally to the right 
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cone, then once again laterally back to the X-marked spot and finished off with a backwards 

sprint to where they started. 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1.  Handball specific COD ability assessor based from Spasics (2015). 

 

2.2.2 10meter Sprint Acceleration Test 

The 10-meter Sprint Acceleration Test was measured with a tape measurer and marked out 

with duck tape. The Ivar Run sensors were placed at 0m, 5m and 10m mark, the starting point 

for the subjects was marked out 50cm behind the first sensors.  

 

2.2.3 Exercise Standardizations 

Throughout the six-weeks of training, the subjects were instructed to perform a total of 

twenty-seven different exercises. Twenty-four plyometric exercises and three strength 

exercises. The difference between the plyometric and strength exercises is that plyometric 

consists of movements with only the subjects bodyweight. Meanwhile the strength exercises 

were performed with external weights (e.g. barbells, dumbbells, medicine balls etc.). 

 

Determining the weight was up to the subjects, they were informed to find a weight that 

suited their strength and was just enough to manage the desired amount of repetitions. 
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All type of squat movements were instructed to be performed down to 90-degree knee angle. 

This exercises were back squat, front squat with medicine ball, and single legged squat, see 

figure 2, 3, and 5.  

 

 
Figure 2, demonstrates a bilateral back squat, as well as the desired knee angle. The weight of 

the barbell was decided by the subjects and what they thought they could handle. 

 

 

 

 
Figure 3, demonstrates a bilateral front squat with medicine ball, as well as the desired knee 

angle. The weight of the medicine ball was 10kg, heavier weights were not used due to lack 

of equipment. 



10 

 

 

 

 
Figure 4, demonstrates a unilateral exercise called single legged squat, along with the desired 

knee angle. The weight was determined by the athletes own perception of what they were 

capable of. 

 

Along with the different squat exercises, the two groups were instructed to perform bilateral 

and unilateral Hip Extensions and Lunges, see figure 5, 6 and 7. 

 
Figure 5, a bilateral hip extension performed with desired execution. The weight was 

determined by the athletes own perception of what they were capable of. 
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Figure 6, a unilateral hip extension performed with the desired execution. The weight was 

determined by the athletes own perception of what they were capable of. 

 
Figure 7, a demonstration of the unilateral exercise lunge being performed with the desired 

angles. The weight was determined by the athletes own perception of what they were capable 

of. 

 

All strength exercises were demonstrated with a certain tempo, the tempo which the strength 

exercises were to performed at was “@30X0”. Meaning the first number equals a three 
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second eccentric phase, the second digit equals a zero second paus at the bottom of the 

movement, the letter X represents an explosive concentric phase and the fourth and final 

number represents a zero second paus at the peak of the concentric movement. 

 

2.3 Training Protocol 

Participants in both the unilateral and bilateral group were instructed to avoid any other 

training that was not associated with the handball team. The subjects participated in two 

training sessions per week, one plyometric and one strength training session. The two sessions 

occurred Monday and Wednesday or Tuesday and Thursday. The six-weeks training protocol 

started week 42-43 and ended week 48-49. The training protocol was inspired by Andrejic 

(2012), see appendix 2. Over the course of the protocol, the intensity of the workouts 

increased by increasing the weight, whilst the volume decreased by lowering the repetitions, 

in order to prevent the subjects becoming over-trained, bored or reaching a plateau (Bompa & 

Haff 2009, p. 86-87).  

 

The strength protocol consisted of three exercises that focused on developing strength and 

power in Mm. Quadriceps, M. Gluteus Maximus, M. Semitendinosus, M. Semimembranosus 

and M. Biceps Femoris, all muscles that contribute to the capability of jumping. The 

plyometric protocol consisted of four exercises that focused on developing power in Mm. 

Quadriceps, M. Gluteus Maximus, M. Semitendinosus, M. Semimembranosus, M. Biceps 

Femoris, M. Soleus and M. Gastrocnemius. 

 

2.4 Data Analysis 

The test results were entered in Microsoft Excel (2016, Seattle, USA), and analysed and 

compared in the statistic program, IBM SPSS (2013, version 22.0, New York, USA). The data 

is reported as means ± standard deviations (SD). Differences between the two groups were 

reported as mean difference. Student’s T-Test for independent samples was used to determine 

the differences in sprint acceleration and COD-ability between the two groups. The p<0.05 

was considered as statistically significant. 
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2.5 Validity, Reliability and Ethical Considerations 

To ensure validity and reliability, pilot-trainings were executed by the subjects, so that they 

would be familiar with the standardizations of the exercises to be performed. The subjects 

were also permitted to familiarize themselves with the standards of the sprint acceleration and 

COD ability tests.  

