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Abstract 

 

Strength training is safe and effective for children according to a position statement by the 

National Strength and Conditioning Association (2009).  One such effect or benefit can be 

increased vertical jump ability. Due to methodological inconsistencies, determining whether 

strength training consistently leads to increased vertical jump has been difficult to do.  This 

randomized study involved a 12-week, two-time per week lower body strength training program 

for the intervention group, and an upper body strength training program for the control group.  A 

countermovement jump tested at baseline and post-intervention by a blinded observer measured 

the effect of this training intervention on the vertical jump ability of 10-14 year old athletic 

females (n=36).  The results revealed no significant changes within each group from baseline to 

post-intervention and no significant differences between each group.  It appears that a number of 

factors may have influenced the results of this study not the least of which was the high baseline 

ability of the participants.  More research using strong methods, a sufficient training stimulus and 

female children is needed in order to clarify the response of vertical jump to a resistance training 

intervention. 
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Definitions 

  

Children 

  Children is a term that refers to people under and including the age of 14 years old (Hill 

and Hill 1981-2005). 

Concentric Contraction 

During concentric contractions, a muscle is activated to produce tension that results in a 

shorter muscle length (Webber 1996).  An example of a concentric contraction is the ascending 

portion of the biceps curl exercise.  

Countermovement Jump 

The countermovement jump is a ballistic movement that involves starting in a standing 

position then rapidly lowering the body (Bobbert and Casius 2005) in the direction of knee, hip 

and trunk flexion.  Shortly thereafter the body is raised in the direction of knee, hip and trunk 

extension where the body will then leave the ground. 

Eccentric Contraction 

 During an eccentric contraction, a muscle is activated to produce tension that results in a 

longer muscle length ((Miller, Cheatham, and Patel 2010, 671-682).  An example of an eccentric 

contraction is the descending phase of the biceps curl exercise.  

Isometric Contraction 

During an isometric contraction, the muscle produces tension but does not produce a 

change in muscle length (Nordin and Frankel 2001).  An example of an isometric contraction is 

the start position prior to squatting. 
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Mechanical Work 

“Mechanical work is defined as the product of propulsive force production and the 

distance that an object is moved” (Edwen et al. 2013, 7). 

Plyometric Exercises: 

 Plyometric exercises involve exercises that cause muscles to quickly lengthen and then 

quickly shorten in the opposite direction (Johnson, Salzberg, and Stevenson 2011).  Lower body 

plyometric exercises include variations of jumping, hopping and bounding.  Upper body 

plyometric exercises include variations of tosses, throws, and pushups. 

Repetition Maximum 

A repetition maximum represents the maximum load that can be successfully lifted with 

proper form for a given number of repetitions (Faigenbaum et al. 1993).  An example is a 1RM 

(one repetition maximum) test where the maximum load that can be successfully lifted once with 

adequate form is recorded. 

Resistance training: 

Resistance training is defined as a “type of exercise that requires the musculature to 

contract against an opposing force generated by some type of resistance” (Behringer et al. 2010, 

e1200).  Resistance training can produce changes in muscular strength, power, muscle 

hypertrophy, local muscular endurance, or a combination thereof ” (Miller, Cheatham, and Patel 

2010, 671-682).    
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Squat Jump 

The squat jump is a ballistic movement that involves starting in a position of knee, hip and trunk 

flexion (Bobbert et al. 1996) then rapidly moving in the direction of extension of the knee, hip, 

and trunk moving the body upwards in order to leave the ground. 

Strength 

Strength can be defined as the ability of the neuromuscular system to “exert or resist 

force” (McCambridge and Stricker 2008, 835-840). 

Strength Training 

Strength training includes the “use of resistance methods to increase one’s ability to exert 

or resist force. The training may include use of free weights, the individual’s own body weight, 

machines, and/or other resistance devices to attain this goal” (McCambridge and Stricker 2008, 

835-840).   

Youth 

 Youth is a term that refers to people aged 15-24 (United Nations Program on Youth, 

2011). 
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Introduction 

 

  It is known that participation of children in sports can be a very positive experience in the 

short term and the long term.  The message continues to be spread, which is indicated by an 

increase in participation among children in sports (Young and Metzl 2010; Myer et al. 2011).  As 

participation in sports continues to grow, so has the importance and desire for improved sports 

performance and injury reduction (Myer et al. 2011).  Participation of children in strength and 

resistance training continues to grow as well.  Children have been increasingly participating in 

school-based strength and resistance training programs as well as fitness centre-based strength 

and resistance training programs (Faigenbaum and Myer 2010; Myer et al. 2011).  The research 

advocating for the safety and effectiveness of strength training for children has been extensive 

and is very strong (Faigenbaum et al. 2009; Faigenbaum 2000, Myer et al. 2011; Young and 

Metzl 2010; Miller 2010; Ignjatovic et al. 2009; Faigenbaum and Myer 2010; Malina 2006; and 

Behm et al. 2008; McCambridge and Stricker 2008; Behringer et al. 2010).  The research on the 

effectiveness of strength training for improving sports performance factors (i.e., injury reduction, 

vertical jump height) is a bit more ambiguous.  Methodological differences often create this 

ambiguity leading to some studies supporting strength training’s effectiveness at improving 

factors like vertical jump height (Faigenbaum et al. 1993) and injury reduction (Cahill and 

Griffith 1978) and others being less clear on the effectiveness of those same factors; vertical 

jump height (Faigenbaum et al. 2002), and injury reduction (Heidt et al. 2000).  With this 

increased participation it is important that the research strongly supports all the benefits and 

safety that strength training researchers and professionals claim.  Research on the response of 

vertical jump height to strength training is not as extensive in children as it is in adults.  There is 

even less research on females exclusively performing strength training to improve vertical jump 
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height which often leads to adult study findings being applied to children in practical settings 

inappropriately.  The methodological differences like differences in training intervention length, 

testing methods and participant gender also create further issues when trying to interpret results 

of studies of children.  Thus, the rationale of this study is to examine vertical jump height 

responses of athletic females to a strength training intervention targeting the lower body. 

1. Review of Strength Training Literature 

 

1.1 Safety and Efficacy 

 

 Despite findings in the past of strength training being unsafe for children by such reports 

as the US Consumer Product Safety Commission (CPSC) National Electronic Injury 

Surveillance System (1979, 1987), closer examination of such reports reveals a different story.  

The previous reports did not state the true causes associated with most of the injuries.  Therefore 

if a child were to get hurt “weightlifting” it would not be distinguished whether they were 

“horsing around by themselves” or lifting weights in physical education class for example.  

When examining the reports of injuries associated with lifting weights, a large portion are due to 

hand pinching, weights being dropped on the feet or improper and unsafe weight room habits.  

For example a more recent US CPSC National Electronic Injury Surveillance System from 2002 

to 2005 reported on resistance training in three age groups 8-13, 14-18 and 19-22.  Two thirds of 

reported injuries were due to dropping and pinching injuries in children 8-13 years old.  The 

remaining injuries were growth plate injuries, lower back injuries, fractures (most in younger 

groups), and strains and sprains, in which most happened with older age groups (14-18 and 19-

22).  Improper progression of loads leading to lifting loads beyond their capability, lack of 

supervision, and improper form are often the causes of these other injuries (Myer et al. 2011; 
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Faigenbaum 2000).  Appropriate instruction including safety precautions, proper exercise and 

spotting techniques can help reduce these types of injuries along with proper supervision (Myer 

et al. 2011; Faigenbaum and Myer 2010).  Zaricznyj et al. (1980) revealed that injuries due to 

resistance training had low incidence compared to other sports and activities.  Zaricznyj et al. 

(1980) also revealed that “0.7% of 1576 injuries” were due to resistance training, whereas 

football and gymnastics accounted for 19% and 13% of injuries respectively.  A report by Burt 

and Overpeck (2001) revealed similar results with exercise related injuries (weightlifting, 

aerobics, gym class, track and field, jogging) accounting for 0.8% of injuries.  Injury rates in 

strength training studies have also remained low.  The safety of resistance training in children 

and youth was examined in a review of intervention studies (Faigenbaum and Myer 2010a, 56-

63).  This study reviewed 27 resistance-training studies and found only three injuries.  The injury 

rate was 0.055 to 0.176 per 100 hours of participation, which are very encouraging rates. 

Strength training in children has been shown to be effective at increasing strength.  Meta 

analyses reporting on the effect of strength training on increasing strength in children have 

shown effect sizes of between 0.57 and 0.75 (Falk and Tenenbaum 1996; Payne, Morrow Jr., and 

Dalton 1997) indicating a moderate to large effect.  According to a position stand by Faigenbaum 

et al. (2009), strength training can, more specifically lead to significant increases in strength 

above and beyond normal growth and development.  This is true as long as safety is a primary 

concern by adhering to proper strength training guidelines.  

A position stand by Faigenbaum et al. (2009) describes some guidelines appropriate for 

children performing strength and resistance training.  Providing “qualified instruction and 

supervision” (2009, s70) will help ensure there is a primary focus on technique, that training 

loads are progressed in a safe and appropriate manner, that the environment is safe, and concerns 
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are being met.  Proper warm up, cool down, and proper recovery methods are also important 

factors in strength training for children.  The previous beliefs of the ineffective and unsafe nature 

of strength training for children have clearly been proven unfounded.  Strength training for 

children is both safe and effective, which may lead to other benefits to be discussed in the 

proceeding section. 

1.2 Benefits of Child Strength Training 

 
Strength training that is properly planned and implemented as well as competently 

supervised can lead to many benefits.  Benefits associated with child strength training are 

improved local muscular endurance (Behm et al. 2008; Ignjatovic et al. 2009; Malina 2006), 

improved motor performance especially when combined with specific training (Behm et al. 

2008; Ignjatovic et al. 2009; Faigenbaum 2000; Faigenbaum et al. 2009), improved body 

composition in obese children when combined with proper diet (Behm et al. 2008; Ignjatovic et 

al. 2009; Young and Metzl 2010; Faigenbaum 2000; McCambridge and Stricker 2008, 

Faigenbaum et al. 2009), enhanced mental well-being (Ignjatovic et al. 2009; Faigenbaum 2000; 

McCambridge and Stricker 2008), improved cardiovascular risk profile (Ignjatovic et al. 2009; 

Young and Metzl 2010; McCambridge and Stricker 2008), and improvements in strength and 

density of bone when combined with impact loading (Ignjatovic et al. 2009; Young and Metzl 

2010; Faigenbaum 2000; McCambridge and Stricker 2008).  

An additional benefit in children of including properly planned, implemented and 

supervised strength training as part of a preparatory system, is that it can help “increase 

resistance to sports related injuries” (Faigenbaum et al. 2009 s68).  The way this appears to be 

accomplished is by strengthening key muscles to decrease weakness and address previous injury 

(Faigenbaum and Myer 2010).  However, studies using only strength training exercises as a 
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preventative measure against sporting injuries are extremely scarce for children.  Database 

searches turn up studies involving a holistic approach, by combining strength training exercises, 

plyometric exercises, balance exercises, agility exercise, and core exercises.  Furthermore these 

studies have more to do with improving movement biomechanics often associated with injuries 

and not direct evidence of injury reduction.  An example is a study by DiStefano et al. (2009) 

who divided a large group of participants (ages 10-17) and randomly assigned them to one of 

two training programs.  The results revealed that the older (high school/youth) participants 

showed more improvements than the younger (pre high school/Children) participants.  

Furthermore, participants with the most movement errors at baseline showed more improvements 

than others with fewer movement errors.  Therefore older children and youth have produced 

larger improvements with injury prevention programs compared to young children.   These 

results may suggest that younger children may require different injury prevention programs than 

youth.  Hejna et al., compared the “injury rate and time lost due rehabilitation” (1982, 28) of 

male and female athletes doing strength training and conditioning against those of a control 

group.  Overall, the training group had an injury rate of 26.2% compared to a rate of 72.4% in 

the control group (Hejna et al. 1982).  Time lost to rehabilitation per number of athletes overall 

was 2.0 days for the training group and 4.8 days for the control group.  More research is needed 

to more clearly determine whether strength training for injury prevention purposes also extends 

to children below age 13.  It does appear that, for children aged 13 and 14 as well as youth; 

strength training is effective when combined with other types of training. 

Along with increased sport participation among children, there is increased participation 

in school and fitness centre based strength and resistance training (Faigenbaum and Myer 2010; 

Myer et al. 2011).  Improved sports performance is a major goal for those children undertaking 
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strength training, in the hopes that the child can maximize their sporting ability and perhaps 

further their sporting career.  In children, motor performance can improve as a result of strength 

training (Behringer et al. 2011).  Examples of motor performance measures that may be 

improved by strength training alone, are sprint speed measured by the 40 yard dash (Hetzler et al. 

1997), horizontal jumping ability measured by a standing long jump (Lillegard et al. 1997), and 

upper body strength/power measured by medicine ball throws (Santos and Janeira 2012).  Motor 

performance measures can also improve as a result of strength training combined with sports 

related skills (Behm et al. 2008; Ignjatovic et al. 2009; Faigenbaum 2000; Faigenbaum et al. 

