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Purpose: The purpose of this study was to determine the effect-

iveness, if any, of ten weeks of motor psychophysics training on the

development of dynamic muscular strength (as measured by the bench

press and squat) in male college athletes and non-athletes.
--- --

Procedures: This study was conducted during the first (spring)

semester of 1982 at Seoul National University, Seoul, Korea.

Eighty students volunteered to serve as subjects. Of the 80,

forty were athletes majoring in Physical Education and the others

were non-majors enrolled in general physical education classes.

The pre and post-test control group research design was employed

for this study. For the test period, the subjects were randomly

assigned to either the experimental group (weight training plus motor

psychophysics training) or the control group (weight training only).

Prior to the experimental period all subjects participated in a two

week pre-conditioning weight training program in order to be familiar

with the training and testing procedures of the experimental period.



After completing the pre-conditioning period, the subjects

trained utilizing the bench press and squat exercises following

dynamic strength program. Experimental training extended over ten

weeks with training sessions of 90 minutes twice a week. In addition

to the experimental weight training program, motor psychophysics

training was added for the experimental group.

The one repetition maximum in the bench press and squat was

used as a base line for measuring changes in dynamic strength.

Testing for possible changes in dynamic strength due to motor psycho-

physics training was conducted prior to the start of the experimental

period, at the start of the 4th, 7th, and at the conclusion of the

10th week of the experimental period.

Analysis of Data: The collected data were analyzed by means

of analysis of variance, t-test, percent, and the Least Significance

Difference test. A significant level of .05 for rejection or accept-

ance of the null hypothesis was selected:

Conclusions: From the statistical evaluation of the results,

the following conclusions may be made.

1. Ten weeks of motor psychophysics training has a significant

effect on the development of bench press strength of combined

athletes and non-athletes.

2. Ten weeks of motor psychophysics training has a significant

effect on the development of squat strength of combined athletes

and non-athletes.
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MOTOR PSYCHOPHYSICS TRAINING: ITS EFFECTS ON THE DEVELOPMENT
OF DYNAMIC nuscuLAR POWER STRENGTH IN
MALE COLLEGE ATHLETES AND NON-ATHLETES

INTRODUCTION

More than any other mental mechanism, the capacity to concen-

trate--that is, to fix the visual and mental attention on a specific

target whether it be a fixed bullseye, a moving ball, throwing the

discus, or lifting a heavy weight--is the single most critical mental

skill needed for enhanced and sustained athletic performance (44).

Sports legend is full of stories about athletes who "choked up" in a

crucial play on the "last attempt." These athletes were unable to

concentrate totally under stress and were distracted by their own

inner anxieties and inability to keep their attention on their per-

formance. They were distracted not only by external stimuli but also

by their own thoughts about how they ought to be performing. These

distractions shifted the focus of attention and caused their level of

competency to drop.

O'Shea (44) states that, in essence, athletic performance is

the result of the translation of certain mental concepts into physical

action. Unfortunately negative thoughts as well as positive ones can

be translated into physical action, and these negative thoughts can

seriously interfere with performance. For this reason, the athlete

must strive to focus on only the most critical targets.

An athlete's level of performance is directly related to his

ability to focus on the relevant target. The more he can focus

attention on the target, the less he will be distracted by thoughts
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of failure and the more confidence he can bring to the calculated

risks necessary for optimal physical performance. The more intense

his concentration becomes, the more energy and effort will go into

the motor task, the faster time will flow, and the smoother the per-

formance will be (44).

Motor psychophysics refers to methods of adapting to and handl-

ing information by means of shifting the direction of the focus of

attention from internal mental processes to external events and from

a broad spectrum of variables to a narrow one. The basic focusing

style--broad or narrow, internal or external--depends on several

factors: genetics, personality, past experience, and training, as

well as level of anxiety, fatigue, and distractions. Any of these

factors can influence the degree of control that athletes and others

have over their capacity to shift the focus of attention.

While some people are born with a relatively greater capacity

for concentration, it may be possible to develop this capacity

through motor psychophysics training (44).

Merton (38) refers to the relationship between conscious mental

events and physical events as psychophysics. He further describes

sensory psychophysics as the relation between physical stimulus and

the resulting sensation experienced by the individual, while motor

psychophysics is concerned with the relation between a conscious

effort of will and the resulting movement of the body.

Research workers are coming to realize more and more that the

cognitive processes of the brain are a vital part of motor learning

(31). Since the 1950's an increasing amount of research has been
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performed in the area of mental training and its effect on the

development of motor skill and strength. A number of studies on the

effect of mental training have been conducted in motor skill learning

activities such as tennis, volleyball, soccer, dart throwing, gymnas-

tics, and basketball. Studies (32, 37, 46, 56, 59, 70) suggested

that motor psychophysics training is not intended to replace physical

training. Rather, it should be considered complementary to actual

physical performance for the purpose of developing and retaining the

skill.

Motor psychophysics training not only has psychological effects

but also physiological effects. There is a evidence that mental

work always accompanies muscular activity. According to Freeman (23),

"photographic registration of the thickening of several muscle groups

provides valid and important evidence of the spread of neuro-muscular

activity (spatial summation and facIlitation) during mental work."

Jacobson (30) in his study found that when .subjects imagined their

performance of a particular motor response they reacted by subcon-

sciously flexing muscles which were used in the overt performance of

the task. Shaw (58) investigated whether the amount of muscular ten-

sion varied with the magnitude of an imagined weight lifted increased.

He found that the greater the reported vividness of the image, the

greater the amount of muscular activity.

The development of dynamic strength through motor psychophysics

training methods may not be an illogical concept for the following

reasons. First, as Freeman (23), Jacobson (30), and Shaw (58) have

indicated, motor psychophysics activity brought about greater tension
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in specific muscle groups. Muscular tension develops when muscle

contracts in the physical movement. Secondly, the consensus among

researchers (12, 32, 37, 46, 61, 69) indicates that motor psycho-

physics training may be more valuable in motor learning than pre-

viously assumed. Thirdly, Steinhaus (63), Rose, Radzyminsky, and

Betty (57) suggested that strength may be, in part, learned. Fourthly,

Kelsey (33) reported an increase of endurance through motor psycho-

physics training and Razor (52) showed that motor psychophysics

training was effective as a means of increasing hand grip strength.

However, the effectiveness of motor psychophysics training in

developing dynamic strength has yet to be documented. It is the pur-

pose of this study to examine the interaction between psychology

and physiology in a specific physical training situation, and thus

to begin the process of such documentation.

There is a general agreement among sports physiologists that

strength is the foundation of all physical activity. One of the

problems faced by physical educators is that students do not seem to

have sufficient strength to perform certain activities. If motor

psychophysics training can contribute to the development of muscular

strength, it certainly could be a significant asset to physical

educators as well as to students with limited time and facilities.