 

Since the study was conducted within the framework of a college education, meaning there 

was no requirement to report the study to the Ethical Review Board. However, the ethical 

guidelines relevant to the study’s purpose were considered and followed. The subjects were 

informed verbally and in written about the consentient requirement, which clearly stated that 

their participation in the study was voluntarily, and that they, at any time, could discontinue 

their participation. The subjects were further informed that their identity would be kept secure 

and non-accessible by the public. They were also informed that the data collected from the 

study would strictly be used for research purposes (Vetenskapsrådet, 2002). 

 

Ivar Run System was used to conduct the tests, an issue occurred and came to mind when 

performing the tests. Since the tests were executed indoors on a handball court, the sensors 

stability were effected by the subjects making the floor sink. Other than that, no other 

problems were detected. 

3. Results 
The results will be presented in milliseconds (ms). The results indicate that there was a 

significant difference in the unilateral group during the first 5-meters (p= 0.013). However, no 

statistical significant difference was found in the bilateral group results (p=0.536), see figure 

8. 
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Figure 8, illustrates a comparison in the time improved during the first 5-meters of the sprint 

acceleration tests between the groups. The time unit used is milliseconds (a hundredth of a 

second). 

 

Along with the first 5-meters, there was a significant difference (p=0.004) in the unilateral 

group last 5-meters of the 10-meter sprint acceleration test. Although, no significant 

difference was found in the bilateral group results (p=0.449) in the last 5-meters, see figure 9. 

 

 
 
Figure 9, illustrates a comparison in the time impairment during the last 5-meters of the sprint 

acceleration tests between the groups. The time unit used is milliseconds (a hundredth of a 

second). 

 

 

0

1

2

3

4

5

6

7

UG BG

First	5-meters

7

1

-8

-7

-6

-5

-4

-3

-2

-1

0

Last	5-meters

UG BG

-8

-1



15 

 

Furthermore, there was no significant difference (p=0.591) found in the unilateral group result 

of the 10-meter sprint acceleration test. However, the results of the bilateral group indicate 

that there was a significant difference (p=0.035) in the total time during the 10-meter sprint 

acceleration test, see figure 10 

 

 
 
Figure 10, illustrates a comparison in the time improved in the 10-meter sprint acceleration 

tests between the groups. The time unit used is milliseconds (a hundredth of a second). 

 

In addition, no statistical significant improvement was detected in the COD-ability tests in the 

unilateral group (p=0.384) and the bilateral group (p=0.551) when comparing the baseline-test 

with the post-test, see figure 11. 
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Figure 11, illustrates a comparison between the groups difference in time improvement in the 

COD-ability tests. The time unit used is milliseconds (a hundredth of a second). 

3.1 Results, Time Improvement and Impairment Comparison 

The result of the 10-meter sprint acceleration test, show that the unilateral group improved 

with 10ms (4.8%) and the bilateral group improved 3ms (1.5%), see figure 10. In addition, the 

unilateral group improved the first 5-meters of 10-meter sprint acceleration test with 7ms 

(6%), while the bilateral group improved with 1ms (1%), see figure 8. Furthermore, the 

results shown by the groups from the last 5-meters of the 10-meter sprint acceleration test, 

indicate an impairment in time. The unilateral group appeared to be 8ms (10%) slower after 

the training period, whilst the bilateral group time impairment was 1ms (1%), see figure 9. 

Additionally, the unilateral group showed slight improvement in the COD-ability test, 5ms 

(1%). The bilateral group showed less of an improvement in the COD-ability test, 2ms 

(0.5%), see figure 11. 

3.2 Result Summary 

Statistically, unilateral training has proven to be a more effective training method to improve 

the first 5-meters (p=0,013) of the 10-meter sprint acceleration test, but not in other areas. 

Whilst bilateral training has been proven to be a more effective training method to improve 

the total time of the 10-meter sprint acceleration test (p=0,035). Both groups have statistically 

shown no significant difference in the COD-ability test. However, when overlooking the 

statistical point of view, an improvement in time can be found in both groups in all areas 

besides the last 5-meters. Nonetheless, the unilateral group showed greater improvement in 

the total time of the 10-meter acceleration test, the first 5-meters and the COD-ability test. 

Whilst the bilateral group show a lesser impairment in the last 5-meters of the 10-meter sprint 

acceleration test, see figure 8,9,10 and 11. 

4. Discussion 
The aim of the study was to identify the difference between unilateral and bilateral training 

and their effect on female handball players and their sprint acceleration and COD ability, this 

was conducted by using a combined exercise protocol, including plyometrics and strength 

training. The study has a quantitative approach, the method used to collect data was through 

two baseline-tests and post-test. In between the two test periods, a six-week long combined 

training protocol was implemented with the purpose to improve the baseline-test results. The 
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tests consisted of a 10-meter sprint, which also measured a 5-meter split time and a modified 

Spasics’ COD ability assessor.  