2009).  Where individual performance based sports are concerned, improvements are readily 

apparent with an improved time or increased distance.  With team sports it is harder to assess 

improvements in sports performance, since success in team sports is not measured like it is with 

individual performance based sports.  With the popularity of professional sports, it is no wonder 

that parents and their children want to maximize the child’s sporting ability and perhaps prolong 

their sporting career. 

1.3 Differences in Responses to Strength Training  

 
Differences in responses to strength training can be caused by “age, level of maturation 

and sex” (Malina 2006).  When examining studies of strength gains among children, it is 

revealed that a good number of these studies use non-athletic children and use grip strength as 

the measure of interest (Blimkie and Sale, 193-224).  Acknowledging the differences in 

responses is important when examining or reporting on study results. 

1.3.1 Effect of Age 

 
A meta-analysis by Behringer et al. (2010) revealed that strength gains show a slight 

increasing trend with age.  According to Sandercock et al. (2013), age is related to gains in 
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strength for children as well as youth.  The study revealed that relative grip strength in males was 

higher for participants born earlier in the year.  This same relationship was not revealed in 

females.  It is possible that age along with other factors will have a larger influence on strength 

just like it does for vertical jump (Aouichaoui et al. 2012).  Age also influences the ability of the 

body to recover from exercise (Bottaro et al. 2011).  Children and youth both showed declines in 

peak torque from set one to three, but only youths showed significant declines.  In short, children 

appear to recover at a faster rate compared to youth. 

1.3.2 Effect of Maturation  

 
When examining maturation-related differences in strength gains, it is important to 

distinguish between relative and absolute changes, in order to interpret results properly.  

Absolute gains in strength are superior in postpubescent and pubescent children and youth 

compared to prepubescent children (Faigenbaum et al. 2009; Blimkie et al. 1992).  A review by 

Faigenbaum (2000) and Malina (2006) reported that overall, prepubescent relative strength gains 

match and sometimes exceed gains made during pubescence and postpubescence.  These 

findings are in agreement with a review by Blimkie and Sale that stated that, prepubescent 

children show “comparable and sometimes greater relative strength” (1998, 212) gains compared 

with pubescent and postpubescent individuals.  Therefore as a person matures into their 

pubescent and postpubescent years, absolute gains exceed that of prepubescent years and relative 

gains are no greater or do not match those obtained during prepubescent years. 

1.3.3 Effect of Gender on Strength Gains 

 
A study by Malina (2006) reported that gender differences in strength gains between 

prepubertal males and females are either not present or show very small differences.  However, 

Lillegard et al. (1997) showed significant gender differences in two of six strength training 
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exercises, with the males showing significant gains compared to females.  The two exercises 

were lat pull downs and leg extensions.  As noted in a review by Blimkie and Sale (1998, 193-

224), prepubescent females and males have rates of strength increases that are similar, but with 

males having higher absolute strength.  During puberty, females tend to increase slightly in their 

rate of strength gain and then plateau after puberty.  This is different from males who show 

similar rates to females during prepubescence, then an acceleration in rate of strength increase 

during puberty with a slowed but continued upward trend during postpubescence.  Therefore, 

starting at puberty, gender differences begin to show, continuing with the postpubescent plateau 

in females, and the diminished but continued increase in males. 

1.4 Strength Training Resistance Modes 

 
When examining the different child strength training studies, it is apparent that a variety 

of resistance modalities have been used.  Examples are variable resistance machines  (Santos and 

Janeira 2012; Ramsay et al. 1990), free weights (Ozmun, Mikesky, and Surburg 1994), and 

hydraulic machines (Weltman et al. 1986).  Variable resistance devices tend to change the 

resistance lever arm (Walker et al. 2012) or resistance profile (Aboodarda et al. 2012) in 

accordance with the changing moment arm of the human limb (Kulig, Andrews, and Hay 1984).  

Examples are cam-based equipment, rubber bands (Aboodarda et al. 2012), and chains 

(McMaster et al. 2009).  Constant external resistance devices involve a constant mass (Walker et 

al. 2013) but a load that changes throughout the range of motion due to the changing lever arm of 

the resistance, changing moment arm of the human limb as well as the acceleration of the load 

throughout the range of motion (McMaster et al. 2009).  Examples include free-weights and 

round wheel cable machines (Manning et al. 1990). 
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1.5 Child Strength Training Parameters 

 
Recommended strength training parameters for children differ from that of adults, in that 

adults can more safely train closer to maximal intensities in order to increase their strength 

(Cormie, McGuigan, and Newton 2011).  Due to the growth and maturation status of children, 

they cannot be trained the same for fear of injury.  Strength training volume and frequency for 

children should be lower compared to adults (Faigenbaum and Myer 2010b, 161-168) in order to 

decrease over-training, which can lead to injuries.  A position stand by Faigenbaum et al. 

includes recommended strength training parameters of  “one to three sets of 6-15 repetitions of 

various upper and lower body strength exercises” (2009, s70).  These upper and lower body 

exercises should be performed two to three times per week “ on non-consecutive days” (2009, 

s70).  In comparison, adults are recommended to perform one to three sets of eight to twelve 

repetitions for novice, and three to four sets for intermediate and advanced (Ratamess et al. 

2009).  These exercises in adults should be performed two to three days per week for novice, 

three to four days per week for intermediate and four to six days per week for advanced 

participants (Ratamess et al. 2009).  It is important to recognize the differences in responses to 

strength training among various ages, gender and levels of maturation in order to ensure proper 

guidelines are being implemented to ensure a safe and efficacious experience for the children 

participating.  Near maximal loads in order to increase strength are generally not recommended 

for children like they are for adults (Cormie, McGuigan, and Newton 2011) due to potential for 

injury (Faigenbaum 2009).  With novice lifters, especially children, it is generally recommended 

that a larger number of repetitions per set and a lighter load be completed in order to learn proper 

exercise technique (Faigenbaum et al. 2009).  Once proper technique has been learned, loads can 

be progressed in a safe manner (repetitions decreased as a result) up to 5-7 RM (Ramsay et al. 
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1990).  Adult training loads need to be progressed safely as well, but due to their more mature 

status, the progression can be a bit more aggressive (Faigenbaum 2000). 

 

2. Vertical Jump 

 

Vertical jumping ability is important for many sports skills like rebounding in basketball, 

spiking and blocking in volleyball, and high jump and long jump in track and field (Ashley and 

Weiss 1994).  Higher vertical jumps can provide an advantage in team sports and can determine 

placing in individual sports.  The vertical jump (VJ), in particular the countermovement jump, 

involves a complex interaction of forces and joint movements each contributing to the height of 

the jump.  Other types of vertical jumps include: the squat jump (jump from a crouch), drop 

jump (jumping from a height) and reactive jump (repetitive jumps for a period of time).  The 

countermovement jump though, will be the jump of interest in this study.  Figure 1 outlines the 

complexity of a countermovement jump without arms. 
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Figure 1: Series of events in a countermovement jump. Note:  BCM= body centre of mass; 

VGRF=vertical ground reaction force; BM=body mass; max = maximum. 

2.1 Determinants of Vertical Jump Ability  

 

2.1.1 Force 

 

A vertical jump is affected by the force generating capabilities of the primary muscles 

involved in jumping, namely muscles around the hip, knee and ankle (Ashley and Weiss 1994) 

and trunk (Lees, Vanrenterghem, and Clercq 2004, 1929-1940).  The force generated by these 

muscles will produce an equal and opposite vertical ground reaction force.  As Lees, 

A 

Start of movement, standing up 
(Casserotti et al. 2001) 

A-B 

Eccentric phase: Body center of 
mass(BCM) moving downwards, 

(Casserotti et al. 2001), downwaard 
velocity (Edwen et al. 2013), resultant 

force is negative (Linthorne et al. 2001) 

B 

Eccentric phase: Body center of mass  
still moving downwards (Casserotti et 

al. 2001), max downward velocity 
(Feltner Fraschetti, and Crisp 1999), 

vertical ground reaction force (VGRF) 
equals body weight, so resultant force 

on jumper equals zero (Linthorne et al. 
2001) 

B-C 

Transition between downwards and 
upwards phase: BCM in lowest position, 

body not moving, transition between 
upwards and downwards velocity  

(Casserotti et al. 2001), leg muscles 
more strongly activated, VGRF close to 

max (Linthorne et al. 2001) 

C 

Concentric/propulsive phase:  Upward 
BCM movement, upwards BCM velocity, 

max VGRF just after the start of 
propulsion (Linthorne et al. 2001)  

C-D 

Body moving upwards, (Feltner 
Fraschetti, and Crisp 1999), VGRF drops 
to equal Body weight, resultant force on 

jumper equal zero, max upward 
velocity (Linthorne et al. 2001)  

D 

BCM still moving upwards, VGRF drop 
below BM, so  resultant force on jumper 
is negative, velocity starts to decrease, 

(Linthorne et al. 2001)  

D-E 

Instant of Takeoff, VGRF becomes zero, 
BCM is higher than at start of 

movement (Linthorne et al. 2001)  

E 

BCM moving upwards in the air but 
slowing down due to gravity (Linthorne 

et al. 2001)  

E-F 

Peak of jump, BCM velocity is zero 
(Linthorne et al. 2001)  
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Vanrenterghem, and Clercq note, peak vertical ground reaction force occurs around 90% of 

movement time (countermovement jump with arms) and approximately 70-75% movement time 

(countermovement jump without arms) (2004, 1929-1940).  Despite the relationship of force and 

vertical jump height, peak force does not tell the whole story.  Kirby et al. (2011) found that peak 

force and countermovement jump height do not have as strong a relationship (r=0.39) as vertical 

jump and net vertical impulse (r= 0.92) when examined according to depth of crouch before a 

vertical jump.  In other words, the amount of force generated over a certain range of motion, and 

not just the peak value attained will affect jump height.  Knowing how forces and movements 

affect the vertical jump can help researchers and practitioners train athletes to maximize vertical 

jump height by helping to focus training efforts. 

2.1.2 Velocity 

 

The velocity of the body center of mass, namely takeoff velocity (Lees, Vanrenterghem, 

and Clercq 2004, 1929-1940) and peak velocity (Kirby et al. 2011) also influence vertical jump 

height.  During a vertical jump, the use of a countermovement (Bobbert and Casius 2005) and its 

depth (Kirby et al. 2011) along with the use of arms (Lees, Vanrenterghem, and Clercq 2004, 

1929-1940) will affect the takeoff velocity.  Kirby et al. (2011) showed that peak vertical 

velocity increased with each increasing crouch depth and showed a positive linear relationship 

with countermovement and squat jump heights.  Lees, Vanrentergham and Clercq (2004) also 

found that peak vertical velocity of a countermovement jump (with arms) occurred near the end 

of the ascent phase (past 90% of movement time).   

Interestingly, arms affect the vertical velocity but not until late in the propulsive phase 

(after 92% movement time).  Harman et al. (1990) demonstrated that peak vertical velocity 

occurred at around 0.03s before takeoff in a countermovement jump (similar to three other jump 
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types).  Hara et al. (2008) showed that a countermovement jump with arms produced higher 

vertical velocity of the body centre of mass than a countermovement jump without arms and a 

squat jump with and without arms. 

Although the above-mentioned conditions should maximize vertical jump height, these 

conditions are not always possible during sports, so their worth should be interpreted with 

caution. 

2.1.3 Impulse 

 

The product of force and time is called impulse, which acts on a body or object and 

causes a change in momentum (Kirby et al. 2011).  Impulse during a vertical jump will lead to a 

displacement of the body centre of mass upwards.  An impulse can be a small force applied for a 

longer time or a large force applied quickly.  Since force can only be produced while the feet are 

in contact with the ground, there is no time to produce a small force impulse; therefore a large 

force has to be developed quickly (Linthorne 2001).  Kirby et al. (2011) revealed that relative net 

vertical impulse during the propulsive phase increases with increasing squat depth.  Jump height 

increased incrementally with each squat depth: 0.15m, 0.30m, 0.45m, 0.60m, and 0.75m.  A 

larger depth allows for more time to accelerate, thus a larger jump (Kirby et al. 2011).  Since 

both movements start from zero velocity (squat jump and countermovement jumps), but one 

(countermovement jump) ends with a higher velocity this means a larger change in velocity took 

place with a constant mass, in other words, a larger change in momentum. Relative net vertical 

impulse was shown to be a good predictor of countermovement jump height (r=0.92) (Kirby et al 

2011) and squat jump height (r= 0.93) (Kirby et al. 2011).  Relative net vertical impulse appears 

to be a fairly consistent way of explaining differences in jump performances across a group of 

individuals.  However it does get overlooked in favor of power in a lot of vertical jump studies 
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(Kirby et al. 2011). 

2.1.4 Arm Swing 

 

The use of arms during a vertical jump can provide a higher vertical jump than if the 

arms were not used in squat jumps and countermovement jumps (Harman et al 1990).  

Countermovement jumps with arms were shown to be 17.6% higher than countermovement 

jumps without arms (Hara et al. 2008).  During countermovement jumps, one of the reasons why 

the use of an arm swing increases performance in the vertical jump is because it leads to an 

increase in takeoff velocity and thus the body’s centre of mass moves faster at the takeoff point.  

