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CHAPTER I 

INTRODUCTION AND JUSTIFICATION OF 
STUDY 

The advent of jump rope demonstration teams and the 

American Heart Association's promotion of "Jump Rope for 

Heart" has increased the popularity of rope skipping as a 

fitness activity for elementary age school children. This 

age group is attracted to the sport for several reasons. 

Rope skipping is enjoyable because of its wide diversity of 

movements, it requires little space and inexpensive equip

ment, skills are easily obtainable in a short amount of 

time, and it provides enjoyable peer interaction through 

team jumping. 

Rope skipping has long been used in the training re

gimes of such sports as boxing, football and basketball 

(Gushing, 1980). Rope skipping is said to promote such ben-

ifits as cardiovascular endurance, flexibility, and muscular 

strength and endurance (Ruskoski, 1977; Rosenzweig, 1982). 

Rope skipping is used for muscle building, development of 

footwork, coordination and agility, and is also sometimes 

used as a relaxation tool (Gushing, 1980). 

The implication made by these claims is that the jump 

rope is an excellent activity for training and conditioning; 



however, very little research has been done to support these 

claims and the most recent research tends to disagree with 

some of the benificial effects. Rope skipping has been ques

tioned as a fitness activity for several reasons. Because 

skipping is done on the metatarsal heads, or ball of the 

foot, this excessive pounding may be traumatic to the meta

tarsals and may cause hypertrophy, pain and plantar warts 

(Kasch, 1976). Repetitive jumps also stress and shorten the 

gastrocnemius, and soleus muscles in the calf (Rosenzweig, 

1982). 

As with any sport a certain amount of risk of injury 

must be assumed with participation; however, some research

ers believe that rope skipping requires just as much time as 

other aerobic activiti.es in order to achieve the same ef

fects and can be too strenuous as a regular fitness activity 

(Getchell and Cleary, 1980; Quirk and Sinning, 1982). When 

performing rope skipping there is an immediate and continued 

elevation of heart rate throughout the exercise, it cannot 

be entered into gradually as with other aerobic activities. 

This is due to the necessity of turning the rope a minimum 

of 72 revolutions per minute in order to keep the rope 

turning over the head without stopping the arms. 

All available research concerning rope skipping has 

been conducted with adult subjects. Although many of these 

http://activiti.es


studies used physically active subjects, only one trained 

rope skipper was tested (Foster, Anholm, Maud, Pollock, 

Jacobson, and Schmidt, 1980). All exercise bouts used for 

comparisons with other activities were only five to six min

utes in length. The conclusions drawn from these studies 

would not appear to pertain to trained rope skippers who 

jump for long periods of time as well as short intense bouts 

of skipping. 

The increase in the number of jump rope teams and clin

ics is introducing more and more children to rope skipping 

for fun, fitness, and team involvement; however, at this 

time very little is known about possible benefits the young 

jumpers may derive from the activity. 

Statement of Purpose 

The purpose of this study was to compare the differenc

es in muscular strength and endurance, flexibility, and 

cardiorespiratory endurance between elementary school chil

dren who participate regularly in a rope skipping program 

and a matched control group with little or no participation 

in rope skipping. 



Delimitations 

This study was limited to participants from the West 

Texas Skippers jump rope demonstration team, and to volun

teers from the Lubbock community. It was also limited to an 

age range of 10 to 13. 

Assumptions 

It is assumed that any previous injury sustained by the 

subject did not influence test results. 

Hypotheses 

Based on assumptions from related literature, the fol

lowing hypotheses are made. 

1. Ho - There will be no significant differences in peak 

torque for muscles producing plantar flexion of the 

foot between the trained rope skippers and the con

trol group, 

2. Ho - There will be no significant differences in peak 

torque for the muscles producing dorsal flexion of 

the foot between the two groups, 

3. Ho - There will be no significant differences in peak 

torque for the muscles producing extension of the 

lower leg at the knee between the two groups. 



4. Ho - There will be no significant differences in peak 

torque for muscles producing flexion of the lower leg 

at the knee between the two groups. 

5. Ho - There will be no significant differences in en

durance scores for the muscle groups producing exten

sion of the lower leg between the two groups. 

6. Ho - There will be no significant differences in 

cardiorespiratory endurance measurements between the 

two groups. 

7. Ho - There will be no significant differences in 

flexibility measurements between the two groups. 

Definitions 

Cardiorespiratory Endurance - The ability of the lungs and 

heart to take in and transport adequate amounts of oxygen to 

the working muscles allowing activities that involve large 

muscle masses to be performed for long periods of time. 

Dorsal Flexion - Movement of the top of the foot toward the 

anterior tibia bone; accomplished by the flexor muscles of 

the ankle. These muscles include the tibialis anterior, 

extensor digitorum longus and peroneus tertius. 

Extension - The straightening of the lower leg at the knee. 

Flexibility - The range of motion about a joint. 



Flexion - The bending of the lower leg at the knee. 

Isokinetic Contraction - Muscular Contraction in which a 

muscle puts force against a variable resistance. The ten

sion developed by the muscle while shortening at constant 

speed is maximal over the full range of motion. 

MET - (Metabolic Equivalent): The amount of oxygen required 

per minute under quiet resting conditions. It is equal to 

3.5 ml of oxygen consumed per kilogram of body weight per 

minute. 

Muscular Endurance - The ability of a muscle or muscle 

group to perform repeated contractions against a light load 

for an extended period of time. 

Plantar Flexion - Movement of the sole of the foot down

ward; accomplished by use of the extensor muscles of the an

kle. These muscles include the gastrocnemius and soleus 

muscles. 

Torque - A measure of force that rotates an object about an 

axis of rotation and is determined by taking the 

cross-product of the length of the lever arm, measured from 

the axis of rotation to the point of application of the 



force, by the component of force that is perpendicular to 

the lever arm. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

The objective of this study was to determine if measur

able fitness benefits exist for children as a result of rope 

skipping. A review of related literature concerning this 

topic will include an extensive review of research studies 

conducted on rope skipping. Separate sections will be di

vided into isokinetic muscle testing, flexibility, and 

cardiorespiratory endurance. 

Rope Skipping 

Rope skipping, originally a children's game, is now be

ing used extensively as a training tool for several sports 

including boxing, football, and basketball (Gushing, 1980). 

It is also used in training programs for such sports as ten

nis, volleyball, skiing, skating, racquetball, track, and 

gymnastics (Lydiard, 1979; Pedersen, 1977; Hinds, 1977; 

Feldmen, 1978). Rope skipping is also being promoted for in

dividual fitness programs as a warm-up procedure, an aerobic 

exercise, and as a supplement to other regular fitness 

activities (Ruskoski, 1977; Hinds, 1977; Grimes, 1978; 

Cooper, 1978). 
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Research literature in the area of rope skipping is 

limited. It appears that the claims made to support the 

benefits of rope skipping were based on empirical evidence 

with the first actual research studies done by Jones, 

Squires, and Rodahl (1962) and Baker (1968). 

Jones et al. conducted a study in which seven women, 

age 19-42, with sedentary life styles participated Monday 

through Friday in a five minute rope skipping program for a 

total of four weeks. Pre and post testing of physical work 

capacity of all subjects was done by using pulse response to 

submaximal work loads on the bicycle ergometer. Testing pro

tocol required a six minute warm up at 300 kpm per minute 

followed by a five minute rest. Subjects then rode for six 

minutes at 450 kpm per minute with pulse rate recorded each 

minute. Maximum oxygen uptake was estimated according to the 

Astrand nomogram on the basis of the mean of the last two 

exercise pulse rates. During training, subjects skipped at 

a rate of 76 skips per minute skipping one minute, resting 

two minutes, and repeating this procedure for a total of 

five minutes of rope skipping. Pulse rates were recorded 

after every minute of rope skipping. 

