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CHAPTER I 

INTRODUCTION 

There has been rapid advancement in scientific research relating to musde 

strength and endurance. Little doubt remains today as to the importance of muscular 

strength and endurance in competitive sports and in the demands of everyday physical 

activities. 

Strength training regimens increase both endurance and strength in the muscle. 

Muscular endurance and muscular strength are closely related; as one improves, there is 

a tendency for the other to improve also. Although there is not agreement as to the 

specific number of sets and repetitions thalt should be used, it is generally accepted that 

to develop muscular strength, heavier weights should be used with a lower number of 

repetitions. Conversely, to improve muscular endurance, lighter weights should be used 

with a higher number of repetitions (Fleck and Kraemer, 1987). 

Much of the pioneering information on resistance training was done by DeLorme 

and Watkins (1948). Their research contradicted initial publications concerning 

resistance exercise in which 70 to 100 repetitions were advocated for gains in muscle 

strength. Their experience showed this figure to be too high, and that instead, a total of 

20 to 30 repetitions (broken down into three sets) was far more satisfactory. They 

,explained that fewer repetitions with gr,eater resistances yielded larger strength gains, 

whereas higher repetitions with lesser resistances produced greater endurance gains. 

Research by DeLorme and Watkins (1948) demonstrated that performing three sets of6-

10 repetitions, was optimal in resistance exercise. 

One concept that has been largely overlooked, though, is the length of rest 

periods between sets and its influence on strength responses. Because little to no 

experimental evidence on rest periods could be found, it is apparent that there is a 

1 



considerable need for infonnation on the effectiveness of rest periods between sets in 

strength training. 

Statement of the Problem 

The purpose of this study was to investigate the effect oftwo different between 

set rest periods, on muscular strength and endurance, and selected body mass indices, 

among college aged men and women participating in a 12 week resistance training 

program. 

Hypotheses 

The following hypotheses will be tested at the .05 level: 

1. There will be no significant group, time, or group by time body weight 

differences for male participants in this study. 

2. There will be no significant group, time, or group by time body weight 

differences for fema.l!e participants in this study. 

3. There will be no significant group, time, or group by time body fat percentage 

differences for male participants in this study; 

4. There will be no significant group, time, or group by time body fat percentage 

differences for female participants in this study. 

5. There will be no significant group, time, or group by time Quetelet Body Mass 

Index (BMf) differences for male participants in this study. 

6. There will be no significant group, time, or group by time Quetelet Body Mass 

Index (BMI) differences for female participants in this study. 

7. There will be no significant group, time, or group by time leg strength differences 

for male participants in this study. 

8. There wiUbe no significant group, time, or group by time leg strength differences 

for female participants in this study. 
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9. There will be no significant group, time, or group by time upper body strength 

differences for male participants in this study. 

W. There will be no significant group, time, or group by t~me upper body strength 

differenoes for femate participants in this study. 

11. There will be no significant group, time, or group by time upper body endurance 

differences for male participants in this study. 

12. There will be no significant group, time, or group by time upper body endurance 

differences for female participants in this study. 

Limitations 

The following limitations apply: 

1. Subjects were not chosen randomly. 

2. There were only 30 females and 25 males in this study. 

3. Computerized equipment was not available to test strength and endurance. 

Delimitations 

The following delimitations apply: 

1. No attempt was made to control the subjects' diet. 

2. Other than verbal instruction, there was no attempt to control the subjects' 

extracurricular activities involving exercise. 

3. Only two (30 and 90 second) rest periods between sets were examined in this 

study. 

4. 

5. 

Strengths were measured using 1 RM maximum testing. 

Other than verbal instructions to abstain, subjects were not tested for drugs or 

ergogenic aids. 
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Assumptions 

The following assumptions were made: 

1. Individuals did not participate in a training program that would affect the 

outcome of this study. 

2. Subjects were not taking drugs or other ergogenic aids that would have affected 

the outcome of this study. 

3. All subjects made maximal effort in response to the maximal strength tests. 

Definitions 

Antagonistic- muscles that work in contrast to one another. 

Anthropometry- anthropometric variables can be used to predict total body fat or fat

free mass using regression equations (statistical equations used to predict performance 

on one variable from another). 

Atrophy- a decrease in the size of muscles as a result of disease or non-usage. 

Body Fat Percentage- (Body Composition) the proportion of body fat to lean body 

tissue. 

Body Mass Index (BMI)- at ratio of body weight to height used as a means to determine 

the extent of overweight. 

Body Morphology- the equality of body somatotype between all three components. 

Somatotype- the body type or physical classification of the body. The terms 

endomorph, mesomorph, and ectomorph are used to describe a person in terms of his or 

her somatotype. 

Endomorph- the first component of somatotyping, characterized by roundness 

and softness ofthe body. 

Mesomorph- the second component of somatotyping, characterized by a square 

body with hard, rugged, and prominent masculation. 
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EctoIDorph- the third component of somatotyping, characterized by linearity, 

fragility, and delicacy of body. 

CYBEX Weight Machines- a brand of variable resistance weight machines used in this 

study for developing strength. 

Delimitation- refers to the scope of the study. Delimitations spell out the population 

studied and include those things the researcher can oontrol. 

Diameter- a measurement across an object. 

Electromyogram (EMG)- a recording of the electrical activity of a musc1e. 

Ergogenic Aid- the use of a nutritional, physical, mechanical, psychologic, or 

pharmacologic procedure or aid to improve physical work capacity or athletic 

performance. 

Fatigue (Volitional)- fatigue which ensues from voluntary contractions/repetitions. In 

voMitional fatigue, a 10 RM would be using the maximal r,esistance for a specific 

muscle/muscle group, whereby 10 repetitions could be performed. 

Fatigue u.ocal)- fatigue which follows voluntary contractions/repetitions. In local 

fatigue, exhaustion would hinder an 11th repetition. 

Frequency- the number oftimes an exercise is done in a week's period. 

Girth=. a measurement around an object. 

Hypertrophy- an increase in the size of muscles as the result of strength training. 

Intensity- the amount of weight or resistance lifted. 

Isometric- a contraction of a muscle to produce tension without a change in the length 

of the muscle. 

Limitation- refers to weaknesses of the study. Limitations are those things the 

researcher could not control, but which may have influenced the results of the study. 

M.cle.:. a chemical weight equivalent represented by the quantity ofa substance necessary 

to equal its molecular weight 
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MilIimoJe- a unit of measure which represents a chemical weight equivalent 

equal to 0.001 moles. Referred to as mm. 

Motor Unit- a single motor nerve that controls a group of muscle fibers. 

Muscular Endurance- the ability to perform repetitive muscular contractions against 

resistance for an extended period of time. 

Muscular Overload- working a muscle against a load greater than normal to obtain an 

improvement. 

Muscular Strength- the ability of a muscle to generate force against resistance. 

Musculature- the detailed external appearance of a muscle, or of the body as a mass of 

muscles. 

Neural Adaptation- as defined by Sale (1988), changes within the nervous system that 

allow force to be developed more rapidly and peak force to be maintained longer. 

Neural Mechanisrn- where the motor neuron innervates the muscle fiber. 

Peak Force- the highest amount of power or compulsion produced. 

Ponderal Index- a table used to determine the third component of somatotype. The 

Ponderal index is equal to the subject's height, divided by the cubed square root of their 

weight (Ht.ll./Wt.). 

Prime Mover- the primary muscle being worked. 

Rate of Force- the frequency of the force produced. 

Repetitions- the number of times a specific movement is repeated. 

Repetition Maximum (RM)- the number of repetitions which can be accomplished using 

a particular resistance, prior to volitional fatigue precluding additional repetitions. 

One repetition maximurn- (l RM) a one repetition maximum lift. The maximum 

amount of weight successfully lifted at one time through the full range of motion before 

fatigue precludes additional repetition(s). 
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Five repetitjon maximum- (5 RM) wouM involve use of a resistance which 

would permit five repetitions prior to local fatigue precluding a sixth repetition. 

Resistance Training- a program using resistance exercises to increase strength, 

endurance, power, skill, and flexibility. 

Resistance Training Components- number of repetitions, sets, exercises per sessions, 

workouts per week, and the rest intervals which separate each. 

Rest Interval- amount of time allotted for rest between sets. 

&&. a particular number of repetitions. 

SkinfoJd- a fold of skin measured with calipers at various body sites. By measuring a 

skinfold thickness, the total percentage of body fat can be calculated. 

Somatotype Categories- the following are somatotype categories along with how they 

are detenmned. In the following categories the components are referred to in order of 

first, second, or third. The first component is endomorphy; the second component is 

mesomorphy; the third component is ectomorphy. 