This is likely due to a larger degree of trunk, hip, knee, ankle bending (Edwen et al. 2013; Lees, 

Vanrentergham and Clercq 2004) which increases force (impulse) produced by the important 

jumping muscles and vertical ground reaction force to a greater extent and later in the propulsive 

phase (Hara et al. 2008).  Feltner, Fraschetti, and Crisp (1999), found a 12.7% increase in 

vertical velocity when using arms vs. not using arms, whereas Lees, Vanrenterghem, and Clercq 

(2004) found a 8.9% increase in vertical velocity (P<0.001).  An additional reason for the 

increase in performance when using arms is the increase in the height of the body centre of mass 

at takeoff (Feltner, Fraschetti, and Crisp 1999; Lees, Vanrenterghem, and Clercq 2004).  It was 

revealed that there was an average of a 6.1 cm increase in the height of the body centre of mass 

at takeoff.  The use of a jump with arms or without arms will likely depend on the research 

question.  If the goal is strictly to assess the maximum jump height of a participant, which will 

likely require more body coordination (Klavora 2000), then the use of arms is recommended.  If 

the goal is to assess the effectiveness of a lower body strength training intervention on vertical 

jump height, it is preferable to decrease the factors that are difficult to measure (Markovic et al. 

2004), so a jump without the use of arms is recommended. 
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2.1.5 Countermovement  

 

Countermovement jumps, regardless of the use of arms, produce higher jump heights 

than squat jumps (Bobbert et al. 1996).  Hara et al. (2008) demonstrated a 9.2% increase in 

countermovement jump with arms over squat jumps with arms.  The muscles are able to generate 

higher forces (moments) before the propulsive phase begins (Bobbert et al. 1996) which leads to 

more work done by the muscles during the start of the propulsive phase (Bobbert and Casius 

2005; Hara et al. 2008).  In other words, during a squat jump, part of the propulsive phase is used 

in order to generate high enough moments for the body to leave the ground, whereas during a 

countermovement jump a high moment is generated earlier (more time to develop force due to 

countermovement) leading a larger impulse (Kirby et al. 2011) and increased acceleration 

(Casserotti et al. 2001) during the propulsive phase.  Increasing these factors ultimately leads to a 

greater takeoff velocity and thus higher jump (Lees, Vanrenterghem, and Clercq 2004).  There 

are numerous potential but also questioned mechanisms of increased jump height in 

countermovement jumps vs. squat jumps, namely; storage and utilization of elastic energy, 

potentiation of contractile elements, the interaction of contractile and elastic elements, and 

increased stretch reflexes (Cormie 2009).  All of these other potential mechanisms ultimately 

lead to either more force at the start of the propulsive phase or greater velocity at takeoff 

(Cormie 2009).  The validity and contribution of each however is up for debate (Cormie 2009).  

Performing jumps with a countermovement will lead to a higher jump, a fact that should be taken 

into consideration in research and sporting settings. 

2.1.6 Anthropometric, Age, and Gender Effects  

 

It is important not to overlook the contribution that body differences, age and gender 

make in the performance of a vertical jump.  These factors may help explain differences amongst 



 16 

participants. A stepwise regression by Aouichaoui et al. (2012) showed that four factors 

(standing height, body mass, fat free mass and age) accounted for a significant portion of the 

variability of countermovement jump height for males and females (r square of 0.36 for males 

and 0.26 for females).  Furthermore, Aouichaoui et al. (2014) revealed that neither standing 

height, sitting height, body mass, fat free mass, body fat, leg length or waist size could solely 

predict countermovement jump height (using photocell) in 407 children aged 7-13.  Taylor et al. 

(2010) showed that males demonstrated significant jump height differences compared to females 

from 11 years of age onwards, with significant increases year after year from 10 years of age to 

14 years of age (Taylor et al. 2010).  Females showed significant increases in jump height from 

about 10 years of age to 12 years of age, which was followed by a plateau (non-significant 

increase or non-significant decrease.  These trends appear to follow a similar pattern to strength 

gain differences in females and males, where females show an increase then plateau and males 

show significant increases followed by diminished but continued increase.  Therefore, these 

factors need to be considered when examining vertical jump height.  

2.1.7 Procedural Factors 

 

Some general factors that can affect vertical jump tests are fatigue due to activity prior to 

testing, motivation (Thorlund et al. 2008) and familiarization to the testing procedures (Chelly et 

al. 2009).  A child that is fatigued or not motivated is not likely to produce a maximum jump at 

the time.  Children tend to show a learning effect in motor activities like vertical jump and lifting 

weights (Rutherford and Jones 1986; Ramsay et al. 1990), which can be accounted for by 

changes in skill and coordination.  Due to this learning effect, there is often a period of time 

needed to get used to the activity.  Familiarization jumps prior to testing are usually prescribed, 

in order to diminish the learning effect with successive jumps.   
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2.2 Vertical Jump Testing 

 

Testing and evaluation are important for research as well as practical settings like 

strength and conditioning facilities, rehabilitation facilities or school physical education 

programs.  Some reasons why testing is important are motivation, improved prescription of 

exercise, selection for sports teams, determination of program/teaching effectiveness, improved 

compliance from participants and parents, reinforcement of research results, and collection of 

norms for comparison (Baechle and Earle 2000, 276). 

2.2.1 Vertical Jump Measurement Devices 

 

The countermovement jump has been used in conjunction with many different devices 

which all have their advantages and disadvantages.  The subsequent sections will outline a few of 

the devices. 

2.2.1.1 Belt Jump 

 

The University of Toronto Belt Jump (Sport Books Publisher, Toronto, ON) formerly 

known as the Abalakov Belt Jump, consists of a measuring tape attached to a belt worn by the 

participant at one end with the other end of the tape attached to a mat with a tape feeder (Klavora 

2000).  The belt worn by the participant is attached approximately at the level of the centre of 

mass.  Just like the Abalakov Belt Jump, the length of tape pulled out after a jump represents the 

height of the jump (Klavora 2000).  When examining the criterion validity of four vertical jump 

devices, Buckthorpe, Morris, and Folland (2012) found that the Belt Jump produced 

measurements within 1 cm (calculated from force plate software) of the criterion method 

(Laboratory Force plate) and was determined to be a valid (r=0.93) measure of vertical jump 

height.   

Reliability has also been demonstrated for the Belt Jump (Slinde et al. 2008), but only in 
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adults.  Slinde et al. (2008) measured test-retest reliability of three different versions of 

countermovement jumps and determined that a countermovement jump using the Belt Jump 

(with arms) had good relative reliability for men (ICC= 0.79) and only moderate relative 

reliability for women (ICC=0.48) when tested on average four to fourteen days apart.  There 

were a larger number of men than women in the study, possibly leading to better reliability 

amongst men than women.  Markovic et al (2004), sought to compare the reliability of a Squat 

Jump and Countermovement Jump using the Belt Jump with and without arm swing.  This study 

determined that Belt Jumps with and without arm swing had good relative reliability with an ICC 

of 0.93 and 0.94 respectively for men.  The absolute reliability for the Belt Jump with arms 

(CMJ) had a coefficient variation of 4.6% and 4.1% without arms.  Differences in reliability 

values could possibly be due to participant number, which were 30 in Slinde et al. (2008) and 93 

in Markovic et al. (2004).  Participant exercise experience could have had an influence, with less 

experienced non-physical education students and friends of the author in Slinde et al. (2008) and 

active physical education students in Markovic et al. (2004). 

The biggest advantage of a Belt Jump device is its assessment of vertical jump height 

based on the body centre of mass due to the belt’s placement around the waist (Klavora 2000).  

Other advantages of the Belt Jump include ease of measurement, transport and storage.  A 

possible disadvantage is the fragility of the device.  Upon inspection, it appears that it might 

break easily.  In addition, extra pelvic motion at the apex of the jump might also affect the jump 

(Starosta and Radzinska 2001). 

2.2.1.2 Jump and Reach Tests 
 

Other common field tests are the jump and reach tests in which vertical jump height is 

represented by the difference between standing reach height and jump height (Kirby 1991).  
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Equipment used includes a jump board, chalkboard or Vertec (Sports Imports, Hilliard, OH), 

which is an adjustable stand with moveable pieces each representing a different height (Klavora 

2000).  The Vertec has been deemed a valid measure of vertical jump ability (r=0.91) according 

to Buckthorpe, Morris, and Folland (2012).  The Vertec has also been found to be a reliable 

measure of vertical jump height (Nuzzo 2011), with intra-session reliability of 0.87-0.89 for 

females and 0.94 for males.  Intersession reliability was calculated to be 0.80 for females and 

0.90 for males.  A possible advantage of a jump and reach test is external motivation of 

something to reach for in order to produce a maximum jump.  A possible disadvantage is the 

increased level of coordination needed to complete the jump and reach, and the amount of space 

required. 

2.2.1.3 Contact Mats 

 

The contact mat or platform has embedded devices attached to a computer that displays 

time in the air and height of the jump (Bosco, Luhtanen, and Komi 1983).  It has been deemed to 

be a valid test of vertical jump ability (r=0.90) according to Buckthorpe, Morris, and Folland 

(2012).  Nuzzo, Anning, and Scharfenberg (2011) calculated the intra-session reliability to be 

0.90-0.93 for females and 0.92-0.93 for males, whereas intersession reliability was calculated to 

be 0.92 for females and 0.84 for males.  The disadvantage of this method is getting the 

participant to land in the same position as they jumped from.  Since the only measurable factor is 

time in the air, a crouched position upon landing can increase time in the air and hence 

overestimate vertical jump height (Nuzzo, Anning, and Scharfenberg 2011).  

2.2.1.4 Force Platforms 

 

Force platforms, measure peak and average ground reaction force with respect to time 

(Lloyd et al. 2009).  Using special software, jump height is calculated automatically.  
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Furthermore, the advantage is accuracy of measurement throughout the eccentric and concentric 

phases.  Disadvantages are the complexities of the software and the expense.  Force platforms 

have been used to measure criterion validity in Buckthorpe, Morris, and Folland (2012). 

2.3 Effectiveness of Resistance Training on Vertical Jump Performance 

 

Factors that affect vertical jump responses to resistance training (including strength 

training) are: the intensity of the movement (load, force), the volume of training, frequency of 

training sessions, type of exercise, the duration of each exercise session, rest period between 

exercises, velocity of the movement, range of motion of the movement, and type of equipment 

(Ratamess et al. 2009).   

2.3.1 Influence of Strength Training 

 

The above-mentioned factors can interact to influence a fitness trait.  One such example 

is the interaction of the intensity (load, force) of the movement and the velocity of the 

movement.  As the force required for producing the movement increases, the velocity with which 

it can be performed will decrease (Kawamori and Haff 2004).  The ability to express a high level 

of force (strength) (Kawamori and Haff 2004) will affect performance of motor tasks through its 

influence on things like the force-velocity relationship (Toji and Kaneko 2004) and impulse 

(Cormie 2009).  Examples of strength exercises are squats, lunges and leg press.  Essentially, 

increased strength will alter the relationship between force and velocity so that for a given level 

of force, the velocity of that movement will be larger (Toji and Kaneko 2004).  The effects of 

strength training interventions in children as well as youths were assessed in a systematic review 

and meta-analysis by Harries, Lubans, and Callister (2012) where significant improvements in 

vertical jump performance due to strength training interventions were shown (P=0.05).  The 

meta-analysis ultimately concluded that strength training could lead to increased vertical jump 
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ability, although they provided caution in interpreting the results due to the potential for bias and 

the heterogeneity in the findings.   

2.3.2 Influence of Velocity 

 

When considering exercises that can influence the velocity component of a jump, 

explosive methods like plyometric jumps have been examined (Kotzamanidis 2006).  Rubley et 

al. (2011), Potdevin et al. (2011), and Meylan and Malatesta (2009) demonstrated increases in 

vertical jumping ability after a plyometric training period. Reasons for improvement could be 

due to the similarity of the movements and the similarity in velocity between these exercises and 

vertical jumps (Meylan and Malatesta 2009).  In a recent meta-analysis Harries, Lubans, and 

Callister (2012) concluded that plyometric interventions could lead to increased vertical jump 

ability.  

2.3.3 Influence of Combined Methods 

 

Combined methods like weighted jumps influence the velocity component of the vertical 

jump as well as the force component (Cormie, McGuigan, and Newton 2011).  Weighted jumps 

have the advantage of increasing the force applied to the ground (Cormie, McBride, McCaulley 

2008) while still moving quickly.  This advantage differs from a squat, which has a high force 

component and a low velocity component (Kawamori and Haff 2004) or a squat jump that has a 

high velocity component and low force component (Kirby et al. 2011).  Combined methods can 

also involve strength training methods and plyometric methods in the same time period, which 

have also shown positive effects (Santos and Janeira 2008; Myer et al. 2005; Wong, Chamari, 

and Wisløff 2010; Faigenbaum et al. 2007).  In addition, a meta-analysis by Harries, Lubans, and 

Callister (2012) concluded that combined method interventions could also lead to increased 

vertical jump ability. 
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2.3.4 Effectiveness of Strength Training on Vertical Jump Performance in Children 

 

The literature regarding the effect of strength training on vertical jump ability is not 

consistent or vast with children aged 10-14 years old (see Tables 1 and 2 for details).  After 

examination, child strength training studies by Christou et al. (2006), Hetzler et al. (1997), 

Weltman et al. (1986), and Santos and Janeira (2012) show improved vertical jump ability as a 

result of strength training interventions, whereas Faigenbaum et al. 1993, Faigenbaum et al. 