After four weeks of training the researchers found a 

significant decrease in mean pulse rates after the fifth 

minute of rope skipping, and after bicycle ergometer 



10 

testing. A 25% improvement in work capacity was found due 

to the increase from 1.71 liters per minute to 2.28 liters 

per minute in estimated maximal oxygen uptake. Researchers 

concluded that physical work capacity could be improved as a 

result of five minutes of daily rope skipping. 

Baker (1968) also reported favorable results from rope 

skipping. In this study ninety-two male college student 

volunteers were randomly placed in either a rope skipping 

group or a jogging group. The rope skipping group skipped 

rope ten minutes daily for six weeks. The jogging group 

jogged thirty minutes daily for six weeks. Both groups were 

initially paced for speed and then allowed to increase 

speed. Pre and post conditioning data was based on the 

Harvard Step Test. Comparisons showed daily ten minute rope 

skipping programs and daily thirty minute jogging programs 

will significantly improve cardiovascular efficiency. It was 

reported that ten minutes of daily rope skipping was as ef

ficient as a thirty minute daily program of jogging for im

proved cardiovascular efficiency. 

Following these two studies no published research was 

conducted until 1979. More current research studies from 

1979 to the present tend to expand on or question the 

validity of these earlier studies. The beneficial effects 

first presented are diminished by emphasizing the high 
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energy rate required for rope skipping and the amount of 

time needed to produce the same effects as other aerobic ac

tivities. Recent studies have been conducted with more so

phisticated methods of evaluation and more reliable measur

ing devices than the previous ones. 

Eight different intensities of rope skipping were used 

in a study by Jette, Mongeon, and Routhier (1979) in order 

to determine the energy cost of each skipping pace in kcal 

per hour. Five well conditioned subjects participated in 

five minute skipping bouts with expired air being collected 

during the last half of the third and fifth minutes of skip

ping. Expired air was also collected prior to and immedi

ately after the exercise bouts. Venous blood was also with

drawn at rest and three minutes following skipping for 

lactate analysis. Net energy cost in kcal/hour ranged from 

9.05 to 12.58 while mean heart rate ranged from 146 beats 

per minute to 176 beats per minute. Lactate responses 

reached mean values of 51 mg% to 110 mg%. The results indi

cate that rope skipping causes "highly localized muscular 

work" which requires a larger amount of anaerobic metabolism 

than would normally be seen in such an activity as running. 

This study suggests rope skipping be done with caution due 

to its severity. 
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Another study by Sol, Town, and Sinning (1979) was also 

designed to determine energy expenditure while skipping 

rope. In this study maximal oxygen uptake was measured in 19 

males and 11 females while skipping rope at 125, 135, and 

145 skips per minute for five minutes. The comparative re

sults showed females had significantly lower V02 (1/min) and 

V02 (ml/kg/min) but higher heart rates than males. No dif

ferences due to skipping rate were found. Cinematographic 

analysis of two subjects showed little change in work and a 

decrease in vertical displacement as skipping rate in

creased. Average MET values were 11.7 to 12,5. The data 

from this study indicates the need for caution in using rope 

skipping as an activity for poorly conditioned people or 

where it is important to control intensity of exercise. 

Quirk and Sinning (1982) measured oxygen uptake, oxygen 

debt, blood lactate, and heart rate of six male and six fe

male subjects performing maximal bicycle ergometer work and 

rope skipping at selected rates. The objectives of these 

measurements were to determine possible sex differences in 

response to skipping at selected rates, and the role of 

anaerobic metabolism during skipping. 

The results of this study verify that the oxygen 

requirement does not increase with increases in skipping 

rate over a relatively wide range of rates. Extremely high 
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rates stress both the aerobic and anaerobic capacities. The 

measured values showed rope skipping in general to be stren

uous and places high demands on the aerobic and anaerobic 

systems. No significant differences were found between 

treatments for females for any measure. The differences ob

served between sexes were attributed to differences in aero

bic power and higher body fat of females. 

Myles, Dick, and Jantti (1981) observed the heart rates 

of rope skippers at several different skipping intensities. 

Six subjects aged 22 to 40 skipped at their own pace for two 

minutes using each of 6 different skipping styles. The 

styles used were jump, hop, leap, rhythm jump, rhythm hop, 

and rhythm leap. Prior to testing the subjects were allowed 

two weeks of practice in order to acquire proficiency with 

the skipping styles. 

Heart rates were measured by means of a telemetry sys

tem and skipping rates were measured by stop watch every 

thirty seconds during the last minute. Each style was per

formed three times and the values were averaged. Subjects 

completed three two minute sessions per day and styles were 

assigned randomly. 

The skipping heart rates for the three rhythm styles 

were lower than those for the jump, hop, and leap. There was 

no significant difference between skipping and heart rate 
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for the rhythm styles nor between the rates for the other 

three styles. Subjects reported the jump, hop, and leap to 

be more strenuous than the rhythm styles. Each subject at 

the end of the experiment could jump rope continuously for 

at least ten minutes with a heart rate of about 140 beats 

per minute. This study suggests that a training program 

based on the rhythm hop and rhythm leap can be recommended 

for individuals up to middle age. 

Two studies have compared rope skipping with other 

aerobic activities. In a study by Getchell and Cleary (1980) 

seven male and three female physically active university 

students were used in making a comparison of the energy cost 

of rope skipping and jogging. The subjects were required to 

perform two footed skipping for 6.5 minutes with 80 revolu

tions per minute rebound. Respiratory gases, collected at 4 

or 5 minutes and between 5.5 and 6.5 minutes, were analyzed 

for carbon dioxide and oxygen content. Oxygen uptakes were 

then converted to caloric equivalents. Heart rates were re

corded with an electrocardiogram. Respiratory gases and 

heart rate were also taken as the subjects ran on a tread

mill at a speed and grade close to the individual heart rate 

response to rope skipping. 

Results showed that the energy requirements for 

skipping were lower than requirements for jogging at the 
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same heart rate (11.9 kcal/min and 13.6 kcal/min 

respectively). The researchers concluded that rope skipping 

can be strenuous and should be entered into cautiously in 

order to prevent possible injury. 

One comparison study was conducted on endurance rope 

skipping. Foster et al. (1980) observed the physiological 

demands and characteristics of a 35 year-old world-champion 

rope skipper during his attempt to improve a world record of 

five hours and 27 seconds of continuous rope skipping. The 

subject was tested before and after his six hour record 

breaking jump on the following physiological responses, 

heart rate, blood pressure, weight, rectal temperature, and 

blood glucose. The results of these 'responses were then com

pared to other groups of athletes. The researchers found 

very small disturbances of homeostasis, and low heart rate 

compared with other prolonged sporting events. Rectal temp

erature was lower than and weight loss was within range of 

post race marathon runners. The blood glucose levels were 

high compared to other marathon events, and V02 max was 

higher than that of well trained 35 year-old men, but lower 

than that of world class endurance athletes. 
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Isokinetic Muscle Testing 

The Cybex isokinetic device was first advocated as a 

testing device for rehabilitative purposes in a study by 

Thistle, Hislop, Moffroid, and Lowman (1967). A superior 

model Cybex II is now being used extensively as a mode of 

exercise for rehabilitation and testing of muscular force in 

clinical and athletic settings. Isokinetic exercise allows 

accommodating resistance in which maximal effort can be pro

duced at all joint angles. The device is unique in that it 

allows the angular velocity to be specified and preset. It 

also provides a continual, measurable print out of peak 

torque for each muscular contraction. 

Numerous studies have been conducted utilizing the. 

Cybex for various purposes. Due to the newness of this sys

tem of dynamic strength measurement and the diversity of its 

utilization, standardization of methodology and norms have 

not been achieved. 

Initial studies utilizing the Cybex were done to evalu

ate the potential of the isokinetic device for muscular 

strengthening. Thistle et al. (1967) compared strength in

creases of the quadriceps muscles of 51 hemiplegic patients 

using isokinetic, isometric, and isotonic contractions. 