Balanced endomorphy- the frrst component is dominant and the second and third 

components are equal (or do not differ by more than one-halfunit). 

Mesomorphic endomorph- endomorphy is dominant and the second component 

is greater than the third. 

Mesomorph-endomorph- the first and second components are equal (or do not 

differ by more than one-half unit) and the third component is smaller. 

Endomorphic mesomorph- the second component is dominant and the fi rst 

component is greater than the third component. 

Balanced mesomorph- the second component is dominant and the first and third 

components are less and equal (or do not differ by more than one-half unit) . 

Ectomorphic mesomorph- the second component is dominant and the third 

component is greater than the first component. 
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Mesomorpb-ectomorpb- the second and third components are equal (or do not 

differ by more than one-half unit) and the first component is lower. 

Mesomorpruc-ectornorph- the third component is dominant and the second 

component is greater tban the first component. 

Balanced ectomorph- the third component is dominant and the first and second 

components are equal and lower (or do not differ by more than one-half unit) . 

Endomorpbic ectomorph- the third component is dominant and the first 

component is greater than the second component. 

Endomorph-ectomorph- the first and third components are equal (or do not 

differ by more than one-half unit) and the second component is lower. 

Ectomorphic endomorph- the first component is dominant and the third 

component is greater than the second component. 

Central- no component differs by more than one unit from the other two, and 

consists of ratings of 3 and 4 . 

Synergjstic- muscles that work in concord with one another. 

Two-Way Analysis of Variance (ANOVA)- a statistical method for examining data. 

It is used to test several hypotheses about differenoes between means in the factorial 

design. 
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CHAPTER II 

LITERATURE REVIEW 

History of Resistance Training 

The history of resistance training can be traced to the Olympic champion, Milo of 

Crotona, who lived in Greece during the sixth century BC Milo is said to have lifted a 

baby bull to his shoulders, every day, to improve his strength. As the bull grew in size 

with time, so did Milots strength (Brooks, Fahey, and White, 1996). The first mention of 

this increasing resistance as muscular overload first appeared in the scientific literature in 

1919 (Lange, 1919). This landmark scientific study which estabHshed the optimal nature 

of this overload for muscular strength and endurance was conducted by DeLorme and 

Watkins (1948). 

Specificity of Resistance Training 

In the decades following DeLorme and Watkins (1948) pioneering work, 

resistance training has become increasingly specialized and varied to meet a variety of 

goals and needs including: strength and power, endurance, and hypertrophy (Fleck and 

Kraemer, 1997). For muscular strength and power, resistances should be sufficient to 

r,esult in no more than five maximal repetitions (5 RM) per set, 3-10 sets, and rest 

periods exceeding two minutes between sets. For muscular endurance, the 

recommendations are 12-25 RM per set, 2-3 sets, and rest periods of two to three 

minutes between sets if performing >20 RM. If performing <20 RM, the recommended 

rest period is 30-60 seconds. For muscular hypertrophy, the program would consist of 

6-12 RM per set, 2-3 sets, and 30-90 second rest period between sets. 

The specific number of exercises to perform is subject to considerable debate and 

partly dependent upon specific goals and needs. For example, a body builder may 
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incorporate a large number of exercises into hislher resistance training program to attain 

muscular hyp,ertrophy and definittion in a large percentage ohotal body musculature, 

while strength and power athletes may focus more speci.fical1y on the limited musculature 

beneficial to their competitive event(s) (Fleck and Kraemer, 1997). The American 

College of Sports Medicine (1990) recommends 8 to 10 specific exercises, involving the 

major muscle groups, for the attainment and maintenance of muscular strength and 

endurance in the general population. Generally speaking, the rest period between 

workouts should be at 1east one day, such that three workouts per week will occur 

(Fleck and Kraemer, 1997); however, studies demonstrate that elite level, competitive 

athletes may be capable of and need more extensive and frequent training to realize 

improvements in size and strength (Kraemer, Noble, Clark, and Culver, 1987) and 

performance (Hoffman, Kraemer, Fry, Deschenes, and Kemp, 1990). 

Variations in Resistance Training Components 

While variations in resistance training components relative to the attainment of 

specific goals has been previously discussed, many of the components are spedfied in the 

form of a "range" while others are not specified. Accordingly, it is the purpose of this 

section to examine studies which have further explored variations within specified 

ranges. Graves, Pollock, Jones, Colvin, and Leggett (1989) demonstrated maximal 

benefits will accrue from resistance training, when a full range of motion is involved with 

each repetition. 

In a general population, increased frequency of training and additional sets elicit 

larger strength gains; however, the magnitude of difference is small (Fleck and Kraemer, 

1997). In a study completed by Bmith, Graves, Pollock, Leggett, Carpenter, and Colvin 

(1989), subjects exercising one or two days a week experienced almost the same 

ma.gnitude of strength gains experienced by subjects exercising three days a week, with 
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no difference between one and two day per week subjects during an 18 week, resistance 

training program. 

Rest Between Contractions 

According to a study by Rooney, Herbert, and Balnave (1994), subjects who 

trained by repeatedly lifting the training weight without resting experienced substantially 

greater increases in strength than subjects who trained with rests between lifts. It is 

evident that subjects in the no-rest group experienced greater levels of fatigue than 

subjects in the rest group. The data of this investigation assert that the strength increases 

associated with short-tenn strength training programs will be greater if subjects do not 

rest between contractions. This suggests that processes associated with fatigue add to 

the stimulus by which training influences increase muscular strength. 

In a MEDLINE search spanning the past 20 years (using the key words "rest 

periods" and tlrest periods between sets" in resistance training), only one study was 

found wruch investigated the manipulation of rest period between sets. In this study, 

Pincivero, Lephart, and Karunakara (1997), had 15 healthy, college-age individuals 

exercise one leg, three days a week, using isokinetic knee extensions and flexions, 

performed at 90 degrees per second. One group (n=8) rested 40 seconds between sets, 

while the remaining group (n=7) rested 140 seconds between sets. Post testing, at the 

end of four weeks, revealed the 140 second rest group exhibited superior performance 

for isokinetic hamstring total work and average power at 180 degrees per second. 

Summary 

Progressive, resistance exercise is a well established method of increasing 

muscular strength and endurance (DeLorme and Watkins, 1948; American College of 

Sports Medicine, 1990; Fleck and Kraemer, 1997). The individual components ofa 

resistance training program can be varied to meet a wide variety of individual goals, 
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objectives, and needs (Fleck and Kraemer). Within the general population, the 

attainment of desired results, such as strength and endurance, can occur within a wide 

application range of resistance training components, with only minimal r,esultant 

differences at the recommended range 'extremes (Braith et aI., 1989). Within a 

population of elite, competitive athletes, the attainment of optimal results, such as 

strength, size, and performance, will likely require a more frequent and extensive 

application of resistance training components than would be necessary for the general 

population (Kraemer et a1., 1987; Hoffman et at,. 1990). 

Finally, almost no research could be found addressing the possible resultant 

differences which could occur from manipulating the rest period between sets, within the 

prescribed range, for a particular resistance training protocol. Accordingly, this 

manuscript will examine the range extremes of between set rest periods, prescribed for a 

typical, resistance training program as taught in college classes. 
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CHAPTER III 

METHODS AND PROCEDURES 

Methods 

Subjects 

A total of30 women and 25 men were recruited to participate in this study. The 

mean group ages and physical characteristics of these subjects are presented in Tables 1 

and 2. All subjects (control and experimental) read and signed a PAR-Q form (Appendix 

A). Subjects were between the ages of 18 and 26 years at the time of testing, and all 

subjects were apparently healthy as reflected by the PAR-Q form. When orally polled, 

none of the subjects were engaged in a regular or organized weight training program. 

Control Group 

A sum of seven men and seven women volunteered to participate in this study as 

control subjects. AU 14 individuals were students attending St. Gregory's College in 

Shawnee, Oklahoma. 

Experimental Group 

The experimental subjects were enrolled in weight training classes at St. 

Gregory's CoUege and East Centra~ University in Ada, Oklahoma. Both classes met for a 

period of 16 weeks with an attendance of three, 45 minute sessions per week. 

Experimental subjects were divided into either a 30 second or a 90 second rest group by 

insuring equal numbers of each somatotype per group . 
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Body somatotyping Body sornatotyping was performed to insure equal 

placement of subjects within experimental groups. This was done by matching subject 

groups according to their strength and somatotype. This was important as differences in 

muscle fiber composition and cross sectional area have been shown to effect results of 

resistance training (Dons, Bollerup, Bonde-Petersen, & Hancke, 1979). The terms 

endomorph, mesomorph, and ectomorph were used to describe a person in terms of his 

or her somatotype. Sheldon (1954) describes ,each classification: 

Endomorphy 

This component is characterized by roundness and softness oHhe body. 