1996, Faigenbaum et al. (2002), Faigenbaum et al. (2005), and Lillegard et al. 1997 showed non-

significant results.  An additional study by Faigenbaum et al. (2007) showed a non-significant 

increase in vertical jump due to Resistance Training (RT) only, compared to a combined RT and 

plyometric group.  This study did not involve a control group, so it is not certain whether there 

would have been a true significant difference. 

The inconsistent results in child RT/VJ studies are likely due to the length of training 

interventions, number of sets, vertical jump testing methods, number of participants, gender of 

participants, randomization of group assignment, and the use of blinded observers.  A meta-

analysis by Payne et al. (1997) determined that effect size and treatment duration were related in 

resistance training studies using pre- and post-test design with an effect size of 0.22.  However 

this meta-analysis examined studies looking at gains in muscular strength and endurance.  It 

might not be appropriate to apply these findings to gains in motor performance like vertical 

jump.  However, studies showing a significant difference used at least 10 weeks of training.  

Santos and Janeira (2012) used a 10-week intervention, Hetzler et al (1997) used a 12-week 

intervention, Weltman et al. (1986) used a 14-week intervention, and Christou et al used a 16-

week intervention.  Most of the studies that did not show a significant difference, Faigenbaum et 

al. (1993), Faigenbaum et al. (1996), Faigenbaum (2002), Faigenbaum et al. (2005) and 
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Faigenbaum et al. (2007), each used intervention lengths of eight weeks, eight weeks, eight 

weeks, eight weeks and six weeks respectively.  The only exception was Lillegard et al (1997), 

which used a 12-week intervention.  More research is needed in order to clarify the relationship 

between intervention duration and gains in motor performance in this population. 

The number of sets, which help determine volume, can affect how well an intervention 

works (Ratamess et al. 2009).  Volume is one of the key fitness principles along with intensity, 

frequency, time and type of exercise (Ratamess et al. 2009).  All the studies that demonstrated a 

significant difference used multiple sets (two to three), on at least their primary exercises.  

Faigenbaum (2002), Faigenbaum et al. (2005), which did not show significant differences, used a 

single set repetition scheme.  Faigenbaum et al. (2007) had an increased volume, using one to 

three sets, while Faigenbaum et al. (1996) used two to three sets.  Lillegard et al. (1997) used 

three sets.  Unfortunately Faigenbaum et al. (1996), Faigenbaum et al. (2007) and Lillegard et al. 

(1997), did not show significant differences between groups.  It appears that in most cases, 

multiple sets and multiple day per week interventions of longer lengths seem to lead to better 

vertical jump outcomes compared to control groups.  The short interventions with single sets 

might not provide a proper stimulus for change.  However, long interventions are not always 

possible for practical reasons.   

The testing method can affect the effectiveness of an intervention due to varying 

reliability (Klavora 2000).  Some tests might hold up under certain situations better than others 

(i.e., different populations or different outcome variables).  The studies that showed non-

significant differences in vertical jump height between experimental and control groups used the 

jump and reach style tests (Faigenbaum et al. 1993; Faigenbaum et al. 1996; Faigenbaum 2002; 

Faigenbaum et al. 2005; Lillegard et al 1997).  However, there was a study that used a jump and 
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reach style test that did demonstrate a significant difference (Hetzler et al. 1997).  Weltman et al. 

(1986) used a jump and reach style test and showed significant main effects and a significant 

interaction effect in the experimental group compared to the control group.   

The number of participants was another source of variability.  Faigenbaum (2002) 

involved 55 participants, Faigenbaum (2005) involved 43 participants and Lillegard et al. (1997) 

involved 91 participants, all of which involved more participants than any study involving a 

difference in outcomes.  The increased number of participants could mean higher statistical 

power; less sampling error and more importantly, a bigger chance of realizing the effect if in fact 

there is an effect. 

Since the current study involved only females it was desirable to find studies involving 

just females.  Unfortunately studies of only females were not found.  All studies found involved 

just males or a combination of males and females.  Results from studies involving females and 

males might not be as appropriate as studies involving only females.  Four of five studies 

showing non-significant differences involved males and females, whereas only one study 

showing significant differences involved males and females.  It appears that with a homogenous 

group it is easier to detect changes, or males are more likely to improve as compared to females. 

Randomization of allocations to training groups can help decrease bias in order to detect 

actual changes.  Interestingly, the studies that did not show a significant difference between 

groups were all randomized (Faigenbaum et al. 1993; Faigenbaum et al 2002; Faigenbaum et al. 

2005; Faigenbaum et al. 2007, and Lillegard et al. 1997) except for one, Faigenbaum et al. 

(1996).  From the studies that showed a significant difference between groups, only Santos and 

Janeira (2012) was randomized.  Christou et al. (2006), Hetzler et al. (1997), and Weltman et al. 

(1986) were not randomized. 
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Having blinded observers/assessors can help to decrease bias (Pannucci and Wilkins 

2010), in order to detect actual changes.  None of the studies examined stated that blinded 

assessors were used, leading to the assumption that they were not used.
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Table 1. Strength training in relation to VJ in children (Significant difference) 

Study Design of study Type of 

Training/Length 

of Training 

Measurements Findings 

Hetzler et al. 1997 -30 12-15 year old 

males, 3 groups of 

10, no RT 

experience 

-NTG, ETG, CON 

-Non blinded, non-

randomized 

-During baseball 

preseason 

 

-3x10 at 

50,75,100% of 

10RM, 12 

weeks 3x/week, 

circuit style 

-On free weights 

and machines 

(all leg exercises 

on machines) 

2 instructors for 

all 30 

- CMJ: Jump and 

reach test using 

wall, in bare feet 

(best of 3 trials)  

-FamS same day 

 

-Significant increase in VJ for NTG 

and ETG (smaller) compared to 

control 

-CON showed no change 

-No injuries 

Christou et al. 2006 -18 male soccer 

players w/ RT 

experience 12 to 15 

years old: STR (n= 

9) and SOC (n=9), 

CON group (n=8) 

-Non blinded  

-Non randomized 

-During soccer in-

season 

-4 weeks of 

2x15 FamS 

-2 x / week, 16 

weeks of 55%-

80% 1RM, 2–3 

sets of 8–15 reps 

-One instructor 

for team  

- Soccer 

5x/week, 90min 

+ 70 min game.  

FW + machines 

(all leg exercises 

on machines) 

-SJ, CMJ, RJ on 

contact mat (best of 

3 trials), hands on 

waist 

-2 to 3 FamS 

-Test at baseline, 8 

weeks, 16 weeks 

-Significant increase in SJ for STR 

(7.5 cm increase), non-significant 

increase for SOC (2.1 cm increase) 

and CON (2cm increase) groups 

-Significant increase in CMJ for 

STR (6.7cm increase), non-

significant increase for SOC (1.4cm 

increase) and CON (2.2cm increase) 

groups 

-No injuries 
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Weltman et al. 1986 -29 males, 6-11 

years,19 in EXP 

group (3 DNF), 10 

in CON group 

-Non blinded, non 

randomized  

-Participants active 

in 1-2 sports 

-3x/week, 14 

weeks, circuits 

-3x30s (AMAP) 

30s rest for 10 

stations 

-On hydraulic 

machines 

-No supervision 

details 

 

-CMJ: Jump and 

reach using wall 

(mean of 3 trials)  

-3 to 5 

Familiarization 

jumps 

 

 

 

-VJ improved more in EXP (2.2cm 

increase) than CON (0.7cm 

decrease) with a significant main 

effect and significant two way 

interaction  

-No injuries 

 

Santos and Janeira 

2012 

25 males EXP 

(n=15), CON 

(n=10) 13-15 years 

-No RT experience 

-Randomized 

-Non blinded 

-10 weeks, 

2x/week. 2x10-

12(week 1-2), 

3x10-12(week 

3-10)(10RM) + 

soccer training.  

-On Nautilus 

machines except 

2 exercises 

-3 instructors for 

all participants 

-SJ, CMJ with and 

without arms on 

contact platform 

(Mean of 3 trials) 

-Hands on hips 

-FamS 

-Significant improvements in SJ 

(3.11cm increase) compared to CON 

(1.96 cm decrease) 

-Significant increase in CMJ 

(3.38cm increase) compared to CON 

(2.36cm decrease) 

-Significant increase in CMJ with 

arms (3.89cm increase) compared to 

CON (1.8 cm decrease) 

-No injuries reported 

 

RM=Repetition maximum; CON=control group; VJ=vertical jump; RT=resistance training; CMJ=countermovement jump; SJ=squat 

jump; RJ=reactive jump; EXP=experimental group; SLJ=standing long jump; LP=leg press; BP=Bench press; CP=chest press; 

STR=strength group; SOC=soccer group; HIIT=high intensity interval training; U=under; UB=upper body; LB=lower body; 

SG=supervised group; VG=video group; LRM=low repetition maximum group; HRM=high repetition maximum group; TTG=twice 

per week training group; OTG= once per week training group; MBT=medicine ball throw; NTG=novice training group; 

ETG=experienced training group; DNF=did not finish; FamS=Familiarization session; FW=free weights 
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Table 2: Strength training in relation to VJ in children (Non-significant difference) 

Study Design of study Type of 

Training/Length of 

Training 

Measurements Findings 

Faigenbaum 

et al. 1993 

-25 males and 

females 8-12 years 

old. EXP (n=15, 11 

males and 4 females) 

CON (n=10, 6 males 

and 4 females) mean 

age of 9.9 

-Randomized 

-Non blinded 

-Most kids 

participated in sports 

-8 weeks, 2x/week. 3x 

10-15 reps (50%, 75% 

100% 10RM) for 5 

primary exercises, 

then 1-3 sets of 15 on 

secondary exercises 

-On cable machines 

Instructor to 

participant ratio of 1:5 

-Jump and reach 

using wall (best 

of 3 trials),1 

week FamS 

-Significant main effect for VJ for EXP 

(3.14cm increase) vs. CON (1.49cm 

increase) with non-significant two way 

interaction 

-No injuries 

Faigenbaum 

et al. 1996 

-14 males, 10 

females 

7-12 years old, no 

RT experience 

EXP: 11 males, 4 

females, CON: 3 

males, 6 females 

-Non blinded, non-

randomized 

-Participants 

participated in sports 

-2x per week, 8 weeks 

-Training first 4 

weeks; 1x10 sub max, 

2x6 max (primary + 

secondary exercises) 

(6RM load). Last 4 

weeks: 3x6 primary, 

2x6 secondary. 7 

exercises 

-Child size machines 

Instructor to 

participant ratio of 1:4 

 

-VJ: Jump and 

reach using wall 

(best of 3 trials) 

Tested before 

and after 

training period 

plus midway 

and after 

detraining 

period,1 week 

FamS 

-Non significant increase in VJ height 

-Significant main effects for time 
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Faigenbaum 

et al. 2002 

-21 females, 34 

males aged 7.1 to 

12.3 no RT 

experience 

TTG (2x/week, 

n=20, 9 females and 

11 males) OTG 

(1x/week, n=22, 7 

females and 15 

males),  (CON, 

n=13, 5 females and 

8 males) 

-Non blinded, non-

randomized, 

-Activity level not 

stated 

-1x or 2x per week, 8 

weeks 

-1x10-15 reps, 12 

exercises (2 core, 10 

RT) (60-70% 1RM) 

-On child size 

machines 

-Instructor to 

participant ratio of 1:3 

-CMJ: Jump and 

reach on wall 

(best of 3 trials) 

-1 FamS 

-Non significant gains in VJ for OTG 

(1.2cm increase) and TTG (2.1cm 

increase) compared to CON (0.7cm 

increase) 

-No injuries 

Faigenbaum 

et al. 2005 

-23 females and 20 

males 8.0 +12.3,no 

RT experience  

LRM (6 females, 6 

males), HRM group 

(8 females, 11 

males), CON group 

(9 females, 3 males) 

-Randomized 

between LRM and 

HRM 

-Non blinded ,most 

played sports 

-1 set 2x/week for 8 

weeks, 9 machine 

exercises + core 

-6 to 10 reps for LRM 

(6-10RM) 

-15-20 reps for HRM 

group (15-20RM) 

-On child size plate 

loaded machines 

-Instructor to 

participant ratio of 1:3 

-Jump and reach 

test on wall 

(Best of 3 

trials), 2 FamS 

-Non significant gains in VJ for LRM 

(0.8cm increase) and HRM (not 

available) compared to CON (0.6cm 

increase), No injuries 
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Faigenbaum 

et al. 2007  

-27 males 12-15yrs 

-RTG (n=14) or 

PRTG (n=13), no 

CON  

-RT experience 

-Randomized 

-Non blinded, 

Mostly baseball and 

football participation 

-2x/week, 6 weeks 

-RTG: Cleans, 

snatches with dowel 

or empty bar (1-3 sets 

of 4 reps)  

-3x10-12 reps (loads 

not prescribed) 