Subjects were placed in either a non-exercising control 

group or one of the three groups using either isometric, 
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isotonic, or isokinetic exercise. Each group exercised four 

days a week for an eight week period. On the fifth day of 

each week the left quadriceps muscle qroup was tested on the 

Cybex dynamometer. The group utilizing isokinetic resistance 

had the largest increase in strength gains of 47.2%, fol

lowed by the group performing isotonic resistance with gains 

of 28.6%. Subjects using isometric exercise increased 13.1% 

in strength values, while the control group decreased by 

6.0%. 

Another earlier study conducted by Moffroid, Whipple, 

Hofkosh, Lowman, and Thistle (1969) was important in estab

lishing validity and reliability of the Cybex. In this study 

normative values were established for 30 subjects performing 

five maximal isokinetic contractions of the knee flexors and 

extensors at several velocities. Findings indicate that the 

quadriceps have a peak torque approximately twice that of 

the hamstring muscles and at slow speeds torque curves of 

these muscle groups agree with previous findings stated for 

isometric forces at various joint positions. The researchers 

also discovered that torque output decreases as speed in

creases. This finding has been well documented in other 

studies (Osternig, 1955; Pipes and Wilmore, 1975; 

Thorstesson, Gunnar and Karlsson, 1976; Ingemann and 

Halkjaer, 1979). 
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Johnson and Siegel (1978) conducted a study to 

determine reliabilities of an isokinetic movement of the 

knee extensors over a given number of trials and days. For

ty females ranging in age from 17 to 50 were given six test 

trials on each of three consecutive days. The testing proto

col required a velocity of 180 degrees per second with 20 

seconds of rest between each trial. Researchers found reli

ability coeffecients to be quite high, ranging from .93 to 

.99. In order to acquire stable measures for this type of 

contraction the authors suggest a protocol which provides 

for three submaximal trials, followed by three maximal warm-

ups. 

Various studies have attempted to determine how muscle 

strength correlated with parameters of growth. Molnar and 

Alexander (1973) performed a pilot study to determine the 

usefulness of the isokinetic device for objective muscle 

testing in 46 children ages 7 to 15. Elbow flexors and ex

tensors and knee flexors and extensors were tested on the 

Cybex. Anthropometric measurements were determined and their 

correlation with muscle strength was examined. 

One year later the procedure was repeated with a larger 

sample group of 500 children (Molnar and Alexander, 1974). 

The researchers suggested that the isokinetic device can be 

applied for strength determination in children with high 
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test-retest reliability. They found that normative strength 

values are related to age, height, and weight of the sub

jects, which account for approximately 50% to 70% of vari

ance in the scores. The most significant correlation shown 

was muscle strength and height. 

Correlations of growth parameters and strength were 

further identified in a study by Gilliam (1979). Knee and 

elbow flexors and extensors of 28 boys and 28 girls, ages 7 

through 13 were measured on the Cybex 11 at speeds of 30 de

grees per second and 120 degrees per second. Data from this 

investigation of torque differences indicates that the ratio 

of knee flexion/extension at the slow speed of 30 degrees 

per second holds relatively constant across ages 7 through 

12 for males and females. This ratio is apparently not af

fected by increases in height or weight (3% difference). At 

the 120 degree per second setting a growth effect on the 

flexion/extension ratio was found with 15% difference. This 

finding indicates that the force levels of the knee exten

sors increase at a more rapid rate than the knee flexors. 

Ratio scores decrease as age, height, and weight increase. 

It was concluded that size and age parameters account for a 

considerable amount of the variance in torque generating 

capabilities in active children. 
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Miyashita and Kanehisa (1979) investigated isokinetic 

peak torque at 210 degrees per second and related it to age, 

sex and physical performance. A comparison was made between 

569 normal boys and girls ages 13 to 17 and 35 swimmers ages 

11 to 21. Data from this study indicates a linear increase 

in peak torque for boys ages 13 to 17. Peak torque for girls 

remained unchanged throughout 14 to 17 years of age. 

In researching fatigue curves of isokinetic contrac

tions Patton, Hinson, Arnold, and Lessard (1978) suggest the 

isokinetic dynamometer to be an important measurement device 

for determining muscular fatigue. In this study 32 subjects 

ages 18 through 24, with an equal male/female ratio were 

tested for elbow flexion fatigue curve production on an iso

kinetic device. Maximal voluntary contractions were per

formed repeatedly to exhaustion for each subject. 

Results of this study indicated a curvilinear fatigue 

curve which was independent of sex differences and a func

tion of initial strength. Data indicates that fatigue occurs 

as early as 69% of initial torque for some subjects and not 

later than 54% for all others. The researchers suggest that 

a 50% decrease in initial torque would insure that fatigue 

had occured. 

Another study has attempted to determine if there are 

differences in isokinetic fatigue curves at different 
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contractile velocities. Barnes (1981) tested the knee 

flexion/extension fatigue curves of 25 physically active men 

between the ages of 22 to 36. Each subject was required to 

perform ten maximal contractions at each of the four test 

speeds of 60, 120, 150, and 300 degrees per second. Testing 

was conducted over a four day period. Results of this study 

indicate that the isokinetic fatigue curve for knee exten

sion appears to be linear during the initial stages of the 

fatiguing process and that fatigue curves for knee extension 

did not differ significantly between the four test veloci

ties. 

Thorstensson and Karlsson (1976) also studied fatigue 

of the knee extensors and made a comparison with fiber com

position. In this study ten active males, with a mean age 

of 30, performed knee extension with the Cybex 11 at a 180 

degree per second velocity. Subjects were tested on two sep

arate days, one day performing 50 contractions and the oth

er, 100 contractions. Muscle fiber composition was deter

mined by muscle biopsy. Comparisons were made from an 

average peak torque value of 130 Nm.(Newton meters). These 

values decreased successively to a mean of 72 Nm. after 50 

contractions and 64 Nm. after 100 contractions. Results 

indicated the highest development of fatigue to be in the 

muscles with a high proportion of fast twitch fibers. 
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One study was found concerning plantar flexor strength 

of the ankle joint using the Cybex II. Falkel (1978) at

tempted to assemble normative data for ankle plantar 

flexors. Twenty male and twenty female subjects in each of 

three age catagories, 6 through 8, 14 through 16, and 23 

through 28 were required to perform three maximal effort 

contractions at a test speed of 30 degrees per second. 

Strength was determined by measuring peak torque. The re

sults of this study showed the females in the 6 to 8 year 

old range had a significantly higher mean than the males in 

the same age range. In the 14 to 16 year old range males had 

a slightly higher mean than the females. In the adult group 

the mean for men proved to be significantly higher than the 

mean for women. This study indicates weight and age to be 

the significant factors in determining strength scores rath

er than sex and height. 

Flexibility 

Flexibility, the ability of a joint to move through its 

normal range of motion, is cited by the American Alliance 

for Health, Physical Education and Recreation (AAHPER) as 

being one of several components of health related fitness. 

According to Cooper and Fair (1978) good flexiblity is 

important for optimum performance and efficiency. 
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Several methods have been reported for testing 

flexibility at various joint angles. The most widely used 

testing device is the "flexometer" designed by Leighton 

(1950). This instrument consists of a dial connected to a 

weighted pointer which measures the degree of flexion at any 

joint angle. This device is used often in research studies 

and showed reliability coefficients between 0.90 and 0.99. 

A practical method of determining hip and back flexion 

and hamstring extension is the Sit and Reach test developed 

by Wells and Dillon (1952). This test has shown a reliabil

ity coefficient of 0.98 and a validity coefficient of 0.90. 

The AAHPER Health Related Fitness Manual states proce

dures, purposes, and norms for the Sit and Reach test. Be

cause of the availability of norms and high reliability for 

this type of testing, it has become a standard flexibility 

test for fitness testing, especially with large groups. 

Some studies have been conducted for the purpose of de

termining the relation of flexibility to age. Phillips 

(1955) tested the flexibility of boys and girls from 6-12 

years of age. Data indicates a decrease in flexibility with 

increased age for both sexes, with the flexibility of the 

girls decreasing more rapidly. 