In addition, motor psychophysics training may be of value to

strength athletes. We do know that psychological states of the

athletes have a great influence on his or her ultimate performance.

So perhaps the psych (motor psychophysics) of the athletes accounts

for greater fluctuation in performance. Motor psychophysics training
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may be of value in eliminating, to some degree, fluctuations in

performance. Also, such training may stretch the athlete's physical

limitations thus helping him achieve optimal performance.

The application of motor psychophysics training must be utilized

in physical education to meet the needs and problems of the present

and future. The dichotomy of mind and body has always been rejected

by physical educators, but physical education programs seem to

emphasize it. The current educational procedures of demonstration

and practice periods are not entirely adequate for motor skill learn-

ing or physical conditioning. If physical educators are to satisfy

the total concept of physical education and to meet the challenge of

providing more efficient instruction for students, motor psychophysics

training and its effect on the body should not be neglected.

Purpose of the Study

The purpose of this study was to determine the effectiveness,

if any, of ten weeks of motor psychophysics training on the develop-

ment of dynamic muscular strength (as measured by the bench press and

squat) in male college athletes and non-athletes at Seoul National

University, Korea.

Hypotheses

The hypothesis was that the ten weeks of motor psychophysics

training would result in no significant improvement in dynamic

strength performance in either athletes or non-athletes.
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Sub Hypotheses

The following sub hypotheses were proposed for this study. As

a result of the experiment there will be:

1. No significant difference in the development of bench press

strength between athletes in the experimental group and

athletes in the control group.

2. No significant difference in the development of squat

strength between athletes in experimental group and athletes

in control group.

3. No significant difference in the development of bench press

strength between non-athletes in experimental group and

non-athletes in control group.

4. No significant difference in the development of squat

strength between non-athletes in experimental group and

non-athletes in control group.

5. No significant difference in the development of bench press

strength between experimental group and control group.

6. No significant difference in the development of squat

strength between experimental group and control group.

7. No significant interaction between subjects' athletic

experiences and training methods.

Basic Assumptions

The following assumptions were made for this study.

1. The one-repetition maximum of bench press and squat is a

valid test for measuring dynamic strength.
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2. The subjects are performing maximally in their training

programs and during the testing periods.

3. Mental-physical relationship exists in the performance of

a voluntary muscular activity.

Delimitations

The scope of this study was limited by the following factors:

1. The subjects were 80 male college students. Forty were

athletes, physical education majors, enrolled in the Depart-

ment of Physical Education, and the remaining forty students

were non physical education majors enrolled in general

physical education classes at Seoul National University

during the First semester of 1982.

2. One experimental group and one control group were utilized

in the study.

3. The strength training regime was a dynamic power type

lifting program utilizing the squat and bench press move-

ments.

4. The length of experimental period was 10 weeks, during which

time strength tests were administered. The subjects trained

two days per week. Each workout session lasted one and

one half hours.

5. Strength was assessed using one repetition maximum of

dynamic strength in the bench press and squat.
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Limitations

The limitations of the study were:

1. Only male college age students volunteered from a single

university were used as subjects.

2. The study involved only two different training methods.

One was motor psychophysics training and the other was

physical training.

3. The degree of motor psychophysics training and one repetition

maximum of strength in the squat and bench press were

evaluated subjectively.

4. Training and testing sessions were not held at the same

hour of the day for each group.

Definition of Terms

For the purpose of this study, the following definitions of

terms are considered necessary.

Athlete -- One who is trained to compete in sports activities

and is a regular member of a varsity team.

Non-athlete -- One who is not a regular member of a varsity team.

Motor Psychophysics -- The relationship between a conscious

effort of will and the resulting movement of the body.

Motor Psychophysics Training -- Methods of adapting to and

handling information by means of shifting the direction of the focus

of attention from internal mental processes to external events and

from a broad spectrum of variables to a narrow spectrum.
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Mental Training Mental concentration and repetition of a

given physical task without performing a gross motor movement.

Physical Training -- The bodily performance of a physical task

with a gross motor movement.

Strength -- The force that a muscle or muscle group exert

against resistance in one maximal effort.

Endurance The ability in weight training of muscle or muscle

group to repeat contractions in the execution of an exercise.

Dynamic Strength -- The ability of a muscle or muscle group to

exert force in a given situation while taking into account the

phenomenon of inertia. That is, the weight or object being lifted or

moved must be first accelerated, and once a velocity has been attain-

ed, the weight or object has momentum that cause it to continue moving

even after the contraction is over.

Dynamic Weight Training -- Training with utilization of a bar-

bell or dumbbell of varying loads during exercise. The muscles are

forced to undergo repeated dynamic contractions through a full range

of motion so a training effect takes place.

Power Lifting -- A weight training method which utilizes large

muscle group exercises requiring body power.

One Repetition Maximum (1 RM) -- The maximum load a muscle or

muscle group is able to contract against for one repetition.

Repetition -- The number of times a dynamic or static contraction

is repeated in a given exercise set.

Set -- One series of repetitions without a rest for a given

exercise.
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REVIEW OF RELATED LITERATURE

A review of literature was made concerning the relationship of

motor psychophysics and dynamic strength development. The published

research in this area is quite limited. Thus, it appeared apprcpri-

ate to review studies relating to strength development, the relation-

ship between mental and physical training, and motor psychophysics

training for the development of endurance and strength, all of which

have a direct relationship to.this study.

Research in Strength Development

Research studies which involve the phenomenon of muscle strength

and function are extensive in number and diverse in technique and

finding. The following reviews contain information essential to a

scientific understanding of strength and its development.

Morphological Changes

Muscular enlargement with a corresponding increase in strength

is a common phenomenon. According to Steinhaus (63) hypertrophied

muscles development was first depicted by Morpugo in 1987. This

finding was subsequently confirmed by other investigators (1, 11, 39).

The enlargement of muscle that results from weight training is mainly

due to an increase in the cross-sectional area of the muscle fibers.

Mathews and Fox (35) state:

Hypertrophy of individual muscle fibers is attributable to
one or more of the following changes:

1. Increased number cf nyofinrils per muscle fiber.
2. Increased total amount of protein, particularly in

the myosin filament.
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3. Increased capillary density per fiber.
4. Increased amounts (and strength) of connective,

tendinous, and ligamentous tissues. (p. 138)

Increased strength is not always accompanied by muscle hyper-

trophy. Brouha (7) states that "it is possible to increase the power

of muscles three times or more without a proportional increase in

volume." Hellebrandt (27) states:

The rapidity with which the performance of muscle can be
augmented when judiciously graded stresses are imposed
suggests that something other than hypertrophy of con-
tractile tissue is responsible for the changes observed.
(p. 282)

Penman (50) indicates that the lack of muscle hypertrophy with

strength increase is related to an increase in packing density of the

myofibrilar elements and changes in the actin and myosin ratio in the

muscle.