(Including squats and 

front squats) 

-Mostly FW ,1:4 

supervisor to 

participant ratio 

-CMJ using 

Vertec (best of 2 

trials), 1 FamS 

-RTG showed non-significant increase 

in VJ (1.4cm increase), no CON 

-No injuries 

 

Lillegard et 

al. 1997 

-91 males and 

females aged 9-13 

-Prepubescent EXP 

(20 males, 8 

females) 

Prepubescent CON 

(18 males, 6 

females) 

-Early postpubescent 

EXP (16 males, 8 

females) 

-Early postpubescent 

CON (10 males, 5 

females) 

Randomized, 

Participated in sports 

12 weeks, 3x/week 

-3x10 reps of 10RM, 

FW and machines (leg 

exercises on 

machines), 1:4 

supervisor to 

participant ratio 

 

 CMJ: Jump and 

Reach test on 

wall (best of 3 

trials), no FamS, 

but explained 

and 

demonstrated 

-No significant increases in VJ, in fact 

some group means decreased 

-Treatment (not gender or tanner stage) 

was biggest main effect 

-Treatment and gender: largest 

interaction 

-One injury (shoulder) 

 

 

RM=Repetition maximum; CON=control group; VJ=vertical jump; RT=resistance training; CMJ=countermovement jump; SJ=squat 

jump; RJ=reactive jump; EXP=experimental group; SLJ=standing long jump; LP=leg press; BP=Bench press; CP=chest press; 
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STR=strength group; SOC=soccer group; HIIT=high intensity interval training; U=under; UB=upper body; LB=lower body; 

SG=supervised group; VG=video group; LRM=low repetition maximum group; HRM=high repetition maximum group; TTG=twice 

per week training group; OTG= once per week training group; MBT=medicine ball throw; NTG=novice training group; 

ETG=experienced training group; DNF=did not finish; FamS=Familiarization session; FW=free weights 
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Studies involving longer training interventions, multiple days of training per week as well as 

multiple sets seem to allow for a larger stimulus of change.  When examining the number of 

participants in the various studies, there appears to be a greater number of participants in the 

studies that did not show a significant difference.  This is an unusual result since a larger sample 

usually allows for easier detection of a significant difference (Hopkins 2007), if in fact there is 

one.  Another unusual result was finding studies using the jump and reach method that showed 

significant differences as well as non-significant differences.  It appears that the number of 

participants and the testing method are less important than the volume and frequency of training.  

It appears that with a homogenous group (gender) it is easier to detect changes, as most studies 

showing significant change involved males only.  Studies involving females only are needed in 

order to generalize strength training study findings to females more appropriately.  An additional 

note is the mode of exercise performed in these training studies.  Every single study except one 

(Faigenbaum et al. 2007) used resistance machines and not free weights to train the participants’ 

legs.  However, Faigenbaum et al. (2007), which used free weights did not show significant 

differences.  There were a few studies that used free weights for the upper body (Hetzler et al. 

1997; Christou et al. 2006; Lillegard et al. 1997), but upper body weights are not specific enough 

to increase strength for vertical jump height.  

2.4 Overall Aim or Purpose of Study 

 

The purpose of this study was to determine if a 12-week, two-time per week, multiple set 

strength training intervention for the lower body, using free weights only, would produce a 

change in vertical jump performance in athletic female children aged 10-14 years old, above and 

beyond normal growth and development as demonstrated by a control group. 
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2.5 Hypothesis 

 

The hypothesis of this study is that the experimental group involved in lower body 

strength training will increase their vertical jump scores more than a control group doing upper 

body strength training.  It is believed that strengthening the leg muscles, using an appropriate 

intervention period, with adequate volume and frequency of training, as well a simple test will 

favor a detection of significant change in the experimental (lower body) group.  It is believed 

that increasing leg muscle strength will provide a large enough contribution to a vertical jump 

without the use of arms, to produce a significant difference compared to a control group.
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3. Methods 

 

3.1 Introduction 

 

The present study was part of a larger study led by Joanne Parsons, seeking to determine 

if there is an effect of resistance training on jump landing biomechanics and hence risk factors 

for ACL injuries.  All testing procedures are described below, however not all of them are 

directly relevant for this thesis. 

3.2 Study Design 

 

The proposed study was a randomized controlled trial with a blinded observer (for 

baseline and post-tests).  It involved two testing periods, a baseline test completed before the 

intervention and a post-test completed after the intervention.  The tests of the larger study and the 

tests of the present study were conducted in the same session.  The baseline test and post-test 

were conducted by a trained research assistant without him knowing the group assignment.  

Once baseline testing was completed, the participants were randomly assigned to one of two 

training groups.  One group was the experimental group, who participated in lower body 

training.  The other was the control group who participated in upper body training.  Random 

assignment happened by way of a sealed envelope handed to the participant containing their 

group assignment.  The trainers were also blinded to the results of the testing until the 

completion of the study.



 35 

 

3.3 Participants 

 

The proposed study involved girls aged 10-14 years old.  All the participants were 

athletic, playing sports involving jumping, cutting, and running. 

3.3.1 Recruitment 

 

 Upon receiving permission from the ethics committee, posters were put up around the 

University of Manitoba and local community centres.  In addition, emails were sent to club and 

provincial sporting organizations.  Interested participants and a parent/guardian contacted the 

principal researcher for a three-way phone interview.  During the phone interview, a script was 

followed that explained the study in detail, obtained baseline information (e.g., name, date of 

birth) and also asked eligibility questions.  Essentially, the phone interview served as a screening 

protocol.  The inclusion criteria were: girls between the age of 10-14 at time of baseline testing, 

and participation in sports with jumping, running and cutting, pivoting (e.g., basketball, soccer, 

football) for a minimum of one year.  The specific amount of participation within each year was 

not controlled.  The exclusion criteria were: participation in organized resistance training or 

formal jump training in the last six months, and presence of an injury or condition that would 

affect the participant’s ability to exercise safely.  If deemed eligible to participate, consent and 

assent forms as well as information packages were emailed to guardians and participants to read 

over.  During the phone interview there was a separate set of questions that involved collecting 

information on maturation/physical development, sport history, and leg dominance.  Leg 

dominance was determined by asking with which leg they would use to kick a ball (Hewett, 

Myer and Ford 2004).  The information package also contained directions to the testing and 

training rooms and information on the principal and secondary researchers’ qualifications.  
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Maturational status was determined by the researcher, parent, and child via the Pubertal 

Maturation Observational Scale (Davies and Rose 1999) also known as PMOS. 

3.4 Baseline testing 

  

After the participant and their parent/guardian signed the assent and consent forms, the 

testing procedures as well as possible risks were explained to the athlete and parent. 

Height was measured to the nearest 0.5 cm using a Tanita Stadiometer (Tanita 

Corporation of America, Inc., Arlington Heights, Illinois), without any shoes.  Body mass was 

measured to the nearest 0.5 kg on the Health-o-meter (Pelstar LLC, Alsip, Illinois) professional 

upright scale. 

Warm-up consisted of a continuous treadmill walk for five minutes.  The speed was 

increased gradually from 0 km/h to approximately 3 km/h.  The athletes were instructed to hold 

on to the handrails for the duration of the treadmill walk. 

The Landing Error Scoring System Real Time (LESS-RT) (Pauda et al. 2009) was used 

by the tester in order to rate the jump landing ability of the participants.  The LESS-RT involved 

a series of qualifying points, all with a scoring scale.  The participant was instructed to jump off 

a 30 cm box to a tape target on the floor.  Two video cameras, placed at the sagittal view and 

frontal view, were used in order to capture the jump landing. 

The pushup test of upper body strength/endurance required the participants to complete 

the maximum number of pushups possible consecutively with proper technique.  The test had the 

athlete start in the prone position on the floor.  She then proceeded to push up from the prone 

position to full elbow lockout then down to 90° of elbow flexion.  The test was stopped when the 

athlete could no longer complete any reps or proper form was not maintained over two 

consecutive repetitions. 
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The athlete’s grip strength was tested using a Jamar Hand Dynamometer (Sammons 

Preston, Bollingbrook, IL, USA).  The athlete sat in a chair or on a box with their elbow bent at 

90° at the side of the body.  Three trials per hand were given in an alternating fashion, starting 

with the right hand.  The mean of the three trials per hand were used for analysis. 

Leg strength and power were assessed using a Biodex Isokinetic Dynamometer (Biodex 

Medical Systems, Shirley, NY).  The hip and knee joints were tested under constant muscle 

length conditions (three maximal trials), dynamic muscle length conditions (five maximal trials) 

and constant velocity conditions (five maximal trials).  The Biodex Isokinetic Dynamometer 

measurements were part of the larger study and not part of the present study, thus further 

explanation is not warranted. 

 Vertical jump ability was assessed using the University of Toronto Belt Jump (Sport 

Books Publisher, Toronto, ON).  To use this device, the athlete took the black strap attached to 

the yellow tape measure (proximal end) and fastened it around the waist.  Once the belt was 

secure, the athlete stood on the blue feet markings located on the gray mat where the tape 

measure is set to zero.  From an upright position, the athlete performed a countermovement then 

jumped straight up as high as possible trying to land back on the foot markings.  The height 

jumped was the number indicated on the tape.  The University of Toronto Belt Jump is an 

improved version of the Abalabov Belt Jump device due the removal of a potentially hazardous 

metal apparatus and the addition of a soft landing mat.  The best of three trials of a 

countermovement jump with and without arms was used for analysis.  No familiarization jumps 

were given due to the simplicity of the task as well as to minimize fatigue.  

 



 38 

 

Figure 2. University of Toronto Belt Jump (Sport Books Publisher, Toronto, ON) 

3.5 Training Protocols 

 

The lead researcher conducted training along with an assistant, both were certified and 

qualified to conduct exercise sessions.  Training sessions started with about five to seven minutes 

of warm up which included: jogging, shuffling, grapevine, butt kicks and high knee skips.  Both 

the lower body and upper body training groups performed these same movement drills but 

differed in their mobility drills.  The lower body group performed forward/backwards leg swings 

(Figure 3), Spiderman stretches, (Figure 4) and ten body weight squats (Figure 5).  The upper 

body group performed ten arm circles forwards and backwards, ten thoracic rotations from a 

quadruped position (Figure 6), and ten wall angels (sliding arm up and down the wall with 90 
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degree shoulder and elbow bend, Figure 7).  Training sessions lasted approximately one hour 

where the researcher coached proper form and progression.   

 

 

 

Figure 3. Forwards, backwards leg swings 

 

 

 

 

Figure 4. Spiderman stretch 
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Figure 5. Body weight squats 

 

 

 

 

 

Figure 6. Quadruped thoracic rotations 
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Figure 7. Wall angels 

 

 

The following four exercises were used for the lower body training group: free weight 

squats using dumbbells and barbells, dumbbell free weight lunges, side lying hip abduction with 

ankle weights and three possible variations of a supine leg curl exercise.  Free weights were used 

due to facility limitations, cost limitations, and the similarity of free weight exercises to 

movement tasks (Ratamess et al. 2009).  The velocity with which all lifts were performed was a 

slow controlled velocity approximately equal to two seconds on the way down (eccentric 

portion) and two seconds on the way up (concentric portion).  Although velocity of movement 

can affect training (Faigenbaum et al. 2009), this self-selected slow controlled velocity was 

deemed best in order to reduce confusion for the athlete and maximize task learning. 

To perform the free weight squat, participants were asked to assume a stance with feet set 

approximately shoulder width apart, with their trunk held as tall as possible.  Participants were 

then instructed to receive the bar on their trapezius and shoulder muscles and hold tight with 

their hands.  Participants were then instructed to sit in an imaginary chair behind them where the 
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researcher would visually observe the depth reached by the superior portion of the hamstrings.  

The desired depth was 90°, which all participants attempted to achieve except in special 

circumstances like joint soreness.  After reaching the required depth the participants would then 

stand up and repeat the action.  Adaptations that were used in cases of inefficiencies in squat 

technique were using a bench as a target for the participant to squat down to, as well as using a 

wider stance.  Dumbbell goblet squats were used in some cases to aid with squat form before 

returning to barbell squats.   

To perform the free weight lunges, participants were asked to pick up one dumbbell per 

hand, place the feet together then take a large step forward.  Afterwards, they lowered their body 

towards the ground by flexing the hip and knee of the back leg until the lower leg became 

parallel with the ground at the bottom.  After reaching the bottom the body was raised upwards 

by extending the hip and knee.  For the dumbbell lunges, problems that arose were balance and 

grip issues.  For balance issues, the participant was asked to stare at one single point on the wall 

and “grip the ground with their toes” inside their shoe.  For grip issues, they were allowed to 

place the weights down momentarily in between sides (i.e., 10s rest after completing left leg and 

before completing right leg).   

