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ABSTRACT 

 

Background: Sports at various levels are often performed at high speeds. This is evident in several 

sports ranging from non-ball sports like athletics to ball sports like baseball, tennis and cricket. The 

ability to generate high speeds has advantages in many sports as it gives the opposition less time to 

react. In cricket bowling, the ball release speed has a significant influence on the outcome of the 

delivery. A faster delivery reduces the batter’s decision-making time and stroke-execution time and 

therefore increases the chance of him or her making a mistake and being dismissed. This increased 

velocity can be achieved through resistance training in bowlers. Resistance training enables an athlete 

to increase their overall strength and develop their power. This kind of training should be 

characterised by specificity as well as progressive overload. This can be done by performing bowling 

training (specific resistance) while implementing a progressive overload in the number of deliveries 

bowled and/or the number of repetitions and sets performed in general and special resistance 

training. 

 

Evidence suggests that these resistance training methods can lead to a significant increase in bowling 

velocity in cricket within a reasonable time frame. However, most programmes require specialised 

equipment or access to a gym, which can be quite expensive. They can also be very time-consuming.  

 

At the elite level, cricket players have access to physical trainers and physical training resources, and 

their time can be dedicated to performance enhancement. However, at an amateur club level this will 

probably not be the case. Recreational players are less likely to have the time available to do extra 

training at gym while others simply may not have the financial resources to join a gym. Therefore, in 

order to optimise training for amateur club players and coaches, finding a resistance training 

programme that can be used during practice sessions would be ideal. This resistance training should 

incorporate strength, power and cricket-specific training.  

 

 

Aims and objectives: The primary aim of this study was to develop and examine an appropriate 

resistance training programme to improve bowling velocity in amateur club cricket fast bowlers. This 

was done in two parts: first, an attempt was made to determine if amateur club level players have the 

time and resources to perform extra training to facilitate an increase in bowling velocity. This was 

achieved through a questionnaire. The objectives of the questionnaire were to identify the 

accessibility of resistance training in-season and identify whether players have the time to perform 
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additional training outside of their normal training hours. The second part of the study sought to 

develop a time- and cost-effective training programme that amateur club-level players can use to 

improve their bowling velocity. Additionally, the programme had to be performed during training with 

minimal disruption to the normal training session, and it should not pose any risk of injury to the 

players. An assessment of the effects of this study was done. 

 

Methods: The questionnaire was sent out to senior club fast bowlers (1st and 2nd division) at various 

cricket clubs as well as distributed online for the participants to complete. The questionnaire aimed 

at acquiring information about the bowler’s cricket training and strength training load during the 

cricket season. It also retrieved demographic and injury information as well as their perception of the 

importance of strength and power training. Further, participants were required to state whether they 

had personally implemented training that contributed to an improvement in their bowling velocity 

and if they had a gym membership. The questionnaire was also used to determine whether players at 

club level had the time and financial resources to perform additional strength or power training 

(outside of their normal cricket training hours) that could produce an improvement in their bowling 

performance. 

 

The second part of the study was the development and implementation of the training programme, 

and assessment of its effects. Twenty participants were recruited and randomly assigned to an 

experimental (n = 11) and control (n = 9) group. Of these participants, 9 of the experimental and 9 of 

the control group completed the trial. The experimental group was required to perform the training 

programme for four weeks. This programme consisted of a combination of general, special, and 

specific resistance training. All special resistance exercises were done with a 3kg medicine ball. 

Additionally, participants were required to perform 24-30 deliveries each session with an 

overweighted, underweighted and regular cricket ball. On the other hand, the control group was 

requested not to participate in any strength training during this period and only perform their normal 

cricket training sessions.  

 

All participants’ performance was measured through a testing protocol which took place at baseline, 

two weeks and four weeks after training. The variables measured included bowling velocity, bowling 

accuracy, upper body power and lower body power. 

 

Results: The results of the questionnaire showed that many amateur club-level cricketers were not 

able to perform additional training at home or at gym, despite their knowing how important strength 
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and power training is for improving their bowling performance. This was mainly due to players stating 

that they do not have the time or financial resources to do so.  

 

Results of the testing protocol for the experimental group revealed significant increases in bowling 

velocity between the baseline test and two weeks of training (4.1km/h, p= 0.003) and between the 

baseline test and four weeks of training (5.1km/h, p< 0.001). This equates to a final 6% increase across 

the four weeks. This increase in bowling speed was not at the cost of bowling accuracy as there were 

no significant differences in bowling accuracy across the four weeks. There was also no significant 

difference in the upper body power and leg power across the four weeks. The control group showed 

no significant differences in bowling velocity, bowling accuracy or lower body power across the four 

weeks. However, there was a significant increase in upper body power in the control group across the 

four weeks. 

 

Conclusion: Utilising only a four-week resistance training programme – consisting of a combination of 

core and lower body exercises (squats, lunges, step ups) as well as cricket-specific plyometric exercises 

and weighted implement training – significantly increased bowling velocity by 6%. This had no 

negative effect on the accuracy of the deliveries and posed no risk of injury to players. It would 

therefore be advantageous for club level bowlers to utilise this programme during training sessions to 

improve their bowling performance. Recommendations have been provided for this. 
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GLOSSARY 

 

Open kinetic chain 
 
Exercises that are performed where the hands or feet are free 
to move 

Closed kinetic chain 
 
Exercises that are performed where the hands or feet are fixed 
and cannot move 

Individualized dynamic variable 
resistance (IDVR) 

 
Exercises that train your muscles to work at maximum speed 
throughout each repetition 
 

 
Isokinetic 

 
Exercises done at a constant speed 

 
Recreational 

 
Participants playing at club level or recreationally 

 
Skilled 

 
Participants playing at provincial or college level 

 
Highly-skilled 

 
Participants playing at elite level 

Repetition maximum (RM) 
The most weight you can lift for a number of exercise 
movements 

Maximal voluntary contraction 
(MVC) 

A standardised method for measurement of muscle strength 

Knee flexion 
 
The decreased angle (bending movement) between the limbs at 
the knee joint 

Knee extension 
 
The increased angle (straightening movement) between the 
limbs at the knee joint 

Repetitions (reps) 
 
The number of times you perform a specific exercise 

Sets The number of cycles of repetitions that you complete 
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CHAPTER OUTLINES 

 

Chapter One provides an overview of the study: background, aims and objectives, research design and 

methodology, data collection methods, and data analysis.  

 

Chapter Two offers a review of the literature that focuses specifically on resistance training to increase 

throwing velocity in various sports and the bowling velocity of cricket players.  

 

Chapter Three describes the methodology of the study, along with a description and rationale for the 

sample population and the instruments used to obtain data.  

 

Chapter Four presents the results of the questionnaires and the experimental trial. 

 

Chapter Five discusses the results of the questionnaires and testing protocols.  

 

Chapter Six concludes the study with an overview of its results, acknowledges its limitations, and 

makes recommendations for further research aimed at improving player performance. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1. Background to the research problem 

A variety of sports are performed at high speeds, ranging from non-ball sports like athletics to various 

ball sports, like baseball, tennis and cricket. Skilled performances by the best athletes are 

characterised by their generation of fast speeds. This includes the fastest 100m sprint by Usain Bolt 

(Larsson, 2018), the fastest baseball pitch by Aroldis Chapman (Guinness World Records, 2018), the 

fastest serve in tennis by Samuel Groth (Tennis Companion, 2018) or the fastest ball bowled in cricket 

by Shoaib Akhtar (Total Sportek, 2017). The ability to generate these high speeds has the advantage 

in certain competitive sports of giving the opposition less time to react. In cricket bowling, the ball 

release speed has a significant influence on the outcome of the delivery where a faster delivery 

reduces the batter’s decision-making time and stroke-execution time, and therefore increases the 

chance of the batter’s making a mistake and being dismissed (Wickington & Linthorne, 2017).  

 

In sports such as baseball (pitching), and cricket (bowling), enhancing throwing/bowling velocity is 

thus of utmost importance (Escamilla et al., 2000; Feros et al., 2019). Throwing velocity can be 

increased by improving the throwing biomechanics and through resistance training (DeRenne et al., 

2001). Resistance training allows an athlete to increase their overall strength and develop their power 

(Szymanski et al., 2009). Szymanski (2012) adds that the resistance training should focus on sport-

specific training as well as progressive overload.  

 

There was no study that used a combined resistance training programme that found an increase in 

velocity and no decrease in accuracy. Therefore, this study will focus on the use of combined general, 

special and weighted implement resistance training methods to help increase bowling velocity in 

cricket. 

 

1.2. Statement of the research problem 

Cricket managers, coaches and fast bowlers are always trying to find ways of increasing bowling 

velocity. It would appear that very few studies have investigated this. Elite cricket players have access 

to physical trainers and resources, and their time is dedicated to performance enhancement. 

However, at an amateur club level this is probably not the case. It is important to identify what training 

strategies amateur fast bowlers can utilise to improve their bowling velocity, as this has not been 
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previously reported in the literature. This is important simply because a faster ball delivery has a 

significant outcome and can potentially increase the chance of the batter being dismissed (Wickington 

& Linthorne, 2017). Furthermore, in order to optimise training for amateur players and coaches, 

finding a resistance training programme that can be used during practice sessions would be ideal. This 

resistance training should incorporate strength, power and cricket-specific training.  

 

1.3. Aims and objectives of the study 

The aim of this study was to develop a resistance training programme appropriate for club cricket fast 

bowlers and to examine whether it improved bowling velocity. 

 

1.3.1.  General aims and specific objectives 

 

Questionnaire 

The aim of the questionnaire was to determine if amateur club-level players have the time and 

resources to perform extra training to facilitate an increase in bowling velocity. The objectives of the 

questionnaire were to identify players’ willingness to engage in resistance training in season and 

identify whether players have the time to perform additional training outside of their normal training 

hours 

 

Development of resistance training programme 

The aim was to develop a time and cost-effective training programme that amateur club-level players 

can use to increase their bowling speed. The objective was to develop a training programme that is 

effective in terms of time and cost. Additionally, there was a pragmatic requirement that this 

programme ought to be easily integrated within in-training with little or no disruption to the normal 

training session and pose no risk of injury to the players. 

 

Assessment of resistance training programme 

The aim of this was to assess the effectiveness of the selected resistance training programme. The 

aims of the assessment were to identify any significant change in bowling velocity, bowling accuracy, 

upper body power and lower body power, across 4 weeks of resistance training. A further objective 

was to identify whether there were inter-variable relationships between bowling velocity and the 

other measured factors.  
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1.4. Data analysis 

Data obtained from the questionnaire data is reported in percentages and absolute values where 

appropriate. Mean ± standard deviations of the descriptive data, fitness characteristics and bowling 

performance were calculated. For the experimental trial, the measurements of the experimental and 

control groups were compared using a General Linear Model. When significant differences were 

found, a post-hoc Bonferroni analysis was performed to determine where the differences were. 

Statistical significance was considered when P< 0.05. Furthermore, Spearman’s rank order was 

performed to determine correlations between ball velocity and other variables measured, as well as 

between ball accuracy and throw distance. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

This chapter will describe the method of literature collection and selection. It will identify methods of 

resistance training that can be used to increase ball velocity in various ball sports. These methods 

include general, special, and specific resistance training. A summary of these different training 

methods is made, and certain hypotheses are postulated for the experimental trial. 

 

2.1. Literature collection and selection 

To ensure the quality of the work reviewed, peer-reviewed journal articles were collected. The search 

strategy conducted made use of five online databases: EBSCOHost, SportsDiscus, ResearchGate, 

PubMed and Google Scholar. These databases were searched from April 2015 to August 2019, using 

different combinations of the following words: general resistance, special resistance, specific 

resistance, weighted, modified, implement training, overweighted, underweighted, bowling, 

throwing, velocity, accuracy, cricket, pitching, baseball, and handball. Reference lists in these articles 

and suggestion lists on these databases were scanned to find other relevant articles. When relevant 

material was found, it was required to meet the following criteria: it had to focus on the use of 

different resistance training methods to increase bowling or throwing velocity and had to be written 

in English. There were no restrictions on the year of publication, type of sport reported, or age, gender, 

and player level. Based on these criteria, and according to their titles, abstracts and keywords, 107 

journal articles were retrieved for inclusion in this study and read in full text.  Additionally, various 

books, websites, and recommended training programmes were consulted in cases where relevant 

journal articles could not be found. Due to the limited amount of research on resistance training in 

cricket bowling, sports that utilised an action closely related to bowling (such as baseball and handball) 

are often featured in the literature review. 

 

There have been few studies which have found an increase in ball release velocity in cricket pace 

bowlers following a resistant training programme. In cricket pace bowling, faster ball speeds have 

been related to both, upper body and to a lesser extent lower body power (Pyne et al., 2006; 

Wormgoor et al., 2010). The force production of the upper body during the bowling stride in particular, 

accounts for a large part of the variance of bowling velocity (M. Portus et al., 2000; Pyne et al., 2006). 

During the bowling stride, large ground reaction forces have to be absorbed at front foot landing and 

powerful deliveries can be generated through the leg extension, hip rotation, trunk flexion and 

shoulder rotation (M. Portus et al., 2000). Additionally, the stop-start nature of sprinting in fast 
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bowling  during the ‘run-up’ and delivery of the ball are a contributor of stress for fast bowlers which 

could affect their overall bowling performance (Noakes & Durandt, 2000). Therefore, a substantial 

amount of muscle strength is needed to cope with this load as well as reduce muscle damage (Noakes 

& Durandt, 2000). As a result, strengthening both the upper and lower body through resistance 

training could potentially result in an increase in ball release velocity. Resistance training used to 

improve ball velocity in a number of sports can be broadly categorised into three types. This includes, 

general, special and specific resistance training. 

 

2.2. General resistance training 

Fleck & Kraemer (2014) define general resistance training as a type of exercise that requires the body’s 

muscles to move or attempt to move against an external opposing force. It is designed to increase 

overall strength by using traditional exercises (Szymanski et al., 2009) as well as muscle contractile 

capabilities (Szymanski, 2007). General resistance training is synonymous with the term strength 

training. These traditional strength training exercises include exercises with typical gym equipment 

and can include the use of free weights (Newton & McEvoy, 1994; Prokopy et al., 2008), weighted 

machines (Bloomfield et al., 1990; Gorostiaga et al., 1999; Hermassi et al., 2010; Hermassi et al., 2011), 

or specialised machines (Wooden et al., 1992; Davison et al., 2010). One can also use one’s own 

bodyweight (Prokopy et al., 2008; Manchado et al., 2017), or elastic tubing (Escamilla et al., 2012).  

 

General resistance training and its effects on velocity have been extensively studied, and there are a 

number of good review articles discussing this topic (Szymanski et al., 2009; Van den Tillaar, 2004; 

Szymanski, 2012). Overall, the evidence suggests that effective strength training can significantly 

improve velocity in several different sporting codes, including throwing velocity in handball (Hermassi 

et al., 2010; Hermassi et al., 2011; Gorostiaga et al., 1999), baseball (Newton & McEvoy, 1994; Wooden 

et al., 1992), water polo (Bloomfield et al., 1990) and softball (Prokopy et al., 2008). Very little 

literature exists that investigates the effects of general strength training on cricket bowling velocity. 

Studies of the effects of general strength training on throwing velocity were reviewed because bowling 

is an activity closely related to throwing. Using bodyweight exercises, or free weights, or a combination 

of free weights and weighted machines, have been shown to result in an increase in throwing velocity 

in various sports. The use of specialised fitness machines and a combination of the various methods 

gave similar results.  
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2.2.1.  Bodyweight exercises 

Bodyweight exercises are exercises that utilise the participant’s own body weight. They have been 

found to improve throwing velocity in handball (Manchado et al., 2017) and softball players (Prokopy 

et al., 2008). 