It is thought by researchers that weight training results in

hypertrophy (increase in size of muscle cells) and not in hyperplasia

(increase in number of muscle cells) of the muscle fiber. A study

by Edgerton (20) showed longitudinal fiber splitting in the soleus

muscle of exercised rats. He states:

The number of fibers ("subfibers") resulting from split
fibers was greater in the moderately exercised than the
sedentary rats, but greatest in the heavily exercised
group. (p. 81)

Edgerton's observation of fiber splitting casts some doubt on earlier

theories about hypertrophy. However, the question remains to be

answered. More studies are needed before the importance of such a

change can be determined.

Overall, the degree of muscle hypertrophy associated with an

increase in muscle strength depends largely on the duration,
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intensity, frequency, and type of exercises of the imposed training

program (40).

Weight Training Programs and Strength Development

It is well established in the literature that an increase in

muscular strength can be achieved only by an increase in intensity

of work beyond that previously demanded of a muscle or muscle group

(progressive overloading principle). Every strength program uses the

combination of duration, intensity, and frequency of exercises.

There are two major types of strength training programs defined

according to the types of muscular contractions which they produce.

One is static training in which muscle fibers develop tension but do

not shorten. The other is dynamic strength training in which muscle

fibers shorten to cause skeletal movement and external work to be

done (35).

Dynamic strength has been defined by O'Shea (40) as:

The ability of muscle to exert force through a wide range
of multiple joints, to repeat maximum or near maximum con-
tractions, to contract the muscles in proper sequence with
other muscle groups, and to allow mobility of multiple
joint action. (p. 15)

Dynamic weight training increases strength to varying degrees depend-

ing on how the program specifies the duration, intensity, and

frequency of the workouts (42, 39). The intensity of the training

program, based upon the selection of the number of repetition,

sets, and load utilized for each exercise, is the most important

requirement for increasing strength. DeLorme (17) investigated the

effectiveness of dynamic resistance training. He introduced the
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progressive overloading principle, which increases the load as the

muscle becomes stronger.

One of the first experimental demonstrations in humans of the

overload principle was performed by Hellebrandt and Houts (28).

According to them it is clear that the gains in strength and endurance

are most pronounced when the muscle is exercised in the overload

zone; that is, with resistance above that normally encountered.

DeLorme (17) indicates that one to three repetitions for three

to four sets with maximum load are best for the development of

strength. DeLorme's technique was outlined by Mathews and Fox (35).

They favor the concept of executing maximum repetition to the point

of fatigue when weight lifting, to achieve maximal strength develop-

ment. A repetition maximum is the maximum load that a muscle group

can lift over a given number of repetitions before fatiguing. In

their program, a 10-repetition maximum was used; that is, the maximum

load that can be lifted ten times. For each muscle group to be

trained, the exercise program consisted of a total of 30 repetitions

per training session divided into three sets of 10 repetitions. The

program progresses from a set of 1/2 10 RM to a set of 3/4 10 RM and

finally to a set of 10 RM. The weight was increased when the subject

could perform the 10 RM weight easily, thus continually increasing

the intensity. DeLorme's progressive resistance principle became the

foundation of strength training programs.

Berger conducted several studies (1, 2, 3, 4) to determine the

optimal training program for strength. In his study a 1 RM in the

bench press was used for measuring changes in dynamic strength.
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Berger (1) found that three sets of 2-6 RM, three times per week

produced the greatest increase in muscle strength. He indicated that

when one set for each exercise was used three times per week, the

optimal number of repetitions, for increasing strength, were four,

six or eight (2). Berger (4) compared three groups in his study.

The group performed six sets of two RM, three sets of six RM or

three sets of 10 RM. All three groups showed a significant increase

in strength at 12 weeks, three times per week training program; but

no significant difference was found between the three groups.

O'Shea (40) conducted a study in which the subjects trained

three times per week for six weeks using the 1 RM in the squat and a

leg dynamometer for knee flexion, respectively. The subjects were

divided into three groups, one group performing three sets of 10 RM,

the second group performing three sets of five RM and the third group

performing three sets of 2 RM. All groups made significant gains in

static and dynamic strength, but no significant difference was

found between the three groups.

Withers (72) performed a similar study in which three groups of

subjects trained on the curl, bench press and squat twice a week for

nine weeks. Three different training programs, three sets of 7 RM,

four sets of 5 RM, and five sets of 3 RM, were used. The 1 RM was

used to test dynamic strength in the three exercises. All the groups

made significant gains in strength, but no group was significantly

different from the other groups. Withers recommended that the best

strength development program for beginners was three to four sets of

five to six repetitions twice a week.



15

Bjornaraa (6) in his article recommends a type of program in

which 30 minutes per day at a rate of two to three days per week

was recommended.

O'Shea (41) has summarized the research in strength training

which indicate three types of programs are utilized to develop muscle

strength and endurance. The summary of his weight training method is

shown in Table 1. The programs are: (1) three sets of one to three

repetitions at 90% of 1 RM for maximum strength development, (2) four

to five sets of four to ten repetitions at 75-85% of 1 RM for strength

plus muscular endurance development, (3) five to seven sets of eight

to twelve repetitions at 60-75% of 1 RM for the development of

muscular endurance.

Table 1. Weight training intensity.

Training Phase
Work Load
% of 1-RM Repetitions Sets

1.

2.

3.

Maximum strength

Strength plus
muscular endurance

Muscular endurance

90 +

75-85

60-75

1-3

4-10

8-12

3

4-5

5-7

Stone and others (67) analyzed eleven studies and presented a

theoretical model for strength power training. Their model is shown

in Table 2. The four phases in the model were hypertrophy, basic

strength, strength and power, and peaking or maintenance. The

recommended intensities of training programs were low intensity for

hypertrophy, moderate volume at high intensities for basic strength,

low volume at high intensity for strength and power, and very low

intensity for peaking or maintenance. This model is similar to the
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Table 2. A hypothetical model of strength training

Preparation Transition 1 Competition Transition 2

Phase Hypertrophy
Basic

Strength
Strength
& Power

Peaking* or
Maintenance

Sets
x

3-5 3-5 3-5 1-3
Reps 8-20 2-6 2-3 1-3

Days/Wk 3-4 3-5 4-6 1-5
Times/Day 1-3 1-3 1-2 1

Intensity Cycle
(week)**

2-3/1 2-4/1 2-3/1

Intensity low high high very high
to low

Volume high moderate
to high

low very low

* Peaking for sports with a definite climax or maintenance for sports
with a long season such as football.

** Intensity Cycle--ratio of the number of heavy training weeks to
light training weeks.

x Does not include warmup sets.

Table 3. The cycle program.

Training
Week

Work Load
% of 1-RM Reps Sets'

Heavy

Light

Medium

85-100+

60-75

70-85

1-3

4-5

4-5

4-5

3-4

4-5
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cycle program established by O'Shea (41). O'Shea's cycle weight

training program is shown in Table 3.