4.1 Result Discussion 

The results indicate that there is a significant difference in the unilateral group during the first 

5-meters (p= 0,013) and the last 5-meters (p=0,004) of the 10-meter sprint acceleration test. 

Unlike the bilateral group where there appeared to be no statistical significant difference in 

the first (p=0,536) and last 5-meters (p=0,449). However, there was a significant difference 

(p=0,035) in the bilateral group total time in the 10-meter test, unlike the unilateral group 

(p=0,591). Both groups showed no significant difference in the COD-ability test (Unilateral; 

p=0,384 & Bilateral; p=0,551). 

 

Quite a few factors may have impaired with the results of the study. First of all, and probably 

the one factor that caused the biggest impairment is not being clear enough on the importance 

of continuing to sprint even after crossing the desired distances. When analyzing the time 

impairment during the last 5-meters of the 10-meter sprint acceleration test, the suggestion of 

not being clear enough about continuing to sprint after the desired distance, seems more 

feasible. Since there were rather impressive improvements during the first 5-meters and the 

total time of the 10-meter sprint acceleration test. Speaking from experience, this occurs 

rather often when the test-leader is not clear enough on the desired response. However, since 

the bilateral groups impairment, was not as great as the unilateral group (1% impairment 

compared to a 10% impairment), they may have had earlier experiences of doing similar test. 

If that is the case, that could be a misleading result that implies that bilateral training leads to 

a lesser stagnation in time compared to unilateral training. 

 

The Furthermore, the absences of the author at the training sessions, may have had an un-

wanting effect on the subjects’ performance and execution of the exercises. When absence 

from the training sessions, the author has to rely on the subject’s word when asked if all 

training sessions have been preformed and executed correctly with the desired tempo, sets, 

reps and intensity. But since this is hard to prove without actually knowing if anything of the 

previously mention errors that could’ve occur have actually occurred. Then there is no 

necessity to speculate further. 
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When comparing the results of both group, from the perspective of time difference, there were 

no outstanding deviations. However, one must not forget that the distance of the tests was 

incredibly short, and to improve several milliseconds (ms) in just 5 and 10-meters is 

remarkable. For an example, the unilateral group improved a total of 7ms (1.17s to 1.1s) in 

the first 5-meters. Which, with a little mathematics, means they could sprint 30cm further, 

within the same time frame of the baseline-test result. Nonetheless, the unilateral group 

showed greater improvement in the total time of the 10-meter acceleration test, the first 5-

meters and the COD-ability test. 

4.1.1 Results Compared to Other Studies 

Roberto et al. (2012), discussed and researched two different training methods and the effect 

they have on untrained men and women. In conclusion, the results showed that unilateral 

method had a greater effect than bilateral method. However, both groups showed sufficient 

improvement after the training period. When trying to predict the outcome of this study, there 

was some uncertainty on which group would responded the best to the training, since all 

subjects weren’t experienced with a systematical designed strength protocol. So an 

improvement in both groups was expected, but which one would be a more superior method. 

A similar outcome was expected in this study. However, there was still some uncertainty to 

what group would respond the best, since both groups had little to no experience with a more 

or less properly structured strength training program. 

 

Furthermore, previous studies show that unilateral training is more effective on sprinting 

ability than bilateral training (Nijem & Galpin 2014; Luiz et al. 2013; Costa et al. 2015 & 

Ronei et al. 2012; Jakobi & Chilibeck 2001; MacDonald et al. 2014). Comparing the results 

from the mentioned studies seem to coincide with the results of this study. However, 

according to other studies (Laurent et al. 2014; Baker & Nance 1999; Comfort, Bullock & 

Pearson 2012; McBride et al. 2009; Seitz, Trajano & Haff 2014; Wisløff, Castagna & 

Helgerud 2004; Warren 2006; Warren, Steve & Scott 2014), bilateral training was proven to 

be more effective on sprint acceleration and COD ability. Comparing the results of these 

studies to the results found in this one, it can be a bit more difficult to conclude which method 

is more effective. This study showed that unilateral training was more effective on all plains. 