 

Manchado et al. (2017) performed core training on junior and senior recreational handball players. In 

this study, seven different exercises were used that focused on improving the kinetic chain of 

movement involved in the throwing action. These exercises focused on the rectus abdominis (one 

exercise for the lower part, two for the middle part, and two for the upper part) and two exercises for 

the lumbar and gluteal muscles. The exercises were performed by the experimental group with the 

progressive overload being quantified using the objective load equivalents method over 10 weeks. 

Additional stability exercises were done from the fourth week onward. On the other hand, the control 

group performed only their regular handball training sessions. The authors found that after 

progressively overloading the participants over 10 weeks (three times a week), throwing velocity 

increased by 3.4 km/h while the control group showed no change. The advantage of this type of 

training is that the only equipment needed is a Swiss Ball for the stability exercises, and participants 

can incorporate it into their regular training sessions. However, using this type of core training alone 

only resulted in a 3.4km/h increase over 10 weeks. 

 

Prokopy et al. (2008) used bodyweight exercises to try and improve throwing velocity in female 

softball players. Skilled female softball players were placed in a closed kinetic chain group. Close 

kinetic chain resistance exercises consist of exercises or movements where the distal part of the 

working limb is fixed and cannot be moved. For 12 weeks, this group used Redcord mini-trainers (ropes 

with handles that can be height adjusted) hanging from power racks to perform the required exercises, 

with their own bodyweight as resistance. The results indicated a small but significant increase of 3.2 

km/h in throwing velocity after the 12 weeks. These two studies using bodyweight exercises therefore 

showed a small increase in throwing velocity (approximately 3km/h) after a fairly long period of time 

(10-12 weeks).  

 

A bodyweight training programme has also been recommended by the South African national cricket 

team trainer, Greg King (Cricket Lab, 2016). These exercises include variations of squats, hip raises, 

push-ups and pull-ups. It was recommended that the programme be followed three times a week for 

3-4 weeks. Once completed, players would then progress to the next level programme, which includes 
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squats, lunges, step-ups, hip raises, push-ups and pull-ups. However, the effectiveness of these 

programmes in improving bowling velocity has not been established. 

 

2.2.2.  Free weights and weight machines 

The use of free weights and weight machines was also found to improve throwing velocity in softball 

(Prokopy et al., 2008; Hermassi et al., 2010; Hermassi et al., 2011), baseball (Newton & McEvoy, 1994), 

and handball (Gorostiaga et al., 1999). Free weights are weights that are not attached to another 

structural device, and can include dumbbells and barbells. On the other hand, weight machines are 

exercise machines with weights attached used for weight training. This can include seated leg press or 

Smith machine bench press. 

 

One of the most significant improvements in throwing velocity after resistance training was found in 

highly skilled handball players after 10 weeks. The average age of these players was 20. Hermassi et 

al. (2010) recorded a 22.3km/h increase in throwing velocity (throw with a run-up) using heavy 

resistance training (80-90% of 1RM) and a 19.8km/h increase when using a moderate resistance (55-

75% of 1RM) training method. The exercises performed were bench presses and pull-overs. There was 

no significant difference in throwing velocity in the control group which received no resistance 

training. Interestingly, a similar 22.3km/h increase in throwing velocity was obtained in the heavy 

resistance training group when the study was repeated over eight weeks (Hermassi 2011). The only 

difference in the exercises was that in 2011, the authors added half back squats to the heavy resistance 

training protocol. This shows that by having an additional exercise in the programme to ensure that 

the programme targets the major muscles of the body, one is able to increase throwing velocity by 

the same amount in a shorter period of time. These results were not replicated when using adolescent 

handball players (mean age of 15) Gorostiaga et al. (1999). The authors only found a 2.3km/h increase 

in throwing velocity after 6 weeks of heavy resistance training. The different result can be attributed 

to differences in the age of the participants and the duration of the training. In particular, adolescent 

players’ neuromuscular response to heavy resistance training might be different from that of adults 

(National Council on Strength and Fitness, 2015).  

 

In softball, general resistance training was found to show only minimal improvement in throwing 

velocity. Skilled players were placed into two different groups, an open kinetic chain group and a 

closed kinetic chain group (Prokopy et al., 2008). The open kinetic chain group performed various open 

kinetic chain exercises which allow the hands and feet to move. For this 12-week programme, 

participants used free weights to perform bench press, bent-over row, lat pulldown, straight arm pull 
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down, internal/external rotation, biceps curl, tricep extensions, and shoulder press. Results of this 

study showed no change in throwing velocity for the open kinetic chain group whereas the closed 

kinetic chain group increased their throwing velocity by 3.2km/h. The authors have attributed the 

difference in increases to the nature of the equipment that was used. The possible increase in 

eccentric load during the closed kinetic chain exercises improved shoulder and torso stability resulting 

in an improvement in throwing velocity (Prokopy et al., 2008). Furthermore, a possible reason for the 

small increase in the closed kinetic chain and no significant increase in the open kinetic chain group 

over such a long period (12 weeks), can be due to the participants being skilled players. It has been 

shown that highly skilled players will be less affected by training than recreational athletes, since the 

former are already receiving extensive resistance training and have less potential for power 

enhancement  (Lin & Chang, 2008). 

 

In baseball, one of the few studies conducted found that the use of free weights increased throwing 

velocity (Newton & McEvoy, 1994). Highly skilled junior players were divided into two groups, a weight 

training group and a control group. In addition to normal baseball training, the weight training group 

performed upper body weight training which consisted of three sets of six to ten reps of barbell bench 

press and barbell pullover exercises, twice a week. The control group only participated in normal 

baseball training sessions. The programme lasted a total of eight weeks. Upon completion, the results 

indicated a significant mean increase of 4.7km/h in throwing velocity for the weight training group, 

with no change for the control group. 

 

Although all these studies mentioned above reported an increase in throwing velocity after their 

respective training programmes, a study conducted by Bloomfield et al. (1990) showed conflicting 

results. For this study, an 8-week, 3 times-a-week progressive intervention strength training 

programme for highly skilled water polo players was developed. This emphasised upper body strength 

development by performing overhead deltoid press, behind the head press, pull-overs, pulldowns, 

decline press, Nautilus fly, bicep curls and tricep press at 50-80% of 1RM. These exercises were done 

in addition to the players’ normal swimming training sessions. Post-test results showed that there was 

no change in throwing velocity. What made this programme different from the other studies was that 

the progressive overload was implemented throughout each training session; i.e., three sets of each 

exercise were performed during each training session, with the first set requiring a 50-60% intensity, 

the second set a 70-80% intensity and the third set being at maximum intensity. The other studies 

(e.g. Gorostiaga et al., 1999; Hermassi et al., 2010; 2011) implemented the progressive overload 
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method throughout the full duration of the training programme. The method used could be the reason 

why there was no change in throwing velocity after the eight weeks of training. 

 

The results of these studies reviewed suggests that the use of free weights and weighted machines 

can thus potentially result in an increase in throwing velocity. However, this type of training requires 

expensive equipment and cannot be incorporated into regular cricket practice sessions. 

 

2.2.3.  Specialised fitness machines 

Specialised fitness machines are electronic devices used to help one improve the strength or power in 

a targeted muscle group without the use of weighted resistance. Wooden et al. (1992) designed an 

individualized, dynamic variable resistance (IDVR) training programme for high school baseball 

players. When performing resistance training, your muscles are stronger at different points of a 

repetition but weaker at others. Therefore, IDVR aims to even out that force. For this to take place, a 

MERAC dynamometer was used. Recreational participants were divided into three groups: an 

isokinetic group, an IDVR group and a control group. By using the MERAC dynamometer, the IDVR 

group performed their individualized, dynamic variable resistance training at 100% of the variable 

resistance training for 6-10 sets of 10 reps, while the isokinetic group exercised at maximum velocity 

(500°/sec). This was done three times a week for five weeks. The control group did not perform any 

training throughout this period. The results of this programme showed a significant 3.2km/h increase 

in throwing velocity for the IDVR group but no change for the isokinetic or control groups. The reason 

for the increase in the IDVR group but not the isokinetic group can be attributed to each exercise’s 

being personalised to the participant’s needs.  

 

Another study that used specialised machines was conducted by Davison et al. (2010). This required 

one recreational baseball player to train with an inertial exercise trainer (IET). An IET is a low-friction 

machine that allows players to perform exercise repetitions with high sled accelerations. For 20 weeks, 

the participant was required to perform 32 different exercises on the IET which targeted the whole 

body. Additionally, the IET had an added mass of 3.4kg. Post-test results showed that the pitching 

velocity was improved by 27.3km/h. This is the largest improvement reported among all the studies 

reviewed, and perhaps can be attributed in large measure to the extended time of the training (i.e. 20 

weeks). However, this was a case study of one participant and further research is required to 

demonstrate the method’s effectiveness. 
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Both the use of IDVR and IET methods would not be ideal for use by amateur club-level cricketers as 

these machines are generally expensive and not affordable for most amateur clubs. Furthermore, due 

to time constraints, players would not be able to perform the additional exercises outside of their 

regular training schedule that this method of training requires. 

 

2.2.4.  Combined general resistance training 

A combined general resistance training programme has also been shown to have positive effects on 

throwing velocity. This type of training includes a combination of two or more of the previously 

mentioned methods of training.  

 

An example of a combination programme is one using both dumbbells and elastic tubing (Escamilla et 

al., 2012). In this programme, recreational baseball participants performed a six-week Throwers Ten 

training programme (Escamilla et al., 2012). A Throwers Ten programme is a training programme 

which consists of 10 basic exercises and is performed by baseball players to increase their arm strength 

and improve throwing velocity. The programme required the use of dumbbells and elastic tubing for 

2 sets of 8-12 reps for each exercise. After six weeks, test results indicated an increase of 1.9km/h for 

the experimental group. The control group that did not participate in any training showed no change 

in their throwing velocity. Despite the Throwers Ten programme being a baseball-specific programme, 

it still did not produce an increase that is comparable to that reported by previous resistance training 

research, perhaps because the intensity of the exercises did not sufficiently overload the participants. 

 

Similarly, Cricket South Africa has recommended a Super 6 back programme (Cricket South Africa, 

2018). Its purpose is to decrease lower back injury and improve bowling velocity. This programme 

consists of six non-equipment-based exercises which should be performed for 2-3 sets of 30 seconds. 

It therefore requires a maximum of 9-12 minutes to do, which makes it perfect to include in normal 

on-field training sessions. However, the effects of this programme on bowling velocity is still unknown 

as no research has yet reported its findings. 

 

Upon reviewing all the literature above on general resistance training, it seems the most effective 

method for increasing throwing velocity would be to utilise a moderate to heavy resistance 

programme consisting of 55-95% of 1RM for the duration of 8-10 weeks. This has the potential to 

produce a 20km/h increase post training. The problem with this type of training method is that it 

requires expensive gym equipment, which has cost implications as well as extra training time required 

outside of normal cricket practice sessions. Of all the exercise routines described above, the only one 
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that could possibly be used during regular training is the Swiss Ball and elastic bands set. However, 

the gain in velocity using this method was minimal. Table 1, below, offers a summary of all the studies 

presented in this review making use of general resistance training.  



13 
 

 

Table 1: Summary of the effects of general resistance training on throwing velocity 

Reference Sport 
Number of 

subjects (and 
level) 

Duration 
(weeks) 

Training 
method 

Significant 
increase in 
throwing 
velocity 

Significant 
change in 

control 
group 

Bloomfield 
et al., 1990 

Waterpolo 12 (Highly skilled) 8 50-80%; 
1RM 

No No 

Wooden et 
al., 1992 

Baseball 

9 (Recreational) 5 Individual 
Dynamic 
Variable 
Resistance 

Yes 
(3.2km/h) 

No 

9 (Recreational) 5 Isokinetic No No 

Newton and 
McEvoy, 
1994 

Baseball 8 (Highly skilled) 8 3 sets; 6-10 
reps 

Yes 
(4.7km/h) 

No 

Gorostiaga 
et al., 1999 

Handball 10 (Skilled) 6 40-90%; 
1RM 

Yes 
(2.3km/h) 

Decrease 

Prokopy et 
al., 2008 

Softball 

7 (Skilled) 12 Open 
kinetic 
chain 

No No control 
group 

7(Skilled) 12 Closed 
kinetic 
chain 

Yes 
(3.2km/h) 

No control 
group 

Davison et 
al., 2010 

Baseball 1 (Recreational) 20 Low 
friction 
resistance 

Yes 
(27.3km/h) 

No control 
group 

Hermassi et 
al., 2010 

Handball 

9 (Highly skilled) 10 Heavy 
resistance: 
80-95%, 1 
RM 

Yes 
(22.3km/h) 

No 

9 (Highly skilled) 10 Moderate 
resistance: 
55-75%, 
1RM 

Yes 
(19.8km/h) 

No change 

Hermassi et 
al., 2011 

Handball 12 (Highly skilled) 8 80-95%; 
1RM 

Yes 
(22.3km/h) 

No change 

Escamilla et 
al., 2012 

Baseball 14 (Recreational) 6 Throwers 
Ten 

Yes 
(1.9km/h) 

No change 

Manchado 
et al., 2017 

Handball 15 (Recreational) 10 Specific 
and 
progressive 

Yes 
(3.4km/h) 

No change 

RM: repetition maximum 
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2.3. Special resistance training  

Special resistance training is designed to develop one’s power through the use of explosive exercises 

such as ballistic and plyometric exercises (Szymanski et al., 2009). Power is defined as the rate of doing 

work (Knudson, 2009; Escamilla et al., 2000) and is synonymous with the term ‘speed-strength’. Power 

in the athlete is a variable that strength coaches want to develop to increase velocity. Thus velocity is 

a component of power and can be defined as the speed in a given direction (Szymanski, 2012). There 

are various studies that have tried to use special resistance training to improve throwing velocity in  

baseball (McEvoy & Newton, 1998; Newton & McEvoy, 1994; Escamilla et al., 2012). Each of these 

studies utilised different training protocols for a different period of time, and their results differ 

accordingly. The studies that reported a significant increase in throwing velocity made use of 

plyometric (Escamilla et al., 2012) and ballistic (McEvoy & Newton, 1998) resistance training. One 

study also made use of pneumatic resistance training (Escamilla et al., 2012).  

2.3  

2.3.1. Plyometric training 

Plyometric training are exercises in which muscles exert maximum force for a short period of time in 

order to improve power. Using this method, Escamilla et al. (2012) required recreational baseball 

players to follow 32 different exercises as part of a six-week programme. These exercises included two 

arm throws, chest passes, perpendicular throws, rotary straight arm throws, ear-level throws, hitter 

push throws, squat jump throws, wood chop slams, diagonal wood chop slams and overhead slams, 

reverse flies, shoulder extensions, shoulder flexions, scaption with external rotation, trunk rotations, 

scapular protractions, bench presses, arm accelerations, arm decelerations, and shoulder internal and 

external rotations with elastic tubing and 1.8-3.6kg medicine balls. To ensure that the exercises done 

with the elastic tubing were ‘plyometric’, participants were told to perform them with quick explosive 

movements. Each exercise was done for one set of 6-10 reps. Post-test results showed an increase in 

throwing velocity of 2.4km/h, while players in the control group, who did not perform any resistance 

training, did not improve their throwing velocity.  

