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CHAPTER I 

INTRODUCTION 

Coaches have become increasingly concerned with the 

preparation of athletes during the non-competitive segment 

of the sport season to provide them with the skills neces-

sary for the rigors of competition. This preparation, or 

the offseason training program, has become a standard part 

of many secondary school interscholastic programs. One 

type, usually implemented at large schools, begins at the 

completion of the football season and extends to the end 

of the school year. Another type of program begins at the 

completion of the basketball season and extends to the end 

of the school year. The desired result of the offseason 

training program has been to improve the skill level and 

to upgrade the physiological status of the athletes. A 

logical assumption is that the athlete would exhibit a 

more efficient performance with fewer injuries during the 

competitive sport season. It is well known that a high 

percentage of athletic injuries are caused by poor muscu-

lar and physiological conditioning (6,7). Cahill (7) re-

ported that football players who had been conditioned 

prior to the start of the season had 6 8% fewer injuries 

0 



than unconditioned players. Conditioning is generally 

described as a program of exercise designed to improve 

the general components of fitness and energy supply 

systems. 

Training is the term used to describe a program 

of exercise designed to improve the skills and energy 

capacities of athletes for a particular event. 

Coaches have felt that the offseason training 

program should enhance performance and reduce injuries 

by making the athlete stronger, faster, and more skilled. 

In addition, the majority of offseason programs have 

stressed increases in muscular strength, muscular endur-

ance, cardiovascular endurance and agility. The acqui-

sition of sports skills has also been highly stressed 

(5,23,26). Other exercise physiological variables, such 

as anaerobic power, reaction time, and movement time have 

also been a prime concern because it has been acknowledged 

that an increase in these variables should enhance com-

petitive performance (8,35). 

Training of the two primary energy supply systems 

is a major concern of sport programs. The aerobic system 

is used in such activities as marathon running, distance 

swimming, and in cross country skiing or in any sport which 

requires a reduced output of power over a prolonged period 

of time. The anaerobic system is used in most competitive 

sports such as football, basketball, baseball, sprinting. 
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golf, and tennis, or in any sport which requires a high 

output of power over a short period of time (16,34). 

Work and power are components of any energy supply 

system which deals with force and movement. Work has been 

defined as the application of a force (F) through a given 

distance (D) or Work = F x D. The completion of a task in 

which a weighted object is moved over a distance would be 

expressed in foot-pounds and considered work. Power is the 

term used to express work done in a unit of time (t), and 

may be expressed as: 

„ Work Power = =-' , or Time 

„ F X D Power = — - — 

The capacity of the anaerobic system to perform work, or 

anaerobic power, is well known because the anaerobic system 

is used as the primary energy supply system in most sporting 

events (16,34). 

Anaerobic power has been defined as mass times 

velocity and is synonymous with explosive force or the abil-

ity to produce maximum force within a very short period of 

time (3 3). Research indicates that the energy needed for 

any movement which is explosive and is sustained for a short 

period of time is derived from anaerobic metabolism (16,25, 

32,33,34). Anaerobic power is the major energy capacity 

supply system used in most sport events because short, ex-



plosive movements are basic to performance. Contrary to 

popular opinion, Fox (16) has determined that the majority 

of sports activities are anaerobic in nature as shown in 

table 1. As an example, the energy supply system utilized 

in wrestling is 10% aerobic and 90% anaerobic. 

Reaction time is the time difference between the 

onset of a stimulus and the initiation of a response. 

Fulton and Hubbard (17), testing twenty-five males between 

the ages of 9 and 17 have found that reaction time tends 

to lower with age after puberty. They concluded that 

reaction time was not dependent upon strength and that 

reaction time was lowest when the subject concentrated on 

the stimulus (sensory set) rather than the response (motor 

set) . 

A sprinter in track will react faster if the concen-

tration is on the sound of the gun rather than on the race. 

Levitt and Gutin (30) reported that reaction time was ad-

versely affected by fatigue, and although reaction time and 

movement time were usually tested simultaneously, the cor-

relation between movement time and reaction time has been 

shown to be insignificant (9,19,20,40). 

Movement time is the time between the initiation of 

the response to a stimulus and the completion of the 

desired movement. Wilkin (43) and Zorbas and Karpovich 

(44) have determined that the speed of a particular move-

ment was not adversely affected by weight training and 



TABLE 1 

THE ENERGY CONTINUUM AND VARIOUS 

SPORTS ACTIVITIES 

AEROBIC 

Weight lifting 
Diving 

Gymnastics 
20 0 meter dash 

Wrestling 
Ice hockey 

Fencing 
100 meter swim 

Tennis 

Field hockey 

800 meter dash 

Boxing 

2000 meter rowing 

1 mile run 

400 meter swim 

2 mile run 

3 mile run 

10,000 meter run 

Marathon 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

100 

90 

80 

70 

ANAEROBIC 

100 meter dash 
Golf & Tennis swings 
Football 

Basketball 
Baseball 

Volleyball 
500 meter skating 
400 meter dash 

Lacrosse 
Soccer 

60 

50 

40 

30 

20 

10 

0 

200 meter swim 
1500 meter skating 

1500 meter run 

800 meter swim 

Cross country running 

Cross country skiing 

Jogging 



that strength was a major factor in decreasing movement 

time. Fulton (17) supports this proposition by concluding 

that strength is a contributing factor in faster movement 

time. 

Henry and Rogers (21) determined that reaction time 

and movement time are specific to the task performed. The 

learning involved in decreasing a specific reaction time 

or movement time is more a product of the impression on the 

brain memory cells than on any other factor. Therefore, 

the repetition of a specific movement should produce a 

greater proficiency for that task than increased strength 

or conditioning. 