The flexibility of 12 joints was measured in girls ages 

6-12 by Hupprich and Sigerseth (1950). They concluded that 
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flexibility is a factor specific for each joint and that 

flexibility tends to increase in most joints until age 12, 

at which time it then decreases gradually. 

Kranenduhl and Martin (1977) measured the flexion of 5 

joints of 187 children ages 10 to 14 using the Leighton 

flexometer. The results of their study suggest that differ

ences in body surface area that occur during adolescence are 

significantly negatively related to knee, hip, and shoulder 

flexion-extension range of motion. There was a decrease in 

flexibility as body surface increased. 

In assessing the influence of activity and flexibility 

McCue (1953) administered five flexibility tests to college 

women. A significant improvement in flexibility was noted 

when subjects were retested after 3 weeks of mild exercise. 

Eight weeks after cessation of exercise three of five move

ments studied remained at a significantly different level. 

Cardiorespiratory Endurance 

Methods of obtaining standards of cardiorespiratory en

durance measurements include two distance runs in the AAHPER 

Health Related Fitness Manual. The tests are the one mile 

run for time and the nine minute run for distance. 

These tests are effective in assessing 

cardiorespiratory endurance scores due to the availability 
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of "normal" data on large samples of randomly selected 

students. According to Shephard (1982) there is a fair cor

relation between maximum oxygen intake and scores on the 

AAHPER test battery if the subject sample is controlled for 

differences in height and body mass by using a narrow age 

range. In order for the distance runs to be valid, motiva

tion must be sustained throughout the race and young sub

jects must have some knowledge on the importance of pacing. 

The AAHPER Health Related Physical Fitness Manual 

(1980) states that distance runs are a valid test of cardio

respiratory endurance but cautions that the results are not 

entirely determined by cardiorespiratory function. Genetic 

potential, body composition, efficiency, effort, and maturi

ty may also influence the test results. 

The Cooper 12 minute run has become a standard test of 

cardiorespiratory endurance for adults. Cooper (1968) has 

shown this test to be an accurate estimate of V02 maximum 

and thus a measure of cardiorespiratory fitness. 

Burke (1976) conducted a study to determine the validi

ty of several laboratory and field tests of physical working 

capacity. Subjects included 44 male college students ages 

17 to 30. Significant correlation coefficients were found 

between V02 max, measured by treadmill exercise testing and 

the following tests: Twelve minute run (.90), 600 yard run 
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(.78), the mile run (-.74), the Balke test {.11), the all 

out treadmill run (.74), the Harvard Fitness Test (.69), the 

300 yard run (-.52), and the Progressive-Pulse test(-.47). 

The twelve minute run was found to be the most valid measure 

of aerobic power which was best measured in tests of longer 

duration. 

Disch, Frankwiez, and Jackson (1975) conducted several 

running tests to investigate the construct validity of dis

tance run tests. Ten running tests ranging in distance from 

a 50 yard dash to a two mile run were administered to 60 

male college students. Factor analytic findings indicate 

that shorter distance tests of less than one mile will meas

ure aerobic work capacity, but the results will also involve 

individual differences in running speed. The longer runs 

represented the highest correlations, indicating that they 

were more valid measures of aerobic working capacity. 

Doolittle and Bigbee (1968) evaluated the reliability 

of the 12 minute run-walk test for adolescent boys; they 

also tested the validity of the run as a measure of cardio

respiratory fitness and compared it to the 600 yard run-

walk. Subjects included 153 ninth grade boys. All subjects 

completed a test-retest of the 12 minute run-walk which 

produced a reliability coefficient of .94. A subgroup of 

nine subjects participated in a max oxygen intake test using 
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the bicycle ergometer. A correlation coefficient of .90 was 

determined between the 12 minute run-walk and maximum oxygen 

intake, indicating high validity of the 12 minute run as an 

indicator of maximum oxygen intake. The 600 yard run-walk 

test and maximum oxygen intake produced a correlation coef

ficient of .62. This indicates that the longer run is pref

erable to the 600 yard run when estimating oxygen intake. 

A similar study was conducted by Maksud and Coutts 

(1971). In this study norms for the 12 minute run test were 

established using 80 boys ranging in age from 11 to 14. A 

subsample was also tested for maximal aerobic capacity by 

treadmill exercise testing. A correlation coefficient of .65 

was found between the 12 minute run and Max V02. The test-

retest reliability coefficient was .92. 

Vodak and Wilmore (1975) tested 69 boys age 9 to 12 to 

determine the validity of the 6 minute jog-walk and the 600 

yard run-walk for estimating endurance capacity. Each sub

ject performed a treadmill .exercise test to determine maxi

mal oxygen intake. A 6 minute jog-walk was also performed 

by the subjects. V02 max correlated r=.50 with both the 6 

minute jog-walk and the 600 yard run-walk. Reliabilities 

were .88 and .89 for the 6 minute jog-walk and the 600 yard 

run-walk respectively. The authors comment that although 

these runs are shown to be poor predictors of V02 max, they 
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may provide more valuable information into the true capacity 

and performance potential for this age group. 

A study conducted by Jackson and Coleman (1976) com

pared V02 max and distance covered in a nine minute run per

formed by children grades 4 to 6. They reported correla

tions to be 0.82 for males and 0.71 for females. Additional 

studies conducted with 12 to 15 year olds show the results 

of distance run tests to be a useful index of cardio

respiratory fitness (Gutin, Fogle, and Stewart 1976; Metz 

and Alexander, 1970). 

Two separate studies by Krahenbul, Pangrazi, Petersen, 

Burkett, and Schneider (1977,1978) have explored using timed 

distance runs as a predictor of cardiorespiratory endurance 

for first, second, and third graders. They determined the 

1600 meter run to be a useful test of cardiorespiratory fit

ness for the first three grades. 

It must be noted that the purpose of this study is to 

compare two groups. The timed distance run will provide the 

desired information providing the procedures are repeated 

for both groups in the same manner and the groups are 

matched as closely as possible by age range. 
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Summary 

A review of the literature pertinent to this study in

dicates conflicting evidence regarding the benefits of rope 

skipping as a fitness activity. With the exception of one 

study (Foster, 1980), scientific research measuring energy 

cost of rope skipping is based on testing of five to ten 

minutes of rope skipping bouts. These studies suggest that 

rope skipping should be entered into with caution due to its 

high energy demands. 

Research comparing rope skipping and jogging indicate 

(1) A ten minute rope skipping bout is equal to thirty min

utes of jogging (Baker, 1968), (2) The rope skipping energy 

requirements are excessive for the average sedentary person 

(Getchell and Cleary, 1980), and (3) The length of time 

needed to jump in order to establish increased oxygen uptake 

is comparable to that increase for jogging (Getchell and 

Cleary, 1980). No studies were found concerning rope skip

ping as a children's fitness activity. 

The review of literature regarding testing methods for 

this study focused on the reliability and validity of these 

methods and studies using children as subjects. Several 

studies have shown variances in reliability coefficients due 

to growth factors. It appears that because of the rapid 

growth changes in pre-adoiescents, findings from research 
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studies with adult subjects in any of the measurement areas 

cannot be automatically assumed. 

The Cybex isokinetic device has shown high reliability 

and validity in testing of muscular strength and endurance. 

Reliability coefficients ranged from .93 to .99 (Johnson and 

Siegel, 1978). In studies conducted with children and iso

kinetic exercise, it was determined that normative strength 

values are related to age, height, and weight of the sub

jects (Molnar and Alexander, 1973, 1974; Gilliam, 1979). It 

was also discovered that after the age of 13, boys begin 

showing a linear increase in strength when compared to girls 

(Miyashita and Kanehisa, 1979). It is indicated by these 

studies concerning strength and parameters of growth that 

normal patterns of growth will influence strength scores; 

however, the sex of the subject is not responsible for vari

ance in scores up to age 13. 