O'Shea (41) recommends a cycle program for dynamic strength

development. The program is divided into four weekly periods of

heavy, light, and medium training using a varying percentage of 1 RM

for a given number of repetitions and sets. A typical cycle program

by O'Shea in:ludes (1) four to five sets of one to three repetitions

at 85-100% for heavy training, (2) three to four sets of four to five

repetitions at 60-75% of 1 RM for light training, and (3) four to

five sets of four to five repetitions at 70-85% of 1 RM for medium

training.

The frequency and duration of the training programs vary. The

frequency of training largely depends on the sports event, but at

least two to three days a week are recommended by most researchers

(42, 52, 27). Duration of the training program should be long

enough to acquire physiological adaptation. Studies (66, 27) indicate

that a minimum of five weeks or ten days are required for adaptations

to take place.

112torP=Laiohysissarid Performance

The ability of the athlete to focus and concentrate on his event

in order to bring about maximum performance is required in every com-

petitive sports activity. In the most intense forms of concentration,

the attention becomes so focused that a trance state results. In

this state of mind, perception is altered so that action seems to

slow down and relevant objects seem magnified, thus making the desired
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performance increasingly easy to carry out (44). The regulation of

the nervous system and the ability to reduce external sensations may

be a critical part of sports, especially individual sports.

Physical performance of a task usually brings about some degree

of related mental activity, while in mental effort certain neural and

muscular responses are evoked. The relationship between the mind and

body is highly complex. Even though there are numerous scientific

studies published on the subject, there are still major gaps in our

knowledge as to the organic relationship that exists and the extent

to which one element influences the other (63). Hellebrandt (27)

states:

Our observation of the motor behavior of both normal
and disabled subjects leads us to believe that the
imperfectly understood central nervous system changes
associated with motor learning play a more important
role in programs designed to increase muscle perfor-
mance than generally appreciated. (p. 282)

Stone and others (67) also point out that no clear-cut distinction

between muscle training and nerve training can be made.

Even in everyday life it is not difficult to be aware of the

process by which the mind stimulates the central nervous system to

evoke a stimuli to produce muscle contraction. But the mechanism- -

how the mind actively works in the central nervous system--is not

known yet. The prominent neurologist Penfield (49) states:

The mind is attached to the action of a certain mechanism
within the brain. A mind has been thus attached in the
case of every human being for many thousands generations,
and there seem to be scientific evidence of heredity in
the mind's character from one generation to the next and
the next. But at present, one can only say simply and
without explanation, "the mind is born." (p. 85-86)
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Penfield (49) suggests that the mind can make decisions and put them

into effect by calling upon various brain mechanisms.

A new theory has been established on the brain mechanism by

French (24) on the reticular activity system (RAS). He states:

The RAS seems to be such a machine. It awakens
the brain to consciousness and keeps it alert;
it directs the traffic of messages in the nervous
system; it monitors the myriads of stimuli that
beat upon our senses, accepting what we need to
perceive and rejecting what is irrelevant; it
tempers and refines our muscular activity and
bodily movements. We can go even further and
say that it contributes in an important way to
the highest mental processes--the focusing of
attention, introspection, and doubtless all form
of reasoning. (p. 29)

Various studies (24, 49) indicate that the brain stem reticular

formation is responsible for consciousness. Psychologists and neuro-

logists seem to believe that there must be an integrating center in

the central nervous system whose function is to receive stimuli from

all sensory systems, evaluate and alter them, and project those to

the appropriate brain areas for response (71).

Most of the activities of the nervous system are initiated by

sensory experience which come from sensory receptors. Only a small

fraction, however, of the important sensory information causes an

immediate motor response. Much of the information is stored in the

central cortex, brain stem, and the spinal cord for future control of

motor activities and for use in the thinking processes (34). The

storage of such information is the process of memory (25, 34).

Guyton (25) discusses the function of synapse related to the

storage of information received. He states:
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Each time a particular sensory signal passes through
a sequence of synapses, these synapses become more
capable of transmitting the same signal the next time,
which process is called facilitation. After the sen-
sory signal has passed through the synapses a large
number of times, the synapses become so facilitated
that signals generated within the brain itself can
also cause transmission of impulses through the same
sequence of synapses even though the sensory input has
not been excited. This gives the person a perception
of experiencing the original sensation, though in
effect it is only a memory of the sensation. (p. 47)

A study indicates that synaptic changes in rats are associated with

sensory experience. Jensen (31) states:

The cross-sectional area of individual synaptic junctions
in the occipital cortex of rats exposed to a stimulating
environment was about 50 percent larger than in the cor-
tices of control animals kept in a monotonous environ-
ment. (p. 438)

It was postulated that a frequently occuring stimulus of thres-

hold or sub-threshold strength might initiate an impulse that would

be transmitted repeatedly over the same circuit and establish a

pattern of movement (memory engrams) (71). The fact that mental

activity is capable of stimulating the area of the central nervous

system which brings about muscular contraction has led physiologists

and psychologists to investigate motor pyschophysics training (54).

Mental concentration on a particular muscle performance can

bring about tension in the muscle. Freeman (23) indicated that

mental work was accompanied by variations in muscle tension. From

this he concluded that "photographic registration of the thickening

of several muscle groups provided valid and important evidence of the

spread of neuromuscular activity." (23)

Jacobson (30) performed a study on a subject's biceps region

and then asked the subject to imagine lifting a 10 pound weight.
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When this happened, electrical fluctuations occurred in the biceps

region of the arm performing the imagined lifting, which were absent

before and after the lift. Jacobson extended is observation and

stated:

It appears reasonable to generalize that the con-
clusions hold for imagining bending the arm apply
analogously to the imagined contraction of all
other striated muscle groups, including the acts
of flexion or extension at other joints. (p. 33)

Shaw (58) also showed that there was involuntary muscle activity

when subjects were told to practice mentally a motor skill. He

investigated whether the amount of muscular tension varied with the

magnitude of an imagined performance and with the vividness of the

image. The subjects, in the research done by Shaw (58), sat at a

table with his arm resting comfortably on the top. Electrodes from

the subject's arm led off to an oscillograph. After lifting the

weight (the load varied from 100 to 500 grams), the subject was

instructed to relax. When the oscillograph indicated relaxation,

the subject was asked "to imagine lifting the weight just lifted."

The subject was then asked whether his image had been vague, fair,

clear or vivid. The results of this study indicated that the activity

of the muscle of the arm during imagined weight lifting increased in

magnitude as the imagined weight increased. The greater the reported

vividness of the image, the greater the amount of muscular activity.

There is a field of science that deals with the relation between

conscious mental events and physical events. This field of science

is called psychophysics (38). Psychophysics was born in 1850's

when scientists began to think seriously about the possibility that
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they might measure sensation (62). Psychophysics has two branches.