Brittain and Cain (5) and Colfer (14) stated that 

one of the factors determining the success of an athletic 

team during the competitive season was the offseason train-

ing program which promotes gains in such physiological 

variables as anaerobic power, reaction time, and movement 

time. 

The offseason training program is primarily con-

cerned with the preparation of athletes for competition. 

It has been expressed that an increase in anaerobic power 

and a decrease in reaction time, and movement time would 

result in an increase in competitive performance. 



Statement of the Problem 

The purpose of this study was to identify and test 

those physiological variables which are thought to be 

affected by an interscholastic offseason athletic train-

ing program. The following null hypotheses were presented: 

1. There will not be a significant improve-

ment in anaerobic power values as measured 

by the Vertical Jump Test and the Margaria 

Stairstep Test. 

2. There will not be a significant improve-

ment time or movement time of the foot as 

measured by the Dekan Performance Analyzer. 

3. There will not be a significant improve-

ment in reaction time of the hand as measured 

by the Dekan Performance Analyzer. 

Scope of the Problem 

The results of this study were limited to the data 

collected from forty-five high school students from Lorenzo 

High School, Lorenzo, Texas, which during the 1978-79 

school year had an enrollment of 171 students in grades 

9-12. The number of subjects in this study was equal to 

the number of male athletes from grades 9-11. The study 

was limited to a class period of fifty-five minutes, five 

days a week, for twelve weeks. The number of students 
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available and the amount of class time limited the investi-

gative procedures. The treatment period was limited to 

twelve weeks of conditioning activities. There were no 

restrictions placed on the work or play activities of the 

subjects during the experimental period. 



CHAPTER II 

REVIEW OF THE LITERATURE 

This chapter contains a review of the literature 

concerning offseason conditioning programs and the litera-

ture concerning the relationships between the increase 

or decrease in the components of physical conditioning 

and sports performance. The review is divided into sec-

tions which describe offseason conditioning programs, the 

relationship of strength training to athletics, the re-

lation of strength training to the development of power, 

the relation of reaction-movement time to sports skills, 

and criteria and methods for evaluation of anaerobic power, 

reaction time, and movement time. 

Offseason Conditioning Programs Descriptions 

The preparation of the athlete for competition has 

become a vital part of the high school offseason program. 

The offseason program should have as its primary objectives 

reducing the chance of injury and enhancing athletic per-

formance. 

Cahill (7) performed an eight year study on college 

football players in Illinois. During the first four years 
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the players had no conditioning program prior to the start 

of the competitive season. Knee injuries from the start of 

the playing period to the third game were recorded. Dur-

ing the second four years of the study, a preseason con-

ditioning program was instituted on a voluntary basis. The 

participants in the conditioning program trained for six 

weeks, three days a week, prior to the start of the season. 

The subjects, who trained for 90 minutes each session, lift-

ed weights and underwent a program of flexibility exercises, 

running, and agility drills. It was found that the 

athletes who participated in the conditioning program had 

68% fewer injuries than the non-participants. Cahill's 

study was supported by Brown (6), who stated in a clinic 

address that his experience had taught him that the develop-

ment of increased muscular strength by the athlete would 

reduce the number of injuries in football. 

Kimbrough (26) stated that a part of his team's suc-

cess was due to a comprehensive offseason training program 

which stressed the need for strength, agility, and good 

work habits. The conditioning program was divided into 

three areas: weight training, running agility, and mat 

agility. The weight training program consisted of eight 

exercises that involved the total muscular system. Exer-

cises included the bench press, curls, upright rowing, 

shiver, sit-ups, press, squats, and neck rowing. All exer-

cises were administered using three sets at varying repe-
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titions from 5-12. The running agility program consisted of 

different types of running drills across a football field. 

Examples of these drills include backward running, high 

knee pumps, form running, overstrides, and 45 degree angle 

running. Agility drills used were the two point wave, four 

point wave, carioka, speed roll, and stance and starts. 

The mat agility program consisted of mat gymnastic exer-

cises such as forward rolls, backward rolls, and hand 

springs. Kimbrough stressed that during the offseason 

program constant attention was given to completing the 

exercise in a precise, correct manner. 

Brittain and Cain (5) described their offseason 

training program of weight training, running, agility, 

and flexibility. The weight training program contained 

the following exercises: bench press, military press, 

dips, latissimus dorsi pulls, neck bridge, upright rowing, 

forearm extension, sit-ups, toe raise, leg press, leg curls, 

leg extensions, and half-squats. The upper body exercises 

were performed on Mondays and Wednesdays and the lower 

body exercises were performed on Tuesdays and Thursdays. 

The upper body exercises utilized three sets of 6-10 

repetitions, the lower body exercises three sets of 15-20 

repetitions. The running program was composed of the high 

knee crossover, goose step, high knee lift, form run, and 

stance and starts. The agility drills included two point 

agility, four point agility, and mat skills. The two point 
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agility drills were rope runs, wave drill, quarter eagle, 

carioka, recoil, and shuffle. The four point agility drills 

were the bear walk, hip roll, horizontal run, wave drill, 

star drill, mirror drill, and circle drill. The mat drills 

consisted of shoulder rolls, hip rolls, forward rolls, 

backward rolls, and dive rolls while the flexibility pro-

gram emphasized static stretching of the legs, back, and 

neck. 

Reeves (38) described a typical Texas high school 

offseason training program consisting of weight training, 

agility drills on the tumbling mat, and running drills. 