Fatigue studies utilizing the Cybex isokinetic device 

indicate a linear decrease in fatigue curves and that a 50% 

decrease in initial peak torque is adequate in assuring that 

fatique has occurred (Patton, 1978). This linear decrease in 

fatigue curves is reproducible at different test velocities 

(Barnes, 1981). 

Health related fitness measurements of flexibility and 

cardiorespiratory endurance are shown to be valuable because 
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of the existence of national norms. There is some conflict 

concerning the accuracy of the endurance run as an estimate 

of oxygen uptake; however, it is generally agreed that the 

test is a useful predictor of cardiorespiratory endurance, 

especially with large groups of subjects. Standard tests of 

health related fitness can be important in a comparison 

study; however, it must be recognized that the two groups 

must be matched by a narrow age range or a similar ratio age 

range in order to control for growth parameters which may 

cause variances in scores (Shephard, 1982; Vodak and 

Wilmore, 1975). 



CHAPTER III 

PROCEDURES 

This chapter will describe the procedures used in con

ducting this study. The purpose of this study was to compare 

the differences in muscular strength and endurance, flexi

bility, and cardiorespiratory endurance between elementary 

school children who participate regularly in a rope skipping 

program and a matched control group with little or no par

ticipation in rope skipping. A discussion of procedures will 

include sections concerning subjects, the conduct of the 

study, testing procedures, and the testing apparatus. 

Selection of Subjects 

Trained subjects included twenty volunteers from the 

West Texas Skippers jump rope demonstration team. All sub

jects in this group had been participating in one organized 

practice per week for at least nine months and reported an 

average of three to four additional rope skipping sessions 

weekly. 

The control group consisted of seven female volunteers 

from the Caprock Girl Scout Council, seven volunteers from 

Whiteside Elementary School, and six participants from the 

jump rope team. The jump rope team members had attended less 
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than three rope skipping sessions and reported being new to 

the activity. In order to match the control group as close

ly as possible with the trained group, volunteers for the 

control group were required to meet the following criteria: 

Age range of ten to thirteen and height range of 50 to 63 

inches. The study also required the control group to have 

the same male/female ratio of 5 males and 15 females as the 

experimental group. Physical characteristics are shown be

low in Table 1. 

TABLE 1 

Physical Characteristics of Subjects 

Variable Trained Control 

AGE (yrs) Mean 11.30 10.45 
S.D. .7810 .5895 
Range 10.0-13.0 10.0-12.0 

HEIGHT(in) Mean 58.6 56.5 
S.D. 3.338 2.564 
Range 50.5-63.0 52.2-61.5 

WEIGHT (lbs) Mean 90.65 79.40 
S.D. 17.181 14.981 
Range 58.0-120.0 54.5-113.0 
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Conduct of the Study 

Each Subject was scheduled for approximately thirty 

minutes of testing for flexibility and muscular strength and 

endurance. Prior to testing, the purposes and procedures of 

the testing were explained to the subject and his or her pa

rent. The subject was given the opportunity to ask ques

tions before signing a consent form. The subject was then 

required to fill out a data sheet with the help of the pa

rent present for testing. By use of the data form an at

tempt was made to determine how active each subject was in 

organized rope skipping as well as other forms of physical 

activity. After both forms were completed, the consent form 

and the data form were attached together and filed according 

to the subjects classification of trained or untrained. A 

sample data form is shown in Appendix A. 

Height and weight measurements were taken prior to 

testing. Testing of each subject continued in the following 

order: Sit and Reach flexibility test, strength testing of 

knee flexors and extensors, endurance testing of the knee 

extensors, and strength testing of plantar and dorsal flex

ors of the foot. 
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Testing of cardiorespiratory endurance for the trained 

subjects was conducted in two sessions in order to provide 

an available time for all participants. The control group 

was assembled in three groups; the Girls Scouts, the White

side Elementary School volunteers, and the untrained jump 

rope team members. Each group ran in a separate session. 

Testing Procedures 

A description of the apparatus and procedures used for 

each test is described separately in the following sections. 

The discussion of procedures includes testing of flexibili

ty, muscular strength and endurance, and cardiorespiratory 

endurance. 

Flexibility 

Apparatus: 

The apparatus used for measurement of flexibility con

sisted of a wooden box with a measuring scale extending out 

past the front of the box 23 centimeters. The Sit and Reach 

test box and all testing procedures were in accordance with 

the AAHPERD Health Related Physical Fitness Test Manual 

(1980). 
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Testing Procedures: 

The Sit and Reach flexibility test used in this study 

is designed to evaluate the flexibility of the low back and 

hamstring muscle groups. Prior to flexibility testing each 

subject performed specific warm-up exercises administered by 

the tester. Warm-up exercises were stretches specific to the 

hamstrings, lower leg and low back. 

After the warm-up period the subject was given specific 

instructions and a demonstration. The subject was seated on 

a mat which allowed a twelve inch testing length of the box, 

as testing standards require. The subject was instructed to 

remove his/her shoes and fully extend the legs with the feet 

flat against the box. The subject was then instructed to 

reach as far as possible along the measuring scale with 

palms down and hands together. An assistant was present to 

hold the knees of subjects having difficulty with full ex

tension of the legs. Four reaching attempts were made, each 

was held for one second and the maximum reach was recorded 

in centimeters. Figure 1 shows the Sit and Reach test in 

progress with the subject reaching forward as far as possi

ble. 



37 

Figure 1: Sit and Reach Test 

Muscular Strength and Endurance 

Apparatus: 

The Cybex II Isokinetic Dynamometer was used for meas

urement of muscular strength of the flexors and extensors of 

the lower leg at the knee, plantar and dorsiflexors of the 

foot, and muscular endurance of the quadriceps. The Cybex 

II consists of three components, a speed selector, dynamome

ter, and dual channel recorder. 

The speed selector allows testing to be done at 

predetermined angular velocities. By preselecting the speed, 

the muscle must contract against the set speed. This offers 
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resistance proportional to the muscles' dynamic tension 

developing capacity throughout the full range of movement 

(Falkel, 1978). The speed selector ranges in units from 0 to 

300 degrees per second. The speed selector is shown in Fig

ure 2. 

Figure 2: Speed Selector 

The dynamometer and dual channel recorder provide a 

continuous printout of the range of joint angles and the 

peak torque across the entire range of motion of the joint 

being tested. The dynamometer accepts the force through the 

lever arm which is shown in Figure 3. 
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Figure 3: Dynamometer and Lever Arm 

The dual channel recorder produces the printout as seen in 

Figure 4. The dual channel recorder has a torque range 

scale of 30, 180, or or 360 foot pounds. 

All testing for this study was done using the 180 foot 

pound scale. This number complies with suggested testing 

methods in the Cybex testing manual as well as several 
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Figure 4: Dual Channel Recorder 

research studies. Due to the limited number of isokinetic 

strength studies conducted with children as subjects, pilot 

studies were conducted prior to research testing. These 

pilot studies provided information for positioning and 
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proper velocity to produce a measurable print out. All 

equipment was calibrated according to procedures stated in 

the Cybex testing manual prior to the testing of the sub

jects. 

Testing Procedures: 

Prior to testing the subjects were shown the dynamome

ter and were informed of testing purposes. Due to the age of 

the subjects, procedures were explained during the testing 

as each procedure was performed. 

Testing of flexors and extensors at the knee was admin

istered first. Subjects were seated on the testing table 

with the back pads placed behind them to insure 90 degree 

flexion of the knee for proper alignment (Figure 5). The 

thigh was stabilized with a strap in order to prevent hip 

flexion. Stabilization straps were adjusted at mid thigh as 

tight as comfortably tolerable. The subject's lower leg was 

attached to the lever arm of the device by means of a shin 

pad strap placed just proximal to the ankle joint (Figure 

6), The axis of rotation of the dynamometer was aligned with 

the anatomical axis of the knee joint (Figure 7). 
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Figu re 5: Back Pads 
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Figure 6: Shin Pad Placement 
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Figure 7: Alignment of Axis of Rotation 
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In order for the subject to become accustomed to the 

machine each subject was given three warm-up and practice 

trials. Each warm-up consisted of five repetitions and was 

administered first at 180 degrees per second, followed by 

progressively higher resistance of 120 degrees per second, 

and finally the testing speed of 60 degrees per second. The 

subject was instructed to hold on to the edge of the chair 

for upper body stabilization and to begin with the knee 

flexed and the heel of the foot resting against the foot pad 

as seen in Figure 8. The subjects were then required to ful

ly extend and flex the leg as quickly and forcefully as pos

sible four consecutive times. 