Morton (38) describes:

Most psychophysics is sensory psychophysics, which
deals with the relation between a physical stimulus
and the resulting sensation experienced by the sub-
ject. (p. 30)

The other branch of psychophysics deals with the
reciprocal problem, the relation between a conscious
effort of will and the resulting physical movement
of the body. ( p. 30)

The literature reviewed appears to show a solidly established

relationship between deliberate mental activity and subsequent

physical performance.

Studies Related to the Effect of Motor Psychophysics Training
for the Development of Motor Skill and Dynamic Strength

Motor psychophysics training is meant to act on inner symbolic

rehearsal of a physical activity which the individual does not

actually perform (45, 55). In the highest form of motor psychophysics

training the athlete learns to modulate his adrenalin response so

that he can direct his total mental and physical energies towards

the performance and not allow extra adrenalin to impinge on it.

During and before the exercise movement, the endocrine glands are

stimulated in varying degrees as a response to physical activity (18).

At the ultimate level of motor psychophysics training there is

a merging of performance: mind, body, and movement flow together as

one. This is akin to the phenomenon of Zen (44), in which there is

absolutely no sense of consciousness of executing the movement (18).
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Motor Psychophysics Training
and Skill Learning

Oxendine (45) reviewed several studies back to the 1890's in

which mental activity relating to physical performance was suggested.

Beginning in 1930, refined mechanical and electrical apparatus were

used to investigate mental practice (58). Imagery studies have

explored the effect of mental training in a variety of methods.

Electromyography has been a popular device to demonstrate the spread

of neuromuscular activity during and following the mental practice

(22, 23, 29).

The usual research design for the effectiveness of motor psycho-

physics training on motor skills has been the pre and post-test

control group design (9). Statistical analyses of changes in perfor-

mance have been used to indicate the significant differences between

motor psychophysics training and other methods of training. Most

motor psychophysics*training studies in physical education have used

guided mental practice periods in conjunction with physical skills

familiar to the subjects. One of the earliest studies was performed

by Vandel, Davis, and Glugstone (70). They conducted three separate

experiments using dart throwing and a standard basketball free throw.

Based upon the results, they concluded that daily directed motor

psychophysics training was as effective as actual physical practice

in acquisition of motor skills.

Twining (69), with the same procedure by Vandel, et al. indicated

that mental and physical practice under the conditions of the experi-

ment were effective in facilitating the learning of motor skills. A
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number of studies have been conducted in which motor psychophysics

training has been used as a means of increasing skill in motor

learning activity.

Oxendine (46) performed three separate experiments, involving

pursuit rotor, soccer kicks for accuracy, and modified jump shot.

His findings showed that mental practice was as effective as physical

practice in motor learning. Clark (10) also investigated the relation-,

ship of skill level to effectiveness of mental practice. His subjects

were varsity, junior varsity, and novice basketball players. At the

end of 14 practice days he found that mental practice was less

effective than physical practice for the novice group. On the other

hand, motor psychophysics training was as effective as physical

practice for the skilled groups in learning motor skills.

Stebbins (61) conducted a study involving five different methods

of learning a motor skill. The methods used were: no practice

(control), physical practice, mental practice, physical-mental

practice, and mental-physical practice. The skill required the

subjects to toss a rubber ball at the target having various com-

ponents of differing values. He concluded:

It appears that as much improvement in skill took
place during mental practice as through physical
practice, when mental practice preceded physical
practice. It would seem, therefore, that either
method is equally effective during the first half
of the skill development period. (p. 72)

Studies by Mendoza and Wichman (37), McBride and Rothstein (36),

and Smyth (60) indicated, however, that mental practice alone was not

as effective as physical practice. They suggested that combined

practice was more effective than either mental or physical practice



25

alone. McBride and Rothstein (36) used female high school students

as subjects. The subjects performed the task of hitting a solid

whiffle golf ball with a paddle at a target in an open or closed

environment under mental, physical, and physical-mental conditions

for three consecutive days. They concluded:

It may be concluded, however, on the basis of the
present study that mental practice alone was not as
effective as physical practice and that physical
practice alone was not as effective as combined
practice used in an alternating manner. The effect
of the types of practice appeared to be similar for
open (externally paced) and closed (self paced)
skills although performance in the closed environ-
ment was significantly better. (p. 365)

Motor Psychophysics Training for Endurance
and Strength Development

Motor psychophysics training and its effect on the development

of endurance and strength has not been investigated extensively. Few

studies have been published in this area.

Endurance: Kelsey (33) conducted a study to determine the

relative effectiveness of motor psychophysics training as a means of

increasing endurance. He had three groups of 12 subjects each. The

subjects were tested the first and 22nd days of the experimental

period. The initial and final tests consisted of performing as many

sit-ups as possible with no time limit established. The group were

exposed to no-practice, physical practice and motor psychophysics

training conditions in performing sit-ups as a means of increasing

strength in abdominal and thigh muscles. The no-practice group

showed no significant imporvement in muscular endurance, the physical

practice group a significant increase, and the motor psychophysics
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training group a significant increase when compared to the control

group. The physical practice group was significantly superior to

the motor psychophysics training group. Based upon the results

Kelsey concluded that motor psychophysics training, under the con-

dition of the experiment, was capable of increasing endurance. How-

ever, the increase was not enough to warrant its use over that of

physical training. He suggested that a combination of the two

elements of practice be employed.

Strength: The few published studies on the effectiveness of

motor psychophysics training in the development of strength conducted

that it does have positive effects. Cronk (15) conducted a study

to determine the effect of mental practice, physical practice, and

physical-mental practice on the development of strength in the non-

preferred arm. Twenty-four right-handed female college students

were utilized for the investigation. Pre and post-test control

group research design was employed. After eight weeks of the

experimental period Cronk (15) concluded:

The groups which employed physical practice were
significantly superior in strength development to
the groups which did not practice physically. The
groups which did not practice in mental practice
were significantly superior to the groups that
mentally practiced. Physical-mental practice was
no more and no less effective than the other prac-
tice procedures in the development of strength.
(p. 46)

Razor (52) conducted a study concerning the effectiveness of

motor psychophysics practice as a means of increasing dominant and

non-dominant hand grip strength. The subjects, male college students,

were divided into three groups: physical practice, motor
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psychophysics practice, and combination of the two respectively. Tests

were administered to measure strength prior to, at a selected interval

during, and at the end of, the experimental period. Razor (52) con-

cluded:

Mental practice, after nine practice sessions, proved
effective as a means of increasing non-dominant hand
grip strength. (p. 95)

Combination of physical and mental practice were found
effective as means of increasing grip strength and
were superior to mental practice, but not physical
practice, as methods of increasing hand grip strength.
(p. 95)

Wills (71) performed a study in which guided mental practice

upon the standing broad jump and manual strength were investigated.