Features of this type are predominance of the abdomen over the thorax, high square 

shoulders, and a short neck. There is usually a smoothness of contours throughout, with 

no muscle relief 

Mesomorphy 

This component is characterized by a square body with hard, rugged, and 

prominent musculation. The bones are large and covered with thick musde. The legs, 

trunk, and arms are usually massive in bone and heavily muscled throughout. 

Outstanding characteristics of this type are forearm thickness and heavy wrists, hands, 

and fingers. The thorax is large and the waist is relatively slender. The shoulders are 

broad; the trunk is usually upright, and the trapezius and deltoid muscles are quite 

massive. The skin appears coars,e and acquires deep tan readily, retaining it for a long 

time. Many athletes have a large degree of this component. 

Ectomorphy 

The last component includes linearity, fragility, and delicacy of body. 

This is the leanness component. The bones are smalI and the musdes thin. Shoulder 

droop is seen consistently in the ectomorph. The limbs are relatively long and the trunk 

short; however, this does not necessarily mean the individual is tall . The abdomen and 
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the lumbar cUJV,e are flat. The shoulders are mostly narrow and lacking in musde relief. 

There is no bulging of muscle at any point on the physique. 

Sheldon (1954) stated that a pure type does not exist, but that each person is 

made up in part of all three components. As mentioned before, the subjects were 

distributed by their somatotype. The distribution insured, as nearly as possible, an equal 

distribution of numbers, body somatotype, and starting strength, by group and gender. 

The female, 30 second rest group included the following somatotypes: six classified as 

mesomorphic endomorph, two as balanced endomorpby, two as endomorph-ectomorph, 

one as ectomorphic endomorph, and one as ectomorph mesomorph., The female, 90 

second rest group included these somatotypes: six classified as mesomorph-endomorph, 

three as balanced endomorphy, one as mesomorphic endomorph, and one as endomorph

ectomorph. 

Among male subjects, the somatotypes in the 30 second rest group included the 

following: five as endomorphic mesomorph, two as balanced mesomorph, one as 

mesomorph-endomorph, and one as central. The male, 90 second rest group 

incorporated these somatotypes: four endomorphic mesomorph males, two balanced 

mesomorph males, one mesomorphic endomorph male, one mesomorph-endomorph 

male, and one balanced ectomorph male. 

Additionally, no attempt was made to distribute the control subjects by their 

somatotype. Subjects in the control group were volunteer participants who were an 

agreeable sample of the student body at St. Gregory's College. Somatotyping was not 

done on these individuals. 

Attrition of Subjects 

The subjects were asked to sign a contract at the beginning of the semester which 

stated they would attend each class for the duration of the study. Additionally, if a 
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subject was absent, he or she was responsible to make up the missed class within the 

week, in order to remain eligible. Participants who were absent on a regular basis and/or 

did not make up the missed classes were dropped from the study. 

Procedu.res 

Training 

Pre-conditioning. Based on the format used in a study by O'Shea and Wegner 

(19&1), the subjects (both control and experimental) in this study began with a two week 

introduction and conditioning program to familiarize them with the testing and training 

procedures to be followed during the experimental period. Instruction was also given on 

correct lifting techniques and how to maximally apply force prior to being tested. 

During the two week pretest conditioning period, the subjects became familiar 

with the equipment and exercises to be used during the experimental period. Correct 

lifting technique was stressed, and no one was permitted to attempt a one repetition 

maximum (l RM) lift at any time during this period. Repetitions were set at a minimum 

of eight and a maximum of 12 for three sets. 

The purpose for the two week training session was to verify that any differences 

between initial and final values were more likely to reflect true gains in strength and less 

likely to be influenced by practice or learning effects. Strength and endurance were 

assessed on all subjects at the completion of the second week of the program and again 

at the end of the program. 
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Resistance training For the 10 we,eks following the pre-conditioning period, the 

experimental subjects participated in a strength training program three times a week 

under supervision from the class instructors. The training format for the two 

experimental groups was identical. After five minutes of general warm-up exercises, 

each subject completed three sets of the following exercises using CYBEX machines: 

leg extension, leg curl, horizontal leg press, Smith machine (for bench press), bicep curl, 

tricep extension, [at pull, and rear row adduction (Figures I, 2 3, 4, 5, 6, 7, 8). All three 

sets were performed with a starting weight which could be lifted only 10-12 repetitions 

(Gettman, Ayres, Pollock, & Jackson, 1978; Rooney et aI., 1994; Wilmore, 1974). 

When the subject had increased his or her strength to the point where the same weight 

could be lifted more than 12 repetitions for all sets, additional weight was added,. which 

reduced the number of repetitions back to the initial level. Generally, the weight added 

was five pounds for upper body and 10 pounds for lower body. Weight was added in 

this manner throughout the 10 week program at the point when the subjects were able to 

perform 12 repetitions in all three set s. Each subject was encouraged to perform to his 

or her maximum effort each set. Subjects kept records of each training day throughout 

the study period, including each exercise machine used, amount of weight lifted, number 

of sets performed, and number of repetitions completed. Subjects in the control group 

did not train. These individuals did not perform any upper body or lower body strength 

training exercises for the 10 week period of the study. They did, however, undergo the 

same testing procedures at the completion of the second week of the program and again 

at the end as the experimental groups. The training period of the study was performed 

from February of 1996 to May of 1996. 
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Collection of Data 

Body weight. To determine body weight, subjects were weighed on a Health-O

Meter, eye level physician's balance beam scale. All subjects were weighed wearing 

shorts, t-shirts, and socks. Shoes were removed prior to weighing. An allowance of 2.5 

pounds per person was anowed for clothing. 

Body fat percentage Body composition was assessed at the beginning and at the 

end of the study using a Harpenden skinfold caliper. The seven-site method of Jackson 

and Pollock (1985) was used to assess body fat percentage for both men and women. 

Body somatotyping A series of anthropometric measurements were also taken 

at the beginning and at the conclusion of the study using the format suggested by Fox 

and Mathews (1981). All measurements were taken by the same person. The 

measurements included skinfold thicknesses from the triceps, subscapular, supraliac, and 

calf Diameters were taken at the knee and elbow. Circumferences were measured at 

the chest, abdomen, hips, thigh, calf, biceps extended, biceps flexed, and forearm. A 

minimum of two measurements were taken .at each site. For circumferences and 

diameters, a third measurement was taken whenever the first two values differed by more 

tham one percent. For skinfold thickness, a third measurement was taken whenever the 

first two values differed by more than 0.5 mm. Diameters were assessed with an 

anthropometer and girths with a calibrated Gulick cloth tape. 

Measurements were collected with the subjects in a standing position and 

wearing athletic clothing. Clothing was moved/removed to obtain skin measures where 

practical. Once measurements had been made, experimental subjects were divided into 

either a 30 second or a 90 second rest group according to their somatotype, All pretest 

measurements were taken before the subjects began any training. 
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Body anthropometry Most of Sheldon's data dealt primarily with males. Due to 

this, Heath and Carter (1967) contributed to the field of somatotyping for both males and 

females by designing a method to calculate each component: 

Endomorphic Component 

To obtain this component, the somatotype rating form is used (Appendix 

B). See Appendix C for instructions on how to determine this component. 

Mesomorphic Component 

The somatotype rating form is again used in this type. See Appendix D 

for steps to detennine this component. 

EctomorphiC Component 

This last component is obtained by computing the Ponderal index, which 

is explained in Appendixes E and F. 

Quetlet body mass index. Each person's body mass index was assessed at the 

beginning and at the end of the study. Quetlet's method was used to assess body mass 

indices for both men and women (Flegal, 1990). 

Strength and endurance measures Following the two week training period, 

strength was assessed by a 1 RM bench press for upper body and a 1 RM leg press for 

lower body. As suggested by O'Shea and Wegner (1981), the training ~oads used by 

each subject during the preconditioning period were analyzed to minimize the trial-and

error of determining the 1 RM. This analysis consisted of predicting a target 1 RM that 

was 25% greater than the weight each subject could lift for 8 to 12 rep'etitions. Based on 

this analysis, a target 1 RM was projected. Using this target 1 RM as a guide, the 

subjects warmed up by doing eight repetitions with 60% of their target lift, progressed to 

75% for three repetitions, 90% for one repetition, and then attempted the target 1 RM. 
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When the subjects were successful in lifting the target 1 RM, the load was increased by 

five pounds in the bench press and 10 to 15 pounds in the leg press, and another attempt 

was made. Each subject was given two sessions in which to establish his or her max, 

with 1.5 minutes of rest between each attempt 

Endurance was evaluated on a bench press by using a percentage of the subject's 

body weight. For upper body assessment, the method used to test for relative muscular 

endurance (women lifted 40% of their body weight and men lifted 60%) was one which 

has been previously employed in the weight training classes at both institutions (St. 