Testing of the muscular endurance of the knee extensors 

and flexors was administered following muscular strength 

testing with the subject still seated and stabilized in the 

same position. Five warm-up trials were given at 180 degrees 

per second followed by a warm-up at the 120 degree per sec

ond test speed. The subject was then instructed to fully 

extend and flex the leg as rapidly as possible at 120 de

grees per second until told to stop. The subject was stopped 

when the recorded torque peak fell below 50 percent of the 

second recorded muscular contraction four consecutive times. 

Procedures for muscular strength and endurance were then 

repeated for the opposite leg. 



46 

Figure 8: Positioning of Subject - Knee 

The Cybex II was also utilized for obtaining strength 

measurements of plantar and dorsal flexors of the foot. The 

testing table was extended to a flat position and a foot 

plate attachment was applied to the dynamometer. Testing was 

administered with the subjects lying prone with legs fully 

extended and the feet well extended over the edge of the 
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table. Two stabilization straps were positioned around the 

subject's foot, and one across the lower leg as seen in Fig

ure 9. Further stabilization was achieved by the subject 

grasping the overhang of the table top. 

Figure 9: Stabilization of the Ankle Joint 

Subjects were given five warm-up trials at 180 degrees 

per second, 120 degrees per second, and three warm-ups at 

the testing speed of 60 degrees per second. Testing began 

with the foot in full dors iflexion. Subjects were instructed 

to "point" the toes and then to bring the toes all the way 

back to the front of the leg as hard and fast as possible 
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Figure 10: Positioning of the Subject - Ankle 

four consecutive times. Positioning of the subject for 

testing at the ankle joint is shown in Figure 10. 
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Methods of Measurement Calculation 

Peak torque values of extension and flexion of the low

er leg at the knee and plantar/dorsiflexion of the ankle at 

the foot were measured by use of a chart data card. This 

card was aligned over the torque channel chart according to 

the 180 foot pound scale. The corresponding torque in foot

pound units was recorded on the print out and on the sub

ject's data sheet. Measurement of the highest torque value 

for each subject was collected as raw data. 

Results of muscular endurance tests were calculated by 

counting the number of repetitions on the printout from the 

second recorded contraction to the completion of the test. 

The last four repetitions were excluded because they were 

below 50 percent of the peak value. 

Cardiorespiratory Endurance 

A 1600 meter run was administered for an evaluation of 

cardiorespiratory endurance. The procedures for testing were 

followed in accordance with the AAHPERD Health Related Phys

ical Fitness Test Manual (1980) for distance runs. 

The trained group and the control group were assembled 

separately at the R, P. Fuller track on the campus of Texas 

Tech University, Warm-up stretching was done by the entire 

group prior to testing. Each subject was given a number to 
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pin on his or her shirt. Three testers were present; one 

served as timer, the other two were responsible for watching 

designated subjects and writing down the time which was 

called out as the subject crossed the finish line. 

Subjects were instructed to run four laps around the 

track in the fastest possible time. The subjects began on 

the signal "ready, start." Subjects were encouraged to pace 

themselves and verbal encouragement was given throughout the 

test. All subjects had previously performed the one mile run 

in school and were familiar with the procedures used for the 

distance run. Times were recorded to the nearest second. 



CHAPTER IV 

ANALYSIS OF DATA 

This chapter contains methods used for the statistical 

analysis of data, the findings of the study and a discussion 

of those findings. The purpose of this study was to compare 

the differences in muscular strength and endurance, flexi

bility, and cardiorespiratory endurance between elementary 

school children who participate regularly in a rope skipping 

program and a matched control group with little or no par

ticipation in rope skipping. 

Qrganizat ion of Data 

Raw data were collected from 40 subjects divided into 

a trained group with nine or more months of participation in 

organized rope skipping and a control group with little or 

no previous participation in organized rope skipping. 

Measured values for muscular strength and endurance, 

cardiorespiratory endurance, and flexibility were recorded 

on individual data sheets as seen in Appendix A. A master 

list including each test value was then made for each group 

with each data sheet being alphabetized and given a number. 
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Method of Analysis 

The data were analyzed by application of an independent 

two tailed t, test. The .05 level of confidence was used 

throughout the analysis. For this study a t value of 2.042 

or greater was required in order to demonstrate significant 

differences between the two groups. The following analyses 

were made on comparisons between the two groups, 

1. Peak torque for muscles producing plantar flexion of 

the foot. 

2. Peak torque for muscles producing dorsal flexion of 

the foot. 

3. Peak torque for muscles producing extension at the 

knee. 

4. Peak torque for muscles producing flexion at the 

knee. 

5. Number of repetitions required for 50% decrease in 

peak torque for muscles producing extension at the 

knee. 

6. Time required for completion of a 1600 meter run. 

7. Amount of flexibility of lower back and hamstrings in 

centimeters. 

The same statistical procedures were used to analyze the 

physical characteristics of the two groups. 
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Findings 

The statistical findings of the t_ tests for peak torque 

of plantar and dorsal flexors of the foot at the ankle ap

pear in Table 2. A t_ value of 2.042 or greater was needed in 

order to show significant differences between the two 

groups. In all of the following tables right and left legs 

are represented by R and L respectively. 

TABLE 2 

Findings of t test - Plantar/Dorsal Flexion 

+ • 

Mean 
Trained SD 

Mean 
Controls SD t-value 

4 
Plantar 
Flexion R 25.9 7.617 
Plantar 
Flexion L 26.7 8.133 
Dorsal 
Flexion R 10.5 1.923 
Dorsal 
Flexion L 10.5 1.852 

19.85 5.765 2.832* 

19.28 4.652 

8.4 

8.4 

1.875 

1.907 

3.532* 

3.538* 

3.617* 

*Statistically significant at the .05 level 

The statistical findings of the t_ tests for peak torque 

of the quadriceps and hamstrings and endurance of the 

quadriceps are shown in Table 3. A t. value of 2.042 or 
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greater was needed in order to show significant differences 

between the two groups. 

TABLE 3 

Findings of t test - Quadriceps/Hamstrings 

I Mean Mean I 
I Trained SD Controls SD t-value I 
+ ^ 
iQuad.-R 55.40 14.299 43.85 9.115 3.046* I 
I I 
iQuad.-L 57.05 13.747 41.85 11.022 3.858* I 
I I 
iHamstring-R 38.40 8.870 25.90 5.505 5.355* I 
I I 
iHamstring-L 35.70 7.568 24.4 5.246 5.488* I 
I I 

*Statistically significant at the .05 level 

The statistical findings of the t_ tests for the 1600 

meter run in minutes and seconds and flexibility in centime

ters appear in Table 4. A t_ value of 2.042 or greater was 

required in order to show significant differences between 

the two groups. 

The results of a comparison of age, weight, and height 

between the trained group and the control group appear in 

Table 5. 
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TABLE 4 

Findings of t test - Flexibility/1600 Meter Run 

I Mean Mean 
I Trained SD Control SD t-value 
I ^ 

I Flexibility 33.95 4.510 31.53 4.185 1.763 

I 1600 m. run 9:29 1.995 10:53 1.641 2.727* 

*Statistically significant at the .05 level 

TABLE 5 

Values for Age, Height, and Weight 

I I 
I Mean Mean I 
I Trained SD Control SD t-value I 
4. 1 
I Age(yrs) 11.3 .801 10.5 .607 3.5590* I 
I I 
I Weight(lbs) 90.65 17.627 79.38 15.321 2.1590* I 
I I 
I Height(cm) 58.6 3.425 56.48 2.634 2.1981* I 

I I 

*Statistically significant at the .05 level 



56 

Summary of Findings 

Findings of the study were as follows: 

1. Ho - There will be no significant differences in peak 

torque for muscles producing plantar flexion of the 

foot between the trained rope skippers and the con

trol group (Failed to support). 