For leg abduction, participants were instructed to lie on their side with their legs stacked 

one on top of the other.  They were then instructed to raise their top leg to approximately a 45° 

angle, and then return it towards the ground in a controlled manner.  Participants were 

progressed from no ankle weight load to ankle weight loads that were challenging but still 

allowed for proper technique.  In cases of strong participants, two ankle weights were used per 

leg.  The only technique issue that came up was when the participant bent their knee too much, in 

which case they were instructed to straighten it. 
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The leg curl exercise required participants to lay supine with the bottom of the feet 

perpendicular to the ground and buttocks off the ground.  The participants then flexed both knees 

simultaneously in order to pull the feet towards the buttocks.  This action produced tension in the 

hamstring muscles.  Three different variations of the leg curl exercise were used.  The first 

variation of leg curls used a towel in which the participant slid on the floor.  This first variation 

was meant as an introductory exercise.  The next step was a stability ball leg curl in order to 

challenge their balance.  The third variation was the towel leg curl with ankle weights, in which 

loads could be added.  These three variations served as a fun exercise for the participants to look 

forward to as well to challenge the strength of the hamstrings and balance of the body. 

The following exercises were used for the upper body training group; dumbbell lying 

chest press, dumbbell biceps curl, standing or seated dumbbell overhead press, and bent over 

dumbbell rows.  For the chest press, the athletes were instructed to lay supine on the bench, 

weights in hands with elbows flexed at 90° and shoulders abducted to 90°.  The athletes were 

then instructed to push the dumbbells upwards until the arms reached a fully extended position, 

at which point the load was returned to the starting position.  For the bicep curls, the athletes 

would stand tall with dumbbells in hand by their sides and arms extended.  They would then 

fully flex their elbows then return back to start position.  The overhead press required the athletes 

to hold the weight beside their head with shoulders and elbows flexed to 90°.  The weight was 

then pushed overhead and returned back to the start position.  The dumbbell row involved the 

athletes being in a quadruped position on the bench.  With the dumbbell in one hand, they would 

pull up and back up to approximately the hip and then return back to the start position.  

In cases where the chest press gave difficulty, a possible adjustment was to shorten the 

range of motion to 90°, so the arms did not sink as deep past the chest.  For the biceps curls and 
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dumbbell overhead press, standing against the wall provided stability to the movement, which 

helped in completion of the lift.  In a case where the press gave trouble, an alternative exercise 

like the triceps kickback, was selected.  The last exercise, dumbbell rows usually needed cueing 

for proper trunk position, because it was sometimes difficult to maintain a neutral spine.  

Adjustments made were a stick placed on the athlete’s back to help with positioning or a mat 

placed under the hand, to help maintain a neutral spine (for long armed people).  

Familiarization sessions were conducted for the first three visits where the researcher 

coached the participants in the specified exercises.  The purpose of the familiarization sessions 

was to ensure that the strength testing revealed more about actual gains in strength and less about 

increased coordination (Naughton et al. 2000).  During these familiarization sessions, the 

participant attempted the first few sets by lifting an arbitrary and relatively low load 10-15 times, 

and continued to progress from there.   

On the fourth visit, a 10 RM strength test was completed.  This test represented the 

maximum amount of resistance that the participant could successfully lift ten times with proper 

technique.  In the experimental group, 10 RM tests were completed for squats and lunges.  In the 

upper-body training group, 10 RM tests were completed for bench press and biceps curls.  

According to Hetzler et al. (1997), 10 RM tests are safe in the presence of qualified instruction 

and appropriate supervision.  The test started with an arbitrary load completed approximately 10-

15 times.  A three minute rest was given between sets to allow proper recovery.  Loading 

increases thereafter were around two and a half to ten percent increases.  The test was stopped 

when the participant could no longer lift the respective load 10 times with adequate technique.   
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The 10RM tests were not used as an outcome variable because the procedure did not use 

a blinded observer, and the groups did not perform both upper and lower body tests.  Results 

from the 10RM testing were used to determine appropriate loads specific to each participant.   

During training, for the free weight squat and lunges, three sets were attempted by the 

participant.  Set one used a load of 50% 10RM, the second set used a load of 70% 10RM and the 

third set used a 100% 10RM load (Faigenbaum et al.1993, Hetzler et al. 1997).  The same 

loading protocol was used for the control group except it was used for the free weight chest press 

and the free weight biceps curl.  Researchers instructed participants to complete the exercise 

using a controlled tempo during the eccentric and concentric portions of the lift, to maximize 

safety and technique.     

Loads were progressed between five and ten percent once the participant was able to 

complete 15 repetitions with proper technique using the 10RM load (Faigenbaum et al. 2002).  

Researcher observational skills and a rating of perceived exertion were used to determine the 

appropriate times to increase the load.  The OMNI resistance exercise scale (Robertson et al. 

2005) was used to ask the participants how difficult they perceived the load to be.  It is based on 

a scale of zero to ten with zero being extremely easy and ten being extremely hard.  Only two 

sets were completed for the last two exercises in both groups.  Throughout the training 

intervention, one minute of rest was given between sets of the same exercises whereas three 

minutes were given between different exercises.  

Additional variables recorded were the athlete’s perceived soreness as well as their 

athletic participation record.  At the beginning of the session the athletes were asked if they were 

sore from the previous workout.  If yes, they were then asked how sore on scale of one to ten.  

Considerations taken for a yes answer were volume and intensity decreases, which were marked 
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appropriately.  Those same changes and possibly more were also made if the athlete reported an 

injury (asked by the researcher) or pain somewhere on the body.  If the athlete happened to 

sustain an injury outside of the study, it was recorded on the exercise-recording sheet.  The 

participation record included the total minutes of participation in organized sports per week.  

Only participation in organized sports and physical activity was recorded (i.e., basketball 

practice, soccer game etc.), whereas non-structured physical activity (going for a jog) was not 

recorded.  These recordings were used to help explain findings. 

Of further note, it is known that the velocity of a muscle contraction during training has 

an influence on the body’s response to training in order to increase vertical jump (Meylan and 

Malatesta 2009).  The plan was for the participants of this study to complete exercises utilizing 

faster movement velocities caused by faster muscle contractions at around week nine of the 

intervention.  However in the interest of safety, it was deemed necessary to abandon that idea.  It 

was determined that the technique of the participants performing the free weight squats would 

most likely breakdown if they were to perform them faster.   

3.6 Post testing 

 

Identical procedures were performed on post-test day as baseline day.  The athlete was 

given a piece of paper to sign, asking if they would like to be contacted for future studies.  The 

blinded assessor was not aware of the baseline results for any variable.   

3.7 Statistical analysis 

 

A variety of different statistical packages were used in the analysis of the data for this 

project: SPSS (SPSS Inc., Chicago, Illinois), G-Power (Faul, Erdfelder, Lang, & Buchner, 2007), 

Microsoft Excel, (Microsoft Corporation, Redmond, Washington, 2007), and SigmaPlot (Systat 

Software Inc., San Jose, CA).  
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The primary outcome variable in this study was the countermovement jump without the 

use of arms.  This study was concerned with the effectiveness of the treatment and not the 

maximization of vertical jump for other purposes (i.e., sports).  Therefore the vertical jump 

without the use of arms was a better choice as the primary outcome variable, since the training of 

interest was directed at the lower body.  Other variables examined included: the 

countermovement jump with the use of arms, right and left grip strength, Biodex Isokinetic 

Dynamometer measurements, and a pushup test.  Grip strength and pushups were analyzed to 

determine the effectiveness of the control group’s treatment.   

To assess differences in the means between the groups over time, two way repeated 

measures ANOVAs were used.  This type of test allows for assessment of differences within and 

between groups.  Due to the presence of the control group and the measurement that was 

repeated after a certain time period, a two way repeated measures ANOVA (group and time) was 

warranted.  Treatment served as the independent variable and vertical jump height as the 

dependent variable, while time served as the repeated measure.  An analysis of the interaction of 

group and treatment was also done (Hopkins 2012.  Two way repeated measures ANOVAs were 

also completed for countermovement jump with arms, pushups, and left and right grip strength 

measurements.  Other statistical measures completed were descriptive statistics and Independent 

samples T-tests of participant baseline characteristics, pushups, and left and right grip strength, 

in order to determine if the groups were significantly different at baseline.  Pubertal maturation 

score frequency was calculated in order to determine the breakdown of prepubertal, pubertal and 

postpubertal participants in the study.  Descriptive statistics and independent samples T-test were 

also completed for the number of workouts attended and number of activity minutes completed.   
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3.7.1 Sample Size 

 

A sample size of 34 was determined to be suitable for the primary outcome of interest for 

the larger study.  It was based on statistical calculations specific for the jump-landing test.  For 

the present study, based on an A priori analysis in G Power (Faul et al. 2009), sample size 

estimation was calculated by estimation of an expected effect size of 0.49, a desired statistical 

power of 0.8 and user specified alpha of 0.05.  According to the analysis, the appropriate sample 

size was 12 participants per group.  Since the present study had 36 participants with 19 in the 

lower body group and 17 in the upper body group, there should have been sufficient power.  An 

effect size of 0.49 or moderate was used in the calculation of sample size based on the reported 

effect size of the same by Christou et al. (2006).  After examination of studies showing 

significant differences in vertical jump height, a mean change in vertical jump of 3.9 ± 4.5 cm 

was revealed.  The minimum absolute change of 2.2 ± 3.4 cm seen came from Weltman et al. 

(1986) and the largest of 6.9 ± 0.8 cm came from Christou et al. (2006).  
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4. Results 

 

4.1 Participants 

 

The present study involved athletic females aged 10-14 years old at the time of baseline 

testing.  Forty-seven females in total were assessed for eligibility, out of which seven were 

excluded.  Out of those seven participants, five did not meet the inclusion criteria and two 

declined to participate.  Forty females were then randomized, in which 20 were allocated to the 

lower body experimental group and 20 were allocated to the upper body control group.  

Randomization occurred in blocks of four, where two participants were assigned to each group 

for every four participants recruited.  Participants were notified of their group assignment using a 

sealed envelope.  The assessor was unaware of their group assignment.  In total, four participants 

withdrew from the study.  One participant withdrew from the experimental group due to lack of 

interest.  Three participants withdrew from the control group, two for lack of time and one due to 

an injury that happened outside of the study.  Thirty-six participants were analyzed in total, 19 in 

the experimental group and 17 in the control group (refer to Figure 8).  There was also a 

participant who did not complete the vertical jump portion of the post-test battery due to a tester 

error.  Furthermore, there was one participant who did not complete the grip strength or pushup 

tests due to a family trip.  
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Assessed for eligibility (n=47) 

Excluded  (n=7) 

   Not meeting inclusion criteria 

(n=5) 

   Declined to participate (n=2) 

Analysed  (n=19) 

 1 participant did not complete the 
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 Withdrew due to lack of 

interest (n=1) 

Allocated to intervention group (legs) (n=20) 

 

Discontinued intervention (n=3) 

 Withdrew due to lack of time 

(n=2) 

 Injury outside study (n=1) 

  

Allocated to control group (arms) (n=20) 

 

Analysed  (n=17) 
 

Allocation 

Analysis 

Follow-Up 

Randomized (n=40) 

Enrollment 

Figure 8. Participant recruitment flow diagram 
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There were no injuries that occurred during study testing or training, but there were a few 

injuries outside the study while the participants played their respective sports.  Two participants 

experienced injured ankles playing sports.  Neither participant missed any training but one 

experienced difficulty with the post-test.  Her ability to perform to the best of her ability was 

compromised but nonetheless she completed all post-testing procedures.  Another participant 

fractured a bone in her left forearm during school activities near the end of the intervention 

period.  She did not complete the left grip procedure but did complete the jumps without any 

problems.  Another participant injured her neck playing baseball and had to take two weeks off 

from training before returning.  She completed all post testing.  Another athlete experienced day-

to-day soreness in the knee due to excessive soccer.  She did not perform the lunges and instead 

was given step ups because step-ups did not irritate her knee.  She performed all post-testing 

except for the Biodex procedures due to its malfunction.  Other day-to-day ailments came up, but 

did not cause the participants to miss any training sessions.  Furthermore, the exercises were 

adjusted in the case of day-to-day ailments. 

The number of sessions attended on average was 19.8 for an attendance rate of 82.5%.  

Of note, there were only three participants that completed the entire 24 sessions and another 15 

that completed 20 or more.  

Participant baseline characteristics are listed in Table 3.  The mean age values for the 

lower body group was 4559.4 ± 514.9 days (12.5 ± 1.4 years), and 4373.4 ± 485.3 days (11.9 ± 

1.3 years) for the upper body group.  The difference between ages for the groups was not 

statistically different (P=0.3).  Other baseline characteristics recorded were body mass, body 

height, the age the participant began organized sport, the number of years of participation in that 

sport, as well as a pubertal maturation score (PMOS).  The PMOS is based on a scale of one to 
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eight points indicating the child’s level of maturation.  A score of one or less indicated pre-

puberty, a score of four to five indicates puberty, and a score of at least six indicates post-

puberty.  Values of 3 or less represented 25% of the participants whereas a value of one was 

represented by only 2.8% (pre-puberty).  A score of four to five represented 22.2%, while a score 

of at least six represented the remaining 52.8%.  Pubertal maturation score did not differ 

significantly at baseline (P=0.8).  Values for body mass (P=0.9), body height (P=0.9) and age 

began organized sport (P=0.15) did not differ significantly at baseline.  Only the number of years 

of participation in sports displayed a significant difference at baseline (P=0.04), with the lower 

body group having a higher mean of 7.6 ± 2.03 years versus 6.1 ± 2.1 years.   