Gregoy's College and East Central University). This method was found to result in the 

ability of subjects to generally perform 15-25 repetitions. The subjects performed the 

maximum number of repetitions at one second for each concentric and eccentric phase of 

a repetition (two seconds per repetition) until cadence could not be maintained. An 

attempt was made to consider the subjects' physiological and psychological states during 

testing; if the subjects were tired or not feeling up to full strength, their testing was 

delayed until the following workout period. Because it provided a more accurate 

assessment, this procedure was followed during aU testing. 

Analysis of Data 

All experimental variables were analyzed for group, time, and group by time 

interaction using a two-way analysis of variance (ANOVA) with repeated measures 

utilizing .05 as the level of significance. The reason for using the two-way ANOYA was 

to compare the mean scores from the groups in a factorial design in order to decide 

whether the differences between the means were due to chance or to the main effect for 

the first variable, the second factor, or a combination of certain levels of one variable 

paired with certain levels of the other variables. Significant differences were further 

20 



delineated using the Newman-iKeuls post-hoc test, again utilizing .05 as the level of 

significance (Bartz, 1976). 

21 



CHAPTER IV 

RESULTS & DISCUSSION 

Subjects 

A total of 55 male and female subjects were tested, incorporating both 

experimental and control groups. The subjects included 30 women and 25 men. All 

subjects performed the testing on a voluntary basis. The mean age for the male subjects 

was 20.8 years. The mean age for the female subjects was 19.1. There were nine 

subjects in the male 30 second rest group, nine subjects in the male 90 second rest group, 

and seven subjects in the male control group. There were 12 subjects in the female 30 

second rest group, II subjects in the female 90 second rest group, and seven subjects in 

the female control group. 

The experimental subjects were distributed by somatotype. The distribution 

insured, as nearly as possible, an equal distribution of numbers, body somatotype, and 

starting strength, by group and gender. AdditionaUy, subjects were equally distributed 

within experimental groups by somatotype and beginning strength measures (1 RM). 

The female experimental groups included the following somatotypes: the 30 second rest 

group had six mesomorphic endomorph females, two balanced endomorphy females, two 

endomorph-ectomorph females, one ectomorphic endomorph female,. and one ectomorph 

mesomorph female; the 90 second rest group included six mesomorph-endomorph 

females, three balanced endomorphy females, one mesomorphic endomorph female, and 

one endomorph-ectomorph female. The male experimental groups had the following 

sornatotypes: the 30 second rest group included five endomorphic mesomorph males, 

two balanced mesomorph males, one mesomorph-endomorph male, and one central 

male; the 90 second rest group incorporated four endomorphic mesomorph males, two 
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balanced mesomorph males, one mesomorphic endomorph male, one mesomorph

endomorph mal.e, and one balanced ectomorph male. 

Analysis of Data and Results 

Results were analyzed using a 2 x 2 ANOVA, with repeated measures. 

Significant differences were further delineated using the Newman-Keuls post-hoc test 

(Bartz, 1976). The level of significance was .05. 

Descriptive Statistics 

Descriptive statistic results for male groups are contained in Table 1. Descriptive 

statistic results for female groups are contained in Table 2. 

Inferential Statistics 

Inferential statistic results for both male and female groups are contained in 

Tables 3-14. Results are presented below. 

Body weight. There were no significant differences in body weight in males 

between any of the groups or either of the times tested (Table 3). Furthermore, there 

were no significant differences in body weight in females among any of the groups or 

either of the times tested (Table 4). 

Overall, there were no significant differences observed in either the males or 

females based on group, time, or group by time interaction. This suggests that a 12 

week strength training program employing 30 or 90 second rest periods between 

repetitions will not effect body weight of the subject possessing average body weight. 
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P·ercent body fat. The male experimental groups were both significantly different 

than the control group from pre to post test, but between the experimental groups, there 

was no difference. The time difference was that percent body fat for males was less after 

the training period than before (Table 5) . Thus, both experimental groups achieved the 

same benefit. 

There were no significant differences for percent body fat for females based on 

any of the groups, However, there were differences between pre and post test and 

between groups by time interactions. For the time effect, the ending percent body fat for 

females was less than it was at the beginning for the experimental groups (Table 6) . In 

the group by time interaction, both experimental groups experienced greater losses of 

percent body fat than the control group. However, no significant difference existed 

between experimental groups (Table 6), Additionally, there was no significant difference 

in body composition in the control group from pre to post test. 

These findings suggest that losses in body fat percentage will occur in both males 

and females during a 12 week strength training regimen, whether the subjects rest 30 or 

90 seconds between repetitions, Additionally, the female experimental groups lost a 

greater percentage of body fat over the training period than did the control group. 

Body mass index. There were no signifkant differences in body mass indices in 

males between any of the groups or either of the times tested (Table 7), Additionally, no 

significant differences were found in body mass indices in females between any of the 

groups or between any of the groups from pre to post test. However, there were 

differences found between pre test and post test. The time effect demonstrated that the 

ending BMI in females was less after the training period than before for the experimental 

groups (Table 8). No significant intergroup differences were found. 
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This data shows that a 12 week strength training program will not impact BMl in 

males. It contrast, it also shows that a strength program of this duration has positive 

effect on the BM! in female subjects. 

Leg strength. There were significant differences in 1 RM leg press results for 

men between all groups, from pre to post test, and between groups by time interactions. 

In the group effect, both experimental groups had greater leg strength than the control 

gwup, with no significant difference between experimental groups. The differences in 

time were that the ending 1 RM leg press scores were greater than the beginning scores 

for the male experimental groups (Table 9). For the group by time interaction, both 

experimental groups improved significantly foUowing training, with the 30 second rest 

group improving more than the 90 second group. There were no differences in the 

beginning and ending 1 RM leg press scores for the control group (Table 9). 

Significant differences were found in the 1 RM leg press results for women 

between all groups, from pre to post test, and between groups by time interactions. For 

the group effect, both experimental groups had greater leg strength than did the control 

group, but with no significant differences between experimental groups. The differences 

in time were that the ending 1 RM leg press scores were greater than the beginning 

scores for the female experimental groups (Table 10). For the group by time interaction, 

both experimental groups improved significantly following training, with the 30 second 

rest group improving more than the 90 second group. There were no indicative 

differences in the beginning and ending 1 RM leg press scores for the control group 

(Table 10). 

These results from both male and female experimental groups indicated 

improvements in strength over a 12 week period. Additionally, the experimental groups 
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that had the short rest period improved more than the groups that had the long rest 

period . 

Upper body strength. No significant differences were found in males in the 1 RM 

bench press results among any of the groups. However, there were differences from pre 

to post test and between groups by time interactions. The differences in time were that 

the end~ng 1 RM bench press results were greater than the beginning scores for the male 

experimental groups (Table 11). For the group by time interaction, both experimental 

groups improved significantly following training, with the 30 second rest group 

improving more than the 90 second group. There were no significant differences in the 

beginning and ending 1 RM bench press values for the control group (Table 11). 

There were significant differences in 1 RM bench press results for women 

between all groups, from pre to post test, and between groups by time interactions. For 

the group effect, both experimental groups displayed greater upper body strength than 

did the control group, but with no differences between the experimental groups. The 

differences in time were that the 1 RM bench press scores were greater at the end of the 

training period than at the beginning for experimental groups (Table 12). For the group 

by time interaction, both experimental groups improved significantly following training, 

with the 30 second rest group improving more than the 90 second group. There were no 

significant differences detected in the beginning and ending 1 RM bench press scores for 

the control group (Table 12). 

Again, these results indicate that the male and female experimental groups 

improved in strength over a 12 week strength training program. Onoe more, the 

experimental groups that had the 30 second rest periods improved more than the groups 

that had the 90 second rest periods. 
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Upper body endurance. There were no indicative differences in bench press 

enduratnce results for men between any of the groups. However, there were differences 

from pre to post test and between groups by time interactions. The differences in time 

were that the ending bench press endurance results were greater after the training period 

than before for the male experimental groups (Table 13). For the group by time 

interaction,. both experimental groups improved significantly following training, with the 

90 second rest group improving more than the 30 second rest group. Therle were no 

significant differences in the beginning and ending bench press endurance values for the 

control group (Table 13). 