 

Another study which utilised plyometric training was that of Newton & McEvoy (1994), whose eight-

week programme consisted solely of two-hand chest passes and two-hand overhead throws with a 

3kg medicine ball. Highly skilled players were divided into an experimental and control group. The 

experimental group performed the exercises for three sets of 8-10 reps, whereas the control group 

only participated in their normal baseball training. Results of this programme showed no significant 

change in throwing velocity for either group. There are a number of possible reasons why the authors 

did not achieve significant results after training, including  the limited number of exercises (only two 
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were performed), the general nature of the exercises (which was not particularly representative of 

the baseball throwing action), and the fact that their participants were at an elite level compared to 

the less skilled participants studied by Escamilla et al. (2012). 

 

2.3.2. Ballistic training 

Ballistic training consists of exercises which includes throwing weights and/or jumping with weights in 

order to improve power. Using a variation of the ballistic training method, McEvoy & Newton (1998) 

had highly skilled baseball players follow a simple two-exercise programme for 10 weeks while a 

separate control group only took part in their usual baseball training. The ballistic programme 

consisted of three sets of 6-8 reps of bench throws and squat jumps on a Plyometric Power System. 

This device allowed the experimental group to perform these exercises with a load that could be 

adjusted to maximise the mechanical power output. This led to a 2.2km/h increase in throwing 

velocity, with no change detected in the control group. This method of training is of course not suitable 

for performing on the field, with some exercises requiring moreover specialised machines not 

affordable to amateur cricket clubs. 

 

2.3.3. Pneumatic training 

Lastly, Escamilla et al. (2012) implemented a method of variable resistance training called ‘Pneumatic 

resistance training’. This method requires specialised gym equipment known as Keiser Equipment, 

which uses air as resistance to perform safe, smooth exercises at any speed. The six-week programme 

had recreational baseball players perform baseball-specific, explosive training for two sets of 8-12 reps 

for each of the 16 exercises. These exercises were rotational rows, diagonal lifts, diagonal shoulder 

extensions, diagonal shoulder flexions, arm acceleration, arm deceleration, stability chops, rotatory 

lifts, flies, reverse flies, and push-pulls. This was done three times a week. The results showed a 

significant 1.5km/h increase in throwing velocity, but, once again, the Keiser Equipment is specialised 

machinery that is expensive and cannot be incorporated into regular cricket training.  

 

After reviewing the pertinent literature on special resistance exercises, the most effective method to 

increase one’s throwing velocity is to make use of plyometric training with a 3kg medicine ball for (two 

handed) throw exercises (2-3 sets of 6-10 reps) for 6-8 weeks, which will result in an approximate 

2km/h increase in throwing velocity. Not only does this method improve throwing velocity, it is also 

quick and easy to perform, inexpensive, and can be done on-field during regular training hours. Table 

2 summarises the effects of special resistance training on throwing velocity as reported by these 

several studies. 



16 
 

 

Table 2: Summary of the effects of special resistance training on throwing velocity 

Reference Sport 
Number of 

subjects (and 
level) 

Duration 
(weeks) 

Training 
method 

Significant 
increase in 
throwing 
velocity 

Significant 
change in 

control 
group 

Newton and 
McEvoy, 1994 

Baseball 8 (Highly skilled) 8 Plyometric (3 
sets; 8-10 
reps; 3kg 
medicine 
ball) 

No No 

McEvoy and 
Newton, 1998 

Baseball 9 (Highly skilled) 10 Ballistic (3 
sets; 6-8 
reps) 

Yes 
(2.2km/h) 

No 

Escamilla et 
al., 2012 

Baseball 

15 (Recreational) 6 Keiser 
pneumatic (2 
sets; 8-12 
reps) 

Yes 
(1.5km/h) 

No 

14 (Recreational) 6 Plyometric (1 
set; 6-10 
reps; 1.8-
3.6kg ball) 

Yes 
(2.4km/h) 

No 

 

 

2.4. Specific resistance training 

Specific resistance training provides a training stimulus that mimics the body motions and bioenergetic 

systems that are used in an actual game setting in order to perform a specific activity (Szymanski et 

al., 2009). The Principle of Specificity states that to become better at a particular skill, one needs to 

exercise that particular skill regularly (Quinn & Fogoros, 2018). Additionally, the principle predicts that 

the closer the training routine is to the requirements of the desired outcome, the better the outcome 

will be. This is due to the vast majority of training-induced adaptations that occur only in those muscle 

fibres that have been recruited during the exercise regimen, with little to no adaptative changes 

occurring in the untrained muscles (Hawley, 2008). For hitting or throwing, this can be accomplished 

by performing batting and bowling training respectively. Furthermore, making use of overweighted 

and underweighted bats and balls can help to produce further improvement.  

 

2.4.1.  Overweight training 

Progressive overload, one of the major principles of training, involves continually increasing the stress 

placed on the body to increase one’s force, power or endurance capabilities (Fleck & Kraemer, 
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2014:10). Presently, the overload principle is used not only in general resistance training but also in 

different overweighted items of sports equipment such as weighted vests, bats and balls. This 

overweighted equipment focuses on the overload of force to improve one’s strength. 

 

2.4.1.1. Overweighted balls 

The same progressive overload principle can be used with overweighted balls. This is a training method 

that has been used in baseball and handball. These overweighted balls were increased in weight by 

5%-25%, 100%, and more than 100%.  

 

2.4.1.1.1. 0%-25% overweight 

In both baseball and handball, players utilise a one-hand overarm throw and – as in all sports that 

require this type of movement – a high ball velocity is important.  

 

DeRenne et al. (1985) implemented a progressive overload programme on recreational baseball 

players which started out with a standard baseball, then increasing its weight by 5% every two weeks. 

This programme ran for 10 weeks (until 20% overload). The number of throws done each week was 

not stated. This resulted in a 2.4km/h increase in throwing velocity. The study was repeated (DeRenne 

et al., 1990) , with participants performing 150 throws each week. This led to a 6km/h increase in 

throwing velocity. However, in handball, Edwards Van Muijen et al. (1991) recruited highly skilled 

national level players to utilise a 25% overweighted ball training for eight weeks at 60 throws per 

week. There was no significant increase in velocity. The non-significant result in this study could be 

due to the highly skilled participants recruited or the lower number of throws per week.   

 

The results suggest that overweight balls in the range between 5 and 25% can result in improved 

throwing velocity. However, the number of balls that are thrown should also be considered. 

 

2.4.1.1.2. 100% overweight 

One study utilised a 100% overweighted ball for training. Barata (1992) trained a group of skilled 

handball players with a 100% overweighted ball for nine weeks. They performed 180-216 throws each 

week. This resulted in a significant increase of 7% in throwing velocity. The control group also 

improved their throwing velocity by 6%, despite not doing any extra training.  
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2.4.1.1.3. More than 100% overweight 

Two studies were found that used a ball more than 100% overweight. In the first study, recreational 

baseball players were divided into two groups: an experimental and a control group (Straub, 1968). 

The experimental group was required to perform 60 throws a week with a range of 40%-240% 

overweighted balls. The control group was instructed to perform the same number of throws with a 

regular weighted ball. This programme lasted for six weeks. The results indicated no increase in either 

the experimental group or the control group. One can assume that the failure to increase the throwing 

velocity was a result of the high percentage of overweight that was used in the study, the wide range 

of difference in modified ball weights, and/or the limited number of throws done per week.  

 

The second study, which used more than 100% overweighted balls, was that of Litwhiler & Hamm 

(1973). Here, skilled baseballers performed 165 throws each week for 12 weeks, using a range of 40%-

140% overweighted balls. This resulted in an 18km/h increase in throwing velocity. The significant 

increase reported by this study might be due to the smaller weight range of overweighted balls 

compared to the first study by Straub (1968). Another contributing factor might be the larger number 

of throws done. However, only 5 participants took part in the study, and without any control group, 

so care should be taken when results are compared. 

 

Table 3 shows that three out of the four baseball studies reviewed (which made use of overweighted 

balls) reported an increase in throwing velocity although it is important to note that two of these 

studies did not have a control group (DeRenne et al., 1985; Litwhiler & Hamm, 1973). A review of the 

study done by DeRenne et al. (1990) shows that utilising overweighted balls (specifically 10% and 20%) 

as a method of improving throwing velocity can achieve impressive results. This can be done over a 

period of 10 weeks. The 100% overweighted ball as used by Barata (1992) in handball could possibly 

pose a threat of injury if used by recreational cricket players who are not accustomed to performing 

resistance training with its regular overloads.  

 

Although an average of 115 throws were done per week in the studies reviewed, a similar number 

cannot be applied to cricket bowling. Cricket Australia developed an age-specific Fast Bowler Workload 

Recommendation which states that senior fast bowlers (older than 19 years) should be bowling 240-

300 balls per week, which includes bowling in matches and practice (Soomro et al., 2018). This was 

corroborated by Orchard et al. (2015), who showed that fast bowlers who bowled more than 300 balls 

per week had a higher chance of getting injured one month thereafter.
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Table 3: The effects of training with overweight balls on throwing velocity and accuracy 

Reference Sport 
Number of 

subjects 
Duration 
(weeks) 

Number of 
throws per 

week 

Ball weight 
(% of regular 

balls) 

Significant increase 
in throwing 

velocity 

Significant change 
in accuracy 

 Significant change in 
control group 

Group 1: Throwing with 5-25% overweight balls 

DeRenne et 
al. 1985 

Baseball 5 (recreational) 10  NS 5-20% Yes (2.4km/h) NM No control group 

DeRenne et 
al. 1990 

Baseball 10 (recreational) 10  150 5-20% Yes (6km/h) NM Yes (1.4km/h 
increase) 

Edwards van 
Muijen et al., 
1991 

Handball 15 (highly skilled) 8  60 25% No NM No 

Group 2: Throwing with 100% overweight balls 

Barata, 1992 Handball 11 (skilled) 9 180-216 100% Yes (7%) NM Yes (6% increase) 

Group 3: Throwing with more than 100% overweight balls 

Straub, 1968 Baseball 36 (recreational) 6 60 40% – 240% No NM No 

Litwhiler & 
Hamm, 1973 

Baseball 5 (skilled) 12 165 40% -140% Yes (18km/h) No 
 

No control group 

*NS: Not specified; NM: Not measured; N/A: Not applicable 
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2.4.2.  Underweight training 

The progressive overload principle can also be applied to underweighted sports equipment. This 

method focuses on the overload of speed production that can be achieved by using underweighted 

balls.  

2.4.2.1. Underweighted balls 

The use of underweighted balls as a training method has occurred mainly in baseball (DeRenne et al. 

1985; 1990; 1993; Fleisig et al., 2006) and in handball (Edwards Van Muijen et al., 1991), where all of 

the studies found  a significant increase in throwing velocity.  

 

DeRenne et al. (1985) was the first to publish the results of using underweighted balls. In this study, 

recreational baseball players followed an underweighted training programme for 10 weeks (150 

throws per week) using 20% underweighted balls. They found that there was a 4.8km/h increase in 

throwing velocity. This study was repeated in 1990 and 1993. Participants were required to perform 

150 throws per week in 1990 and 187 throws per week in 1993. Both these lasted for 10 weeks and 

reported a 7.6km/h and 3.3% increase in throwing velocity, respectively (DeRenne et al., 1990; 1993). 

Similarly, in handball, highly skilled female participants were trained for eight weeks performing 60 

throws per week using 25% underweighted balls (Edwards Van Muijen et al., 1991). The result was a 

1.4km/h increase in throwing velocity. These results suggest that the use of a ball underweighted by 

about 20-25% can produce an increase in pitching/throwing velocity when used to train participants 

for 8-10 weeks. However, this does require a large number of pitches (around 150 pitches) for the 

most effective results (DeRenne et al., 1990; 1993). Care should be taken when extrapolating these 

study results to cricket bowling. 

 

A summary of the underweighted ball studies is presented in Table 4. 
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Table 4: The effects of training with underweight balls on throwing velocity and accuracy 

Reference Sport 
Number of 

subjects  
(and level) 

Duration 
(weeks) 

Number of 
throws per 

week 

Ball weight 
(% of regular 

balls) 

Significant 
increase in 
throwing 
velocity 

Significant 
increase in 
accuracy 

Significant 
change in 

control group 

DeRenne et al., 
1985  

Baseball 5 (Recreational) 10 NS -5 – (-20)%  Yes (4.8km/h) NM No control 
group 

DeRenne et al., 
1990 

Baseball 10 (Recreational) 10 150 -5 – (-20)%  Yes (7.6 km/h) NM Yes (1.4km/h 
increase)  

Edwards van 
Muijen et al., 
1991 

Handball 15 (Highly skilled) 8 60 -25% Yes (1.4km/h) NM No 

DeRenne et al., 
1993 

Baseball 22 (Recreational) 10 187 -20% Yes (3.3%) NM No 

Fleisig et al., 2006 Baseball 34 (Recreational) N/A N/A -20% Yes (4 km/h) NM No control 
group 

*NS: Not specified; NM: Not measured; N/A: Not applicable 
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2.4.3.  Combined overweight and underweight training 

Both overweight and underweight training were found to improve performance by increasing velocity. 

However, a combination of the two might be even more beneficial. Van den Tillaar (2004) suggests 

that there are two different views on how to apply a particular type of overload that would be needed 

to achieve a faster ball movement. Training with overweighted balls is based on the principle of an 

overload of force whereas training with underweighted balls is based on the principle of an overload 

of velocity. The theory behind the principles of over- and underweight training can be derived from 

the force-velocity curve of movement (Figure 1), which is based on the force-velocity curve of muscle 

contraction as described by Hill (1938). 

 

 
Figure 1: Force-velocity curve of movement 

 
Van den Tillaar (2004) observes that an inverse relationship exists between the force produced and 

the velocity at which this force is being applied.  Therefore, training with heavier loads is said to affect 

the high force part of the curve whereas training with lighter loads is said to affect the high velocity 

part of the curve. If training is aimed at increasing velocity, this kind of training should be based on 

lighter weights and higher velocity. In other words, depending on whether one wants to improve one’s 

strength or speed, according to the force-velocity curve, one would have to train with heavier or 

lighter loads, respectively, to achieve one’s objective. But in order to bowl the ‘perfect’ delivery, one 

would need to produce a delivery that hits the ‘sweet-spot’ of power by incorporating both velocity 

and force. This reminds us that power is the product of force and velocity (P=F x v).  Van den Tillaar & 

Ettema (2011) note that with underweight implements, you train the arm at faster speeds, whereas 

with overweight implements, you train the arm with higher loads. These kinds of training programmes 

have been used successfully in various sports. 
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2.4.3.1. Overweighted and underweighted balls 

Overweight and underweighted ball training procedures have been used successfully to increase ball 

velocity in  baseball (DeRenne et al., 1994; Powe & Deutsch, 2011), handball (Van den Tillar & 

Marques, 2011a), and cricket (Petersen et al., 2004; Freeston & Rooney, 2008; Wickington & 

Linthorne, 2017). 

 

Powe & Deutsch (2011) made use of three skilled pitchers to participate in a six-week throwing 

programme. The throwing programme was a modified overload/underload training programme 

aimed at increasing the pitching velocity and on-field performance of the athletes. This six-week 

programme started at the beginning of the season, after the players’ current throwing velocities had 

been measured. Although the weight of the balls used was not mentioned or the exact training 

programme not stated, Powe & Deutsch found that an interval throwing programme with weighted 

balls can improve arm strength, increase velocity, increase stamina/endurance and even improve the 

pitcher’s accuracy. DeRenne et al. (1994) found similar results when they utilised a 20% overweighted 

and underweighted training programme for 10 weeks at 198 throws in training per week. This resulted 

in a 6.4-8 km/h increase in throwing velocity for the recreational players.  