Knowing the effect of both training methods, it would be interesting to find if combining both 

methods would result in even better outcome. 
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4.1.2 Result Summary Discussion 

According to Bompa (2009), when physiologically adapting to an external stress, the 

adaptation will differ depending on what is being trained. Depending on the demands placed 

contraction type, muscle recruitment pattern, the metabolism and force generation pattern etc. 

the result in an adaptation will differ. This is due to the fact that adaptation is highly specific 

to the training stimuli. Knowing that handball is a sport that consists of unilateral movements, 

it could be considered foolish not to predict another outcome than what this study’s’ result 

presented. The unilateral training method proved to be a more effective method than the 

bilateral training. However, one should not exclude one method because another is better, one 

might instead consider to combined the methods and measure the outcome. Another 

interesting approach to this study, would’ve been to measure how both methods would’ve 

effected subjects that were well-trained. Meaning how would a systematic strength and 

plyometric training program being performed unilaterally and bilaterally effect well-trained 

subjects and their sprint acceleration capacity and their change of direction ability? 

4.2 Method Discussion 

The method used in the study is relevant to the aim of the study. In general, to measure 

physical performance, certain instruments are used depending on what is to be measured. For 

this study, time is the key component and is what is interesting to look at. Measuring a 

straight ahead sprint can be done in only so many ways, the variable that would change the 

most would be the length of the sprint. Otherwise an electronic system equipped with sensors 

using photocells might be a common method, other methods that can be used, would be 

something like a stop-watch, although the time can differ quite a bit. Since the result would 

depend on the time-takers reaction time. 

 

4.3 Subject Discussion 

Before the post-tests were conducted a total of 30 subjects drop out of the study, leaving a 

total of 30 subjects whom completed the study. There were many reasons for the dropping 

out, five of the subjects dropped out because they did not feel like continuing with the study. 

Another seven stated that they were sick in the beginning and didn’t bother to tell the author 

about they absence from training until the post-testing day. Four of the subjects went of 

holiday for two weeks, missing 33% of the workouts. However, according to two of them, 

they claimed to have worked out whilst they were away. Even though they may have not 
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missed a workout, they did not perform their normal training routines and the jetlag may have 

disrupted the body’s hormonal balance. Thus leading to unreliable result. Eight of the subjects 

claimed to have injured themselves severally enough during a handball game, that could no 

longer participate in the study. The coach of the remaining seven claimed that they missed the 

final week of training and didn’t mention it to the author until the post-testing day. 

 

All reasons mentioned above, are reasons that were to be expected. However, the amount of 

drop outs was immensely larger than predicted. The fault may lay in the author, the 

importance of being informative enough at the start and mention, that anyone who knows that 

they will probably not follow through, or are going away on vacation shouldn’t participate.  

And that if anyone during the training period missed out on a training session, due to various 

should inform their coach whom can inform the author about it. Therefore, the author can 

either prolong the subjects training protocol or tick them off as losses, depending on how the 

time schedule to the deadline. 

 

4.4 Standardization Discussion 

The standardization of the training exercises and the tests occurred verbally with the subjects 

and the subjects’ trainer. An attempt to explain to the subjects and their trainer on how each 

exercise and each test was to be executed as pedagogically and as thoroughly as possible. The 

tempo of each exercise was verbally explained and physically demonstrated, the same goes to 

the how the subjects were instructed to perform the tests. Every two weeks, the plyometric 

exercises were switched for new ones, thus every two weeks a new physical demonstration of 

the new exercises occurred.  

 

Despite the standardization of each exercise and test being as thorough as thought to be, a 

crucial mistake was made. When performing a sprint acceleration test, it is of utmost 

importance to instruct the subjects to continue running after the desired length. This is 

incredibly relevant, due to the fact that, when the subjects started to approach the finish-line, 

they tended to decelerate, thus impairing the results, this most likely occurred on both test 

occasions. 

 

Further more, when explaining the standardizations for the strength exercises, a simple 

demonstration of the desired angles occurred. In hope to lessen the chance of the subjects 
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executing the exercises incorrectly. However, there should’ve been a regular usage of a 

goniometer to ensure the right angles were performed as often as possible. 

4.4.1 The Authors Presence 

Another factor to notify is the authors attendance during the study’s period. As mentioned 

before, the subjects participated in two training sessions a day Monday and Wednesday or 

Tuesday and Thursday. A total of 36 training sessions executed and divided by the three 

teams. 

 

Despite being well aware that it is crucial to be present when the subjects perform their 

training regimens, there has been a lack of attendance (50-55% presences) on behalf of the 

author. This is due to personal reasons at home. Naturally, a low attendance can directly effect 

the outcome of each training session, the tempo might have been changed, the angle of squats 

might have been too small or too big or the rest in between each set and exercise might have 

been shortened or prolonged. All this can effect the outcome of the whole training protocol, 

by impairing the final results. 

4.4.2 Warming Up for the Tests 

As mentioned earlier, the athletes were permitted to perform their regular warmup routine 

before participating in the tests. The warmup consisted of 10-15-minutes of low intensity 

jogging, 5-minutes of dynamic and static stretching, a long with a couple of foot-work drills. 