No significant differences were found in bench press endurance results fOf 

women between any ofthe groups. However, differences were found between pre and 

post test and between groups by time interactions. The differences in time were that the 

bench press endurance repetitions were greater at the end of the training period than at 

the beginning for the experimental groups (Table 14). For the group by time interaction, 

both experimental groups improved significantly fonowing training, with no significant 

difference between experimental groups. There was no notable difference between 

beginning and ending bench press endurance repetitions for the control group (Table 14). 

These results indicate that both the male and female experimental groups 

improved in strength over a 12 week strength training program. The male experimental 

group that had the 90 second rest period displayed significantly greater endurance gains 

than the 30 second rest group; however,. although both female experimental groups 

improved significantly following training, there was not a significant difference between 

them. 
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CHAPTER V 

CONCLUSIONS AND RECOlvflvffiNDATIONS 

Introduction 

The statistical analyses of the data used in this study indicated various differences 

between the 30 second and 90 second rest groups. These differences provide a number 

of significant observations about the effects that two different rest periods have between 

sets, on muscular strength and endurance, and selected body mass indices, among coUege 

aged men and women participating in a 12 week resistance training program. A 

summary of these observations are as follows: 

BodyWeigbt 

As stated before, no significant differences were observed in either males or 

females in body weight. These results indicate that a 12 week strength training program 

utilizing 30 or 90 second rest periods between repetitions will not bring about changes in 

weight of the subject possessing average body weight. 

Percent Body Fat 

Percent body fat observations illustrated a loss for both males and females from 

pre to post test results. Moreover, improvements were noticed in the female 

experimental groups in that they lost a greater percentage ofbody fat over the 12 week 

training period than the control group experienced. These results indicate that losses in 

body fat percentage win occur in normal weight females during strength training, 

whether the subjects rest 30 or 90 seconds between repetitions. 
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BMl 

The results demonstrated that there were no HMI differences in male groups in 

this study. This indicates that at 12 week strength training program, applying either a 30 

or 90 second rest period between repetitions, win not impact BMI in males. Yet, the 

loss ofBMl in women in this study, demonstrates that a 12 week period of strength 

training has positive effect on the female subjects, whether they utilize a 30 or a 90 

second rest period between repetitions. 

Strength and Endurance 

Improvements in leg strength were shown in both male and female experimental 

groups. Furthermore, the experimental groups that had the short rest period improved 

more than the groups that had the long rest period. This data conflicts with literature by 

Fleck and Kraemer (1987) which states that relatively long r,est periods and heavy 

resistances result in strength gains; whereas short rest periods and light resistances result 

in endurance gains.. An explanation for the strength gains in the groups with the short 

rest period could be that additional motor units were activated due to fatigue setting in, 

Results in upper body strength also indicate that male and female experimental 

groups improved in strength. And again, the experimental groups that had the 30 second 

rest periods improved mor,e than the groups that had the 90 second rest periods. Clearly, 

the findings of this study indicate that the short rest period was associ:ated with greater 

increase in strength pertaining in upper and lower body strength measures for both 

genders. These inferences contradict allegations cited from Fleck and Kraemer (1987). 

They state that if the goal of the weight training program is to increase the ability to 

exhibit maximal strength, long rest periods (several minutes) and heavy resistances 

should be used. 
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The upper body endurance results indicate the long rest period was associated 

with greater endurance results than the short rest period did, with respect to males. The 

male 90 second group displayed greater endurance gains; whereas the female 90 second 

group did not. Additionally, the findings ofthis study indIcate that the short rest period 

resulted in a greater increase in strength. The data also suggest that the long rest period 

resulted in a greater increase in endurance. Again, these conclusions contradict 

allegations cited from Fleck and Kraemer (1987). They state that if the goal of the 

weight training program is to increase the ability to perform high-intensity exercise, rest 

periods between sets should be less than one minute. Fleck and Kraemer further state 

that iHong-term endurance (aerobic power) is the goal, then short rest periods and 

relatively light resistances are suggested. 

The findings of the present study support findings by the American College of 

Sports Medicine (1990), noting that resistance training programs will produoe gains in 

both strength and enduranoe. Furthennore, the American College of Sports Medicine 

states that the best way to develop muscular strength is by using heavy weights (that 

require maximum or nearly maximum tension development) with few repetitions; the best 

way to develop muscular endurance is through using lighter weights with a greater 

number of repetitions. Fleck and Kraemer (1997) agree with tills position, stating that 

increased frequency of training and additional sets draw out larger strength gains. 

Pincivero et a1. (1997) investigated rest periods between sets (40 and 160 second 

rest intervals) and demonstrated significant gains in isokinetic hamstring total work and 

average power at 180 degrees per second. Comparing these results with the pr,esent 

study, both showed strength gains from pre to post test. Additionally, the present study 

indicated that greater gains in endurance were experienced in the group with the long 

rest period (90 seconds); whereas the group with the short rest period (30 seconds) 

experienced greater gains in strength. This challenges the study by Pincivero et al. which 
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suggests greater strength gains occurred with longer rest period between sets (160 

seconds). 

The findings in a study by Rooney et al. (1994), suggested that strength increases 

associated with fatigue are greater if the subjects do not rest between contractions. An 

assumption underlying this suggestion is that subjects in the no-rest group experienced 

greater levels of fatigue than subjects in the rest group (30 seconds between lifts). 

Rooney et al. theorize that high-int,ensity fatiguing protocols bring about greater 

activation of motor units than high-intensity non-fatiguing protocols, and that the degree 

of activation of motor units determines the magnitude of the strength training response. 

A study investigating fatigue during submaximaI isometric contractions stated that as 

muscles fatigue, they experienoe a progressively greater activation (Maton, 1981). 

Based on the study by Maton, Rooneyet al. (1994) speculated that fatiguitng high

intensity contractions provide a better way of activating high-threshold motor units than 

non-fatiguing high-intensity muscle contractions. Alternatively, fatiguing contractions 

may instigate a greater training response because they provide a better context in which 

to learn to more appropriately activate synergistic and antagonistic muscles. Yet another 

explanation noted was that fatigue-related events trigger adaptations of muscle (Rooney 

et a1.). 

Research by Hakkinen and Komi (1986) supports this assumption in stating that 

most strength training studies typically involve training programs that last 8-20 weeks. 

In these studies, the eady increases in voluntary strength are associated mainly with 

neural adaptation such as improved coordination or learning and increased activation of 

prime mover muscles. 

Supplementary rational for neural adaptation as a result of strength training is 

reported by Sale (1988). He reports that it is possible that strength training causes 

changes within the nervous system that allow a trainee to more fully activate prime 
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movers in specific movements and to better coordinate the activation of all relevant 

muscles, thereby effecting a greater net force in the intended direction of movement 

(Sale). Changes within the nervous system may also allow force to be developed more 

rapidly and peak force to be maintained longer. 

The previously discussed studies may explain why the subjects in the 30 second 

rest group experienced larger strength gains than the subjects in the 90 second rest 

group. As a result of fatigue, the 30 second rest group possibly activated additional 

motor units to achieve greater strength gains than the subjects in the 90 second rest 

group. The short rest period between sets may exhaust the muscle, causing additional 

motor units to be activated as the rnusde fatigues. Furthermore, it is possible that 

strength training causes changes within the nervous system, and the effect of those 

changes generate a greater net force in the intended direction of movement. As reported 

by Sale (1988), these changes within the nervous system may also anow force to be 

developed more rapidly and peak force to be maintained longer. This too could explain 

strength and endurance gains in the experimental groups. Yet, another justification for 

strength increases could be that the small rest period may not allow the previously used 

muscle fibers and cells to fully recover. Thus, the body is forced to recruit additional 

muscle fibers and cells which then could result in more strength gains. 

In summary, the findings of this study indicate that in a 12 week resistance 

training program, subjects had greater strength gains when they were restricted to a 30 

second rest period between s,ets. This study also indicated that male subjects had greater 

endurance gains when they were restricted to a 90 second rest period between sets. The 

findings of this study along with the literature cited suggest that the processes associated 

with fatigue may contribute to strength gains through additional motor unit activation, 

neural adaptation of the muscle, and/or possibly the recruitment of additional muscle 

fibers and cells. However, a long rest period between sels appears to hinder fatigue, 

32 



allowing the muscle to partially recuperate before being worked again, which results in 

endurance gains. 