2. Ho - There will be no significant differences in peak 

torque for the muscles producing dorsal flexion of 

the foot between the two groups (Failed to support). 

3. Ho - There will be no significant differences in peak 

torque for the muscles producing extension of the 

lower leg at the knee between the two groups (Failed 

to support). 

4. Ho - There will be no significant differences in peak 

torque for muscles producing flexion of the lower leg 

at the knee between the two groups (Failed to sup

port ) . 

5. Ho - There will be no significant differences in en

durance scores for the muscle groups producing exten

sion of the lower leg at the knee between the two 

groups (Supported). 

6. Ho - There will be no significant differences in 

cardiorespiratory endurance measurements between the 

two groups (Failed to support). 
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7. Ho - There will be no significant differences in 

flexibility measurements between the two groups (Sup

ported) . 

Discussion of Findings 

Results of this study indicate that children in the 10 

to 13 year age range who are involved in a regular program 

of rope skipping showed significantly higher strength scores 

in peak torque than a matched control group. 

These differences in peak torque demonstrated by the 

trained group may be directly related to the jump rope ac

tivity. The muscle groups tested are used in rope skipping 

and stunts performed by the jump rope team. 

A formal analysis of endurance values was not conducted 

because of the extreme variability in scores between the 

right and left leg of some subjects. Because of this obser

vation it would appear that for this age group the endurance 

tests that required a long period of time to complete re

quired higher self motivation from each individual. Although 

the same verbal motivation was given during all testing, it 

was observed that some children had difficulty concentrating 

on the task for more than a few minutes. Others tried to 

work on the machine longer when the second leg was being 

tested in order to better their previous score. Due to the 
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findings of this study and the review of literature, it 

appears that the muscular endurance test conducted at the 

120 degrees per second speed is not a valid test for this 

age group. 

Cardiorespiratory endurance scores were found to be 

significantly better in the trained group when compared with 

the control group. Rope skipping requires high energy de

mands and stresses both the aerobic and anaerobic energy 

systems. Quirk and Sinning (1982) have shown that this 

would explain a higher score in cardiorespiratory endurance 

for the rope skippers. 

There was no significant difference found in flexibili

ty between the two groups. Flexibility is not a factor spe

cific to the jump rope activity therefore, it is not devel

oped by skipping rope. The rope skippers and trained group 

scored in the 50th and 40th percentile respectively when 

compared with national norms listed in the AAHPERD Health 

Related Physical Fitness Test Manual (1980). 

Attempts were made to match the two groups as closely 

as possible however, no attempt was made to use matched 

pairs. Statistical analyisis revealed significant 

differences between the two groups. This can be expected 

considering growth patterns vary widely for each specific 

age of childhood. 
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Molnar and Alexander (1973), and Gilliam (1979) 

indicate that growth parameters are responsible for varianc

es in peak torque with height and size being the most sig

nificant. Both of these studies correlated strength to 

height, weight, and age within a large age range of 7 to 15 

years of age and 7 to 13 years of age. It is not known what 

effect growth parameters have on scores in a narrow age 

range since the magnitude of variation for each factor being 

tested would be impossible to isolate. 

In a study on prediction of final stature of 11 to 13 

year olds; Meszaros, Szmodis, Mohacsi, and Szabo (1984) 

state than individual development appears to be relatively 

independent of chronological age therefore, it is more im

portant to determine biologic age. Although statistical 

differences were found between the two groups, there appear 

to be no physiological differences between the two groups. 

The control group used in this study had a height range 

of 52.5 - 61.5 inches and a weight range of 54.5 to 113 lbs. 

These values provide a good representation of the 10 to 13 

year old trained population which showed ranges of 50.5 to 

63 inches for height and 58 to 120 lbs for weight. 



CHAPTER V 

SUMMARY 

Purpose of the study 

The purpose of this study was to compare the differenc

es in muscular strength and endurance, flexibility, and 

cardiorespiratory endurance between elementary school chil

dren who participate regularly in a rope skipping program 

and a matched control group with little or no participation 

in rope skipping. 

Procedures 

The subjects for the study were members of the West 

Texas Skippers jump rope demonstration team who participated 

as the trained group. Volunteers from the Caprock Girl 

Scout Council, Whiteside Elementary School, and members of 

the jump rope team new to the activity served as the control 

group. Subjects were tested for muscular strength of the 

flexors and extensors at the knee, and ankle plantar and 

dorsal flexors using the Cybex II Isokinetic dynamometer. 

The same instrument was used to determine endurance of the 

extensors of the lower leg. Measurements of 

cardiorespiratory endurance were based on a 1600 meter run. 
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Flexibility was measured by the Sit and Reach test. An 

independent two tailed t_ test was used to analyze the raw 

data. 

Findings 

The results of the tests performed showed the trained 

group to be significantly higher in the following areas: 

peak torque of plantar and dorsal flexors of the foot, peak 

torque of flexors and extensors of the lower leg at the 

knee, endurance scores of the left leg, and cardio

respiratory endurance. Findings on endurance of the right 

knee extensors and flexibility showed no significant differ

ences. 

Conclusions 

The results of this study conclude that regular partic

ipation in rope skipping causes increases in muscular 

strength of the legs and ankle and increases cardio

respiratory endurance. According to the findings of this 

study rope skipping can be promoted as a fitness activity 

for the improvement of muscular strength and 

cardiorespiratory endurance. It was felt that the endurance 

test which was conducted on the extensors at the knee was 

not applicable for this age group. Raw data for these values 

are presented in Appendix L and M. 
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Recommendat ions 

In that research in the area of rope skipping as a fit

ness activity is limited, several areas need to be investi

gated. As a result of this study the following recommenda-

tions are presented: 

1. Investigation of the training effects of rope skip

ping, with testing performed on the same group before 

and after testing. 

2. Investigation to determine maximum V02 of child rope 

skippers during the exercise bout. 

3. A comparison of peak torque of same muscle groups be

tween rope skippers and groups trained in other 

sports such as soccer, gymnastics, etc. 

4. Investigation of endurance of extensors of the lower 

leg at the knee at various speeds utilizing the Cybex 

II dynamometer. 
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APPENDIX A 

DATA FORM 

NAME 

AGE DATE OF BIRTH 

WEIGHT HEIGHT 

Approximate number of times you skip rope per week 

Total Number of months you have been skipping 

Other forms of exercise performed regularly. 

TESTING 

Sit and Reach 

One Mile Run 

CYBEX 

KNEE 180 ft. lbs. (torque) 

Right Strength at 60 deg. per sec 

Endurance at 120 deg. per sec. 

Left Strength at 60 deg. per sec. _ 

Endurance at 120 deg. per sec. 

ANKLE 30 ft. lbs. (torque) 

Right Strength at 60 deg. per sec. _ 

Left Strength at 60 deg. per sec. _ 

68 



APPENDIX B 

RAW DATA - TRAINED 

Subject Age(yrs) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13, 

14, 

15. 

16. 

17. 

18. 

19. 

20. 

11 

11 

10 

12 

12 

13 

11 

11 

12 

11 

10 

11 

11 

12 

12 

10 

12 

12 

11 

11 

Wt.(lbs.) 

111 

76.5 

103 

85.5 

95 

100 

66 

109 

82.5 

76.5 

70 

94 

72 

98 

120 

58 

98 

111 

99 

78.5 

Ht.(inches) 

62 

55 

60.5 

59.5 

61.5 

60 

55 

59 

59.5 

54 

54 

63 

55.5 

60 

62.5 

50.6 

62 

60.5 

59 

59 

69 



SUBJECT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8, 

9, 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17, 

18, 

19. 