All three teams did not have similar warmup routines; thus no standardization was made. For 

future reference, a formal warmup routine should be made to standardize the testing occasions 

even further. 

 

Why warmup routines should be considered is that post activation potentiation (PAP) is a 

phenomenon to take in to account. A meta-analysis done by Seitz & Haff (2016) discuss the 

effect of PAP on various conditioning activities. In conclusion they summarize the results of 

their meta-analysis by stating that the effect of PAP varies depending on how well-trained an 

athlete is, what type of conditioning activity is to be performed after PAP, along with other 

variables. They also mentioned that PAP does has an effect on sprinting ability, which is why 

a standardization error was during the warmup. 
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4.5 Training Protocol Discussion 

The training protocol the subjects participated in, did in fact improve both groups speed 

acceleration and COD ability. Depending on subjects’ ability to receive a certain training 

stimuli and what the fundamental structure of a training regimen is, specific responses can be 

expected (Bompa & Haff 2009, p. 8-20). Considering the fact that handball players in general 

do a reasonable amount of jumping. Would’ve it been more suitable to imply a more rigorous 

plyometric component (increase in volume and/or intensity) in the training regimen to further 

improve their results or would there be a maladaptation instead. Due to the fact that the 

subjects were not familiar to a systematic training protocol or just strength training itself. 

 

Bompa & Haff (2009) mentions that adaptation is highly specific to the type of training 

undertaken, and that athletes’ ability to adapt to the stimuli is individual. Since this study’s 

subjects were instructed to partake in a generalized training regimen, the expectations of 

achieving certain adaptation was like shooting a shot-gun and hoping the shells hit enough 

targets to result in something significant. Knowing this, wouldn’t it be better to spend a little 

more time on each individual, doing a physiological assessment and therefore construct a 

training regimen suited for that specific person. By doing that, a boost in their adaptation to 

the stimuli may be expected. 

 

Looking back on the exercises presented in the strength protocol, one might suggest there was 

a lack of training stimuli on the M. Soleus and M. Gastrocnemius. Which could’ve inhibited 

the result from becoming even better. This reflection may not be as concerning as first 

thought, due to the fact that the subjects may have received sufficient stimulus via the 

plyometric regimen, but one cannot help to wonder with even more could’ve been done. 

4.6 Future Studies 

There is an extensive amount of literature comparing unilateral and bilateral training and their 

effect on power output, maximal strength, horizontal and vertical jumps, and the effect they 

have on athletes sprinting ability (López-Segovia & Mario 2011; López-Segovia & Dellal 

2014; Alberto, Paulo & Eduardo 2014; Zatsiorsky 1995; Jorgen & Ian 2012; Neale, Matthew 

& Jonathan 201; Giorgos, Theophilos & Nikos 2011; Asadi 2013; Silveira 2012; Nijum & 

Galpin 2014; Luiz et al. 2013; Costa et al. 2015). No studies found has approached this field 

of research from the same perspective, where a comparison between a unilateral and bilateral 
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training protocols consisting of combined exercises, plyometrics and strength training, and the 

effect they have on speed acceleration and COD ability. Therefore, more studies comparing 

unilateral and bilateral training and their effect on unilateral and bilateral sports and 

movements have to be done in order to be able to establish which training method is more 

suitable depending on the objective. 

Even though this short-term study shows that the results indicate unilateral training has a 

better effect than bilateral-training, more studies have to be done from the same perspective, 

but instead of short-term, they should be long-term. Cause the knowledge we gain from this 

type of comparison can determine exactly how much sport-specific training should be or 

shouldn’t be. 

 

Another interesting perspective, is elite athletes, how do they train? Do they focus more on 

unilateral or bilateral movements and exercises depending on their sport? How would the 

results look like after a short-term study or a long-term study? These questions justify the 

previous assumption that more studies have to be done, to achieve a deeper understanding of 

unilateral and bilateral training and their relationship to sport-specific training. 
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Appendix 1 – Literature Search 

 

Aim of the study: The aim of the study was to identify any differences in the effect of 

unilateral training or bilateral training on female handball players’ sprint acceleration ability 

and COD ability, by using a combined exercise protocol, including plyometrics and strength 

training. 

 

 

What words have you used to find articles? 

Unilateral, Bilateral, Training, Strength, Plyometric, Tradition Training Metods, Track and 

Field, Running, Specific Training AND Sport, Sports Specific Training AND Running, 

Unilateral and Bilateral Strength Training, Unilateral and Bilateral AND Plyometrics, 

Sports Specific Strength Training AND Unilateral, Unilateral Sports, Unilateral AND Sprint 

Training, Bilateral Deficit AND Sports, Increase Sprint Speed, Run Faster, Strength 

Training AND Sprinting, Power Output AND Sprinting, Power Output AND Sprint AND 

Strength, Plyometric and Strength Training Program, Strength Training Program AND 

Effect on Running Speed, Unilateral or Bilateral AND Running, Improving Your Sprint, 100 

meter Sprint AND Phases, Different Phases of The 100 meter Sprint, Rate of Force 

Development AND Running, The Physiological Demands of Handball, 

 

Where have you searched? 