 

Two cricket studies have tried over- and underweight training on recreational bowlers. First, Petersen 

et al. (2004) performed a 10-week training programme utilising 3%-16% overweight and underweight 

balls as well as regular weighted balls (54-108 balls per week) and a control group who only trained 

with regular balls. The experimental group increased their bowling velocity by 4km/h whereas the 

control group showed no significant increase in fast bowling velocity. Although there was an increase 

in velocity for the experimental group, there was also a significant decrease in bowling accuracy. The 

second cricket bowling study used a combination of underweighted (-10%, -27%, -55%) and 

overweighted (+27% and +37%) balls for eight weeks of training (Wickington & Linthorne, 2017). After 

every two weeks of training, the number of deliveries bowled was increased by two balls (36-42 balls 

per week) while a change in ball weight sequence occurred every training session. This resulted in a 

3.5km/h increase in ball velocity for the experimental group. The control group, on the other hand, 

showed no significant change in ball velocity after training with a standard ball for the same number 

of deliveries. These results indicate that in cricket relatively few deliveries can be used during training 

and still produce effective results within 8-10 weeks of training. However, these results were not 

consistent in handball (Van den Tillaar & Marques, 2011a). Highly skilled handball players were not 

able to improve their throwing velocity after eight weeks of training (258 throws per week using a 20% 

heavier and 20% lighter ball). The differences in the results of the handball and cricket studies could 
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be due to the different level of skill of the participants. In the cricket studies recreational bowlers were 

used whereas in the handball study, highly skilled (national level) players were used. As mentioned 

previously, the potential for improvement would be greater for the recreational athletes.  

 

Reviewing the literature on combined over- and underweighted implements reveals that the most 

effective method for increasing throwing velocity appears be training with overweight and 

underweight balls varying 15-20% from the weight of the regular ball used in that sport. The duration 

of the training programme can range from 6-10 weeks. Although an average of 228 throws per week 

was recorded for handball (Van den Tillaar & Marques, 2011a) and baseball (DeRenne et al., 1994), 

the same number cannot be applied in cricket bowling. This was made clear by Davies et al. (2008), 

who showed that a bowling workload of that magnitude would result in an increased risk of injury. 

This is corroborated by Orchard et al. (2015). The Fast Bowler Workload Recommendation (FBWR) 

developed by Cricket Australia states that no more than 240—300 balls per week should be bowled 

by senior fast bowlers (older than 19 years). A summary of these studies is presented in Table 5. 
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Table 5: The effects of training with overweight and underweight balls on throwing velocity and accuracy  

Reference Sport 
Number of 

subjects 
(and level) 

Duration 
(weeks) 

Number of 
throws per 

week 

Ball weight 
(% of regular 

balls) 

Significant increase 
in throwing velocity 

Significant 
increase in 
accuracy 

Significant 
change in control 

group 

DeRenne et 
al., 1994 

Baseball 150 
(recreational) 

10 198 ±20%  
 

Yes (6.4 – 8km/h) NM No  

Petersen et 
al., 2004 

Cricket 7 
(recreational) 

10 54 – 108 ±16% Yes (4km/h) No, decreased. No  

Powe & 
Deutsch, 2011 

Baseball 3 
(skilled) 

6 NS NS Yes (3-10 km/h) NM No 

Van den Tillar 
and Marques, 
2011a 

Handball 11  
(highly skilled) 

8 258 ±20% No change NM No  

Wickington & 
Linthorne, 
2017 

Cricket 10 
(recreational and 
skilled) 

8 36 – 42 -55%; -27%; -10% 
+27%; +37% 

Yes (3.5km/h) No change No  

*NS: Not specified; NM: Not measured 
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2.5. Combined resistance training 

Various studies have tried a combination of two different resistance training types. These include a 

combination of general and special resistance, special and specific resistance training – specifically, 

ballistic resistance training and ballistic-specific training as well as a combination of general and 

specific resistance. One study explored the effects of using all three resistance training types on cricket 

bowling velocity (Feros et al., 2016).  

 

Ballistic resistance training is a training method which combines elements of plyometric training and 

weight lifting (McEvoy & Newton, 1998). The “Ballistic Six” programme is a baseball-specific strength 

training programme and involves six upper extremity plyometric exercises. Each exercise (two types 

of external shoulder rotations, overhead throws, external rotation side throws, and two types of 

baseball throws) is performed in three sets of 10-20 reps, using latex tubing and 1kg-4.5kg medicine 

balls. It has been suggested that baseball pitchers make use of this programme in order to increase 

shoulder performance and prevent injury (Pretz, 2004). Although the programme is specific to 

baseball, Singh et al. (2014) introduced the method into an eight-week cricket programme, focusing 

on improving bowling velocity. Throwing exercises were performed with 1kg and 3kg medicine balls. 

The results showed a significant but small increase of 2.6km/h in highly skilled cricket bowlers (there 

was no control group). Although subsequent studies have utilised the “Ballistic Six” programme in 

ways slightly different from what was recommended by Pretz (2004), the method has been shown to 

be effective in increasing bowling velocity. Unfortunately, none of these trials included a control 

group, limiting interpretation of the results. 

 

An alternative combination resistance method is that of ballistic-specific training. This method entails 

explosive training that is specific to the sport being trained. Van den Tillaar & Marques (2009) used 

two-arm overhead medicine ball throws in the same manner in which a soccer ball would be thrown. 

The skilled participants were instructed to perform two explosive sets of eight repetitions of overhead 

throws with a 5kg (more than 500% overweight) medicine ball over a period of six weeks. A separate 

control group performed the same workload with a regular soccer ball. There was a significant 

2.7km/h increase in throwing velocity for the experimental group, while the control group 

experienced a much greater increase of 4.3km/h. The relatively small increase in the experimental 

group could be due to the very large load of the medicine ball. Perhaps a lighter load or a progressive 

overload would have produced a greater increase in throw velocity. At the same time, the increase in 

the throwing velocity in the control group could be attributed to the improved biomechanics of 

throwing with repeated training. 
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Another successful combination is that of general and specific resistance training (Escamilla et al., 

2010). This was done using elastic tubing and distance-based interval throwing long toss program in 

order to improve baseball throwing velocity in youth baseballers. This combination programme 

resulted in a significant increase in throwing velocity for the experimental group but no change in 

velocity for the control group. This programme lasted for four weeks. This is the shortest duration that 

has found a significant improvement in throwing velocity. 

 

Feros et al. (2016) used a combined general, special and specific resistance training programme to try 

and improve cricket bowling performance. Recreational cricket bowlers were required to complete an 

eight-week programme which consisted of pull-ups, sprint training (with and without a weighted vest 

of 15-20% of bodyweight) and bowling training (overweight and regular ball). The overweighted balls 

weighed 250g (+60.3%) and 300g (+92.3%). The control group completed unresisted sprint training 

and regular-ball bowling training. Post-test results showed a 3km/h improvement in bowling velocity 

for the experimental group, although their bowling accuracy significantly decreased. There was no 

significant change in bowling velocity in the control group. The increase in bowling velocity 

notwithstanding, the decline in bowling accuracy could be due to the heavy-ball bowling. Feros et al. 

(2016) make the point that this alters the sequencing pattern of the bowling motion. This leads to 

inconsistent delivery release points which in turn results in poorer bowling accuracy. If this is the case, 

it might be corrected by using a lighter-ball bowling programme alongside the heavy ball. Further, the 

intensity and frequency of the programme were not stated and therefore could not be assessed. 

 

It seems that all the above-mentioned methods show promising results in increasing ball velocity. 

Although it appears that the Ballistic Six and a combination of the three resistance training types 

succeeded in improving ball velocity, it has not been conclusively demonstrated because there was no 

control group for the Ballistic Six programme (Singh et al., 2014). There is also the decrease in bowling 

accuracy after application of a combination of the three resistance training types to be reckoned with 

(Feros et al., 2016). One would need to implement practical changes to these studies in order to make 

sure of an improvement in bowling velocity. Table 6 presents a summary of the above studies. 
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Table 6: Summary of combined resistance training on throwing velocity 

Reference Sport 
Number of 

subjects 
(and level) 

Duration 
(weeks) 

Training method 
Significant increase 

in throwing 
velocity 

Significant increase 
in accuracy 

Significant change 
in control group 

Van den Tillaar & 
Marques, 2009 

Soccer 32 
(skilled) 

6 Ballistic specific Yes (2.7km/h) NM Yes (4.3km/h 
increase) 

Singh et al., 2014 Cricket 27 
(highly skilled) 

8 Ballistic Six (3 sets; 
10-20 reps; 1kg and 
3kg medicine ball) 

Yes (2.6 km/h) NM No control group 

Feros et al., 2016 Cricket 12 
(recreational) 

8 General, special, 
specific resistance 

Yes (3.3km/h) No, decreased. No 

Escamilla et al., 
2010 

Baseball 17 
(recreational) 

4 General and 
specific resistance 

Yes (3.6km/h) NM No 

*NS = Not specified; NM = Not measured; N/A = Not applicable  
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2.6. Upper body power 

Upper body power can be measured in various ways. These include variations of the seated medicine 

ball toss (Clemons et al., 2010; Nash, 2008), an overhead medicine ball throw, a sidearm medicine ball 

throw, a force-velocity power test (Hermassi et al., 2010; 2011), and an upper body wingate anaerobic 

test.  

 

The seated medicine ball toss test can involve a seated medicine ball toss on a 45° incline bench, or 

being seated on the floor with one’s back against a wall. The 45° incline helps to facilitate the 45° angle 

and to produce an arm-to-torso angle similar to that. The other variation requires the participant to 

sit with their back against a wall and their legs stretched out flat in front of them. To facilitate the 45° 

angle for throwing, two horizontal bars are placed for the medicine ball to be thrown through.  

 

Although both tests are acceptable methods of measuring upper body power, the equipment needed 

does not allow for them to be performed on-field, and therefore a variation of the method with limited 

equipment would be more appropriate. This was done by Johnson & Nelson (1979), who used a chair 

for participants to sit on when tossing the ball. 

 

Upper body power was not measured in any of the previous studies reviewed, whether in general, 

special or specific training. 

 

2.7. Lower body power 

It has been found that lower body power can be measured using a squat jump test, a standing long 

jump test, a countermovement jump test, and a force-velocity power test.  

 

The squat jump test requires players to begin in a squat position and perform a vertical explosive jump. 

This must be done without the assistance of the arms (which must be held against chest) (Samozino 

et al., 2008; Gorostiaga et al., 1999). The standing long jump test requires players to perform a long 

jump from a standing position. Players are permitted to begin the jump with bent knees and swing 

their arms to assist in the jump. This long jump test has also been modified in a number of different 

ways to obtain similar results (Almuzaini & Fleck, 2008).  
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The countermovement jump test (Hermassi et al., 2011) begins in an upright position, making a fast 

downward movement to a knee-angle of 90° then forcefully pushing off the ground, going upward.  

 

Both the squat jump and the countermovement jump test were used by Gorostiaga et al. (1999) and 

Hermassi et al. (2011) to measure their participants’ leg power. Despite a significant increase in 

throwing velocity in both studies, there was no significant change measured in the countermovement 

jump test. The squat jump test showed no significant increase for Gorostiaga et al. (1999), but a 

significant increase for Hermassi et al. (2011). 

 

Despite the lack of improvement post training in these studies, the countermovement jump test as a 

method of measuring lower body power remains a reliable and valid one (Markovic et al., 2004). The 

countermovement jump test has also been shown to have an advantage over the squat jump 

(Linthorne, 2000), and therefore seems an appropriate test with which to measure lower body power. 

 

2.8. Accuracy 

In cricket fast bowling, accuracy can be just as important as ball velocity (Woolmer et al., 2008). 

Accuracy should therefore be included as an indicator when measuring fast bowling performance 

(Portus et al., 2000). Utilising a weighted-implement training programme could compromise a fast 

bowler’s accuracy (Wickington & Linthorne, 2017). There have been several studies measuring 

bowling accuracy (Portus et al., 2000; Taliep et al., 2003; Petersen et al., 2004; Freeston et al., 2007; 

Phillips et al., 2012; Feros et al., 2013; 2016; Murtaza et al., 2014). Some studies used an upright target 

area (Portus et al., 2000; Freeson et al., 2007; Phillips et al., 2012; Feros et al., 2013; 2016), while 

others used a target area on the pitch (Taliep et al., 2003; Petersen et al., 2004; Murtaza et al., 2014). 

 

2.8.1.  Upright target zone 

Phillips et al. (2012) designed what is probably the most practical and effective measure of accuracy 

for fast bowlers. A target area (200cm x 120cm) comprising 20cm x 20cm squares was placed vertically 

upright at the position of the stumps. Points were awarded according to where the target was hit, 

with 100 points for a good delivery hitting the equivalent of the top of off-stump. Points for the 

different squares ranged from 0 to 100, depending on how far the square was from the core area of 

the target.  

 

Portus et al. (2000) made use of a 140cm x 100cm target grid which consisted of three scoring zones 

(100, 50 & 25 points). This grid was suspended 30cm in front of the batter’s stumps and 50cm above 
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the ground. The design of the grid allowed for a maximum score of 100 points for all deliveries bowled 

passing a line of middle stump to approximately 25cm outside off stump and all deliveries bowled 

from a good length or just short of a good length. Similarly, Freeston et al. (2007) used five marked 

scoring zones that were specifically designed to surround one cricket stump in the ground. Accuracy 

was measured according to the following schema: direct hit on the stump = 0 points, zone one = 1 

point, zone two = 2 points, zone three = 3 points, zone four = 4 points and the outer zone = 5 points. 

A perfect score equated to 0 points. Feros et al. (2013; 2016) used a vertical, five-point target system. 

The distance between the impact of the delivery and the target was digitised and used as a measure 

of accuracy.  

 

Although all these grid systems are similar, the method used by Phillips et al. (2012) has an advantage 

over the other grid systems because it can be adjusted for changes in length of the deliveries and has 

more target scoring zones to accommodate this.  

  

2.8.2.  Target zone on a pitch 

Other researchers used targets placed on the pitch (Taliep et al., 2003; Petersen et al., 2004; Murtaza 

et al., 2014). An area was marked out for the duration of the trial, and the targets that were placed in 

various positions on the pitch measured a certain line and length of delivery. The disadvantage of this 

technique is that it measures accuracy prior to the ball reaching the batter and wicket. Bowlers have 

different statures and swing the ball differently, and therefore the ball will deviate differently off the 

pitch. A ball can bounce on the perfect target zone on the pitch but because of the swing end up 

deviating far off the ideal position when it passes the batter. The advantage of placing the target 

upright in either the position of the stumps or the position of the batter is that it represents where 

the ball is as it passes the wickets/batter.  

 

2.9. Exercise adherence 

Adherence is defined as the degree to which participant behaviours coincide with the 

recommendations of the provider or trainer (Rand & Weeks, 1998), or the level of participation 

achieved in a behavioural regimen once the individual has agreed to undertake it (King, 1994). A 

broader definition of adherence has it meaning sticking to or faithfully conforming to a standard of 

behaviour in order to meet a particular goal (Haynes, 2001).  