The subjects used were boys and girls aged from 8 to 18. They were

assigned randomly and in equal numbers to the five training groups

in either the jumping task or manual strength task. The strength

task consisted of squeezing the grip of the dynamometer with maximum

effort and maintaining that pressure for five seconds as timed by the

investigator. The non-preferred hand was used in the supine position

for all practice and testing. Wills concluded that mental practice

method was not effective for the development of manual strength.

A review of literature relating to motor psychophysics training

and the improvement of physical performance seems to indicate the

concept is effective. However, research is lacking in the area of

motor psychophysics training related to the development of dynamic

strength.
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METHODS AND PROCEDURES

The present study was performed at the Seoul National University,

Seoul, Korea during the spring semester of the 1982 academic year.

The purpose of the study was to assess the effectiveness of motor

psychophysics training on the development of the dynamic muscular

strength of male college students.

This chapter outlines the selection of subjects, performance

tasks, equipment, and testing and training procedures. Exact methods

of physical and motor psychophysics training used in the study are

described. The final part of the chapter summarizes evaluation

methods for the data collected during the testing periods. All

training and testing of the subjects was conducted in the weight room

of the Department of Physical Education.

Subjects

The subjects for the study were male student volunteers from

Seoul National University. Forty of them were athletes enrolled in

the Department of Physical Education; the other forty were non-

athletes selected at random from ninety-five who volunteered from

the general physical education service courses. Although it is con-

ceivable that some of the subjects might have been exposed to weight

training at one time or another, none had previous systematic or

regular dynamic strength weight training experience. The subjects'

ages ranged from eighteen to twenty-four years. A summary of their

physical characteristics is contained in Table 4.
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Table 4. Age and physical characteristics of the subjects.

Standard Minimum Maximum
Variable Mean Deviation Value Value

Age (years) 19.3 1.743 18 24

Height (cm) 171.287 4.529 160 181

Weight (kg) 60.481 5.488 48 77.5

The eighty subjects were divided into two groups: Group I

(Experimental) and Group II (Control). Each group contained twenty

athletes and twenty non-athletes, randomly assigned.

Selection of the Performance Tasks

Two power lifts, the full squat and the bench press, were selec-

ted as the performance tasks for this investigation. O'Shea (41)

states that the seat of the athletic power is in the hip, buttock,

and thigh muscles. From here, power radiates outward and the muscle

groups become weaker in proportion to the distance away from the

center of the body. The full squat and bench press are the most

basic of all power weight training exercises (68). The squat can be

considered to be the most powerful and basic strength movement for

the lower part of the body, and the bench press for the upper body.

Therefore, the greatest and the most rapid gains in total body

strength can be realized through the utilization of these two power

movements (42).

Three additional criteria contributed to the selection of per-

formance tasks: (1) they permit measurement in objective units using

free weights; (2) they represent a simple skill task that can be
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easily learned by non-athletes as well as athletes; (3) they require

simple and portable training equipment.

Equipment

The data were collected at the same weight training room where

the subjects were trained. The room six meters in width and ten

meters in length, was large enough for twenty subjects to train at a

time, was relatively quiet, and did not have excessive visual dis-

tractions.

The equipment consisted of a 2 M 20 Cm long Olympic standard bar-

bell, weights, a rack for supporting the barbell until the subject

placed the bar on his shoulders to execute the full squat test, a

45 Cm high bench with vertical uprights to support the bar until

handed to the subject for performing the bench press. In addition

to these equipments, a stop watch for timing motor psychophysics

training session was used.

As a safety precaution, all subjects wore a leather lifting

support belt for the back, especially during the testing periods.

Training Method

Pre-conditioning Program

Prior to the ten-week strength training period which formed the

basis of the study, all subjects participated in a two-week pre-

conditioning program. The program consisted of general conditioning

exercises, instructions for the correct execution of the squat and

bench press, and weight training practice.
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The purpose of such a pre-conditioning program was in part to

familiarize subjects with training and testing procedures to be used

in the ten-week experimental period, as well as to provide instruct-

ions for the correct lifting techniques for the bench press and squat

as outlined in the International Powerlifting Federation Rule Book

(48). Training intensity during this period was moderate with the

repetition set at eight to twelve for three to four sets. Correct

lifting techniques were stressed, and no one was allowed to attempt

a one-repetition maximum lift during this period.

Following the pre-conditioning session, subjects were tested

for their 1 RMS in the bench press and squat according to the com-

petitive rules of the International Powerlifting Association (48).

This 1 RM was used as the baseline for the establishment of the work-

out program during the experimental period.

The two-week pre-conditioning period was considered critical in

reducing statistical irregularities due to prior learning, and thus

permitting a more accurate assessment of dynamic muscular strength

changes (42).

Weight Training Program

After completion of the pre-conditioning period, the ten-week

dynamic muscular strength training period started. The length of the

training session for all subjects was 90 minutes, twice a week.

Each group, however, had different time schedules for daily training.

Subjects performed general warm-up exercises, assistive exercises,

and major exercises. The general and warm-up exercises consisted of
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five to six minutes of jogging and five to six minutes of free and

stretching floor exercises. Assistive exercises consisted of standing

military press and standing forward dumbbell raises for the arms and

shoulders with repetition sets at eight to ten for two sets (Figure 1

and 2), and rounded back deadlift with the repetition of eight to ten

for one set (Figure 3 and 4). The bench press and squat were the

major exercises. Warm-up and training sets for the bench press and

squat were performed. Generally two sets of three to five repetitions

for warm-up exercise at 50% of 1 RM and four sets of three to five

repetitions for training at 60-70% of 1 RM were performed. Sample

workouts are contained in Appendix A. Training weight for each sub-

ject was based on the established 1 RM value in the pre-test. The

major part of the weight training program in Table 5 followed the

pattern established by O'Shea (40, 41). In this study, however,

Monday was relatively heavy day while Friday was light day.

The two training workouts per week were divided into heavy and

light training using a varying percentage of the subject's 1 RM for

a given number of repetitions and sets. On Monday, subjects used 70%

of their 1 RM value four sets of three to five repetitions in the

bench press and squat. On Friday, it was a light day, the workout

weight was set at 60% of the 1 RM value--three sets of six to eight

repetitions. Before lifting at the required training percentage,

the subjects did two sets of lifting with lighter loads.

A critical feature of the experimental power training program

was the progressive overload training principle. Every three weeks

the training load was increased for all subjects, but the intensity



33

Figure 1. Standing military press.
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Figure 2. Standing forward dumbbell raise.



Figure 3. Knee bending with dumbbell.
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Figure 4. Rounded back deadlift.



Table 5. The intensity of training.

Training
Day Exercise

Intensity,
Work Load
% of 1 1 Reps. Sets

Monday Bench Press 50 5

60 3

70 3

70 5

Squat 50 5

60 3

70 3

70 5

Friday Bench Press 50 3

50 5

60 6

60 8

Squat 50 5

50 5

60 6

60 8
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of the increase was calibrated individually, based on the 1 RM test.