The weight training program was conducted exclusively on 

the Universal Gym and the athletes were required to lift 

70% of their maximum weight for the exercise. The ath-

letes performed as many repetitions as possible for twenty 

seconds and were given a forty second rest period between 

the required two sets. The agility program included neck 

isometrics, four point wave, two point wave, belly slammer, 

and mirror drill. The running drills used were the high 

step crossover, back pedal, chute drill and the triple S 

drill. The author stated that the training nrogram empha-

sized quickness in the weight exercises as v/ell as all 

j 

1 

? 

drills. 

Offseason training programs which have stressed 

strength gains, improvement of agility, and an increased 

performance of related sports skills are felt to be an 

^ 
"•V. i- ••• •.•y-jaiaaajft.-mft >-.• iXJBn 
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integral part of the average high school athletic program 

by the majority of coaches and trainers (13,14,23,27,35, 

39) . 

The Relationship of Strength Training to Athletics 

Ball (1) studied 63 college males to deterraine the 

effects of isometric training on vertical jumping ability. 

The subjects were divided into two groups: (a) an exper-

imental group which exercised by static contraction, three 

times a week for six weeks and (b) a control group which 

did not participate in a training program. The subjects 

were tested using a vertical jump test and a tensiometer 

strength before and after the training program. The 

author found an increase in strength among the experimen-

tal group but no increase in vertical jumping ability. 

The control group showed no increase in either variable. 

Berger (3) studied 89 male college students to 

determine the effects of dynamic and static programs on 

vertical jumping ability. The subjects were divided into 

four groups and trained three times weekly for seven weeks. 

The subjects were tested before and after the training 

period by measuring their vertical jump. Group I (N=29) 

exercised dynamically with the deep knee bend exercise. 

One set of 10 repetitions using the 10-RM load was per-

formed. (Rí4 is the symbol used to represent repetition 

maximum or the maximum number of repetitions which can be 

• • • • • • • • • • • » > - r > / .<< 
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performed with a certain amount of weight.) If the sub-

ject performed more than the 10-RÍ4, the load was increased. 

Group II (N=20) exercised dynamically at 50-60% of 10-RM 

for one set of 10 repetitions of jumping squats each training 

session. The 10-RM was determined every two weeks and 

adjustments were made in the training schedule. Group III 

(N=21) was trained statically at two different positions 

of knee flexion. One maximum contraction for each position 

was performed from 6-8 seconds each training session. Group 

IV (N=19) performed a vertical jump ten times each session. 

The subjects were motivated to perform the exercise with 

maximum effort by being given a grade on their performance. 

Berger found that Groups I and II increased significantly 

in vertical jumping ability. He concluded that (1) dynamic 

training resulted in an increase in vertical jumping height, 

(2) static training did not increase vertical jumping 

height, and. (3) the practice of vertical jumping ability 

did not produce an increase in vertical jumping height. 

Berger (2) studied the relationship between static 

strength and dynamic strength by testing 78 male college 

students for maximum strength, both dynamically and stati-

cally. The subjects were divided into two groups. Group 

I (N=37) trained statically with a back pull machine, uti-

lizing three sets of six-second maximum contractions. 

Group II (N=41) trained dynamically with a back hyper-

tension exercise and perfonRed 8-12 repetitions each train-
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ing session with maximum muscular effort. Both groups 

trained three times a week during the twelve week training 

period. The groups were tested before and after the train-

ing period for maximum strength. It was found that both 

groups gained in strength but Group I gained more static 

strength than Group II and Group II gained more dynamic 

strength than Group I. 

Wilkin (43) tested 63 male college students on the 

effects of weight training upon movement speed. The sub-

jects were divided into three groups: (a) non-weight 

lifters (N=30), (b) world class weight lifters (N=15), 

and (c) a control group of swimmers and golfers (N=13). 

Group A exercised for thirty minutes, three days a week 

in an elementary weight training class for a semester. 

Group B exercised one hour each day on individualized 

workouts. The groups were tested before and after the 

semester training period for movement speed of the arm 

using a bicycle crank mounted and attached to a v/all. 

The author found that weight training did not create a loss 

of movement speed and that weight training increased mus-

cular endurance. 

Zorbas and Karpovich (44) tested 600 men between 

the ages of 18-30 for arm rotary m.ovement speed. The sub-

jects were divided into two groups: (a) no weight train-

ing experience (N=300) and (b) weight training experience 

(N=300). The weight training group was significantly 
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faster in rotary arm movement. The researchers concluded 

that weight training increased movement speed. 

Chui (11) determined the effects of isometric and 

dynamic weight training exercises on the strength and move-

ment speed of 96 college males. The subjects were divided 

into four groups and were tested for strength and movement 

speed before and after a nine week exercise program. 

Group I (N=24) exercised by isometric contraction, per-

forming three sets of six second contractions for three 

days a week. Group R (N=24) trained by performing rapid 

dynamic contractions on six exercises with three sets of 

ten repetitions and adding five pounds with each set. 

Group S (N=2 4) trained by performing slow dynamic contrac-

tions of three sets of ten repetitions at a slow speed and 

increasing the load by five pounds with each set. Group 

C (N=24) was the control group that attended a physical 

education class. A cable tensiometer was used to record 

strength. It was found that the gains in strength cor-

related with the gains in movement speed. 

The Relation of Strength Training 

to the Development of Power 

Berger and Henderson (4) studied 6 6 college males 

to determine the relationship between strength and power. 