 

There are many reasons why participants do not adhere to exercise programmes. These include injury, 

the exercise being too strenuous, failure to meet goals, travel (personal or job related), lack of interest, 
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lack of time, lack of instruction, family demands, and physical and mental fatigue (Anshel & Seipel, 

2009). Strategies that help to prevent non-adherence and improve participant compliance with 

exercise programmes are referred to as relapse prevention (Marlatt & George, 1998). Marcus et al. 

(2000) suggest that in order to reduce relapse, participants should develop feelings of self-control. 

Non-adherence to protocol can be prevented through self-monitoring, using daily logs and diaries, or 

through self-report questionnaires. 

 

Self-monitoring and instructor monitoring have been found to increase participant adherence 

significantly (Weber & Wertheim, 1989; Bassett, 2003; Cadmus-Bertram et al., 2014). Weber & 

Wertheim (1989) tested the self-monitoring method to determine whether it would be successful in 

increasing exercise adherence. One group of participants was required to perform self-monitoring; a 

second group was required to do this while at the same time receiving reinforcement and attention 

from staff involved in the study; and a third group was used as a control. The two experimental groups 

were given a self-monitoring sheet to complete each time they visited the gym. The results of this 

study indicate that exercise adherence was significantly poorer in the control group compared to the 

self-monitoring groups, while the solely self-monitoring group recorded a degree of adherence 

superior to the other groups. 

 

Bassett (2003) investigated measures of adherence to in-clinic and home-based physiotherapy 

programmes. Clinic-based adherence comprised the patient’s clinic attendances whereas home-based 

adherence consisted of patient diaries and self-report questionnaires. Patients were expected to 

complete their diaries each time they performed their home programme and take them to each clinic 

appointment. An advantage of the diary is that it can serve as a reminder to the participant to do what 

the programme requires of them, but it could also become a limitation due to patient’s simply 

forgetting to write in it. Clinic attendance can also be inconclusive because it does not measure the 

patient’s adherence during clinic visits. Similarly, exercise logs have been used to monitor adherence 

in athletes (Cadmus-Bertram et al., 2014). Although all these studies utilise the self-monitoring 

method, they have certain limitations. Some athletes lie about their performance of the training 

programme – for instance, they could log/diarise a session without actually doing it – or are simply 

unable accurately to recall their adherence (Myers & Midence, 1998).  

 

An alternative method to ensure that participants are performing what is required of them is to have 

training personnel present at training sessions. This enables the training personnel to observe 

participant adherence to the protocol and then rate this adherence on a scale of none (0) to all (5) 

(Taylor & May, 1996). Not only does this ensure that athletes are performing the training programme, 
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it also checks that they are performing it correctly, i.e. using the correct techniques. However, this is 

not always practical when there are numerous participants in different locations training at the same 

time. 

 

2.10. Summary 

The primary aim of this section has been to review the relevant literature on resistance training to 

improve ball velocity in various ball sports, and then make recommendations on a possible training 

programme suitable for recreational cricket fast bowlers. The following factors were considered: type 

of resistance training, duration, sets and repetitions, the intensity and time per session,  the availability 

of equipment, and the measures of upper and lower body power. 

 

2.10.1.  Type of training 

 It seems that the use of a combined resistance training programme which consists of general, special 

and specific resistance exercises could potentially produce the best results. In developing the 

programme, it must be decided which methods of training would be most effective and efficient. 

General resistance training should be done through various bodyweight exercises. For special 

resistance, plyometric training (with a 3kg medicine ball) would be ideal. For specific resistance, 

training with heavier, lighter and regular balls would be effective in helping to improve bowling 

velocity. These balls should weigh approximately 15-20% more/less than the regular ball. The weight 

range will depend on the duration of the programme being implemented. However, a conservative 

approach would be to slowly overload the system by using a slightly lower weighted implement 

(starting at 10%) to decrease the risk of injury.  

 

2.10.2.  Duration 

According to the literature reviewed, the recommended duration of a programme is 6-10 weeks. 

However, if a combination of general, special and specific training is implemented then perhaps a 

shorter duration (four weeks) could be used (Escamilla et al., 2010). Additionally, this shorter duration 

can be done for amateur recreational players as they may have a greater capacity for change 

compared to elite players. Furthermore, the literature suggests that the longer the protocol, the lower 

the adherence (Bassett, 2003). The four-week programme would be ideal for recreational club 

cricketers to use to improve bowling performance within a short period of time. 

 

 

2.10.3.  Sets and repetitions 
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The programme should provide a progressive overload of sets and repetitions from the first week of 

training until completion of the programme. For both general and special resistance exercises, a 

minimum of two sets and six repetitions should be effective to kick-start the programme. Thereafter, 

a progressive overload should take place every two weeks. With regard to the specific resistance, the 

weight of the balls can be increased/decreased by 5% every two weeks to provide for enough overload 

to provoke an adequate response. Additionally, the number of deliveries bowled during training 

should be increased by one over (six deliveries). 

 

2.10.4.  Intensity 

The studies reviewed states that all special resistance training was performed at maximal explosive 

effort. Therefore, when performing the suggested protocol, one should perform all power exercises 

with maximum exertion. This can also be applied to the weighted ball protocol. 

 

2.10.5.  Time per session 

The studies reviewed did not mention the time it took to complete a resistance training session. 

However, based on the studies we estimated the time could vary between 20 minutes and one and a 

half hours. Ideally, we require a programme that can be performed during regular cricket training and 

the exercises require minimal time and resources to perform. Bowling with overweighted balls can 

occur during regular training in the nets and would not add to the allocated time. The only extra time 

would be allocated to the general and special resistance training which will add an approximately 20 

minutes to their training sessions. 

 

2.10.6.  Cost of and access to equipment  

Based on previous literature, various equipment was utilised to perform the different training 

protocols, however, most of these were quite expensive and inaccessible during regular training. 

Mobile and cost-effective equipment is necessary for on-field training session of amateur cricket 

bowlers. This can be in the form of a 3kg medicine ball and weight-modified cricket balls.  

 

2.10.7.  Measures of upper and lower body power  

To measure upper body power, previous research shows that there are various methods to do so, 

however, the seated medicine ball throw test (on a chair with a 3kg medicine ball) seems to be the 

most effective as it is simple and safe to administer. This requires limited equipment compared to 

other variations of this same test. Similarly, previous research shows various methods to measure 

lower body power. However, the countermovement jump test has shown to have an advantage over 
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similar tests. Both these tests are reliable and valid. These recommendations can be implemented in 

a combined resistance training programme. 

 

2.11.  Hypothesis 

Based on the literature review the following hypotheses were formulated: 

 

2.11.1. After two weeks 

Hypothesis 1:  

There will be a significant increase in bowling velocity after two weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ vb > μ va  
Where:  
vb = velocity after two  weeks,  
va = velocity at baseline 
 

Null-hypothesis 1: 

The null-hypothesis is that there will be no significant change in bowling velocity after two weeks of 

resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ vb = μ va  
Where:  
vb = velocity after two weeks,  
va = velocity at baseline 
 

Hypothesis 2:  

There will be no change in bowling accuracy after two weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ ab = μ aa  
Where:  
ab = accuracy after two  weeks,  
aa = accuracy at baseline 
 
Null-hypothesis 2: 

The null-hypothesis is that there will be a significant decrease in bowling accuracy after two weeks of 

resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ ab < μ aa  
Where:  
ab = accuracy after two weeks,  
aa = accuracy at baseline 
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Hypothesis 3:  

There will be a significant increase in upper body muscle power after two weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ ubpb > μ ubpa  
Where:  
ubpb = upper body power after two weeks,  
ubpa = upper body power at baseline 
 
Null-hypothesis 3: 

The null-hypothesis is that there will be no significant change in upper body muscle power after two 

weeks of resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ ubpb = μ ubpa  
Where:  
ubpb = upper body power after two weeks,  
ubpa  = upper body power at baseline 
 

Hypothesis 4: 

There will be a significant increase in lower body muscle power after two weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ lbpb > μ lbpa  
Where:  
lbpb = lower body power after two weeks,  
lbpa = lower body power at baseline 
 
Null-hypothesis 4: 

The null-hypothesis is that there will be no significant change in lower body muscle power after two  

weeks of resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ lbpb = μ lbpa  
Where:  
lbp = lower body power after two weeks,  
lbp = lower body power at baseline 
 

2.11.2. After four weeks- 
 
Hypothesis 1:  

There will be a significant increase in bowling velocity after four weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ vb > μ va  
Where:  
vb = velocity after four weeks,  
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va = velocity at baseline 
 

Null-hypothesis 1: 

The null-hypothesis is that there will be no significant change in bowling velocity after four weeks of 

resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ vb = μ va  
Where:  
vb = velocity after four weeks,  
va = velocity at baseline 
 

Hypothesis 2:  

There will be no change in bowling accuracy after four weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ ab = μ aa  
Where:  
ab = accuracy after four weeks,  
aa = accuracy at baseline 
 
Null-hypothesis 2: 

The null-hypothesis is that there will be a significant decrease in bowling accuracy after four weeks of 

resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ ab < μ aa  
Where:  
ab = accuracy after four weeks,  
aa = accuracy at baseline 
 

Hypothesis 3:  

There will be a significant increase in upper body muscle power after four weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ ubpb > μ ubpa  
Where:  
ubpb = upper body power after four weeks,  
ubpa = upper body power at baseline 
 
Null-hypothesis 3: 

The null-hypothesis is that there will be no significant change in upper body muscle power after four 

weeks of resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ ubpb = μ ubpa  
Where:  
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ubpb = upper body power after four weeks,  
ubpa  = upper body power at baseline 
 

Hypothesis 4: 

There will be a significant increase in lower body muscle power after four weeks of resistance training. 

Stated statistically the alternate hypothesis is:  

H1: μ lbpb > μ lbpa  
Where:  
lbpb = lower body power after four weeks,  
lbpa = lower body power at baseline 
 
Null-hypothesis 4: 

The null-hypothesis is that there will be no significant change in lower body muscle power after four 

weeks of resistance training. 

Stated statistically the null-hypothesis is:  

H0: μ lbpb = μ lbpa  
Where:  
lbp = lower body power after four weeks,  
lbp = lower body power at baseline 
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CHAPTER THREE 

METHODOLOGY 

 

This chapter describes the design of the study and the questionnaire that was administered to the 

participants during the cricket season. It then outlines the testing procedures and the training 

programme that was implemented. 

 

3.1 Study design and ethical considerations 

A cross-sectional, randomised control study design was employed for this study. This study conforms 

to the principles and tenets of the Helsinki Accord and was approved by the Research Ethics 

Committee of Cape Peninsula University of Technology (2016FBREC359). No participant entered the 

study without signing an informed consent form after the researcher had provided a full oral and 

written explanation of the study, including the possible risks involved.  

 

3.2 Questionnaire 

Before the commencement of the study, a questionnaire for fast bowlers to complete was sent out to 

various cricket clubs (1st and 2nd division) in the Western Province region, as well as distributed online. 

This questionnaire was based on their cricket training and strength training load. The questionnaire 

retrieved demographic and injury information as well as perceptions of the importance of strength 

and power training. Participants were asked to state whether they had personally implemented 

training that contributed to an improvement in their bowling velocity and if they had a gym 

membership. Additionally, participants were asked their experience (in years) in bowling as well 

resistance training (Feros et al., 2019). This questionnaire was answered by 49 players and was used 

to determine whether players at club level had the time and financial resources to perform additional 

strength or power training (outside of their normal cricket training hours) that might produce an 

improvement in their bowling performance. The questionnaire that was given to the participants is 

presented in Appendix B. 

 

3.3. Experimental trial 

 

3.3.1 Participants 

Male, first-division recreational club cricketers in the Western Cape, South Africa (n = 20), between 

the ages of 18 and 35, were recruited for the research study. All the participants had been injury-free 
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for at least one month prior to commencement of the trial. The participants were divided into 

experimental (n = 11) and control (n = 9) groups according to their respective clubs. The experimental 

group trained with a combination of overweighted, underweighted and regularly weighted cricket 

balls and followed a simple strength and power training programme, twice a week for a period of four 

weeks. The experimental group was instructed to complete the prescribed training programme and 

not perform any other, additional resistance training. Once the bowlers completed their resistance 

training programme, they were allowed to continue their regular bowling training by bowling extra 

deliveries if required with regular weighted balls only. This could minimise interference with their 

regular club training sessions. No record was kept of the total volume of balls bowled per week with 

the regular weighted balls. Of the experimental group, nine participants completed the study trial 

because one participant dropped out (due to lack of interest), while another sustained an injury after 

two weeks. The control group only trained with regulation weight balls, twice a week throughout the 

four-week trial period and were instructed not to take part in any resistance training. The control 

group’s practice sessions consisted of various cricket activities (bowling and fielding), provided that 

their bowling sessions were done with a regular weighted (156g) cricket ball. No record was kept of 

the total volume of balls bowled per week with the regular weighted balls. All nine participants in the 

control group completed the study trial. The control group not informed of the purpose of the study 

and no mention of the use of differently weighted cricket balls was made (Appendix A). Further, 

because participants were divided according to their club, no club had players belonging to both 

groups. This was done to minimise the players’ awareness of the purpose of the study, as this could 

influence the way they responded to the testing. After the completion of the study, the control group 

was provided with the training programme for personal use. 

 

3.3.2. Testing facility 

Testing took place at an indoor sports facility at the Sports Science Institute of South Africa. The facility 

has a full-length cricket pitch as well as enough space for participants to make use of their full run-up 

(Figure 2). 

 

3.3.3.  Anthropometric measures 

Mass and stature (without shoes) were measured prior to the commencement of the trial. These were 

collected for potential data analysis purposes. 

 

3.3.4.  Testing Procedure 

Prior to the commencement of the experimental and control trials, all the participants performed a 

baseline test (pre-test). Thereafter, participants were tested after the second week of training and 
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after the fourth week of training. Before each test session, participants were required to complete 

their usual warm-up routine, followed by a specific warm-up of several deliveries beginning with light-

intensity bowling, progressing on to high-intensity bowling at the completion of the warm-up. The 

testing only started once the players were satisfied that they had warmed up sufficiently. All test data 

was recorded on individual data sheets (Appendix B). 

 

                     

Figure 2: Full length cricket pitch and placement of radar gun and high speed camera 

 

3.3.4.1. Bowling velocity 

Participants were instructed to bowl six good-length deliveries (4-7 metres from the batting crease) 

at their fastest speed while trying to hit the top of off-stump after the bounce (left hand stump as seen 

by the bowler when approaching the stumps). The velocity of each delivery was measured using a 

radar gun (Stalker Pro II; USA) on transmission mode, which was placed on a tripod at the end of the 

participant’s run-up, directly behind the position where he released the ball. The mean bowling 

velocity of the six deliveries was recorded. 

 

3.3.4.2. Accuracy 

Bowling accuracy was also measured in this trial, to determine whether the predicted change in ball 

velocity had an influence on the delivery’s accuracy. The same upright target grid as used by Phillips 
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et al. (2012) was applied to measure the bowling accuracy. This grid replicated the accuracy scoring 

system for good length deliveries (Error! Reference source not found.). It contains several 20cm x 

20cm squares with different point values. The mean of the total points accumulated during the 

bowling over was used for data analysis. The location of where the ball made contact with the target 

grid was recorded with a Casio Exilim EX-FH20 high speed video camera (recorded at 210Hz), which 

was placed on a tripod at the end of the participant’s run-up, directly behind the position where the 

participant released the ball (Figure 2). This was used to analyse their accuracy after the test session 

was completed. The mean bowling accuracy of the six deliveries was used in the analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Target grid used to measure bowling 
accuracy (taken from Phillips et al., 2012) 

 

 

3.3.4.3. Upper body power 

Upper body power was measured by making use of a seated medicine ball throw test (Jones et al., 

2016). This test was found to be both valid and reliable measure of upper body power. Seated 
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participants were instructed to hold the medicine ball with both hands behind the ball at chest level. 