Thus the overload system was applied flexibly during the experimental

training period.

Safety Precaution

Because relatively untrained non-athletes might not have suffi-

cient abdominal and lower back strength to withstand the intensity

and stress imposed by heavy squating, specific safety measures were

taken during the experimental period to reduce the possibility of

injury. The following specific precautions were taken as suggested

(40, 52): (1) training was never done alone; (2) correct techniques

were used in all exercises; (3) every pre-conditioning and experi-

mental workout started and ended with free and stretching exercise

movements for the lower back muscles; (4) standing military press

and front dumbbell raise for the arms and shoulders were performed

before the bench press; (5) one set of eight to ten repetitions of

rounded back dead lifts and knee bending with dumbbell for thigh and

lower back were practiced by the subjects before they started the

squat portion of the training; (6) all subjects were required to

wear a 10 Cm wide leather belt to provide added support to the lower

back and abdominal muscles (43).

There were no injuries during this entire experimental period

of the study.

Motor Psychophysics Training

Following the pre-test, the method of mental training was

explained to the subjects in the experimental group that would



39

experience motor psychophysics training. The detailed schedule of a

five minute motor psychophysics training is contained in Table 6.

Table 6. The schedule of the five minute motor psychophysics
training.

Period Activity Duration

Relaxation

Directed mental
training

Undirected mental
training

Directed mental
training

Sitting on the floor
Closing the eyes
Taking deep breath
Visualizing candle flame

Mentally performing training
with instructions given

Mentally performing training
without instructions

Mentally performing training
with instructions given

1 minute

1 minute

2 minutes

1 minute

The first instruction in motor psychophysics training was given

to the subjects on the first day of the experimental period. This

session was used to establish rapport and an attitude of seriousness

about the motor psychophysics training portion of the program. The

psychophysics training followed this procedure: The subjects were

asked; (1) to sit down on the floor with the eyes closed, (2) to

take a deep breath so that they would not be disturbed by visual

stimuli and could concentrate on the given performance, (3) to

visualize a candle flame. It is vital in motor psychophysics train-

ing that the subjects be capable of conceptualizing for the entire

session without losing concentration, (4) undirected motor psycho-

physics training was more efficient than directed motor psycho-

physics training in learning a certain motor skill (32).
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Figure 5. The bench press.



Figure 6. The squat.
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Figure 7. Motor psychophysics training.
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In this study directed as well as undirected motor psychophysics

training was used.

The specific instructions (given in Korean) for the directed

motor psychophysics training given to the subjects were:

Imagine that you are ready for the squat (or the bench
press). You approach the rack and grab the bar with two
hands. Now, feel 1 RM weight on your shoulders and
execute the squat (or the bench press) -- slowly.

Previous research (45, 55) found the appropriate duration of

one motor psychophysics training session to be three to five minutes.

In this study the mental training session was set for five minutes.

The subjects in the experimental group had two motor psychophysics

training sessions on each training day. The first motor psycho-

physics training was given at the beginning of the general warm-up

sets, the second at the end of the weight training session of the

same day. The training for motor psychophysics started with one

minute of relaxation to assist the subjects in attaining the proper

mental set. They were asked to close their eyes, and take three

long and deep breaths and then to visualize a candle flame in a

temple. After the one-minute relaxation period, the subjects were

instructed to concentrate on the bench press and squat. For example,

the subjects were to feel their 1 RM value on their shoulders and

arms and to perform mentally a maximum weight one repetition at a time.

They were asked to visualize the sequence of movements, with emphasis

on the kinesthetic feeling during each visualization.

During the entire experimental period, the subjects were asked

not to discuss the study with anyone until its completion. They were
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situation.

Testing Procedures
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The one-repetition maximum for the bench press and squat

was used as a base line for this study. The pre-test was

administered immediately following the pre-conditioning period. The

testing was conducted again at the start of the 4th, the 7th, and

conclusion of the 10th week of the experimental period. The criteria

for judging the lifts are outlined in the Official Rules of the

International Power-lifting Federation (48).

To evaluate dynamic strength, the subjects were tested first in

the bench press on Monday and then in the squat on Friday of the

same week. Prior to dynamic strength testing, all subjects per-

formed warm-up exercises with light weights. Maximum strength

testing was conducted by rounds. Each subject had one test lift

during each round. This procedure provided optimal rest between test

lifts. For each round of testing, the subject selected his own test

weight. For the first test round, each subject started with 15 Kg

below his previous 1 RM in the bench press, 25 Kg in the squat. For

the second round this was increased by 5 Kg in the bench press and

7.5-10 Kg in the squat. During the third round, each subject attempt-

ed to exceed his old 1 RM by another 2.5 or 5 Kg. If he failed, he

was allowed a second chance. All those who were successful were per-

mitted to go on to the fourth round.

For the pre-test when the initial 1 RM was established, the

subjectiveness of the trial-and-error nature of dynamic strength
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testing had to be minimized. This was accomplished by analyzing

the pre-conditioning training loads of each subject and setting a

target 1 RM in the bench press which was 15 Kg more than what they

used for 8-10 repetitions, 25 Kg greater in the squat.

In executing the bench press to determine a 1 RM, the subject

assumed a supine position on a bench, feet in contact with the floor.

The barbell was lowered from an arms extended position down to the

chest and back up to an arms extended position (Figure 5 ) . In

order for the attempt to be successful, the bar had to touch the

chest with no bouncing; the head and trunk (including buttocks) had

to remain in contact with bench, the feet flat on the floor and the

arms extended evenly (48).

In executing the squat to determine a 1 RM, the subject lifted

a load barbell off the rack and onto his shoulders (Figure 6). For

balance, the subject was allowed to place two thick boards under his

heels. From this standing position the subject squatted down until

the top of his thighs was parallel with the floor and then extended

his legs and back in returning to the standard position (48).

Treatment of the Data

Statistical analysis was carried out on data from the physical

characteristics and dynamic strength tests.

1. The methods used to analyze data from physical characteris-

tics tests were the means, standard deviation, and the

extreme values of the variables.
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2. The t-test was computed for all possible comparisons be-

tween the means of test scores in exercise events and train-

ing methods for groups, experimental, control, athletes, and

non-athletes.

3. The one-way analysis of variance was applied to all means

of test scores of groups in exercise events and training

methods.

4. The two-way analysis of variance was computed to determine

the differences in the means of test scores of groups and

training methods for the given exercise events.

5. The Least Significance Difference (L.S.D.) test was used as

a follow-up test for one-way analysis of variance.

6. The percent of change for dynamic strength was calculated.

7. Graphical analysis was used to demonstrate the relationship

in a given set of test scores.