Conclusions 

The purpose of this study was to investigate the effect of two different resting 

periods, between sets, on muscular strength and endurance, and selected body mass 

indices, among college aged men and women participating in a 12 week resistance 

training program. The results of the two-way ANOVA with repeated measures utilizing 

.05 as the level of significance allow the following findings to be stated: 

I. The first hypothesis which stated that there would be no s~gnificant group, time, 

or group by time body weight differences for male participants was accepted. 

2. The second hypothesis which stated that there would be no significant group, 

time, or group by time body weight differences for female partilcipants was accepted. 

3. The third hypothesis which stated that there would be no significant group, time, 

or group by time body fat percentage differences for male participants was partly 

accepted and partly rejected. The portions dealing with group and group by time were 

accepted, while the portion dealing with time was rejected. 

4. The fourth hypothesis which stated that there would be no significant group, 

time, or group by time body fat percentage differences for female participants was partly 

accepted and partly rejected. The portion dealing with group was accepted, while the 

portions dealing with time and group by time was rejected. 

S. The fifth hypothesis which stated that there would be no slgnificant group, time, 

or group by time Quetelet Body Mass Index (BMI) differences for male participants was 

accepted. 
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6. The sixth hypothesis which stated that there would be no significant group, time, 

or group by time Quetelet Body Mass Index (BMI) differences for female participants 

was partly accepted and partly rejected. The portions dea~ing with group and group by 

time were accepted, while the portion dealing with time was rejected. 

7. The seventh hypothesis which stated that there would be 00 significant group, 

time, or group by time leg strength differences for male participants was rejected. 

8. The eighth hYPQthesis which stated that there would be no significant group, 

time, or group by time leg strength differences for female participants was rejected. 

9. The ninth hypothesis which stated that there would be nO' significant group, time, 

or group by time upper body strength differences for male participants was partly 

accepted and partly rejected. The portion dealing with group was accepted, while the 

PQrtions dealing time and grQUP by time was rejected. 

[0. The tenth hypothesis which stated that there would be no significant group, time, 

or group by time upper body strength differences for female participants was rejected. 

11. The eleventh hypothesis which stated that there would be no significant group, 

time, or group by time upper body endurance differences for male participants was partly 

accepted and partly rejected. The portion dealing with group was accepted, while the 

portions dealJing with time and group by time was rejected. 

12. The twelfth hypothesis which stated that there would be no significant group, 

time, or group by time upper body endurance differences for female participants was 

partly accepted and partly rejected. The portion dealing with group was accepted, while 

the portions dealing with time and group by time was rejected. 

Potential Applications 

The purpose of the present study was to investigate differences in rest periods 

between sets in strength training. Based on the results, two potential applications are 
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prescribed. First, for the individual wanting to significantly improve his or her strength, 

a resistance training program utilizing a rest period of no longer than 30 seconds is 

recommended. By keeping rest periods <30 seconds,. the individual will force additional 

motor units within the muscle to be activated due to fatigue setting in. This additional 

usage throughout a period of time win cause faster and greater strength gains in the 

muscles used. 

The second recommendation is for the individual wanting to significantly improve 

his or her muscular ,endurance. This individual is prescribed a resistance training 

program which employes a rest period of at least 90 seconds. The long rest between sets 

allows the motor units ,enough time to rejuvenate before being called upon again. As a 

result, this rest builds endurance in the muscle. Resting between sets for at least 90 

seconds throughout a training program will cause greater endurance gains in the muscles 

used. 

Recommendations 

The experience and knowledge gained by this investigator leads to the following 

recommendations concerning this and possibl'e future studies: 

1. It is recommended to further investigate differences within male and female 

groups in somatotype, body weight, strength, endurance, body composition, and 

measurements in relation to rest periods between sets in strength training, by lengthening 

the testing period to 15 to 20 weeks .. 

2. It is recommended to identify other strength and endurance tests and to compare 

results with this investigation for the same age range . 

3. It is recommended to further analyze the views of neural mechanisms determining 

strength increases. 
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4. It is recommended to conduct strength and endurance measures on computerized 

strength equipment. 

5. It is recommended to examine different, perhaps smaller, rest periods to increase 

possible comparisons. 
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Table I 

AGE AND PHYSICAL CHARACTERISTICS OF MALE SUBJECTS 

__ ..................... __ . ___ . ___ .......... ______ .. .... _._. __ ....... __ ...... _. __ . __ . ____ . __ .M~l~ .. §~.~I~~!_s:. ___ .................. _ ...... __ . ___ ._ .... _ ... .. .................. ..... _______ ... _ ........... _. __ 
Variables 
Age, years 
Height, in 
Weight (Pretest) 
Weight (posttest) 
% Body Fat (pretest) 
% Body Fat 
(Posttest) 
B.MI (Pretest) 
B.MI (posttest) 
Bench 1 RM 
(Pretest) 
Bench 1 RM 
(posUest) 
Leg 1 RM (Pretest) 
Leg 1 RM (posttest) 
Bench Endurance 
(Pretest) 
Bench Endurance 
(posttest) 

30 Second Rest Group 90 Second Rest Group Control Group 
19.7 19.4 20.2 
69 .7 ± 3.4 70.0 ± 2.6 70.6 ± 3.4 
183.8 ± 27 .7 176.6 ± 16.2 189.6± 13.1 
182.6 ± 24.4 176.0± 13.1 189.0 ± 13.3 
14.1 ± 5.2 11.6 ± 4.0 10.4±1.9 
11.7±4.8 9.6 ± 5.3 10.1 ± 2. 1 

26.7 ± 3.3 25.4 ± 2.3 26.9 ± 2.7 
26.S ± 2.9 25.4 ± 2.1 26.9 ± 2.8 
146.1 ±26.1 143 .3 ± 25 .5 161.4 ± 9.9 

183 .3 ± 25 .5 17L7 ± 22.9 162.1 ± 10.7 

193.3 ± 32.1 191.7 ± 27.6 162.1 ± 10.7 
231.1 ± 31.0 219.4 ±24.4 164.3 ± 12.4 
14.7±7.1 14.3 ±4.2 24.3 ± 3.4 

21 .9 ± 5.8 27.0± 4.6 25.1 ± 3.9 

"'-_ ...... 
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Table 2 

AGE AND PHYSICAL CHARACTERISTICS OF FEMALE SUBJECTS 

........................................................................................ .1:'.~~~[~ .~l:l~J~~~~ ......................... ............................................................. . 
Variables 
Age, years 
Height, in 
Weight (Pretest) 
Weight (Posttest) 
% Body Fat 
(Pretest) 
% Body Fat 
(posttest) 
BMI (Pretest) 
BMI (posttest) 
Bench 1 RM 
(pretest) 
Bench 1 RM 
(Posttest) 
Leg 1 RM 
(Pretest) 
Leg 1 RM 
(Posttest) 
Bench Endurance 
(Pretest) 
Bench Endurance 
(Posttest) 

30 Second Rest Group 90 Second Rest Group Control Group 
19.2 19.2 20.1 
67.7 ± 3.6 
150.2 ± 38.4 
148.2 ± 35.1 
22.2 ± 4.4 

20.3 ± 4.4 

23.l ± 3.4 
22.6 ± 3.0 
86.7 ± 20.3 

123.8 ± 21.9 

132.5 ± 20.6 

171.7 ± 20.9 

17.5±6.0 

25.5 ± 4.5 

41 

66.l ± 3.3 
140.4 ± 18.5 
138.1 ± 16.4 
22.8 ± 3.8 

21..0±3.2 

22.5 ± 1.5 
22.2 ± 1.4 
89.1 ± 22.8 

114.5 ± 25 .9 

129.5 ± 20.9 

156.8 ± 21.0 

16.4 ± 9.0 

27.4 ± 7.8 

65.9 ± 1.8 
146.7 ± 15.5 
146.3 ± IS.1 
22.7 ± 4.8 

22.6 ± 4.4 

23.8±2.1 
23.7 ± 2.0 
73 .6 ± 18.6 

7S .0±17.1 

117.9 ± 7.6 

120.0 ± 7.6 

21.9±4.4 

22.7±4.1 



Table 3 

ANALYSIS OF V ARI.ANCE RESULTS FOR BODY WEIGlIT FOR MALES 

_ .. _.M~~ .. ~~~J~.c.!~ ..... 
Source SS df MS F 
Group 1349,0 2 674,5 0.91 
Error 16273 .0 22 739,7 
Time 7.6 I 7.6 0.93 
Group X Time 1.2 2 0,6 0.08 
Error 178.8 22 8,1 
Total 17809.6 49 
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Table 4 

ANAL YSIS OF VARIANCE RESULTS FOR BODY WEIGHT FOR FEMALES 

__ . _~~~~~~_.~~p.i~~.!_s. . __ . 
Source SS df MS F 
Group 1189.3 2 594.6 0.42 
Error 38123 .8 27 1412.0 
Time 33 .. 6 1 33.6 1.67 
Group X Time 7.7 2 3.9 0.19 
Error 544.4 27 20.2 
Total 39898.8 59 
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Table 5 

ANALYSIS OF VARIANCE RESULTS FOR PERCENT BODY FAT FOR MALES 

___ __ M_~~._~~~J~~~~_._ .. 
Source SS df MS F 
Group 68.1 2 34.1 1.00 
Error 753.0 22 34.2 
Time 28.9 1 28.9 14.52** 
'Group X Time 10.3 2 5.2 2.59 
Error 43.7 22 2.0 
Total 904.0 49 

* * significant at the .01 level. 
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Table 6 

ANALYSIS OF V ARlANCE RESULTS FOR PERCENT BODY fAT FOR 
FEMALES 

Female Subjects 
Source SS df 
Group 17.6 2 
Enor 903.5 27 
Time 22.3 1 
Group X Time 8.3 2 
Error 29.2 27 
Total 980.9 59 

*significant at the .05 level. 
* * significant at the .01 level. 