From the chest, the medicine ball was pushed up and outward at approximately a 45° angle as 

forcefully as possible (Figure 4). Participants were allowed three warm-up throws before performing 

the test. The distance was measured in centimetres from the front legs of the chair to where the ball 

landed. The furthest distance of three attempts was reported. 

 

   

Figure 4: Seated medicine ball throwing test 

 

3.3.4.4. Lower body power 

To measure the participant’s lower body power, a countermovement jump test (Figure 5) was 

conducted by using the Vertec (Jump USA; California). The countermovement jump is a valid and 

reliable measure of lower body power (Markovic et al., 2004). The Vertec is an instrument commonly 

used to measure one’s vertical jumping ability. Participants were instructed to keep their feet flat on 

the ground and reach up with the hand closest to the Vertec. The standing reach height was measured 

where the highest vane was reached. Thereafter the jump height was measured. This was performed 

by the participant leaping vertically as high as possible using a countermovement. The jump height 

was measured as the highest vane reached. The difference between the standing reach height and 

the jump height is the score recorded. Participants were allowed three warm-up tries before 

performing an additional three jumps. The highest jump of the three jumps was used for analysis. All 

measurements were taken in metres. 
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Figure 5: Countermovement jump test        

 

3.3.5. Training protocol 

3.3.5.1. Experimental group 

 

Ball modification 

Four-piece regulation, regularly weighted (156g) cricket balls were manufactured for use in this study 

trial. Non-regulation (overweight and underweight) balls were manufactured by either increasing or 

decreasing the weight of the cork in the ball. All balls were manufactured by the same manufacturer. 

 

Weighted implement training (use of over- and underweight balls) 

The sport-specific bowling protocol utilised overweighted, underweighted and regularly weighted 

cricket balls during training. Participants were required to deliver 24 balls in the first two weeks (8 

balls regular weight [156g ball], 8 balls at 10% overweight [172g ball] and 8 balls at 10% underweight 

[141g ball]). In the next two weeks, 30 balls were delivered per session (10 balls regular weight [156g], 

10 balls at 15% overweight [179g] and 10 balls at 15% underweight [133g]). During each week, the 

participants were required to complete two training sessions. A summary of the overweighted and 

underweighted values for each training session is presented in Table 7 . 

 

Table 7: Weighted implement training schedule for the experimental group 

TRAINING 
WEEKS 

BALL SEQUENCE 
AND WEIGHT (g) 
 

BALL WEIGHT (%) 
 

BALLS BOWLED 
PER SESSION 
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1-2 4x (156) 
8x (172) 
8x (140) 
4x (156) 

4x (0%) 
8x (10%) 
8x (-10%) 
4x (0%) 
 

24 (4 overs) 

3-4 5x (156) 
10x (179) 
10x (133) 
5x (156) 

5x (0%) 
10x (15%) 
10x (-15%) 
5x (0%) 
 

30 (5 overs) 

*Overweight and underweight balls were rounded off to the nearest gram. 

 

Power and Strength Training programme 

All participants were familiarised with the strength training programme prior to commencement of 

the trial. This was done after the baseline testing. The strength and power training programme used 

by the experimental group was as follows (Table 8): 

 

Table 8: Summary of 4-week training programme. 

Week Exercise name Type of resistance 
training 

Sets Repetitions 

1-2 

Bodyweight squats General 2 10 

Bodyweight split 
squats 

General 2 6 

Bilateral hip raise General 2 10 

Chest pass Special 2 6 

Recoiled overhead 
slams 

Special 2 6 

Standing side toss Special 2 6 

Recoiled rotational 
throws 

Special 2 6 

3-4 

Bodyweight squats General 2 12 

Bodyweight split 
squats 

General 2 8 

Bilateral hip raise General 2 12 

Chest pass Special 2 8 

Recoiled overhead 
slams 

Special 2 8 

Hop back and throw Special 2 8 

Step behind and 
throw 

Special 2 8 
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3.3.5.2. Control group 

Participants in the control group were required to perform their normal training protocol during each 

session, only bowling with a normally weighted ball. They were requested not to participate in any 

resistance training during the 4-week trial period. 

 

3.3.6. Exercise adherence 

To determine whether participants in the experimental group adhered to the training protocol as 

required, an attendance adherence survey was conducted. Furthermore, to increase exercise 

adherence, the investigator randomly visited the training sessions of the participants to monitor and 

assist them if required. The coaches at the clubs were also familiarised with the exercises and the 

training protocol to further assist the players and increase adherence to the trial.  

 

3.4. Data analysis and statistics 

For the questionnaire, simple percentages were reported. Statistical power for bowling velocity was 

conducted through a general linear model, repeated-measures analysis of variance, within- between 

factors (the F test). A minimum of 18 participants were required for this study (9 per group). The alpha 

error probability was set to 0.05 and the power (1-β error probability) was 0.96, for the 2 groups with 

3 repeated measurements (baseline, 2-weeks and four weeks). All data were first checked for 

normality (the Shapiro-Wilk test), kurtosis, and skewness with respect to each group. All variables 

were approximately normally distributed. Mean (± SD) of the descriptive data, fitness characteristics 

and bowling performance were calculated. For the experimental trial, the measurements of the 

experimental and control groups were compared using a General Linear Model, repeated measures 

(within-subjects) were performed and the confidence interval were adjusted using Bonferroni 

correction. Statistical significance was considered when p < 0.05. Effect sizes were reported by the 

Hedge’s g statistic. The precision of mean differences was expressed with 95% confidence limits (95% 

CLs). Qualitative descriptors of standardised effect sizes using Hedge’s g were assessed using the 

criteria: trivial, less than 0.2, small 0.2–0.49, moderate 0.5–0.79, and large 0.8. For this analysis, both 

the experimental and control group data were pooled to achieve within subject comparison. All 

statistical analyses and calculations were performed using IBM SPSS Statistics (25 IMB Corp., Armonk, 

NY, USA) or Microsoft Excel (version 2013; Microsoft Corp.).  
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CHAPTER FOUR 

RESULTS 

 

This chapter presents the results obtained from the questionnaire and the experimental trial. The 

results of the exercise adherence survey are also reported. 

 

4.1 Questionnaire 

A total of 49 participants completed the questionnaire.  

 

4.1.1  Employment and student status 

Employment status 
Full time Part- time Unemployed 

52% 17% 31% 
 

Scholar status 
Full time Part- time Not studying 

38% 6% 56% 

 

Participants were required to state whether they were employed/unemployed and/or if they were a 

full-time or part-time student.  Fifty-two percent of participants were employed full time, 17% were 

part-time employees and 31% were unemployed. Thirty-eight percent of participants were full-time 

students, 6% were part-time students and 56% were not students. 

 

4.1.2  Injury 

At the time of the questionnaire being completed, 9 participants reported having sustained an injury. 

These included various back injuries, ankle and heel, shoulder, and groin injuries. These participants 

were excluded from the experimental study. 

 

4.1.3 Club cricket playing time 

 

Cricket playing time 
Years of playing Hours per week 

10.5 9 ± 4.9 

 

 Participants were asked to state how many years they had been playing club-level cricket. The average 

time of this was 10.5 years. Participants were also asked how many hours and days per week they 

spent on club-level cricket. This amounted to a mean of 9 hours per week (±4.9 hours) which included 

match days. 
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4.1.4. Strength training 

 Yes No 

Strength training in season 56% 44% 

Gym contract 43% 57% 

 

 

Participants were asked if they took part in strength training during the cricket season, if they had a 

gym contract, and if they utilised it. Fifty-six percent of participants claimed they performed strength 

training during the cricket season, while 44% did not. Forty-three percent of participants confirmed 

that they had a gym membership, while only 24% of those actually go to gym for strength training. 

The participants who did not have a gym membership (57%) were required to state why. The main 

reasons given were that it was too expensive or that they did not have the time to attend. Some of 

them nevertheless tried to perform some sort of strength and power training at home. The additional 

training time amounts to a mean of 4 hours per week. 

 

4.1.5. Increasing bowling velocity 

Participants were also asked to rate, on a Likert scale of 1-5, how important they thought strength and 

power training was for cricket bowling. A total of 88% of participants rated it as either ‘very important’ 

or ‘important’. Despite this, only 38% of them had previously undergone training to increase their 

bowling speed. The types of training done included weight lifting, working on leg, shoulder, back or 

core strength, and working on their run-up, technique or hand speed. 

 

4.2. Experimental trial 

4.2.1. Participant characteristics 

The age, stature and mass of the participants are reported in Table 9. Of the 11 participants in the 

experimental group, one participant dropped out because of an injury sustained unrelated to cricket 

while another dropped out due to lack of interest.  

 

 

 

 

 

 

 

Table 9: Participant characteristics 



50 
 

 

  

 Experimental group 

(n = 9) 

Control group 

(n = 9) 

p – value 

Age (years) 22.2 ± 5.4 28.3 ± 7.7 0.069 

Height (m) 1.78 ± 0.1 1.72 ± 0.1 0.231 

Mass (kg) 73.0 ± 8.3 77.0 ± 21.4 0.605 

Resistance training experience (years) 0.9 ± 1.1 3.3 ± 4.6 0.116 

Pace bowling experience (years) 10.3 ± 5.5 12.0 ± 5.2 0.518 
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4.2.2. Velocity 

A repeated measures ANOVA showed that mean velocity differed significantly after four weeks of 

training [F (2, 7) = 51.5, p < 0.001]. Post hoc, Bonferroni correction, revealed that the velocity increased 

by an average of 4.2 km·h-¹, 95% [1.6, 6.7], effect size: g = 0.52, p = 0.003 after 2 weeks and a total 

increase of 5.1 km·h-¹, 95% [3.7, 6.6], effect size: g = 0.65, p < 0.001) after four weeks of training (Figure 

1). It is noteworthy that there was non-significant difference in velocity between two-weeks and four 

weeks of training [0.97 km·h-¹, 95% (-1.4, 3.3, effect size: g = 0.12, p = 0.756)] (Figure 6). In the control 

group, there were no significant differences in the bowling velocity across the trial [F (2, 7) = 0.42, p = 

0.674] (Figure 6). 

 

 

Figure 6: Change in mean velocity for the experimental and control group across the 4-week training 
period. * represents significant differences, p< 0.05 
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4.2.3. Accuracy 

There was no significant difference between accuracy across the four weeks for both the experimental 

[F (2, 7) = 0.72, p = 0.520] and control group [F (2, 7) = 0.35, p = 0.718] (Figure 7). 

Figure 7: Change in mean accuracy for the experimental and control group across the 4-week 
training period. 
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4.2.4. Upper body muscle power 

There was non-significant increase in the throw distance across the four weeks [F (2, 7) = 2.2, p = 

0.179] in the experimental group.  However, there was a moderate effect size between baseline and 

week two (g = 0.65) and a near medium effect size between baseline and four weeks of training (g = 

0.45). The control group showed a significant difference in the throw distance across the four weeks 

([F (2, 7) = 7.6, p = 0.018]. The mean throw distance significantly increased between the baseline test 

and 2 weeks (0.24 m, 95% [0.02, 0.46], effect size: g = 0.319, p = 0.032) and between baseline and four 

weeks (0.33 m, 95% [0.08, 0.59], effect size: g = 0.397, p = 0.013) (Figure 8). 

Figure 8: Change in upper body power for the experimental and control group across the 4-week 
training period. * represents significant differences, p< 0.05. 
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4.2.5. Lower body muscle power 

There was no significant difference in jump height across the four weeks for both the experimental [F 

(2, 7) = 0.42, p = 0.762] and control groups [F (2, 7) = 1.5, p = 0.287] (Figure 9). 

 

Figure 9: Change in leg power for the experimental and control group across the 4-week training 
period. 
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4.2.6. Correlations 

 

Bowling velocity correlation with other testing variables at baseline test 

There was no significant correlation between velocity and jump height (r= 0.209, p= 0.376), throw 

distance (r= 0.230, p= 0.329), or bowling accuracy (r= -0.108, p= 0.649) for the baseline test (Figure 

10). 

 

 

     

 

Figure 10: Correlation between velocity and jump height, throw distance, and accuracy 
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Bowling velocity correlation with other testing variables after two weeks 

There was a moderately positive significant correlation between bowling velocity and jump height (r= 

0.503, p= 0.024) after two weeks. There was no significant correlation between bowling velocity and 

throw distance (r= 0.186, p= 0.433), nor between bowling velocity and accuracy (r= -0.267, p= 0.254) 

(Figure 11). 

 

 

 

 

Figure 11: Correlation between velocity and jump height, throw distance, and accuracy. * represents 
significant correlation, p<0.05. 
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Bowling velocity correlation with the other testing variables after four weeks 

During the fourth test, there was another moderately positive significant correlation between bowling 

velocity and jump height (r= 0.570, p= 0.017). There was no significant correlation between bowling 

velocity and throw distance (r= 0.199, p= 0.427), nor between bowling velocity and bowling accuracy 

(r= -0.385, p= 0.114) (Figure 12).  

 

 

 

Figure 12: Correlation between velocity and jump height, throw distance, and accuracy. * represents 
significant correlation, p<0.05. 
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4.2.7. Attendance adherence for the trial 

An attendance adherence of 96% was reported (Table 10, 11). 

 

Table 10: Summary of attendance adherence to trial for the experimental group 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11: Summary of attendance adherence to trial for the control group 

  

Participant Attendance week 1-2 (How 
many session attended out 
of 4 training sessions in 2 

weeks) 

Attendance week 3-4 
(How many session attended 
out of 4 training sessions in 2 
weeks) 

1 4 4 

2 4 2 

3 4 3 

4 4 4 

5 4 2 

6 4 4 

7 4 4 (less intensity training) 

8 4 (less intensity training) 4 (less intensity training) 

9 4 4 

Key: There were 4- training sessions per 2-week intervals. Complete 
attendance adherence = 4 for the weeks 1-2 and 4 for weeks 3-4. 

Participant Attendance week 1-2 (How 
many session attended out 
of 4 training sessions in 2 

weeks) 

Attendance week 3-4 
(How many session attended 
out of 4 training sessions in 2 

weeks) 

1 4 4 

2 4 3 

3 4 4 

4 4 4 

5 4 4 

6 4 3 

7 4 4 

8 4 4 

9 4 4 

Key: There were 4- training sessions per 2-week intervals. Complete 
attendance adherence = 4 for the weeks 1-2 and 4 for weeks 3-4. 
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CHAPTER FIVE 

DISCUSSION 

 

This chapter discusses the results obtained from the questionnaire and the experimental trial. 

 

5.1. Questionnaire 

Nearly 60% of participants stated that they did not have a gym membership. They attributed this to 

finding it too expensive or not having the time. Nevertheless, some tried to perform some sort of 

strength and power training at home, which indicates a keen interest in additional resistance training. 

The additional training time amounted to about 4 hours per week. It is not therefore surprising that 

88% of the participants acknowledged that strength and power training was an important component 

of cricket bowling and yet only 39% of them had undergone some type of resistance training to try 

and increase their bowling velocity. It has been shown that regular training is required for the 

development of optimum fitness levels (Woolmer et al., 2008; Noakes & Durandt, 2000). However, 

44% of fast bowlers reported that they did not do any type of strength training, attributing this to a 

lack of time and the high cost of gym membership.  