SportDiscus 

Google 

PubMed 

GoogleScholar 

 

Searches that gave relevant results 

SportDiscus: Unilateral and Bilateral Strength Training 

SportDiscus: Unilateral and Bilateral Plyometrics 

SportDiscus: Sprinting 

SportDiscus: Rate of Force Development AND Sprinting 

SportDiscus: The Physiological Demands of Handball 

 



 

Comments 

It has been a challenge to find articles that compare unilateral and bilateral training in the 

form of plyometrics and strength training, in the same perspective as in this study. 

 

  



 

Appendix 2 – Training Protocol 

Pre-tests:	 		 		 		

10m	max	Sprint	 	  

Change	of	Direction	Ability	Test	 		 		

Plyometric	Training	Program	-	Unilateral	 		 		

Week	1	 		 		 		

Exercises	 Reps	 Set	 Rest	

Fast	Skipping	 6/leg	 1	 -	

Pogo	Jumps	 6/leg	 1	 -	

Speed	Hop	 6/leg	 1	 -	

Side	Hop	Sprint	 6/leg	 1	 -	

Week	2	 		 		 		

Exercises	 Reps	 Set	 Rest	

Fast	Skipping	 6/leg	 2	 2min	

Pogo	Jumps	 6/leg	 2	 2min	

Speed	Hop	 6/leg	 2	 2min	

Side	Hop	Sprint	 6/leg	 2	 2min	

Week	3	 		 		 		

Exercises	 Reps	 Set	 Rest	

Split	Jump	 5/leg	 1	 -	

Single	Leg	Bound	Alt.	 5/leg	 1	 -	

Lateral	Side	Hop	 5/leg	 1	 -	

Single	Leg	Butt	Kick	 5/leg	 1	 -	

Week	4	 		 		 		

Exercises	 Reps	 Set	 Rest	

Split	Jump	 5/leg	 2	 2min	

Single	Leg	Bound	Alt.	 5/leg	 2	 2min	

Lateral	Side	Hop	 5/leg	 2	 2min	

Single	Leg	Butt	Kick	 5/leg	 2	 2min	

Week	5	 		 		 		

Exercises	 Reps	 Set	 Rest	



 

Single	Leg	Stride	Jump	 4/leg	 1	 -	

Stride	Jump	Crossover	 4/leg	 1	 -	

Box	Jump	 4/leg	 1	 -	

Single	Leg	Bounding	 4/leg	 1	 -	

Week	6	 		 		 		

Exercises	 Reps	 Set	 Rest	

Single	Leg	Stride	Jump	 4/leg	 2	 2min	

Stride	Jump	Crossover	 4/leg	 2	 2min	

Box	Jump	 4/leg	 2	 2min	

Single	Leg	Bounding	 4/leg	 2	 2min	

Post-tests:	 		 		 		

Week	7	 		 		 		

10m	max	Sprint	 	  

Change	of	Direction	Ability	Test	 		 		

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Pre-tests:	 		 		 		

10m	max	Sprint	 	 		

Change	of	Direction	Ability	Test	 		 		

Strength	Training	Program	-	Unilateral	 		 		

Week	1	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lunge	Walk	 12/leg	 3	 30s/leg	2min/set	

Single	Leg	Squat	90*	knee	a.	 8/leg	 3	 30s/leg	2min/set	

Single	Leg	Hip	Extension	 10/leg	 3	 30s/leg	2min/set	

		 		 		 		

Week	2	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lunge	Walk	 10/leg	 3	 30s/leg	2min/set	

Single	Leg	Squat	90*	knee	a.	 8/leg	 3	 30s/leg	2min/set	

Single	Leg	Hip	Extension	 10/leg	 3	 30s/leg	2min/set	

		 		 		 		

Week	3	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lunge	Walk	 8/leg	 3	 30s/leg	2min/set	

Single	Leg	Squat	90*	knee	a.	 8/leg	 3	 30s/leg	2min/set	

Single	Leg	Hip	Extension	 10/leg	 3	 30s/leg	2min/set	

		 		 		 		

Week	4	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lunge	Walk	 6/leg	 3	 30s/leg	2min/set	

Single	Leg	Squat	90*	knee	a.	 8/leg	 3	 30s/leg	2min/set	

Single	Leg	Hip	Extension	 10/leg	 3	 30s/leg	2min/set	

		 		 		 		