Group by Time Interaction 

..... ~~.l!l~.~ .. ~:tI!>j~()t~ ... 
Rest 

0.5 

Test 
Pre Post 
22.2 20.3 

1.5 22.8 21.0 
C 22.7 22.6 

MS F 
8.8 0.26 
33.5 
22.3 20.63** 
4.1 3.82* 
1.1 
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Table 7 

ANALYSIS OF VARIANCE RESULTS FOR BODY MASS INDEX FOR MALES 

..... M~~~ ... §.~~j.~c!:~ ..... 
Source SS df MS F 
Group 21.7 2 ]0.63 0.73 
Error 321.22 22 14.60 
Time 0.12 1 0.12 0.69 
Group X Time 0.03 2 0.0 1 0.09 
Error 3.82 22 ,17 
Total 346.46 49 
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Table 8 

ANALYSIS OF VARIANCE RESULTS FOR BODY MASS INDEX FOR 
FEMALES 

Female Subjects 
Source SS df MS F 
Group 16.6 2 8.3 0.72 
Error 314.0 27 11.6 
Time 1.4 1 1.4 4.81 * 
Group X Time 0.4 2 0.2 0.79 
Error 7.6 27 0.3 
Total 340.0 59 

*significant at the .05 level. 
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Table 9 

ANALYSIS OF V ARlANCE RESULTS FOR 1 RM LEG PRESS FOR MALES 

. ____ M~~ __ §.!:l~j:~_~~~._. 
Source SS df 
Group 21428.6 2 
Error 28248.4 22 
Time 6276.8 1 
Group X Time 2590.0 2 
Error 177.0 22 
Total 58720.8 49 

* * significant at the .01 level. 

Group by Time Int,eraction 

Male Subjects 
Rest Test 

0.5 
1. 5 
C 

Pre 
193 .3 
191.7 
162.1 

Post 
231.1 
219.4 
164.3 

MS F 
10714.3 8.34** 
1284.0 
6276.8 78024* * 
1295.0 160.98** 
8.0 
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Table 10 

ANAL YSIS OF V ARIANCE RESULTS FOR 1 RM LEG PRESS FOR FEMALES 

..... :f.~.~~.~_~~!Jj~~~.~ ..... 
Source SS df 
Group 9872.6 2 
Error 18469.5 27 
Time 7416.5 
Group X Time 3040.7 2 
Error 501.4 27 
Total 39300.7 59 

**significant at the .01 level. 

Group by Time Interaction 

Femal,e Subjects 
Rest Test 

0.5 
1.5 
C 

Pre 
132.5 
129.5 
117.9 

Post 
171.7 
156.8 
120.0 

MS F 
4936.3 7.22** 
684.1 
7416.5 399.41 ** 
1520.4 81.88** 
18 .6 
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Table I I 

ANAL YSIS OF VARIANCE RESULTS FOR 1 RM BENCH PRESS FOR MALES 

_MlJlI~ __ §'~_~i~~!~ _____ 
Source SS df 
Group 474.0 2 
Error 21054.0 22 
Time 6014.7 1 
Group X Time 2768.5 2 
Error 263.5 22 
Total 30574.7 49 

* * significant at the .0] level. 

Group by Time Interaction 

Male Subjects 
Rest Test 

0.5 
1.5 
C 

Pre 
146.1 
143.3 
161.4 

Post 
183.3 
171.7 
162.1 

MS F 
237.0 0.25 
957.0 
6014.7 502.19** 
1384.2 115.58** 
12.0 
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Table 12 

ANALYSIS OF VARIANCE RESULTS FOR 1 RM BENCH PRESS FOR 
FEMALES 

Female Subjects 
Source SS df 
Group 9347.2 2 
Error 24731.6 27 
Time 6451.8 
Group X Time 2818.1 2 
Error 790.7 27 
Total 44139.4 59 

* significant at the . OS level. 
* * significant at the .. 01 level. 

Group by Time Interaction 

..... F.'~.~~.~ .. §:t:I~I~~!~ ... 
Rest Test 

0.5 
1..5 
C 

Pre 
86.7 
89.1 
73.6 

Post 
123.8 
114.5 
75 .0 

MS F 
4673.6 5.10* 
916.0 
6451.8 220.31 ** 
1409.0 48. 12** 
29.3 
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Table 13 

ANALYSIS OF V ARIANCE RESULTS FOR BENCH PRESS ENDURANCE FOR 
MALES 

Male Subjects 
Source SS df MS F 
Group 328.4 2 164.2 3.33 
Error 1084.0 22 49.3 
Time 589.5 1 589.5 234.90** 
Group X Time 274.8 2 137.4 54.75** 
Error 55.2 22 2.5 
Total 233 1.9 49 

* * significant at the .01 level. 

Group by Time Interaction 

Male Subjects 
Rest Test 

Pre Post 
0.5 14.7 21.9 
1.5 14.3 27.0 
C 24.3 25.1 
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Table 14 

ANALYSIS OF VARIANCE RESULTS FOR BENCH PRESS ENDURANCE FOR 
FEMALES 

Female Subjects 
Source SS df 
Group 5.5 2 
Error 2158 .0 27 
Time 621.7 1 
Group X Time 223.2 2 
Error 93.4 27 
Total 310l.8 59 

**significant at the .01 level. 

Group by Time Interaction 

Female Subjects 
Rest 

0.5 
l.5 
C 

Test 
Pre Post 
17.5 25.5 
16.4 27.4 
21.9 22.7 

MS F 
2.8 0.03 
79.9 
621.7 179.68** 
111.6 32.26** 
3.5 
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I:igure I 

CYI3 LX I .(:'g 1.~ :-;t ensl CH1 \ ,1achillc 



Figure :2 

C Y I3LX Leg Curl Machine 
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Figu r-e .1 

C'y' I-3 CX I-Iori zonla l Leg Press 'lachi ne 
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CYBEX Smith Machine (ror l1 ench Ple Ss) 
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Appendix A PAR-Q Form 

NNviE . _ _ ___ . __ .. __ _________ . ___ --'D""a=I "'-e ~Q~r Oirl!'L .. ___ . . __ . ___ . __ 

CURRENT ADDRESS _ ... . __ . __ 

In case or emergency , name and lelephone of person to cantnel 
Name ... _. _ _____ .. _ ..... _ ... _ .. ______ Telephone __ . ____ ._ . _. _. __ . ___ ._ . 

in case of emergency, what vilal inro r-mation should be relalcd 10 medical personnel (such a$ 
allergies, currenl medicat ion, ClC .)_ _ _ _ _ _ _ . _ _ _ ._. _ ._ ... _ .... _. __ . _._. __ . __ 

PAR Q & You 
I' A I( ·() is dc, 'gll('(l r Cliodp )' '''' hel p )'oll rS<:' lf. Ma ny heal! h benefits a rc aSS(K , ,'ll~l hi IIr rl' ~~lIl'" e (crci ,,:, G I1d r I ... 

(lln'f' I~1 ion of I' AX·Q"< " ~ "ll s ll> l{' firsl ~ Il'i' 10 (.lKe if you arc planning 10 increase Ihe allloun i of I'hysk~ I., c l " ' '')' 
!~-\ \'OUl life 

I·{) , mosl fX'Op ie [1hyS!(., 1 oKr, "I i)' shou ld nol po5·e <11,)' problem or Ita 7";' rd f' r\ I{'Q fl •• s u..~il d~s 'b n ed 10 " klll d,. 
Ih" small'Ol,mL--cr of adu ll s fo, " 'hom phYSical act iv il y mig.hl be inapprornal c o r IhoS<:' ,,,ilo sheJlrld ha Vl' m"l " " I 
~ (h-,,'c (O'K Cn\llle Ih(' If Pc of 3clie'il), mos t suitable for them. 