 

5.2. Experimental trial 

5.2.1.  Velocity 

Bowling velocity increased by 5km/h in the experimental group, while there was no change in the 

control group. This equates to a significant 6% increase after just four weeks of training (p < 0.001). 

The largest increase occurred after 2 weeks of training and equated to a mean of 4 km/h, with a non-

significant 1km/h increase between weeks 2 and 4. In comparison with previous studies, the significant 

5% increase in bowling velocity in the first two weeks (p = 0.003) is the largest increase in bowling 

velocity reported in such a short period. The final 6% increase in bowling velocity after the four weeks 

is also one of the biggest improvements found for any sporting code. Previous studies only started 

showing these results after six weeks of training (Gorostiaga et al., 1999; Powe & Deutsch, 2011; 

Escamilla et al., 2012). At any level of cricket, an increase in bowling velocity is of the utmost 

importance as it reduces the time available for the opposing batter to respond and play the most 

appropriate stroke. Coaches and scientists have widely advocated the importance of strength training 

and fitness for fast bowlers to improve their bowling velocity (Woolmer et al., 2008:249; Noakes & 

Durandt, 2000; Johnstone et al., 2014).  
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The notable increase in bowling velocity after just two weeks can be attributed to the neural 

adaptations that occurred in the first two weeks of resistance training. Brumitt & Cuddeford (2015) 

suggest that an immediate gain in strength takes place due to neural adaptations. Neural adaptations 

are the change in responsiveness of the sensory system to the change in stimulus. The role of these 

neural factors are strong in the early stages of strength training (Gabriel et al., 2006).  

 

Another reason for the striking increase in bowling velocity could be muscle hypertrophy. Muscle 

hypertrophy refers to the increase in skeletal muscle size due to a growth in its components’ cell size. 

Seynnes et al. (2007) report that muscle hypertrophy can take place after just two weeks of training. 

While Abe et al. (2000) reported a significant increase after six weeks, Abe et al. (2005) demonstrate 

that the total muscle volume can be significantly increased in just two weeks of resistance training. 

This result was replicated by DeFreitas et al. (2011), where an increase in muscle hypertrophy was 

shown after just one week. These hypertrophic changes can result in an increase in strength and 

endurance which enables an athlete to exert a greater force on different movements. In resistance 

training, neural adaptations occur before muscle hypertrophy and in some cases may be essential 

before hypertrophy takes place (Chilibeck et al., 1998). It has been suggested that a delay in 

hypertrophy is the result of a longer neural adaptation phase (Chilibeck et al., 1998). 

 

In addition to the immediate increase in bowling velocity, there was a small (non-significant) increase 

in bowling speed between weeks 2 and 4. It is possible that the progressive overload after two weeks 

was not sufficient to elicit a significant change. In resistance training, the law of overload and principle 

of progressive overload states that overloading must continue to increase as adaptations occur to 

allow for improvement which can only occur when training overloads are above average (Sands et al., 

2007), otherwise the training effect will plateau and further increases will not occur. The small 

increase between two and four weeks could have been due to an insufficient training overload. The 

principle of progressive overload suggests that one can overload through different variables. These 

variables include the amount of resistance used during the exercise, the volume of work being done 

(total number of sets and repetitions), rest intervals between sets and exercises, as well as training 

frequency (Kraemer & Ratamess, 2005). Therefore, an increase in any of these variables (or a decrease 

in rest intervals) would have been enough to produce a more successful overload. This also applies to 

overloading the resistance of the exercises performed rather than the number of repetitions or sets. 

This could have been done by having participants use heavier medicine balls for the plyometric (special 

resistance) exercises.  
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Overweighted and underweighted training has been used effectively to improve throwing velocity 

performance in different sporting activities.  . The ideal percentage overload is important to obtain 

maximum benefit. In a previous bowling study, the ideal weighted implements might not have been 

used. Petersen et al. (2004) possibly used too low a percentage of weighted balls when they attempted 

to improve the ball velocity of their players. Their ball weights ranged between (±3% to ±16%) over a 

10-week period. Only a 3.7% improvement in bowling velocity was achieved, even though they trained 

three times a week. The advantage of performing weighted implement training (specific resistance) is 

that it is a cricket bowling-specific method and optimises the full arm swing characteristic of cricket 

fast bowling. Any strength gains that might occur would be due to the training being conducted in 

accordance with the bowling movement. In this way, one is strengthening the power system in the 

arm that is required for the sport.  

 

Petersen et al. (2004) suggest that more improvement can be made with a longer training programme, 

with more deliveries being bowled during sessions as well as an increase in weight ranges. However, 

this will increase the workload of the bowlers and predispose them to overuse injuries. The present 

study indicates that the length of the training programme can be reduced for amateur club players as 

they may have a greater capacity for change compared to elite players- provided the correct overload 

and resistance training exercises are chosen.  

 

One of the main reasons for the success of this study is that it utilised all three resistance training 

methods. It combines general, special and specific resistance training methods to improve bowling 

velocity. A combination of dynamic core exercises, lower body exercises (squats, lunges, step-ups), as 

well as cricket-specific plyometric exercises was used. An additional advantage of the training protocol 

was that the duration was only four weeks. This is a relatively short time frame for any training study 

of this nature. Previous studies have featured programmes that lasted 6 weeks or longer (DeRenne et 

al., 1994; Petersen et al., 2004; Powe & Deutsch, 2011; Van den Tillaar & Marques, 2011b). Studies 

with a long duration of prescribed exercises have a negative effect on participant adherence to the 

programme (Bassett, 2003).  

 

Another advantage to this type of training is that it is cost-effective, which is particularly important in 

the South African context for recreational players at club level. Many South Africans are socio-

economically constrained, numbers of them previously disadvantaged by the political system. These 

players are unlikely to be able to afford access to expensive gym equipment to perform additional 

strength training.  Furthermore, separate gym sessions are time-consuming and many club cricketers 
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have other responsibilities that compete for their time. These include players having a full-time job, 

studying full time, or meeting family commitments. The basic training equipment used in this 

programme can easily be afforded by cricket clubs, or even the players themselves. The price of the 

modified weighted balls is the same as that of the regular balls (R100 per ball). The medicine ball 

(R400) is inexpensive, can be utilised by several players and will last for many years. The proposed 

programme is therefore cost effective, can be done within the usual training sessions, and will produce 

results comparable to studies of 6-10 weeks of training. 

 

5.2.2. Accuracy 

Bowling accuracy was measured to determine whether the training programme influenced accuracy 

over the 4-week period. Accuracy is an important aspect of bowling performance (Portus et al., 2000), 

both for taking wickets and for reducing the number of runs being scored by the opposing batter 

(Phillips et al., 2012). The speed and accuracy relationship is of the utmost importance as a delivery 

with high velocity has little value if it is delivered with poor accuracy (Freeston et al., 2007). 

 

After four weeks, the increase in velocity did not happen at the expense of accuracy as there was no 

significant change in bowling accuracy in both groups. There was also no significant correlation 

between velocity and accuracy across the four weeks. Therefore, the improvement in bowling velocity 

among the experimental group would positively affect its members’ bowling performance. Several 

previous studies conducted in sports like baseball pitching (Powe & Deutsch, 2011; DeRenne et al., 

1994) and handball throwing (Van den Tillaar & Marques, 2011b) were flawed because they did not 

report accuracy. However, because of the importance of bowling accuracy in cricket, both Petersen et 

al. (2004) and Feros et al. (2013; 2016) reported measures of accuracy. In fact, these authors reported 

a decrease in accuracy. The reason for the decrease in accuracy in the study by Feros et al. (2013; 

2016) could be the large weighted implements used (60% and 90%). The authors suggest the 

utilisation of the heavy-ball bowling could have changed the bowling motion pattern of the bowlers, 

thus leading to inconsistent delivery release points and poorer bowling accuracy (Feros et al., 2013; 

2016). However, this argument does not apply to the results obtained by Petersen and collegues 

(2004), who used light-weighted implements (between 3% and 16%).  Perhaps the reason could lie in 

the manner in which accuracy was measured by Petersen et al. (2004). They used a target zone on a 

pitch in terms of which deliveries that landed 6-7m from the stumps (the optimal zone was a 

determination of the length of the ball only) were considered successful, and the percentage of 

successful deliveries in three overs was used for data analysis. The accuracy system used in this study 

thus did not take the line of the delivery into account, hence rendering the validity of the accuracy 

measure open to question. 
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5.2.3. Upper body muscle power 

For the experimental group, there was no change in upper body power, indicating that there was no 

increase in muscle power as measured by the seated medicine ball toss. This can be due to the fact 

that the medicine ball throw exercises used elbow extension as the main movement of the upper body 

however, the fast bowler is required to keep their elbow relatively straight (less than 15° extension). 

Therefore, the exercises used in the programme may not have been as effective. Furthermore, there 

was no significant correlation between upper body muscle power and bowling velocity. Taliep et al. 

(2003) similarly found no significant correlations between the medicine ball toss and bowling velocity 

in recreational fast bowlers. The fast bowling action uses a combined coordination of the fingers, arms, 

shoulders (Woolmer et al., 2008), as well as the erector spinae and lower back muscles (Forrest et al., 

2016). These muscle groups are not congruent with those used in the seated medicine ball toss tests, 

as the chair limits the participant’s use of his back and trunk muscles (Palao & Valdés, 2013), allowing 

only the arms and chest to be used. Similarly, the seated medicine ball toss test uses a concentric- 

eccentric contraction (Palao & Valdés, 2013) whereas the bowling movement consists of a concentric 

shoulder extension. Despite this, the regular seated medicine ball toss test was used because it is a 

valid and reliable measure of upper body power (Jones et al., 2016). More research should be done to 

identify a more appropriate upper body power test specifically for cricket, perhaps one centred on an 

action similar to bowling. 

 

According to the literature reviewed, upper body power can also be measured by an overhead 

medicine ball throw, a sidearm medicine ball throw, the force-velocity power test and an upper body 

wingate anaerobic test. However, both the force-velocity power and upper body wingate anaerobic 

test require specialised equipment not available to the researcher. Additionally, the overhead and 

sidearm medicine ball throw test cannot be used because this throwing action is included as an 

exercise in the training protocol. If it were to be used, this could lead to familiarity with the exercise 

and result in a false upper body power measurement. 

 

Unlike the case of the experimental group, there was a statistical significant increase in upper body 

muscle power in the control group. It is unclear why this was the case as they were not performing 

any resistance training during the trial. It is possible that there was a test familiarisation affect as the 

experiment group had a non-statistical significant increase in throw distance but a moderate effect 

size over the training period.  
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5.2.4.  Lower body power 

The results for both experimental and control groups indicated no change in lower body power across 

the four weeks. This finding is similar to that of Gorostiaga et al. (1999) and Hermassi et al. (2011), 

where there was no significant change in the countermovement jump test, despite there being a 

significant increase in throwing velocity.  

 

There are number of possible reasons for this non-significant result. First, the number of lower body 

exercises in the training protocol was limited. Participants were only required to perform body weight 

squats and body weight split squats for 2 sets of 6-12 reps. The programme might therefore not have 

appropriately overloaded the muscles of the lower body. Overload can be obtained through increasing 

the weight load, increasing the number of repetitions or sets, decreasing the rest interval between 

sets and exercises, or even a combination thereof (Hass et al., 2001). Only the number of repetitions 

per set were increased by 10% from week 2 to week 4 in the current study. Perhaps it would have 

been more effective if the number of sets had also been increased.  

 

Secondly, it is also possible that the countermovement jump height test is not the most appropriate 

test to measure lower body power in fast bowlers: it does not measure the power in the direction 

characteristic of bowling, nor does it mimic the bowling movement of the legs. The direction of power 

in the countermovement jump is upward on a vertical plane using two feet for take-off, whereas the 

direction of the power in the bowling action moving forward on a horizontal plane with a one-foot 

take-off. What is more, the countermovement jump test performed in this study involves a concentric-

eccentric contraction (Palao & Valdés, 2013) while the bowling movement utilises various lower limb 

actions of knee flexion or knee extension, or a combination of the two (Portus et al., 2004). Despite 

this, the regular countermovement jump test was used because it is a valid and reliable measure of 

lower body power (Pyne et al., 2006). 

 

Other ways to measure lower body power would be to use the standing long jump test, the squat 

jump test and a force-velocity power test. However, neither of the jump tests are appropriate for 

measuring lower body power in cricketers because they do not mimic the bowling leg action. The jump 

tests are performed from a stationary position whereas the bowling action requires a run up. Further, 

these tests do not require the same knee flexion/extension as used in cricket. It seems that more 

research should be done to identify a more appropriate lower body power test specifically for cricket, 

utilising a similar knee flexion/extension as used in the bowling action. Finally, the force-velocity 

power test could not be used because it required specialised equipment unavailable to the 

researchers. 
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An interesting finding made by this study was that there was a significant positive correlation between 

lower body power and velocity in the second and fourth weeks for the pooled groups, which indicates 

a moderately positive correlation between lower body power and bowling velocity. This replicates 

results showing that throwing velocity is moderately related to the peak power of the lower limbs in 

handball (Chelly et al., 2010); and also in water polo (McCluskey et al., 2010), where lower body power 

was a significant predictor of higher throwing velocity.  

 

Despite there being no change in lower body power, the correlation between lower body power and 

bowling velocity replicates that found by Pyne et al. (2006) in senior cricketers. Furthermore, faster 

bowlers have shown to have lower countermovement jump measures. 

 

5.2.5.  Limitations 

There are a number of limitations to the study. First, because three different types of resistance 

training methods were used, it is not possible to pinpoint which type of training method is most 

effective or which contributes most to the increase in bowling velocity. However, it was not the 

purpose of the study to determine which training method would be most effective. The aim was to 

determine how a combination of the three methods can be used to improve bowling velocity in the 

shortest period of time using minimal equipment. Further, perhaps individually, these programmes 

don’t’ warrant significant findings. More research can be done on this.  

 

Secondly, the training programme could have increased the power in the upper body, resulting in an 

increase in the velocity of the arm, hand and/or shoulder complex during bowling. However, this was 

not measured. Further, in increase in upper body power found in the control group can simply be due 

to participating in cricket as these participants are inexperienced and untrained. 

 

Thirdly, both measures of power (countermovement jump test and seated medicine ball toss test) are 

not the most appropriate due to them not being cricket-specific. More research is required to develop 

tests (for upper and lower body power) that mimic the action of bowling, in order to provide a true 

reflection of the power of the player.  

 

Fourthly, it is inferred that the overload in the general and special resistance exercises was insufficient. 

This could have been remedied by increasing the resistance of the exercises by adding more weight, 

increasing the number of sets or by decreasing the rest periods between sets and exercises. No rest 

periods were specified in the programme. 
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Fifthly, all the medicine ball throw exercises used elbow extension as the main movement of the upper 

body however, the fast bowler is required to keep their elbow relatively straight (less than 15° 

extension). Future research could look at incorporating exercises where there is less than 15° of 

straightening.  

  

Sixthly, in order to see whether the resistance training has an effect, the time spent training needs to 

be the same in both experimental and control groups. Future studies could see the control group 

participating in a programme that is unlikely to improve their power and bowling velocity- such as a 

stretching programme. Additionally, the warm-up performed by participants before testing 

procedures should be standardized for future studies as the number of balls bowled during the warm 

up may influence velocity and accuracy. 

 

Seventhly, it was not considered whether participants were already on a strength training programme 

before the study took place. This could have potentially impacted the results of the study. 

 

Eighthly, it is important to note that the mean age of the participants in the control group is higher 

than the experimental group (although not significantly different [p = 0.069]) which could possibly 

affect the trainability of the athletes.  