The subjects were tested for (a) dynamic leg strength, 

(b) static leg strength, and (c) leg power. The principle 
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that power = work/time was measured by the Vertical Jump 

Test. The three areas were examined in four different 

sequences over a 15 day period. The researchers concluded 

that dynamic leg strength and static leg strength were 

related to leg power. 

O'Shea (37) tested 30 subjects for the development 

of strength and muscular hypertrophy before and after a 

six week weight training program. The subjects were di-

vided into three groups of ten and trained three times a 

week. Group A trained on three sets of 9-10 repetitions; 

Group B trained on 3 sets of 5-6 repetitions. The subjects 

trained with maximum weight loads for the number of repeti-

tions required. All training programs resulted in the 

improvement of strength and no significant difference was 

found between the three systems of training. 

Capen (8) studied 71 subjects concerning the effect 

of weight training on power, muscular strength, muscular 

endurance, and cardiovascular endurance. Group A (N=42) 

participated in two days a week in 14 weight training exer-

cises which consisted of: (a) high pull-up, (b) two arm 

curl, (c) side bend, (d) two arm press, (e) two arm snatch, 

(f) dead lift, (g) bench press, (h) sit-up, (i) squat 

jump, (j) pull-overs, (k) lateral raise, (1) front raise, 

(m) bent lateral raise, and (n) prone lateral raise. One 

set of eight repetitions was used in the training program. 

Group B (N=29) participated in general conditioning exer-
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cises 40 minutes a day, two days a week. The exercises 

consisted of two weeks of tumbling, bag relays, and run-

ning; three weeks of lifts, carries, hand combats, and 

running; and five weeks of conditioning gymnastics. A 

variety of tests were administered before and after an 

eleven week training period. The tests measured muscular 

strength, muscular endurance, cardio-respiratory endurance, 

and athletic power. Both groups increased statistically 

in the four areas but Group A achieved a greater statis-

tical increase in the events involving power and speed. 

Chui (10) studied 45 subjects to determine the effect 

of weight training on athletic power and movement speed. 

Group I (N =23) participated in a semester weight training 

program two to three times a week for one hour. The treat-

ment consisted of 16 exercises with one set of 8-12 repe-

titions. Group II (N = 22) participated in a required 

physical education course. Data were collected on seven 

items before and after the training period. The seven 

items were (1) body weight, (2) standing Sargent Jump, 

(3) running Sargent Jump, (4) standing broad jump, (5) 

8 pound shot put, (6) 12 pound shot put, and (7) 60 yard 

sprint. Pretest and posttest means were calculated and 

it was determined that athletic power and movement speed 

could be increased by weight training. 

Considine and Sullivan (15) studied the relationship 

between leg strength and leg power. Thirty-eight college 
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males were tested on seven events: (a) vertical jump, 

(b) standing broad jump, (c) chalkboard jump, (d) 5 yard 

sprint, (e) 10 yard sprint, (f) running 5 yard sprint, 

and (g) vertical jump from a force platform. The means 

and the standard deviation of the scores were determined 

to be 93-99% reliable. The correlation between leg 

strength and leg power was .36 and the researchers con-

cluded that leg strength was only one contributor to 

leg power. 

Jackson and Frankiewicz (22) tested 50 male college 

students in 16 strength, work, and power tests to deter-

mine the basic factors involved in muscular strength. A 

theoretical model of the muscular strength domain was 

hypothesized which included (1) the types of contractions, 

(2) the biomechanical quality (force, power, work), and 

(3) the body segments (arms, legs). The subjects were 

tested after a college weight training program. The tests 

were grouped into six areas to represent the hypothesized 

cells of the model. The six areas were static-force-arms, 

static-force-legs, explosive-force-arms, explosive-power-

arms, dynamic-work-arms, explosive-work-legs, and explo-

sive-power-legs. The analysis of the data revealed that 

four of the cells were confiinned to be factors of muscular 

strength. These four factors were static-force-arms, 

static-force-legs, explosive-power-arms, and dynamic-v/ork-

arms. The two factors, explosive-work-legs and explosive-
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power-legs, were considered to be statistically supported 

when height and weight were controlled. It was concluded 

that muscular force is essential for work and power. 

Margaria and others (32) studied the effects of run-

ning up a flight of stairs, two steps at a time, on 131 

male and female subjects. The time interval between the 

fourth and sixth jumps (70 cm.) was recorded. Two steps 

were used because it was determined that for persons of 

normal body build, this height was optimal +5%. The dura-

tion of the complete exercise was 4-5 seconds maximum 

with a recorded time between 1-2 seconds. The results were 

compared to a proven test of anaerobic power release, and 

it was concluded that the stairstep test was a valid 

method of measuring anaerobic capacity. Because of this 

research, Margaria (33) determined that anaerobic power 

is best measured by the Stairstep Test because of the need 

for quick movement over a short distance. 

The Relation of Movement Time and 

Reaction Time to Sports Skills 

Sports skills involve a combination of reactions and 

movements. Singer (40) defines reaction time as the period 

of time between the presentation of a stimulus and the 

initiation of the response. He defines movement time as 

the period of time between the initiation of the response 
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and the completion of the response. Therefore, reaction 

time and movement time are two distinct parts of the total 

response time involved in reacting to a stimulus. 

Smith (41) tested 40 male college students for the 

effect of stretch, tension, and relaxation upon the re-

action time and speed of arm movement. The subjects were 

tested under three conditions; arm tensed, arm relaxed, 

and arm stretched. The investigator found an insignifi-

cant correlation between movement time and reaction time 

and concluded that an athlete with a quick reaction time 

could have a very slow movement time. 