20, 

AGE 

11 

10 

10 

11 

12 

10 

10 

11 

10 

11 

11 

10 

10 

11 

10 

10 

10 

11 

10 

10 

APPENDIX C 

RAW DATA - CONTROLS 

WT. HT. 

81 58.5 

76.5 54 

54.5 52.5 

82 57 

75 59 

70 52.5 

73 56.5 

82 58 

108 60 

87.5 57.5 

65.5 53 

108.5 58 

70 56.5 

75.5 59.5 

72.5 56.5 

74 55 

58 52.5 

113 61.5 

80 56 

81.5 56 

70 



APPENDIX D 

RAW DATA - PEAK TORQUE (FT-LBS) 
DORSAL FLEXION - ROPE SKIPPERS 

SUBJECT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

90. 

RT. ANKLE 

11.5 

8 

13 

12 

12 

13.5 

9 

12 

12 

10,5 

8 

8 

10 

10 

13 

9 

10 

7 

12 

10 

LT. ANKLE 

12 

9 

13 

11 

12 

13 

11 

11 

13 

9,5 

8.5 

9 

11 

9.5 

12.5 

6.5 

11.5 

7.5 

11 

10 

71 



APPENDIX E 

RAW DATA - PEAK TORQUE (FT-LBS) 
DORSAL FLEXION - CONTROLS 

SUBJECT 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

1 0 . 

1 1 . 

1 2 . 

1 3 . 

1 4 . 

1 5 . 

1 6 . 

1 7 . 

1 8 . 

1 9 . 

2 0 . 

RT. ANKLE 

9 

11 

6 

10 

1 1 . 5 

6 

7 

10 

11 

11 

8 

9 

6 . 5 

7 

8 . 5 

6 

7 

8 

6 . 5 

9 

LT. ANKLE 

10 

12.5 

5.5 

9 

8 

5.5 

6.5 

10 

12 

10 

7.5 

6 

8 

7 

9.5 

8 

8.5 

9 

8 

8 

72 



APPENDIX F 

RAW DATA - PEAK TORQUE (FT-LBS) 
PLANTAR FLEXION- ROPE SKIPPERS 

SUBJECT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12, 

13. 

14. 

15. 

16. 

17. 

18, 

19, 

20, 

RT. ANKLE 

32 

14 

26 

36 

45 

28 

22 

27 

26 

25 

15 

18 

20 

28.5 

32 

21 

33 

17 

29.5 

23 

LT. ANKLE 

45 

14 

30 

29 

42 

33 

30 

27 

26 

24 

21 

23.5 

18 

26 

32 

15 

31.5 

15 

27.5 

24 

73 



APPENDIX G 

RAW DATA - PEAK TORQUE (FT-LBS) 
PLANTAR FLEXION - CONTROLS 

SUBJECTS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

RT, ANKLE 

19 

20 

14 

25 

31 

14 

16.5 

26 

25 

31 

13.5 

17 

10.5 

16 

15.5 

20 

19 

18 

20 

26 

LT. ANKLE 

19 

20 

13 

22.5 

19 

16 

14.5 

22 

25 

30 

15 

15 

14 

18 

16 

22 

18 

17 

21.5 

28 

74 



APPENDIX H 

RAW DATA - PEAK TORQUE (FT-LBS) 
QUADRICEPS - ROPE SKIPPERS 

SUBJECTS 

1. 

2, 

3. 

4. 

5. 

6. 

7, 

8, 

9. 

10. 

11. 

12. 

13. 

14. 

15, 

16, 

17, 

18, 

19. 

20. 

, QUAD 

74 

42 

56 

76 

62 

70 

45 

48 

62 

48 

30 

48 

44 

43 

72 

40 

74 

46 

77 

51 

LT. QUAD 

70 

45 

60 

80 

66 

72 

54 

63 

60 

40 

33 

50 

45 

51 

72 

32 

72 

48 

68 

60 

75 



APPENDIX I 

PEAK TORQUE (FT-LBS,) QUADRICEPS 
CONTROLS 

SUBJECT 

1, 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14, 

15, 

16. 

17. 

18, 

19. 

20. 

RT. QUAD 

55 

51 

35 

44 

50 

38 

34 

54 

39 

31 

30 

38 

32 

55 

44 

46 

42 

54 

60 

45 

LT, QUAD 

62 

42 

31 

48 

47 

30 

36 

62 

36 

21 

35 

38 

32 

55 

39 

36 

39 

47 

58 

43 

76 



SUBJECT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11, 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

RT. HAM 

49 

27 

38 

48 

51 

45 

36 

47 

39 

30 

24 

32 

30 

33 

51 

24 

45 

36 

45 

38 

APPENDIX J 

RAW DATA - PEAK TORQUE (FT-LBS) 
HAMSTRINGS ROPE SKIPPERS 

LT. HAM 

40 

24 

42 

44 

51 

48 

36 

33 

36 

27 

30 

32 

30 

30 

43 

27 

36 

27 

42 

36 

77 



SUBJECT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

RT. HAM 

30 

30 

30 

23 

26 

21 

24 

30 

26 

15 

21 

32 

16 

21 

33 

24 

24 

27 

29 

36 

APPENDIX K 

RAW DATA - PEAK TORQUE (FT-LBS) 
QUADRICEPS - CONTROLS 

LT. HAM 

29 

25 

26 

28 

27 

22 

24 

36 

21 

12 

22 

28 

18 

18 

22 

20 

26 

30 

27 

27 

78 



SUBJECT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

RT. LEG 

32 

56 

47 

123 

100 

113 

58 

63 

187 

53 

94 

664 

77 

75 

90 

112 

34 

74 

72 

44 

APPENDIX L 

RAW DATA - MUSCULAR ENDURANCE (# OF 
REPETITIONS) ROPE SKIPPERS 

LT. LEG 

53 

74 

69 

130 

137 

110 

76 

73 

311 

134 

80 

160 

37 

54 

98 

193 

24 

62 

451 

35 

79 



SUBJECT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19 

20. 

RT. LEG 

38 

18 

86 

36 

55 

48 

48 

113 

35 

29 

38 

218 

25 

22 

41 

68 

31 

150 

21 

28 

APPENDIX M 

RAW DATA - MUSCULAR ENDURANCE (# OF 
REPETITIONS) CONTROLS 

LT. LEG 

24 

26 

62 

44 

44 

34 

25 

76 

45 

36 

17 

148 

27 

34 

28 

54 

28 

128 

19 

36 

80 



SUBJECTS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8, 

9, 

10. 

11. 

12, 

13. 

14. 

15. 

16, 

17, 

18, 

19. 

20. 

ROPE SKI 

10:25 

8:45 

11:41 

7:34 

-

6:20 

6:45 

11:32 

6:50 

9:41 

7:57 

9:39 

11:48 

8:52 

13:36 

9:56 

7:22 

9:01 

7:02 

8:48 

APPENDIX N 

RAW DATA - ONE MILE RUN (MINUTES, 
SECONDS) 

CONTROLS 

12:17 

12:10 

10:23 

11:29 

11:34 

13:12 

9 : 0 6 

9 :19 

1 0 : 5 5 

1 0 : 3 2 

9 :00 

1 0 : 5 5 

1 1 : 0 0 

8 :39 

8 : 5 1 

1 0 : 5 3 

8 : 2 5 

4 : 0 2 
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APPENDIX 0 

RAW DATA - FLEXIBILITY (CM) 

SUBJECTS ROPE SKIPPERS CONTROLS 

1. 33.5 35 

2. 29 35 

3. 29 22.5 

4. 32.5 35 

5. 45 30 

6. 30 36 

7. 35.5 36.5 

8. 37.5 32.5 

9. 39 ' 32.5 

10. 36.5 30 

11. 33 32.5 

12. 34 28 

13. 31.5 26.5 

14. 36.5 32.5 

15. 30 30 

16. 30.5 35 

17. 34 27.5 

18. 25.5 30 

19. 39 38.5 

20. 37.5 25 

82 