 

Table 3. Participant baseline characteristics 

Table 3: Participant 

baseline characteristics 

Lower Body M/SD 

(n=19) 

Upper body M/SD 

(n=17) 

P-Value 

Age (days) 4559.4 ± 514.9 4373.4 ± 485.3 0.27 

Height (cm) 156.9 ± 11.6 156.4 ± 10.6 0.89 

Mass (kg) 50.8 ± 15.7 51.5 ± 12.2 0.88 

Age began organized sport 4.5 ± 1.3 5.5 ± 2.5 0.15  

Number of years in sport 7.6 ± 2 6.1 ± 2.1 0.04* 

Pubertal Maturation score 5.21 ± 2.2 5.3 ± 2.2 0.85 

*Significant difference between groups 

 

 



 53 

 

4.2 Countermovement Jump No arms 

 

The primary outcome measure of this study was a countermovement jump without the 

use of arms in which the best jump of three was used in the analysis.  There were no significant 

differences at baseline displayed between the two groups.  Table 4 displays the results of both 

groups for the mean values for both jump types as well as pushups and grip strength and figures 

9 and 10 show graphs of baseline and post-test scores of each group. There was no significant 

main effect for time (P=0.8), as well as no main effect for group (P=0.8).  In addition, there was 

no significant interaction (P=0.9).   

Table 4: Mean (± SD) values for all the performance measures in the lower body (LB) and upper 

body (UB) groups.  

 

 Group Baseline  

 

Post-test 

 

Vertical Jump 

without arms (cm) 

 

Lower Body (n=18) 32.7 ± 4.7 32.6 ± 4.4 

Upper Body (n=17) 
32.3 ± 4.8 32.1 ± 4.9 

Vertical Jump with 

arms (cm) 

 

Lower Body (n=18) 40.6 ± 6.3 41.1 ± 5.6 

Upper Body (n=17) 
38.3 ± 5.6 39.0 ± 6.7 

Pushups* (# of 

repetitions) 

 

Lower Body (n=18) 8.8 ± 6.7 11.6 ± 6.9 

Upper Body (n=16) 
6.3 ± 4.7 11.5 ± 6.2 

Left grip * (kg) Lower Body (n=18) 21.1 ± 6.1 22.2 ± 6.1 

Upper Body (n=16) 20.9 ± 6.6 21.6 ± 6.6 

Right grip (kg) 

 

Lower Body (n=18) 23.2 ± 6.9 23.9 ± 6.5 

Upper Body (n=17) 23.1 ± 6.1 23.7 ± 5.9 

*= Significant main effect for time 
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Figure 9. Countermovement jump without arms, baseline and post-test for lower body group. 
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Figure 10. Countermovement jump without arms baseline and post-test for upper body group. 
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4.3 Countermovement Jump with arms 

 

The best of three trials was also used to examine a countermovement jump with the use 

of arms.  Groups did not differ significantly at baseline for this measure (P=0.2).  The results of a 

separate, two way repeated measures ANOVA revealed no significant main effect for time 

(P=0.5) or group (P=0.2) (please refer to table 4).  There was also no significant interaction 

effect (P=0.9).   

4.4 Grip Strength and Pushups 

 

Right grip between groups did not differ significantly at baseline (P=0.9).  A two way 

repeated measures ANOVA for right grip did not display a significant main effect for time 

(P=0.1) or group (P= 0.9).  There was also no significant interaction effect (P= 1.0).  Groups did 

not significantly differ at baseline for left grip (P=0.9) (please refer to table 4).  A two way 

repeated measures ANOVA for left grip displayed a significant main effect for time (P=0.02) but 

not for group (P=0.9).  There was also no significant interaction effect (P=0.6). 

Pushups displayed no significant difference between groups at baseline (P=0.07).  

Pushups displayed a significant main effect for time (P= <0.01) but not for group (P=0.5).  There 

was no significant interaction effect (P=0.13). 

4.5 Strength measures 

 

Results for strength measures are displayed in Table 5.  In the present study, the 

participants experienced a significant increase in strength for squats (P= <0.05), lunges (P= 

<0.05), chest press (P= <0.05), and biceps curl (P= <0.05).  The strength measures were not an 
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official outcome measure since no blinded observers were used and tests were only done based 

on group assignment (lower body group performed squats and lunges; and the upper body group 

performed chest press and biceps curl).  In addition, not all participants completed the post-test 

for all the strength measures due to sport and school commitments.  

 

Table 5:  Results of the 10RM testing.  Note that the lower body group performed the squat and 

lunge test, while the upper body group performed the chest press and the biceps curl test. 

 

Exercise N Baseline  Post-test  % Change 

Squat (kg) 14 
20.8 ± 8.7 33.4 ± 10.8 

61% 

Lunge combined (kg) 13 
12.4 ± 4.1 19.5 ± 6.3 

56% 

Chest press (kg) 15 
14.3 ± 3.4 19.3 ± 4.9 

34% 

Biceps curl per arm 

(kg) 

15 
4.9 ± 1.2 6.4.± 1.5 

30% 
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5. Discussion 

 

The purpose of this study was to determine if a strength training intervention for the 

lower body would produce a change in countermovement jump height without arms in athletic 

female children aged 10-14 years old, above and beyond normal growth and development.  

Analyses revealed no significant differences between experimental and control groups at 

baseline or post-test, and neither group improved. 

To date, there have been more studies showing no difference between intervention and 

control groups (Faigenbaum et al. 1993; Faigenbaum et al. 1996 Faigenbaum et al 2002; 

Faigenbaum et al. 2005; and Faigenbaum et al. 2007; Lillegard et al. 1997) than there have been 

showing a difference between groups (Santos and Janeira 2012; Christou et al. 2006; Hetzler et 

al. 1997; Weltman et al. 1986).  These same studies have not involved girls exclusively and only 

three have involved girls at all.  The present study did not support the hypothesis of a change in 

vertical jump height in this population due to a strength training intervention. Considering that 

there have been mixed results in the literature regarding strength training and increases in 

vertical jump, it is important to know why the results of this study differ from some other studies 

and why no significant results were found.  Possible reasons include baseline ability, other sports 

and activities, the velocity of movement in training, workout adherence, frequency of training, 

familiarization to the testing procedures, intensity of training, duration of training, measurement 

device issues, age, and maturation.  In the sections below, each will be discussed in detail. 
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5.1 Baseline Ability  

 

Judging by the mean jump heights of the participants compared to the literature, it 

appears they performed the test well prior to beginning the strength training program.   The mean 

jump height was 25.1 ± 5.8cm for females from Ortega et al. (2011), which involved 3428 males 

and females 12.5-17.5 years old.  Furthermore, the mean jump for 13 and 14 year old females 

was 24 ± 5.6 cm and 24.9 ± 5.9cm respectively.  The mean jump height of the participants in this 

study was 32.6 cm ± 4.7 cm at baseline, which would put the participants of the present study in 

the 90
th

 percentile for 14 year olds according to Ortega et al. (2011).  An important note is that 

the participants in Ortega et al. (2011) performed a countermovement jump with the use of arms 

on a contact mat and not a Belt Jump, so results must be interpreted with caution.  Given the 

small difference scores between baseline and post-test of intervention and control groups (2.1 

cm) seen in the literature for vertical jump as a result of strength training (Harries, Lubans, and 

Callister 2012), a higher mean at baseline would suggest a smaller possibility for an increase.   

 

5.2 Risk of bias 

 

A meta-analysis by Harries, Lubans, and Callister (2012) examined 14 vertical jump 

studies for bias and determined that six had a medium risk of bias and the remaining eight had a 

high risk of bias.  Bias and heterogeneity of findings definitely make interpreting and comparing 

results more difficult and one needs to be aware of such limitations. 

5.2.1 Blinded observers 

 

The absence of blinded observers in most training studies can be an important possible 

source of bias (Schulz et al. 1995).  None of the studies examined in the literature review stated 
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whether or not blinded observers were used.  Furthermore, a systematic review and meta-

analysis by Harries, Lubans, and Callister (2012) did not contain any studies that used blinded 

observers.  Blinding of observers can help with study quality (Schulz et al. 1995), and studies 

that do not include blinded observers should be interpreted with caution.  The present study used 

a blinded observer in order to decrease bias. 

5.2.2 Randomization 

 

Lack of randomization can possibly lead to bias (Olivo et al. 2008).  One of the strengths 

of the present study was the use of a randomized active control group.  The goal was to attempt 

to eliminate sources of bias in order to get an accurate depiction of the results.  Approximately 

half of the studies in the literature review for the present study were randomized which is in 

agreement with a systematic review by Harries, Lubans, and Callister (2012) who reported that 

50% included participants that were randomly assigned to group and only one actually described 

the randomization process used.  However, of the 25 vertical jump studies (Harries, Lubans, and 

Callister 2012) (all intervention types) only five included a control group, whereas the rest did 

not, so the stated random group assignment was not a true randomization.  Bias can arise in 

situations that lack a true control group (randomized to control group) according to Harries, 

Lubans, and Callister (2012).  

5.2.3 Follow up assessments 

 

All together, 35 out of 40 participants completed follow up assessments (87.5%). A value 

over 80% has been shown to be indicative of good quality in a study (Harries Lubans, and 

Callister (2012).  It does not appear this issue was a factor in the present study due to the high 

percentage of participants who completed their follow up assessments. 
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5.3 Activity minutes during study 

 

The participants in the present study were very active in a number of different sports.  

The lower body group partook in 3228.4 ± 2134.6 minutes throughout the intervention, and the 

upper body group partook in 2784.7 ± 1525.6 minutes throughout the intervention.  Activity 

minutes compared between groups were not significantly different.  In terms of comparison to 

other studies, participants in Santos and Janeira (2012) totaled 3300 minutes, whereas Christou et 

al. (2006) totaled 8320 minutes.  The former is only slightly higher and the latter is much higher 

than the present study.  The difference lies in the fact that Christou et al. (2006) used a whole 

team that each had the same schedule in the same sporting season (in season), whereas 

participants in the present study came from a variety of sports, in differing seasons, with a wide 

range of time commitments.  The sports represented were basketball, volleyball, soccer, football, 

dance, hockey, baseball, swimming, ringette, gymnastics, and track and field.  It is possible that 

the participants of the present study were fatigued and did not recover properly from exercise.  

Adequate recovery is needed in order to maximize benefits from training (Faigenbaum et al. 

2009).  The participants were all extremely busy athletes who often came to training directly 

from practice or games.  According to Faigenbaum et al. (2009) and Pack, Cotten, and Biasiotto 

(1974), the performances of powerful or fast movements are affected by fatigue.  It is possible 

that participants were fatigued at post-test as well.  However, due to the 10RM strength 

improvements and the fact that participants in Christou et al. (2006) had much higher activity 

levels than the present study and saw significant differences between groups, this would suggest 

that fatigue did not have a large influence on the outcome.  Furthermore, Christou et al. (2006) 

also stated that a large amount of activity minutes (when there is a significant change) make it 

difficult to determine how much of the results are due to the activity and how much are due to 
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training.  It is possible that studies that showed significant differences received most of the 

benefits from the sport itself rather than the specific research resistance training.  

5.4 Velocity specificity of training 

 

Force and velocity both contribute to the performance of an explosive movement like the 

vertical jump (Cormie, McGuigan and Newton 2011).  Relative contribution depends on a 

number of factors like training state and training age (Cormie, McGuigan, and Newton 2011).  It 

has been shown that children can increase strength in response to strength training (Malina 

2006).  A very common mechanism for strength increase in adults is an increase in muscle cross 

sectional area (Sale 1988).  There is limited evidence that suggests that children can increase 

strength via increases in muscle cross sectional area (Malina 2006).  Instead children appear to 

increase strength primarily via neural mechanisms (Malina 2006).  If however, the child has 

reached or exceeded puberty, the potential for an increase in cross sectional area will be 

increased (Christou et al. 2006; Hetzler et al.1997). 

It appears that the increases in strength that occurred in this study did not make enough of 

a contribution to the performance of the vertical jump.  It appears that in order to increase a 

powerful movement like vertical jump in children, a larger velocity during training might be 

needed in order to do so.  Originally, the training plan for the present study did include faster 

training velocities in the last one quarter of the intervention to attempt to increase explosive 

power in the legs.  However, given the emphasis on safety and proper teaching, it was 

determined that foregoing the increased training velocities would be the best idea.  Faigenbaum 

et al. (2009) stated that motor performance in children and youth will improve more when it is 

specific in terms velocity, force and type of contraction.  Miller, Cheatham, and Patel (2010) 

revealed that the velocity of a muscle contraction is a big factor in neural changes with training.  
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Furthermore, Harries Lubans, and Callister (2012) revealed that plyometric training was more 

effective for increasing vertical jump height than strength training alone.  Given the larger effects 

seen in vertical jump due to plyometric training compared to strength training and the lack of 

improvement in the present study it appears that for athletic children to improve vertical jump, 

faster training velocities might be required. 

5.5 Adherence 

 

Falk and Tenenbaum (1996) indicated that low adherence can affect the results of a 

study.  Most studies have not reported adherence rates, but those that have, reported rates of at 

least 90%.  Low adherence means that there is less exposure to the stimulus.  Falk and Mor 

(1996) trained children twice per week for 12 weeks with an adherence rate of 90%.  Rians et al. 