Levitt and Gutin (30) studied the effect of fatigue 

on reaction time and movement time. Twenty-five male 

college students participated in reaction time and movement 

time tests while exercising on a treadmill. For the tests, 

on the front of the treadmill a reaction time (RT) button 

was situated in the center of a semicircle, equidistant 

from five response buttons with lights. Randomly the light 

would illuminate and each subject was required to raise 

his finger from the RT button to press the button corre-

sponding to the light. Each subject was given 30 trials 

at varying heart rates. The two best and the two worst 

times were discarded and the mean of the 26 remaining 

trials was considered for analysis. The researchers 

determined that reaction time was adversely affected by 

a rising heart rate and fatigue, while movement time was 
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enhanced by a rising heart rate. 

Christina (9) studied 30 male college students to 

determine the effect of enforced motor and sensory 

sets on reaction times and movement times. The subjects 

were given 4 0 trials under the motor set and 4 0 trials 

under the sensory set. It was found that the enforced 

motor set resulted in longer reaction time, but there was 

no significant difference in movement time values. 

Fulton and Hubbard (17) studied the effects of puberty 

on str̂ ength, reaction, and movement time by testing 25 

males, and 25 females, between 9 and 17 years of age. The 

subjects performed 10 trials with each limb on two tests 

of strength and reaction time with knowledge of results 

reported after each trial. The mean reaction and movement 

times were computed, and it was found that reaction time, 

movement time, and strength improved remarkedly during 

adolescence. Movement time and strength correlated highly 

while there was no correlation between reaction time and 

strength. 

Clark (12) studied 4 8 male college students to deter-

mine the correlation between movement speed and the 

strength/mass ratio. The mass and the strength of the 

subject's right arms were deteremined, and the subjects' 

arm movement was tested. In contrast to the preceding 

study, it was found that strength did not significantly 

correlate with specific arm movement times. 
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Krakenbuhl and others (28) studied the effects of 

motor and sensory sets on the reaction and movement time of 

14 female college swimmers. All subjects participated in 

20 trials of the grab start of swimming with 10 trials of 

enforced motor sets and 10 trials of enforced sensory 

sets. It was found that the mean reaction and movment 

time of the sensory and motor sets was not significantly 

different and the correlation between reaction time and 

movement time was not statistically significant. 

Norrie (36) tested 4 8 male college students for the 

effects of movement complexity on reaction time and move-

ment time. Twenty-four subjects performed three trials 

on simple tasks, and 24 subjects performed three trials on 

complex tasks. It was found that reaction time and move-

ment time increased significantly with complexity. 

McGown (31) studied 24 male college students concern-

ing the effects of motor and sensory set on reaction time 

and muscle electrical activity. Each subject performed 

96 trials. The subject's mean reaction time was computed 

for both sets. It was found that at low intensity levels, 

the sensory set yielded faster reaction times, and at 

high intensity levels, the motor set yielded faster 

reaction times. 

Haywood and Teeple (18) studied 24 male and female 

college students to determine the optimal number of trials 

in testing for reaction time and movement time of the hand. 
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The subjects were given 35 trials and the mean reaction 

time and movement time was calculated. The means of 3-8, 

3-7, 3-6, 3-5, 3-4 trials were found to be absent of trend 

and there was no significant improvement from trials 9-35. 

The researchers deteremined that the optimal number of 

trials to determine reaction time and movement time should 

be 1-8 with the first two trials used as practice trials. 

Henry (19) studied the correlation between reaction 

time and movement time on 30 subjects. Each subject was 

given 4 0 trials of responding to an auditory stimulus by 

moving the right arm at maximal speed for 117 centimeters. 

The correlation between reaction time and movement time 

was 0.06. Henry then tested 120 college men on the same 

test. Each subject participated in 12 trials. The last 

8 trials were averaged for statistical data to reduce the 

tendency for the scores to skew. The correlation of this 

study was 0.02. It was conciuded that reaction time and 

movement time were independent and unrelated. 

Reaction time and movement time has been tested by 

many researchers. Smith (43) studied the effects of 

stretch, tension, and relaxation upon the reaction time 

and movement time of the arm. Levitt and Gutin (34) 

studied the effect of fatigue on reaction time and move-

ment time. Christina (10) studied the effect of enforced 

motor and sensory sets on reaction time and movement time. 

Fulton (18) studied the effect of puberty on reaction time 
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and movement time. Norrie (38) studied the effect of move-

ment complexity on reaction time and movement time. The 

researchers have measured reaction time and movement time 

by having the subject respond to a stimulus, usually a 

blinking light. The time interval between the presenta-

tion of the stimulus and the start of the movement has 

been measured as reaction time. 

Henry (21) and others (18,31,42) have determined that 

there is no correlation between movement time and reaction 

time. Movement time is usually tested simultaneously with 

reaction time because the time interval from the start of 

the response to the stimulus until the completion of a 

required pattern has been measured as movement time. 

Summary of Literature Review 

The research reviewed in this chapter contains 

articles which describe the typical high school offseason 

conditioning programs; studies which have determined the 

relationship of strength training to athletics, the relation 

of strength training to the development of power, and the 

relation of reaction time and movement time to sports 

skills. 

The Sargent Vertical Jump Test has been used in many 

of the preceding studies (1,4,8,15) to indicate varying 

degrees of anaerobic power as it measures the power in-

volved in the movement of the lower trunk and legs. 
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The Stairstep Test has been used by Margaria (34,35) 

to indicate anaerobic power involved in a quick movement 

over a short distance. 