Common seilS{' is rour l>C51 bu id e in iI'\5wering thes·c few questions. Please rcad I he III arduli y dnd ch rd ; Ihl' 
CO:-r('C1 answe r opposi le \I", 'lul'stio n if il •• pp lics to you. 

Yes 1\'0 
o 0 i-lJS your doctor eve r said you have heart tro u ble ' 
o 0 2 
[ J 0 J 
00 <1 
DOS. 

Do you frL'quently have pa.ins in yo ur heMt .11lU c hest ' 

Do you oft en fee l faint or have spells of ,el'{'le di7.1.iness;' 
Has a doctor ever said your blood pressure was 100 high) 
Has your doctor ever told you that you hav,c i\ bone or joint p roblem 
such as arthritis that has been aggravated by exercise or might Ix> 
m?dc worse wi th exercise? 

o o Is there a good physical reason not ment iOlled herl' \·:hy you sho'.dd 
not foll ow a n activity program even Ii you wa n led to? 

o o 7. Arc you o ve r age 65 and not accustomed 10 I'lgorous exerc ise ? 

Yes to one or more questions 

11 you have not recently done so, con
sul t with you r personal phys ic ian by 
telephone or in person before increas' 
ing your physica l activity and/or tak
ing a {ilness appraisal. Tell your p hy
sician what questions you answered 
"yes" to on PAR-Q or present your 
PAR-Q copy. 

Programs 

After medical eva luation, seek ad vice 
(rom your phYSician as to your su.il
ability for 

unrestricted physical ac tlv i!y s tart
Ing off easily a nd progress ing , 

gradu illly , ilnd ~ 
• re~ t ncted o r su pervised i\ctivi ty to 

Ill eel rou r spc<:"j{ic ncrd s, at leas t on 
M\ inillJl basis. C h('('K in your com· 
mun i : y lo r 5p c'0<11 progra llls or ser· 
Vice .. 

- - -- ----------_.----
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No 10 all ques ti ons 

if youal\Swcre-d I'AR-Qa ccurateir. you 
have re asonable aS5urance_.o{ yo ur 
present suitabil ity (or 

• a gradu,lted exercise program---a 
graduallIlcrease in proper exercise 
promo tes good fi bless development 
while minimiz ing or el imi na tlOg 
discomlort - and 

• a fitness appra l~ i-- the Ca nildlMI 
SLandard ized Test 01 r:i !ness (CSTIl 

POSlpone 

~{ YO-lI-I-\a-\-' c-;;-;-~~I~-p-o-r-J I-' y- Ill i n or Ii I nes.<; , 

such as a common co ld - --_ ... _ .. - ... _--- _ ._--- _ ..-' 



Appendix B. Somatotype Rating Form 

---------------------- -------------------_._--------------
HE,II"Ui·(" R1ER SOM ... I0Trpr !:.l'IH:(. (0"' ...... 

._ ., ~?J -{, II ' ·0 <;c 
;l7l.-..;I , / Y :--, 

---

".r r[l ', , .};I. o ~ h'J !o('l 

lortlol 
; : i: :~i; Ii . : lS l ~ 7040 

·)<II ... ·,I ~: I .i ' / 0 1 ",. 
!lo.nl 

\ UlJl iIo1 • .J( Y'7 tofl''''C'1 
l., (JlI! 

101M \,,,rOl Q\ , 0 
~-(-"-'----'-1-7-I-f-~~~~·~~~~~~f~"~----,-"---,--.---_- _. -_- -_-_- _-_-_._~~~~--_- ___ -_ _ --_-_-__ --_ .. ________ ,_'_'_'_" ___ '_" ___ '_'_1 

60nr ' H\JI!(,ru '!o 

. 1!I '( tJ~ ~"',nrOIIlI 

( .!:!lit 
. lOll S.,n.l0111 1 

"t-3f./-1.7-

Wf'fnl ". 
", ,y;-

, 1370 

, ~ 

\\_01<.> \8.! \9.1 61.0 >/; p ti~ I ~I 0 ol ' '. D :; \ 'i ~ " I J(.~ ; : 

5.19 : . ~~ 5.4,95 .. 615.18 5.91@.!] t .3; S:' . : ;~. t :,;: ~ -), I D9 i ?~ ;.lIl .: '.I i i ~. ; ~ . : «ti El l B l~ 610 .a '.J,S 

1.'1 - ;] ',8) 8..04, 8.l~ ij,J) ~.t·~ S.E,' '9&, 0 ::? C; ' ;) ~ ~I 10 If :~' ll l~l ~ J le ;1 : ;·.'l~ 11) 1 11 Sf ~1 j~ :: tXl 1711 

2J; ;: I 1'.~ 11.l l'b.' J' OCJ)I!i.l I," I'! 

l1.1 ::j 'l~iJ JO I Jru jU. ~~ J ;3.1 :! ~ l~ 

I' ; 

Uw<, Ilml\ 11.'l'l 12.17 1; ;3 ii J ~ 119\ 

"'1!j'OOlnl .. d II I, I? ~ ; :1 " i .~ . :.~. 

low~1 11m.! "'" 11.(1\1 I}=]@!l !~ 

I~ I IQD 0 CO .... PONo(,.,: 

.. 

" 

------- -- .. ----.----------~ 

; ~ 

:; H. 

" \;:./ '" 

:' \6 

. j "; 

:UJ 

::; ;; ; j II 

Il.G: ~; ~. 

13'>& ~ j -, 

1,1'/;/ !.l 

(o .. po,n .. ' 

I~ 19 

I: ,)1 

ll 'l,) 

,-, 

,----.- - Ul 

.;; 

: ~ }S 

il:' r; 

1"](' 

r' ~ 8 ; 

" 
;! il- 1101 I~ , n :).1! II.GJ 

-, '0 U ~I 1\. 12 I' Jj 11.1] 

: : If' I~ 81 11 01 I~ n II '] 

f' : ,', 

---- ---- ----1 

He3lh -Carte, Som~lolype Rating Form 

63 



Appendix C. Determining the Endomorphic Component 

Following are the steps to determine the endomorphic component 

1. Sum the obtained values from the following skinfold measurements triceps, 

subscapular, and suprailiac. 

2. The second step is to find where the closest value equaling the sum is on the total 

skinfold scale. The first component for that column is circled. 
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Appendix D. Determining the Mesomorphic Component 

Following are the steps to determine the mesomorphic component: 

I . Place an arrow above the column containing the subject's height. 

2. For the two bone measurements (humerus and femur breadth), circle the closest 

figure in the appropriate row. Where a decision must be made to circle either a higher or 

a lower number, circle the one which is closer to the height column. 

3. Subtract the triceps skinfold from the biceps circumference. To do this, fi rst 

convert the triceps to centimeters by moving the decimal point one place to the left . 

4. Now subtract the calf skinfold from the calf circumference. Again, change the 

calf skinfold to centimeters by moving the decimal point one place to the left . 

5. Circle these two corrected measurements in their proper rows. 

6. Using the height column as the starting column, count the number of columns 

each other circled value deviat,es from this starting point. The average deviation of these 

measurements equals the total divided by four . This represents the average deviation 

from the height column. 

7. Take the average deviation from the height column and add 4. This value gives 

the obtained final value for the second component. 
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Appendix E. Determining the Ectomorphic Component 

Following are the steps to determine the ectomorphic component: 

1. Determine the Ponderal index, which is the height divided by the cube root of the 

weight by using Appendix F, and record this value . 

2. On the somatotype rating form, cirdethe closest value and note the somatotype 

in the third component row under the column. 
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Appendix F. Pondural Index 

Height Weight 
Iins. Ibs. 

80 900 

79 

78 

77 HYvw 
76 16.00 

70 
I~ 

74 11:1 
IOD 

73 

72 
14.15 

71 /'4.0 

70 121:1 
- 13.:5 

69 140 

13.0 1415 
68 

1:S0 

67 12.:1 1:1:1 

66 160 
12.0 16:5 

6~ 170 

11.:1 17S 64 
180 

63 11.0 185 

190 
62 19:1 

10.:1 200 
61 

21'0 
60 10,0 

220 

159 

9.:5 2~ 

oa 
240 

07 9.0 -250 

06 -
2.60 

270 

- UIO 

290 

JOO 

Po nderal 
HI. 

ind'ex .: '7 =, 
\ W 
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