(1987) trained three times per week for 14 weeks with an adherence rate of 91.5%.  The 

participants in the present study attended on average 19.8 sessions for an adherence rate of 

82.5%, which appears to be lower than what is in the literature.  Faigenbaum et al. (1993) 

showed an adherence rate of 97.4% however the duration of the intervention was eight weeks 

twice a week for a mean of 15.6 sessions.  A large difference was seen with Weltman et al. 

(1986), which had an adherence rate of 91.5%.  The duration of the intervention was 14 weeks, 

three times per week for a total of 38 sessions.  The realities of studying athletic children make it 

more difficult to achieve 100% attendance.  They are usually extremely busy with multiple sport 

commitments and often have to choose between commitments on a given night.  Sometimes, the 

intervention study was at the losing end of that choice.  It appears that other studies have yielded 

higher adherence rates.  Attending more sessions will likely lead to better results (Falk and 

Tenenbaum 1996).  It means more exposure of the neuromuscular system to the training 

stimulus, and more opportunity to practice the skill.  However, participants in our study did 
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appear to make improvements in their 10RM strength for both the lower body and upper body 

groups.  Therefore it appears that adherence may not have been as large a factor but more 

research is required to determine the threshold for changes in motor performance in children. 

5.6 Frequency 

 

Recommended training frequency will depend on a few factors like training experience, 

training status, the goals of the training and available time (Miller, Cheatham, and Patel 2010).  

Falk and Tenenbaum (1996) reported that two days per week training showed similar benefits to 

three days per week training, although this study used males and measured strength not motor 

performance.  The question is whether or not this increase in strength makes enough of a 

contribution to increase vertical jump height.  It appears that it may not make enough of a 

contribution.  This statement would be in agreement with the present study, given that there was 

a significant increase in strength without an increase in vertical jump height.  In the instances 

that strength does make a substantial contribution to jump height, it might take a higher training 

frequency than is regularly done with this population (Weltman et al. 1986).  However, 

comparisons in frequency are extremely scarce for this population for this performance measure 

(Behm et al. 2008).  

5.7 Familiarization 

 

It was proposed that the jump landing tasks would be sufficient familiarization to the 

vertical jump task.  It is possible that this was not the case.  Nuzzo, Anning, and Scharfenberg 

(2011) stated the need for extensive familiarization prior to testing motor skills in order to ensure 

more reliable results.  It is possible that the participants in the study did not jump their maximum 

heights due to lack of familiarization.  Limited familiarization would suggest a larger variability 
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across the different jump attempts.  There was a slightly increased coefficient of variation (CV) 

in this study for no arms jumps (7.3%) and arms jumps (8.7%) compared to previously reported 

values of 4.1% and 4.6% respectively (Markovic et al. 2004).  Given that the CV did not exceed 

appropriate levels (Zady 2009) and that neither group changed their vertical jump heights with 

additional testing suggests that this was not a main factor.   

5.8 Intensity 

 

It has been recommended that children start a resistance training intervention using 

moderate loads in order to learn proper and safe technique (Faigenbaum et al. 2009).  The 

present study used three sets of 10-15 repetitions at intensities of 50% 10RM, 70% 10RM and 

100% 10RM.  The 10RM was progressed throughout the intervention. However, a 10RM was 

maintained as the maximum.  A load of 100% 10RM in adults is approximately equivalent to 

75% of 1RM (Baechle and Earle 2000), which would certainly fall in the moderate category.  

There is a possibility that the participants required more repetitions closer to that 100% 10RM 

range.  Behringer et al. (2011) revealed a significant positive correlation between intensity (% of 

1RM) and gains in motor performance including vertical jump.  This result would suggest 

perhaps a higher intensity or more sets at the higher intensity could have led to better results.  

Miller, Cheatham and Patel (2010), and a position stand by Faigenbaum et al. (2009), showed 

that loads between 10RM and 5RM are also safe for children.  In addition, Ramsay et al. (1990) 

revealed that loads of 70-85% 1RM (5-7 RM) can be used safely with children.  However, safe 

and proper execution is of the utmost importance when dealing with strength training in children.  

If a higher intensity were to be used, it would require a longer intervention period so that 

participants could improve their lifting technique to a satisfactory level using lighter loads.  

Given the more complex task requirement of free weights compared to machines, it is even more 
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imperative that proper form be achieved.  After examining the literature, the intensity used in the 

present study was most likely sufficient.  Hetzler et al. (1997) used intensities of 50, 75, 100% 

10RM (55/60 to 75% 1RM), Christou et al. (2006) used intensities of 55% to 80% 1RM, Santos 

and Janeira (2012) used intensities of 55/60 to 75%1RM.  All of these studies demonstrated a 

significant difference in vertical jump height due to strength training.  On another note, the 

increases in strength of the present study were in line with what has been demonstrated in 

previous studies (Falk and Tenenbaum 1996).  Increases in strength of 13-30% have been 

reported as typical by Falk and Tenenbaum, who also mentioned that increases as high as 74% 

have also been shown. 

5.9 Duration 

 

Duration of intervention in relation to gains in motor performance did not reveal a 

significant positive relationship according to Behringer et al. (2011).  This result lends support to 

a learning effect early on in a training intervention (Malina 2006).  It also supports the notion 

that a lower skill level/training experience at baseline will lead to larger gains than a higher skill 

level/experience at baseline (Ziv and Lidor 2010).  This determination by Behringer et al. (2011) 

is not consistent with the trend seen in the vertical jump literature in children.  All studies 

showing a difference used at least 10 weeks of training, whereas the studies not showing a 

difference used six to eight weeks, except for one (Lillegard et al. 1997).  Interestingly, 

Behringer et al. (2010) revealed that duration and strength gains do show a significant positive 

relationship.  It does not appear that duration was a big factor in the vertical jump outcome of the 

present study but it may have been important in influencing the strength measures. 
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5.10.0 Measurement device 

 

It is possible the reliability of the Belt Jump was not sufficient.  Women only displayed 

moderate reliability according to Slinde et al. (2008), so it is possible female children were 

comparable or worse.  Reliability measurements for the Belt Jump in children are lacking.  

Assessing the reliability of the Belt Jump for this population would help determine if it is 

appropriate for this population.  Markovic et al. (2004) revealed a coefficient of variation of 

4.1%  (ICC= 0.94) for a Belt Jump without the use of arms, and 4.6% (ICC= 0.93) with arms, 

although this was for men.  The present study revealed a coefficient of variation of 7.3% for the 

jump without arms and 8.7% for the jump with arms, over the 12 weeks.  Although higher than 

Markovic et al. (2004), the coefficient of variation of the present study does not suggest poor 

reliability of the Belt Jump in females (Zady 2009).  

5.11.0 Age and maturation 

 

The relationship of vertical jump with age and maturation in females, shows a similar 

trend to that of strength gains and age.  That relationship is an increasing trend up until puberty 

or a period past puberty, which is followed by a period of leveling off (Naughton et al. 2000).  

When this relationship was examined by age, increasing trends followed by plateaus have been 

shown up until age 14 for jump and reach tests (Branta et al. 1984) and 13-16 for contact mat 

tests (Kellis et al. 1999).  Significant age differences in vertical jump up until age 12, followed 

by a plateau have been shown for contact mat tests as well (Taylor et al. 2010).  Östenberg et al. 

(2000) used a Belt Jump type device in female soccer players under 20 and over 20 years of age.  

The means of the jumps with the use of arms was 38.6 ± 9.9 cm for the under 20 females, and 40 
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± 10 cm for the over 20 females.  There were no significant differences between the means of the 

under 20 females and over 20 females (P=0.45).  It appears that the leveling off of performance 

might continue into older ages.  Of note, Dopsaj et al. (2012) demonstrated jump heights of 45 ± 

4.2cm on a Belt Jump with the use of arms.  It is not known whether these participants had better 

and more extensive training or simply a naturally better jumping ability.  Due to the age of 

participants in the present study, and the trends seen in the literature regarding a leveling off of 

performance in the vertical jump in this age group, it is possible that participants were 

experiencing a leveling off of performance.  In this case improvements in vertical jump would 

not be likely.   

5.12.0 Previous strength training experience 

 

 

The exclusion criteria for the present study stated no formal strength or resistance 

training experience in the last six months.  Blimkie et al. (1992) suggests that, ensuring similar 

skill level and training background prior to an intervention is appropriate.  However some 

participants were definitely more skilled at lifting than others, so it is possible that previous 

training experience still had a positive effect on their ability to complete the tasks required of 

them.  It is also possible that some participants were able to learn the skills of the lift faster than 

others.  The degree to which this factor affected the results was most likely minor because it is 

unlikely that the lifting experience of 10-14 year old participants is so vast that their increased 

experience in lifting would limit their ability to see gains. 
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5.13.0 Type of sport participation 

 

There was considerable heterogeneity in terms of type of sport participation.  Some sports 

inherently involve a larger amount of certain skills than others.  For example some sports involve 

more jumping than others.  If a child participates in a sport that involves a lot of jumping, that 

might explain high baseline vertical jump ability if one was to examine such a quality.  A large 

number of participants in the present study played basketball and volleyball in which there is a 

lot of jumping.  This amount of jumping might have contributed to their high jumping ability.   

5.14.0 Grip Strength and Pushups 

 

The only grip strength measure that changed significantly from baseline to post-test was 

left grip strength.  Even though the upper body group trained specifically with the upper body, 

most of the exercises required holding the weights in the palms up position where the weights 

could rest against the palm with less emphasis on gripping.  The weights were also fairly light.  

In comparison, the lower body group performed lunges, which required holding heavier weights 

for a longer period in both hands, so it is possible that an increased grip stimulus was present.  

Right grip demonstrated a non-significant increase for the upper and lower body groups and 

increased by virtually identical amounts (+0.63).  The majority of the children were right handed, 

suggesting that the right hand was stronger and the left had more chance to improve, which could 

explain the improvement across both groups in left grip strength. 

Pushups displayed a significant increase from baseline to post-test.  There was no 

significant difference between the lower body and upper body groups, although the upper body 

group did increase more than the lower body group.  It is possible that both groups practiced 
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pushups throughout their sport practices, but with the extra stimulus provided by the upper body 

group’s training, it might explain the slightly larger increase by the upper body (non significant). 
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6. Future directions 

 

Given the small amount of research on female children in training studies, there are a 

number of avenues to explore.  First, participants in this study were chosen based on age and 

activity participation.  It is well documented that children of all ages and maturation levels can 

increase their strength (Faigenbaum et al. 2009, Faigenbaum 2000, and Malina 2006).  It might 

be interesting to split up participants based on pubertal status and examine the effect of training 

for vertical jump based on those categories.  Participants were not split up after the fact because 

there were not enough cases per category to accurately examine the results based on pubertal 

score.   

Second, the effect of ballistic exercises including jump squat training would be great to 

explore in female children.  These training elements have been shown to increase vertical jump 

due to their effect on the force and velocity component of the jump (Cormie, McGuigan, and 

Newton 2011).  Ballistic exercises have also shown to be more effective than strength training 

alone for increasing vertical jump (Cormie, McGuigan, and Newton 2011) due to their 

augmentation of movement velocity, force, and acceleration.  Since there was no change in the 

present study, examining the effect of ballistic methods would be a great next step. 

Third, comparing Biodex data to vertical jump data for all the participants might have 

allowed for examination of changes in velocity and power of different movements and relate 

them to vertical jump.  However, this would probably involve changing the training velocities, 

which again was planned but was not realized. 
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Fourth, the limited availability of reliability of testing devices in female children has been 

noted previously.  Examining the reliability of the Belt Jump and other devices in female 

children for the purposes of vertical jump assessment would be of good value. 

. 
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7. Conclusion 

 

This thesis focused on the effect of strength training on the vertical jump ability of 

athletic female athletes aged 10-14 years.  The results revealed no change as a result of time, 

group assignment or an interaction of the two for CMJ without arms, CMJ with arms, or right 

grip despite the fact that there was a substantial change in leg strength.  There were however, 

significant main effects for time for left grip and pushups however there was no interaction effect 

for these measures.  This study filled a gap in the literature due to the fact that there are no 

female only studies examining strength training and vertical jump ability.  The study also had a 

strong design including the use of blinded observers, randomization to groups, the reporting of 

follow-up assessments, accounting for baseline differences, reporting of power and sample size 

calculations, and the use of an active control group to serve as comparison.  A good number of 

training studies do not include these strong design elements (Harries, Lubans, and Callister 2012) 

so their results should be interpreted with caution.  Although there were limitations to the present 

study, it is clear that the training stimulus provided was not sufficient to elicit improvements in 

vertical jump in this population. 

8. Practical Implications 

 

Through observation, it is assumed that most strength training interventions will increase the 

vertical jump height of young female athletes.  However, the training stimulus experienced by 

the participants of the current study, was not sufficient to elicit a change in vertical jump height.  

This finding would suggest a recommendation of more appropriate prescriptions possibly 
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involving exercises with more specific movement velocity, force and acceleration (Faigenbaum 

et al. 2009).  
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