CHAPTER III 

METHODS AND PROCEDURES 

Subjects 

This chapter discusses the physical conditioning 

program, the procedures for collecting the data, and the 

statistical analysis of the data. The physical character-

istics of the subjects are presented in Table 2. 

TABLE 2 

PHYSICAL CHARACTERISTICS 

Range Mean (S.D.) 

Age 14-17 15.5 (.9077) 

Ht. (Inches) 60-72 68.1 (3.234) 

Wt. (Pounds) 89-189 144.73 (22.94) 

Treatment Program 

The offseason conditioning program was divided into 

two work phases. Phase I consisted of an eight week period 

from the end of the basketball season to the end of the 

track season. Phase II consisted of a four week period 

from the end of the track season to the end of the academic 

year. 

The objective of Phase I was to increase muscular 

strength and endurance, reaction time of the foot, and 
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anaerobic power. The subjects were divided into two groups. 

Assignments to groups was based on the IRM bench press of 

the subjects. (The subjects were tested for maximum strength 

on the bench press by lifting the heaviest possible weight 

for one repetition.) The individuals lifting a weight 

greater than the group mean (N = 2 3) were placed in Group A 

to minimize the changing of weights during the progressive 

weight training program. The individuals lifting a weight 

below the group mean (N = 22) were placed in Group B. The 

program consisted of two 25 minute work periods conducted 

during the athletic period each afternoon, Monday through 

Friday. No arrangements were made for make-up sessions for 

absences. There were a total of 16 absences during the 

twelve week period. 

Group A participated in a 25 minute progressive weight 

training program on Monday and Wednesday, using a combina-

tion of free weights and a Spartacus Universal Gym. The 

treatment program is presented in Table 3. 

The exercises were selected because in total they 

worked the major muscle groups of the body. A review of 

descriptive articles of other offseason training programs 

(5,8,13,14,23,26,35,37,38) verified this need. 

The program of sets and repetitions was based on the 

research of O'Shea (37) and Berger (2) for the maximum 

benefit pf different sets and repetitions. 

During the first 25 minute period as Group A partici-

pated in the progressive resistance weight training program. 
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TABLE 3 

WEIGHT TRAINING PROGRAM 

Exercise Sets Repetitions Weight Type 

Bench Press 3 6-RM Universal 

Military Press 3 6-RM Universal 

Tricep Press 3 6-RM Free Weights 

Clean 3 6-RM Free Weights 

Half Squats 3 20-RM Free Weights 

Leg Press 3 20-RM Universal 

Sit-ups 1 50 

Group B participated in reaction drills and anaerobic 

power exercises consisting of: 

1. Ten yard stance and starts - the subjects assumed 

a three point football stance and ran ten yards on a voice 

command. The subjects were encouraged to sprint as fast as 

possible and emphasis was placed on the quickness of the 

start. The subjects ran six sprints each conditioning 

period. 

2. Ten yard wave drill - the subjects were placed in 

a two point linebackers stance and on sight command were 

given a signal to run parallel to their starting position, 

both left and right. The exercise lasted between three to 

four seconds each repetition. The subjects completed two 

repetitions each direction. 
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3. Ten yard seat rolls - on voice command the sub-

jects bear crawled with seat rolls intermixed on a whistle 

command. There were three seat rolls during each ten yard 

repetition. Two repetitions were completed each day. 

4. Stands running - the subjects ran up and walked 

down the football stands comprised of 14 steps with the 

emphasis placed on the leg drive up the stands. The sub-

jects sprinted up the stands 25 times each period. 

The two groups switched after 25 minutes with Group 

A performing the reaction drills and Group B participating 

in the progressive weight training program. 

On Tuesdays and Thursdays, the 50 minute period was 

devoted to anaerobic work which consisted of interval 

training. During the interval training period, the sub-

jects ran four to six 220 yard dashes. The si±>jects were 

divided into groups of three. Rest periods consisted of 

the time needed to walk the 220 yards back to the starting 

line and the subjects were encouraged to run the dashes at 

maximum speed. Finish times were recorded and reported to 

the subjects after each dash. 

During Phase I, Fridays were spent in competitive 

games such as basketball, boxing, rugby, wrestling, and 

volleyball. The garaes were played for the entire 50 

minute period and no record was kept on the subjects' 

participation in each game. The subjects were encouraged 

to participate with maximum effort. 
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After the track season was completed, the subjects 

were redivided based on football player positions for the 

last four weeks of the academic year. During this four 

week period or Phase II, two coaches were assigned to each 

group to reduce the coach/athlete ratio. Group A con-

sisted of the linemen and tight ends. Group B was com-

posed of the backs and split ends. The purpose of Phase II 

was to develop muscular strength and football related skills 

On Mondays, Wednesdays, and Fridays, Group A partici-

pated for 25 minutes in a progressive resistance weight 

training program using free weights and the Spartacus 

Universal Gym which stressed upper body strength. The 

progressive resistance exercise program for Phase II is 

presented in Table 4. 

TABLE 4 

UPPER BODY WEIGHT TRAINING PROGRAM 

Exercise Sets Repetitions Weight Type 

Bench Press 

Military Press 

Latissimus Pulls 

Tricep Press 

Upright Rows 

Dumbell Flies 

Sit-ups 

6-RM 

6-RM 

6-RM 

6-RM 

6-RM 

6-RM 

50 

Universal 

Universal 

Universal 

Free Weights 

Free Weights 

Free Weights 



32 

During the first 25 minute period, Group B partici-

pated in the development of the following football skills 

1. Stance and starts 

2. Ball handling 

3. Pass catching 

4. Running 

After the first 25 minute period the groups rotated 

treatment programs. Group A participated in the develop-

ment of the following football skills: 

1. Stance and starts 

2. Six-point explosion 

3. Stance and steps 

4. Pulls and traps 

On Tuesdays and Thursdays, Group A spent the first 

25 minutes in a progressive resistance weight training 

program which stressed lower body conditioning. The 

program is presented in Table 5. 