 

Lastly, the small sample size is a limitation. Twenty participants were recruited and only 18 completed 

the trial. The sample size was limited by the number of fast bowlers available for recruitment. After 

an exhausting recruitment process (contacting all clubs in the 1st and 2nd Division), 49 participants 

completed the questionnaire. Of these, 9 were injured and excluded from recruitment for the 

experimental protocol. Finally, only 20 participants (50% of the available population) volunteered for 

the trial. Small sample sizes increase the chances of type 2 error (incorrectly accepting the null 

hypothesis by concluding there are no differences when in fact there are real differences 

(O’Donoghue, 2012). Despite this, a significant difference was obtained for velocity over the four 

weeks, which further strengthens the argument that the training programme was effective. Further, 

no exact count was taken to determine how many questionnaires were sent out compared to how 

many was completed. Therefore, the 49 participants who completed the questionnaire was less than 

the available sample of fast bowlers in club cricket. 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATIONS 

 

6.1. Overview 

The primary aim of this study was to develop and test a training programme that could effectively 

improve bowling speed. The training programme was based on the results of a questionnaire 

administered to the participants, and on relevant precedents reported in the literature. The 

programme had to be cost-effective, utilise a number of different resistance training methods with 

minimal risk of injury to the participants, be performed in a minimal period of time with minimal 

repetitions, and be capable of being incorporated into the regular cricket training sessions.  

 

The results of the questionnaire showed that many players at club level cannot afford a gym 

membership or do not have the time to attend gym (even though they may have a membership). The 

programme was therefore specifically designed to be done on field during normal training hours. The 

objective was to improve bowling performance without spending too much money or time on formal 

(gym) training. This is essential for club-level cricket players and coaches who are looking for cost-

effective ways to improve fast bowling performance.  

 

The results indicate that a four-week resistance training programme consisting of a combination of 

core and lower body exercises (squats, lunges, step-ups) as well as cricket-specific plyometric exercises 

and weighted implement training significantly improved bowling velocity by 6%. Furthermore, there 

was no change in the accuracy of the deliveries. These results show that it is possible to improve one’s 

bowling performance in a short period of time. Previous studies have reported an increase in bowling 

velocity, but at the expense of bowling accuracy, and after a longer period of time (Petersen et al., 

2004; Feros et al., 2016). These studies reported a 4km/h and 3km/h increase, after 10 and 8 weeks 

respectively. Moreover, both studies found a decrease in bowling accuracy. 

 

The short duration of the training protocol is another benefit, as it will enable fast bowlers to improve 

their performance within a limited period of time. The training protocol did not induce any injury and 

is therefore safe to administer.  

 

Considering these results, the following conclusions can be drawn in relation to the original 

hypotheses: 
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Hypothesis 1: A rejection of the null hypothesis (p<0.05). 

The results of this study lead to the acceptance of the alternative hypothesis as follows: there was a 

significant increase in bowling velocity after four weeks. 

 

Hypothesis 2: A rejection of the null hypothesis (p<0.05). 

The results of this study lead to the acceptance of the alternative hypothesis as follows: there was no 

change in bowling accuracy after four weeks. 

 

Hypothesis 3: An acceptance of the null hypothesis. 

The results of this study lead to the rejection of the alternative hypothesis as follows: there was no 

significant increase in upper body power after four weeks.  

 

Hypothesis 4: An acceptance of the null hypothesis. 

The results of this study lead to the rejection of the alternative hypothesis as follows: there was no 

significant increase in lower body power after four weeks. 

 

6.2. Recommendations 

It is recommended that club-level bowlers follow the outlined programme but under strict supervision 

of a trained investigator or professional strength and conditioning coach. 

 

Future research should manipulate the overload of the various exercises in the third and fourth weeks. 

This should help to further increase bowling velocity and prevent a plateau if implemented correctly, 

as long as not to induce an unnecessary overload that may predispose players to injury. This overload 

can be achieved by precise elevations in resistance and load of the exercises by adding weights to the 

general resistance exercises or increasing the intensity of the exercises. Specified rest periods between 

sets and exercises can also be modulated and included in the programme. This will ensure that all 

players rest for the same length of time and have an adequate period for recovery before performing 

the next set or exercise. Additionally, the length of these rest periods can be reduced as another 

method of overload. A final consideration for future research is to have a rest period after the four 

weeks of training have been completed, then continue with a heavier/lighter range of balls (i.e. 15-

25%).  
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APPENDIX A 

 

Informed consent – Experimental group 

Informed consent – Control group 
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INFORMED CONSENT: EXPERIMENTAL GROUP 

 

I, ___________________________________________ , have been fully informed about the nature of this 

research and hereby give my consent to act as a participant for the research. I also give consent for all data 

collected to be made available for research purposes. 

Background: 

The aim of this study is to investigate if training with a combination of overweight, underweight and regular 

cricket balls as well as power training with a medicine ball could affect cricket bowling speed. 

Purpose and benefits: 

Velocity is an important aspect of sport including cricket bowling. However, very few research studies have been 

done in order to maximise this aspect through a combination of weighted implement training and medicine ball 

training. A combination of such training could help benefit the fast bowler by increasing his bowling speed as 

well as increasing his strength without having to do any additional strength training outside of cricket practice.  

Testing procedure: 

The testing procedure consists of two parts: 

1. Answering a questionnaire based on their training load and availability to train as well as help the study 

to understand whether participants have free time, and/or the finances to do strength training at home 

or at the gym. 

2. Record performance data during test sessions after participating in weighted implement and strength 

training (experimental group). 

 

Risks to participants: 

The risks associated with the involvement as a participant in this study would be no different to cricket bowling 
in a normal net practice or match situation. If any adverse effects do occur, participants will be referred to a 
medical doctor.  

Benefits to participants: 

Participants will not be paid for their participation in the study trial but will be able to keep possession of cricket 

balls given to them to be used during the study trial. Participants will also be able to use the study trial as extra 

bowling practice. In addition, all results will be distributed in a simple written report and participants will be 

allowed to ask questions and can receive feedback upon request.  

Privacy: 

I understand that my anonymity is ensured in any publication of data and will be coded for analysis to enhance 

my safety and confidentiality and that all data generated from the study trial will be stored and analysed in a 

manner that maintains my confidentiality. I am aware that I have the right to withdraw from the study trial at 

any stage without stating a reason and without prejudice. 

 

Participant:   ___________Signature:   ___Date:   

 

Researcher:    ___________Signature:   ___Date:   
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INFORMED CONSENT: CONTROL GROUP 

 

I, ___________________________________________ , have been fully informed about the nature of this 

research and hereby give my consent to act as a participant for the research. I also give consent for all data 

collected to be made available for research purposes. 

Testing procedure: 

The testing procedure consists of two parts: 

1. Answering a questionnaire based on their training load and availability to train as well as help the study 

to understand whether participants have free time, and/or the finances to do strength training at home 

or at the gym. 

2. Record performance data during test sessions after participating in regulation ball training (control 

group). 

 

Risks to participants: 

The risks associated with the involvement as a participant in this study would be no different to cricket bowling 
in a normal net practice or match situation. If any adverse effects do occur, participants will be referred to a 
medical doctor.  

Benefits to participants: 

Participants will not be paid for their participation in the study trial but will be able to keep possession of cricket 

balls given to them to be used during the study trial. Participants will also be able to use the study trial as extra 

bowling practice. In addition, all results will be distributed in a simple written report and participants will be 

allowed to ask questions and can receive feedback upon request.  

Privacy: 

I understand that my anonymity is ensured in any publication of data and will be coded for analysis to enhance 

my safety and confidentiality and that all data generated from the study trial will be stored and analysed in a 

manner that maintains my confidentiality. I am aware that I have the right to withdraw from the study trial at 

any stage without stating a reason and without prejudice. 

 

Participant:   ___________Signature:   ___Date:   

 

Researcher:    ___________Signature:   ___Date:   
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APPENDIX B 

 

Questionnaire 

Data collection sheet 
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QUESTIONNAIRE 

 

Demographic details: 

Age:  ..........................................  Cricket club: ...........................................................   

 Level/team:  ...........................................................  

Are you a student? 

 No     Full time     Part time 

Are you employed? 

 No     Full time    Part time 

 __________________________________________________________________________________  

Please answer the questions below. 

1. Are you currently injured, or have you been injured in the last one month? 

  No     Currently    The last one month 

 

If so, what kind of injury is/was it?  ...................................................................................................  

 .........................................................................................................................................................  

 

2. How long have you been playing club level cricket for?  ...................................... (years/months) 

 

3. How many hours per week do you participate in club level cricket? ..............................................  

 

4. How many days per week do you participate in club level cricket? ................................................  

 

5. Do you participate in any kind of resistance training during the cricket season? 

 Yes     No 

If no, why not?  ..................................................................................................................................  

 ...........................................................................................................................................................  

 ...........................................................................................................................................................  

 ...........................................................................................................................................................  

 ...........................................................................................................................................................  

If yes, how many hours per week and where do you train?  .............................................................  

 ...........................................................................................................................................................  

  

 

6. Rate how important you think strength and power training is for cricket bowling? 
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 Very important         Important        Neutral          Less important            Not important 

 

7. Have you done any training to increase your bowling velocity? 

 Yes     No 

 

If yes, what kind of training was it?  ..................................................................................................  

 ...........................................................................................................................................................  

 ...........................................................................................................................................................  

 

8. Do you know your maximum bowling velocity? 

  Yes     No 

 

If yes, how much is it?  .......................................................................................................................  

 

When last did you measure it?  .........................................................................................................  

 

9. Do you have a gym membership? 

  Yes     No  

 

If no, why not? 

 ................................................................................................................................................................  

 ................................................................................................................................................................  

 ................................................................................................................................................................  

If yes, how many hours per week do you attend gym? 

 ................................................................................................................................................................  

 

10. How many years of bowling experience do you have? …………………………………………………………………. 

 

11. How many years of resistance training experience do you have? ………………………………………………… 
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DATA COLLECTION SHEET 

 

Name:  ............................................................................  Stature: ……………….………………………. 

 

Club:  ...............................................................................                  Mass:  ..............................................  

 

Warm up for bowling until players are ready to start test. All balls are to be bowled at full speed. 

 First  
ball 

Second 
ball 

Third 
ball 

Forth 
ball 

Fifth 
ball 

Sixth  
ball  

AVERAGE 

CODE/FILE 
NAME 

       

VELOCITY        

ACCURACY 
       

 

 
 
 
Maximum 3 warm up tries for Upper Body Power test. 
(4 meter dotted mark off) 

 
First try Second try Third try BEST 

UPPER BODY 
POWER 

(SEATED MEDIBALL 
TOSS) 

    

 
 
 
Maximum 3 warm up tries for leg power test. 
(Distance between reach and board is 20cm) 

 
First try Second try Third try BEST 

REACH 
 

   

JUMP 
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APPENDIX C 

 

4 week resistance training programme 
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4 WEEK RESISTANCE TRAINING PROGRAMME 

Weeks 1-2: 

 

 Bodyweight squat (2 sets of 10 repetitions) 

Participant started with their hands on their head with feet shoulder-width apart and toes 

turned slightly out. Participant bent down slowly as if sitting onto a chair. Participant was 

required to keep the back flat and arms above their head as they descended. The aim was to 

get the hips lower than the knees. Return to the start position and repeat (Figure 13). 

  

 

             Figure 13: Bodyweight squat 

 

 Bodyweight split squat (2 sets of 6 repetitions each side) 

Participant started with a split stance. He lowers his hips straight to the floor. Return to the 

start position and repeat (Figure 14). 

 

 

     Figure 14: Bodyweight split squat 

  

 



88 
 

 

 Bilateral hip raise (2 sets of 10 repetitions) 

Participant started by lying flat on his back with knees bent 90 degrees. He raised his hips until 

the thigh and torso were in alignment. Return to the start position and repeat (Figure 15). 

 

 

Figure 15: Bilateral hip raise  

 

 Chest pass (2 sets of 6 repetitions with a 3kg medicine ball) 

Participant stood with his feet shoulder-width apart and held the medicine ball with both 

hands in front of his chest. Forcefully, he passed the ball by pushing it away from his 

chest. Repeat. (Figure 16) 

 

                                 

 

         Figure 16: Chest pass with 3kg medicine ball 
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 Recoiled overhead slams (2 sets of 6 repetitions with a 3kg medicine ball) 

Participant stood with his feet hip-width apart and a medicine ball held with both hands at 

chest level. Tightening his abs, he wound the medicine ball up and around his head then 

brought it forward over his head. He slammed the ball into the ground directly in front of him 

as hard as he could (Figure 17). 

 

  

   Figure 17: Recoiled overhead slams with 3kg medicine ball 

 

 Standing side toss (2 sets of 6 repetitions with a 3kg medicine ball) 

Participant stood near a wall. He held the medicine ball at chest level and tossed it sideways 

against the wall (Figure 18). 

 

  

   Figure 18: Standing side toss with 3kg medicine ball 
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 Recoiled rotational throws (2 sets of 6 repetitions with a 3kg medicine ball) 

Participant stood facing a wall with his landing foot in front of the following foot. He held the 

medicine ball at chest level with both hands, rotated his body away from the wall then 

immediately rotated toward the wall and threw the ball as forcefully as possible (with one 

hand) against the wall (Figure 19). 

 
 

 
 
Figure 19: Recoiled rotational throws with 3kg medicine ball 

 

Weeks 3-4: 

 

 Bodyweight squat (2 sets of 12 repetitions) 

Participant started with his hands on his head with feet shoulder width apart and toes turned 

slightly out. Participant bent down slowly as if sitting onto a chair. Participant was required to 

keep his back flat and arms above his head as he descended. The aim was to get the hips lower 

than the knees. Return to the start position and repeat. 

 

 Bodyweight split squat (2 sets of 8 repetitions each side) 

Participant started with a split stance. He lowered his hips straight to the floor, returned to 

the start position and repeated. 

 

 Bilateral hip raise (2 sets of 12 repetitions) 

Participant started by lying flat on his back with knees bent 90 degrees. He raised his hips until 

the thigh and torso were in alignment. Return to the start position and repeat. 
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 Chest pass (2 sets of 8 repetitions with a 3kg medicine ball) 

Participant stood with his feet shoulder-width apart and held the medicine ball with both 

hands in front of his chest. Forcefully, he passed the ball by pushing it away from his 

chest. Repeat. 

 

 Recoiled overhead slams (2 sets of 6 repetitions with a 3kg medicine ball)  

Participant stood with his feet hip-width apart and a medicine ball held with both hands at 

chest level. Tightening his abs, he wound the medicine ball up and around his head then 

brought it forward over his head. He slammed the ball into the ground directly in front of him 

as hard as he could. 

 

 Hop back and throw (2 sets of 8 repetitions with a 3kg medicine ball) 

Participant stood facing a wall with his landing foot in front of his following foot. He held the 

medicine ball with both hands against his chest, hopped backward then threw the ball with 

his bowling arm while landing on his landing foot (Figure 20). 

 

 

           Figure 20: Hop back and throw with 3kg medicine ball 
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 Step behind and throw (2 sets of 8 repetitions with a 3kg medicine ball) 

Participant stood facing a wall with his landing foot in front of his following foot. He held the 

medicine ball with both hands against his chest, brought his following foot behind his landing 

foot then immediately stepped forward with his landing foot and threw the ball with his 

bowling arm (Figure 21).  

 

 

Figure 21: Step behind and throw with 3kg medicine ball 

 

 

 