Week	5	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lunge	Walk	 4/leg	 3	 30s/leg	2min/set	



 

Single	Leg	Squat	90*	knee	a.	 8/leg	 3	 30s/leg	2min/set	

Single	Leg	Hip	Extension	 10/leg	 3	 30s/leg	2min/set	

Exercises	 Reps	 Set	 Rest	

Week	6	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lunge	Walk	 3/leg	 3	 30s/leg	2min/set	

Single	Leg	Squat	90*	knee	a.	 8/leg	 3	 30s/leg	2min/set	

Single	Leg	Hip	Extension	 10/leg	 3	 30s/leg	2min/set	

		 		 		 		

Eftertester:	 		 		 		

Week	7	 		 		 		

10m	max	Sprint	 	 		

Change	of	Direction	Ability	Test	 		 		

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Pre-tests:	 		 		 		

10m	max	Sprint	 	 		

Change	of	Direction	Ability	Test	 		 		

Plyometric	Training	Program	-	Bilateral	 		 		

Week	1	 		 		 		

Exercises	 Reps	 Set	 Rest	

Ankle	Jump	 6	 1	 -	

Pogo	Hop	 6	 1	 -	

Rocket	Jump	 6	 1	 -	

Speed	Hop	 6	 1	 -	

Week	2	 		 		 		

Exercises	 Reps	 Set	 Rest	

Ankle	Jump	 6	 2	 2min	

Pogo	Hop	 6	 2	 2min	

Rocket	Jump	 6	 2	 2min	

Speed	Hop	 6	 2	 2min	

Week	3	 		 		 		

Exercises	 Reps	 Set	 Rest	

Frog	Leap	 5	 1	 -	

Bounce	over	Hurdle	 5	 1	 -	

Box	Jumps	–	Step	down	 5	 1	 -	

Butt	Kick	 5	 1	 -	

Week	4	 		 		 		

Exercises	 Reps	 Set	 Rest	

Frog	Leap	 5	 2	 2min	

Bounce	over	Hurdle	 5	 2	 2min	

Box	Jumps	–	Step	down	 5	 2	 2min	

Butt	Kick	 5	 2	 2min	

Week	5	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lateral	Jump	Over	Box	 4	 1	 -	



 

Depth	Jump	 4	 1	 -	

Box	Bounding	–	Vertical	 4	 1	 -	

Depth	Leap	 4	 1	 -	

Week	6	 		 		 		

Exercises	 Reps	 Set	 Rest	

Lateral	Jump	Over	Box	 4	 2	 2min	

Depth	Jump	 4	 2	 2min	

Box	Bounding	–	Vertical	 4	 2	 2min	

Depth	Leap	 4	 2	 2min	

Post-tests:	 		 		 		

Week	7	 		 		 		

10m	max	Sprint	 	 		

Change	of	Direction	Ability	Test	 		 		

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Pre-tests:	 		 		 		

10m	max	Sprint	 	 		

Change	of	Direction	Ability	Test	 		 		

Strength	Training	program	-	Bilateral	 		 		

Week	1	 		 		 		

Exercises	 Reps	 Set	 Rest	

Back	Squat	90grader	Knee	a.	 12	 3	 2min/set	

Front	Squat	Med.	Boll.	 10	 3	 2min/set	

Hip	Extensions	–	On	Back	 20	 3	 2min/set	

		 		 		 		

Week	2	 		 		 		

Exercises	 Reps	 Set	 Rest	

Back	Squat	90grader	Knee	a.	 10	 3	 2min/set	

Front	Squat	Med.	Boll.	 10	 3	 2min/set	

Hip	Extensions	–	On	Back	 20	 3	 2min/set	

		 		 		 		

Week	3	 		 		 		

Exercises	 Reps	 Set	 Rest	

Back	Squat	90grader	Knee	a.	 8	 3	 2min/set	

Front	Squat	Med.	Boll.	 10	 3	 2min/set	

Hip	Extensions	–	On	Back	 20	 3	 2min/set	

		 		 		 		

Week	4	 		 		 		

Exercises	 Reps	 Set	 Rest	

Back	Squat	90grader	Knee	a.	 6	 3	 3min/set	

Front	Squat	Med.	Boll.	 10	 3	 2min/set	

Hip	Extensions	–	On	Back	 20	 3	 2min/set	

		 		 		 		

Week	5	 		 		 		

Exercises	 Reps	 Set	 Rest	

Back	Squat	90grader	Knee	a.	 4	 4	 3min/set	



 

Front	Squat	Med.	Boll.	 10	 3	 2min/set	

Hip	Extensions	–	On	Back	 20	 3	 2min/set	

		 		 		 		