Exercise 

Half Squats 

Toe Raise 

LOWER 

Leg Extension 

Leg Curls 

Leg Press 

Sit-Ups 

BODY 

Sets 

3 

3 

3 

3 

3 

1 

TABLE 5 

WEIGHT TRAINING 

Repetitions 

25-RM 

25-RM 

25-RM 

25-RM 

25-RM 

50 

PR0GRAÍ4 

Weight Type 

Free Weights 

Free Weights 

Universal 

Universal 

Universal 
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Group B practiced football skills as on Monday, 

Wednesday and Friday, and after 25 minutes, the groups ro-

tated treatment programs. 

Testing Procedures 

Data were collected from the 45 subjects before and 

after the twelve week conditioning program. The subjects 

were tested for anaerobic power, reaction time of the hand 

and foot, and movement time of the foot. Anaerobic power 

was tested by the Sargent Vertical Jump Test and the 

Margaria Stairstep Test (32,32). The Dekan Automatic 

Performance Analyzer was used to collect all other data. 

Vertical Jump Test 

Procedures for the Sargent Vertical Jump Test were 

modeled after international recommendations (29). During 

the vertical jump test, the subjects stood with both feet 

touching the wall, facing the measuring board. Both hands 

were outstretched overhead to get a beginning height, which 

was measured at the end of the fingertips as in Figure 1. 

The subjects were then instructed to place one foot against 

the wall and assume a crouched position with the outside 

hand behind the back, the other hand holding a piece of 

chalk as in Figure 2. Each subject jumped as high as 

possible marking the point of their highest ascent with the 

chalk. Three attempts were allowed and the difference 

between the beginning measurement and the point of highest 
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Figure 1 

Subject Measuring Prejump Height 

>t,^..,»^ 

Figure 2 

Subject in Preju.T.p Crouch 
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ascent was recorded in inches and the mean of three jumps 

considered in the statistical analysis. 

Stairstep Test 

The stairstep test was modeled after the test of 

horsepower designed by Margaria (32). The subjects stood 

six feet in front of a staircase with a treadrise of seven 

inches. A switchmat was placed on the fourth and twelfth 

stairsteps as in Figure 3. The subjects ran up the stairs 

as quickly as possible, taking two stairsteps at a time 

after stepping on the first switchmat. Using a Dekan 

Performance Analyzer, the clock began as the subjects 

stepped on the first mat and stopped as the subjects 

stepped on the second mat. The subject was given the time 

of each performance after each trial. Time was recorded 

in thousandths of a second and the mean of three trials 

was used in the statistical analysis. The mean of the 

trials was used after a review of literature of similar 

studies (2,8,9,10,15,17,28,30,31,36). 

Dekan Performance Analyzer Tests 

The Dekan Performance Analyzer is an automatic timing 

device which measures in thousandths of a second. A 

picture of the analyzer is shown in Figure 4. 

Hand Reaction 

The subject was seated in a chair two feet from the 

Dekan Performance Analyzer for the Hand Reaction Test. The 



switchmat 

X 
2nd 

X 

Ttl 

X 
6th 

X 

Bth 

36 

switchmat 

X 

lOth 

Clock 0.01 seconds 

Figure 3 

Stairstep Test 

12th 

Figure 4 

Dekan Performance Analyzer 
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Analyzer was connected to a light controlled by a sequence 

varying device, as in Figure 5. The subject held a reac-

tion timing device in the dominant hand and was instructed 

to respond to the stimulus, a flashing light controlled by 

the experimenter. The subject reacted by pressing the 

reaction timing mechanism. The amount of time between the 

flashing of the light and the pressing of the button on 

the reaction timing mechanism, or reaction time, was recorded 

to the nearest thousandth of a second. Three trials were 

administered and the mean of the three trials was recorded 

for statistical analysis. i 
I 

I 
$ 

1 

1 

3 
1 
i 
J 
41! 

Figure 5 

Subject Seated for Hand Reaction 
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Foot Reaction and Movement Time 

The Foot Reaction Test and the Foot Movement Test 

were administered simultaneously. The Dekan Performance 

Analyzer was placed four feet to the side of the reaction 

and movement timing devices, as in Figure 6. 

^ •) ' ' •f<i 

S • -m- tm 

Figure 6 

Foot Reaction and Movement Time 

4 
f 

1 

A light controlled by a sequence varying mechanism 

was connected to the Analyzer. The reaction timing mech-

anism consisted of a pedal taped to the wall six inches 

from the floor, that had to be depressed for the analyzer 

to fiinction. The movement timing device was a timing 

switchmat secured to the floor directly in front of the 

reaction timing pedal. The switchmat was placed 36 inches 
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from the pedal because it was determined by experimenta-

tion that from a football stance the length of the sub-

ject's first step during a straight ahead charge, was 

approximately this distance. 

The subjects, in a four point football stance, were 

instructed to depress the reaction timing pedal with their 

right heel. In response to the stimulus of the flashing 

light, the subjects removed their foot from the pedal and 

stepped on the movement timing switchmat. 

Both reaction time and movement time were recorded 

in thousandths of a second. The subjects were given 

three trials. The mean of the three trials was considered 

for statistical analysis. 

Statistical Methodology 

The data were analyzed using the t statistic expounded 

by Tate (42) to compare the pretest and posttest means. 

The t test of significance was chosen because of the small 

size of the population of the study. 



CHAPTER IV 

RESULTS AND CONCLUSIONS 

Summary 

The purpose of this study was to determine if the 

Lorenzo High School offseason conditioning program would 

cause positive changes in the selected physiological 

variables of anaerobic power, hand and foot reaction time, 

and foot movement time. 

Data were obtained from forty-five male Lorenzo 

High School athletes. Each subject was tested in three 

areas: anaerobic power, simple hand and foot reaction 

time and movement time. Testing was done before and after 

a 12 week conditioning program that extended from February 

20, 1979 to May 21, 19 79. During the 12 week conditioning 

program, the students participated 5 0 minutes daily in 

weight training, reaction drills, sprint interval training, 

and football skill development drills. 

Results 

The results of the three areas of testing, anaerobic 

power, reaction time, and movement time, are shown in Table 

6. 

40 
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the Stairstep Test and the Vertical Jump Test. The 

Stairstep Test was measured in Kg.-m/sec. with the pretest 

mean being 108.117 and the posttest mean being 116.47. 

The difference between the means was an increase of 8.353 

Kg.-m/sec. and the t-value was 7.42. The Vertical Jump 

Test of anaerobic power was measured in inches with the 

pretest mean being 16.28 and the posttest being 18.18. 

The difference was an increase of 1.90 inches and the t-

value was 5.137. The Hand Reaction Test was measured in 

thousandths of a second. There was an increase in the 

means of the hand reaction times of .00044 seconds. Foot 

reaction time was measured in thousandths of a second and 

there v/as a decrease in the means of .04 5 seconds. Foot 

movement time was recorded in thousandths of a second and 

there was a decrease in the means of .003 seconds. 

The t-value of the anaerobic power tests indicated 

a significant increase in anaerobic power at the .05 

level. In addition, there was also a significant decrease 

in foot reaction time. There was no significant change 

in hand reaction time or foot movement time. 

Conclusions 

Performance was used as the evaluation tool to study 

the changes in selected physiological variables associated 

with the execution of football skills. Failing to achieve 

statistical significance in several areas warrants the 
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following conclusions: 

1. There v/as a significant improvement in anaerobic 

power after a twelve week high school offseason condi-

tioning program. The t-values of 7.42 and 5.137 at the 

.05 level of significance indicates that the increase in 

the mean values from 108.117 Kg.-m/sec. to 116.47 Kg.-m/ 

sec. and the increase in mean vertical jump height from 

16.28 to 18.18 was a result of the treatment administered 

to the subjects. The rejection of the Null Hypothesis 

indicates that anaerobic power can be increased by a con-

ditioning program consisting of weight training, sprint 

interval training, and football skills drills. The 

achievement of a significant improvement is anaerobic 

power could be a result of the specificity of the pro-

gram. Fox (16) has stated that football is 95% anaerobic 

and the offseason program was designed to aid the develop-

ment of football players. Therefore the exercises used in 

the program, which receive 90-98% of their energy supply 

from the anaerobic system, specifically trained the anae-

robic energy supply system. 

2. There was a significant improvement in foot 

reaction values after a twelve week high school offseason 

conditioning program. The t-value of 2.672 at the .05 

level of significance indicates that the decrease in mean 

foot reaction time was a result of the treatment adminis-

tered to the subjects. The rejection of the Null Hypo-
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thesis indicates that foot reaction time can be decreased 

by a conditioning program consisting of weight training, 

sprint interval training, and football skills drills. 

The results of the lower foot reaction times could be 

related to the repetition of drills and sprint interval 

training. The subjects were required to react by moving 

their feet in all drills and running exercises. Henry (21) 

determined that reaction time is specific to the task 

performed and the repetition of a movement produces 

greater proficiency than any other factor. 

3. There was not a significant improvement in hand 

reaction values after a twelve week high school offseason 

conditioning program. The acceptance of the Null Hypo-

thesis as evidenced by the increase of .00044 seconds in 

mean hand reaction time indicates that the program of 

weight training, sprint interval training, and football 

skills drills does not affect hand reaction time. Failure 

to reject the Null Hypothesis may be due to a lack of 

sufficient trials to effectively determine reaction time. 

Three trials were performed and it has been determined 

by Haywood (20) that eight trials is the optimal number 

for reaction time tests. The failure to improve in hand 

reaction values may also be due to a lack of drills which 

specifically influence hand reaction and according to 

Henry (21), the lack of specific hand reaction drills 

should produce insignificant results. 
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4. There was not a significant improvement in foot 

movement values after a twelve week high school offseason 

conditioning program. The t-value of .583 at the .05 

level of significance indicates that the decrease in foot 

reaction time could have been a result of sample error 

rather than the treatment. Acceptance of the Null Hypo-

thesis indicates that the program does not affect foot 

movement time significantly. This conclusion may be due 

to the fact that the Foot Movement Test involved a com-

plex reaction to a stimulus. Norris (38) has determined 

that the complexity of a movement significantly increased 

both reaction and movement time and the fact that the t-

values of the foot reaction and foot movement tests were 

lower than the t-values of the anaerobic power tests 

could be a result of the added complexity of the tests. 

Through the conclusions reached, it can be deduced 

that a high school conditioning program which stresses 

the development of power will increase that physiological 

variable. The improvement of reaction time and movement 

time values is dependent upon the specificity of the 

conditioning and skill drills involved in the program and 

the use of specific exercises for specific purposes seems 

to be the key factor in the improvement of any physio-

logical variable. 
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