Week	6	 		 		 		

Exercises	 Reps	 Set	 Rest	

Back	Squat	90grader	Knee	a.	 3	 5	 3min/set	

Front	Squat	Med.	Boll.	 10	 3	 2min/set	

Hip	Extensions	–	On	Back	 20	 3	 2min/set	

		 		 		 		

Post-tests:	 		 		 		

Week	7	 		 		 		

10m	max	Sprint	 	 		

Change	of	Direction	Ability	Test	 		 		

 

  



 

Appendix 3 – Raw Data 

Group Statistics 

1=UG 2=BG N Mean Std. Deviation Std. Error Mean 
SA-PT 10m UG 15 2.0932 ,11486 ,02966 

BG 15 2,0587 ,08911 ,02301 
SA-PT F5m UG 15 1,1680 ,09321 ,02407 

BG 15 1,2047 ,06128 ,01582 
SA-PT L5m UG 15 ,8207 ,06158 ,01590 

BG 15 ,8540 ,06010 ,01552 
COD-PT UG 15 6,6140 ,38742 ,10003 

BG 15 6,5153 ,19305 ,04985 
SA-ET 10m UG 15 1,9920 ,11546 ,02981 

BG 15 2,0267 ,08226 ,02124 
SA-ET F5m UG 15 1,0967 ,08466 ,02186 

BG 15 1,1880 ,09496 ,02452 
SA-ET L5m UG 15 ,8967 ,06935 ,01791 

BG 15 ,8627 ,06375 ,01646 
COD-ET UG 15 6,5547 ,30076 ,07766 

BG 15 6,4867 ,30284 ,07819 

 
 
 
 
 
 
 
 
 
 
 
 
 

Paired Samples Testa 

  

Paired Differences 

t df 

Sig. 
(2-

tailed) Mean 
Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 
Pair 1 SA-PT 

10m - SA-
ET 10m 

,03200 ,05294 ,01367 ,00268 ,06132 2,341 14 ,035 

Pair 2 SA-PT 
F5m - SA-
ET F5m 

,01667 ,10168 ,02625 -,03964 ,07297 ,635 14 ,536 

Pair 3 SA-PT 
L5m - SA-
ET L5m 

-,00867 ,04307 ,01112 -,03252 ,01519 -,779 14 ,449 

Pair 4 COD-PT - 
COD-ET ,02867 ,18158 ,04688 -,07189 ,12922 ,611 14 ,551 

a. 1=UG 2=BG = BG 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 

Paired Samples Testa 

  

Paired Differences 

t df 

Sig. 
(2-

tailed) Mean 
Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 
Pair 1 SA-PT 

10m - SA-
ET 10m 

,00867 ,06105 ,01576 -,02514 ,04247 ,550 14 ,591 

Pair 2 SA-PT 
F5m - SA-
ET F5m 

,07133 ,09731 ,02513 ,01744 ,12522 2,839 14 ,013 

Pair 3 SA-PT 
L5m - SA-
ET L5m 

-,07600 ,08659 ,02236 -,12395 -,02805 -3,399 14 ,004 

Pair 4 COD-PT - 
COD-ET ,05933 ,25583 ,06606 -,08234 ,20101 ,898 14 ,384 

 

 

 

 

 

 

Tests of Normalitya 

  

Kolmogorov-Smirnovb Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
SA-PT 10m ,201 15 ,105 ,881 15 ,049 
SA-PT F5m ,163 15 ,200* ,888 15 ,063 
SA-PT L5m ,238 15 ,022 ,883 15 ,053 
COD-PT ,162 15 ,200* ,952 15 ,553 
SA-ET 10m ,176 15 ,200* ,933 15 ,300 
SA-ET F5m ,148 15 ,200* ,956 15 ,620 
SA-ET L5m ,115 15 ,200* ,970 15 ,864 
COD-ET ,125 15 ,200* ,957 15 ,634 
*. This is a lower bound of the true significance. 

a. 1=UG 2=BG = UG 

b. Lilliefors Significance Correction 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 

Tests of Normalitya 

  

Kolmogorov-Smirnovb Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
SA-PT 10m ,154 15 ,200* ,957 15 ,643 
SA-PT F5m ,149 15 ,200* ,930 15 ,269 
SA-PT L5m ,127 15 ,200* ,979 15 ,962 
COD-PT ,197 15 ,121 ,919 15 ,183 
SA-ET 10m ,133 15 ,200* ,945 15 ,447 
SA-ET F5m ,301 15 ,001 ,683 15 ,000 
SA-ET L5m ,155 15 ,200* ,955 15 ,610 
COD-ET ,256 15 ,009 ,849 15 ,017 
*. This is a lower bound of the true significance. 

a. 1=UG 2=BG = BG 
b. Lilliefors Significance Correction 

 