8. The .05 level of significance was selected for all statistical

conclusions.
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ANALYSIS AND DISCUSSION OF DATA

The purpose of this study was to determine the effectiveness,

if any, of motor psychophysics training on the development of

dynamic muscular strength in male college athletes and non-athletes

in a ten week training program. Eighty volunteers, forty athletes

and forty non-athletes served as subjects. For the study they were

divided into two groups of twenty athletes and twenty non-athletes

and were then randomly assigned to either the experimental group or

the control group for the treatment period.

The program, briefly outlined, began with a two week pre-

conditioning period. During the main ten week study period both

groups trained in two major weight training exercises, bench press

and squat, twice a week for 90 minutes. In accordance with the

progressive overload principle, the load was increased every three

weeks in both exercises. In addition to the weight training, the

experimental group was administered motor psychophysics training

before and after each workout session.

Procedures for Analysis

Since the results of the training were to be analyzed according to

modified pre- and post-test control group research design procedures,

both groups were given four dynamic strength tests during the ten

week experimental training period: at the beginning, in the fourth

and seventh weeks, and at the conclusion of the tenth week.

The collected data were analyzed by the following means:
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analysis of variance (ANOVA), Least Significance Difference (L.S.D.)

test, t-test, and percent.

Level of Significance

It is conventional in behavioral science research to use either

a .05 or a .01 level of significance to determine the success of a

hypothesis (51)--the .01 level being the more stringent of the two.

The .05 level was selected to monitor this investigation because it

seemed to allow sufficient variation to permit acceptance or rejection

of the hypotheses.

Results

The results are presented under subheadings: (1) comparison of

pre-test means; (2) comparison of post-test means: (3) differences in

dynamic strength from the pre-test to post-test. Individual data

values are contained in the Appendix C.

Comparison of Pre-test Means

The results of the pre-test means for dynamic strength are shown

in Table 7. In order to determine if there was any significant dif-

ference between the experimental and control groups in the initial

stage of the ten week experimental period, t-tests were applied to

compare the group means. The results of analyses of the pre-test

data are shown in Table 8. The pre-test means of bench press strength

of experimental group and control group were 44.25 Kg and 42.937 Kg

respectively. The pre-test means of squat strength of experimental

group and control group were 66.0 Kg and 65.937 Kg respectively. The
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t-test values between the experimental group and control group in the

bench press was .038, while in squat it was .023. The t-test values

were not statistically significant at .05 level. Therefore, there

was no significant difference between group means in dynamic strength

at the initial stage of experimental training. There was, however,

a significant difference in dynamic strength tests between athletes

and non-athletes. The t-tests computed between means of athletes

and non-athletes in the experimental group were 3.025 for the bench

press and 6.882 for the squat. Both t-test values were significant

at .01 levels. The t-test values between means of athletes and non-

athletes in the control group were 3.024 in the bench press and

7.084 in the squat. The computed t-test values were significant at

.01 levels.

Table 7. Summary of pre-test means for dynamic strength.

Experimental Group (n=40) Control Group (n=40)
Athletes Non-athletes Athletes Non-athletes

Bench press 48.25 40.25 46.375 39.5

Squat 74.5 57.5 75.125 56.5

Thus, athletes were superior to non-athletes in dynamic strength

at the beginning of the experimental period. Figure 8 displays a

graphical illustration of the pre-test means of experimental group

and control group.

Results of ANOVA in Table 9 and Table 10 show the interaction be-

tween the subjects' athletic experience and the training methods at

the initial stage of experimental training period. No significant F
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Table 8. Summary of t-test of the pre -test means for dynamic strength.

Group (n)
Mean Standard

Performance Score Deviation

1. Athletes (40)
Experimental Bench Press 48.25 4.772
Control Bench Press 48.372 8.008

2. Athletes (40)
Experimental Squat 74.5 6.262
Control Squat 75.125 7.966

3. Non-athletes (40)
Experimental Bench Press 40.25 6.584
Control Bench Press 39.5 6.261

4. Non-athletes (40)
Experimental Squat 57.5 9.105
Control Squat 56.5 8.433

5. Experimental Group (40)
Athletes Bench Press 48.25 4.772
Non-athletes Bench Press 40.25 6.584

6. Experimental Group (40)
Athletes Squat 74.5 6.262
Non-athletes Squat 57.5 9.105

7. Control Group (40)
Athletes Bench Press 46.375 8.008
Non-athletes Bench Press 39.5 6.261

8. Control Group (40)
Athletes Squat 75.125 7.966
Non-athletes Squat 56.5 8.433

9. Experimental Group (40) Bench Press 44.25 6.938
Control Group (40) Bench Press 42.937 7.903

10. Experimental Group (40) Squat 66.0 11.558
Control Group (40) Squat 65.937 12.335

0.299

0.276

0.369

0.270

3.025*

6.882*

3.024*

7.084*

0.038

0.023

* Significant at .01 level
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Table 9. Summary of the analysis of variance of the pre-test means
for the experimental and control group on the bench press.

Source of Variation SS df MS

Experiences
athletes and
non-athletes

1106.328 1 1106.328 25.892*

Methods
mental and
physical

34.453 1 34.453 0.80

Experience x method -40.034 1 -40.034 -0.937

Within 3,247.3 76 42.728

TOTAL 4348.047 79

* Significant at .01 level

Table 10. Summary of the analysis of variance of the pre-test means
for the experimental and control group on the squat.

Source of Variation SS df MS

Experiences
athletes and
non-athletes

hethods
mental and
physical

6256.953

0.078

1

1

6256.953

0.078

97.501*

0.001

Experience x method 9.453 1 9.453 0.147

Within 4877.188 76 64.173

TOTAL 11143.672 79

* Significant at .01 level
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ratio was found. Therefore, there was no significant interaction

between athletic experience and training methods.

Comparison of Post-test Means

The results of the post-test means for dynamic strength test

are shown in Table 11. From the statistical values in Table 11, t-

tests were conducted to determine if there was any significant dif-

ference in the final test.

Table 11. Summary of post-test means for dynamic strength.

Experimental Group Control Group

Athletes Non-athletes Athletes Non-athletes

Bench Press 61.375 52.375 56.625 50.25

Squat 98.75 78.25 91.375 71.75

Table 12 summarizes the t-tests applied to the post-test data.

Significant differences at the .05 level existed between all group

means. The t-test values (1.275), however, for non-athletes in

bench press was not large enough tb indicate a significant increase

at the .05 level. The findings from the post-test may be summarized

as follows:

1. Difference between means of athletes of experimental group

and athletes in control group in bench press strength was

significant at .05 level (t=2.374). Therefore, the null

hypothesis of no significant difference in the development

of bench press strength between athletes in the experimental

group and athletes in the control group was rejected.



54

Table 12. Summary of t-test of the post-test means for dynamic
strength.

Group (n)
Mean Standard

Performance Score Deviation

1. Athletes (40)
Experimental Bench Press 61.375 4.762
Control Bench Press 56.625 7.577

2. Athletes (40)
Experimental Squat 98.75 6.151
Control Squat 91.375 6.905

3. Non-athletes (40)
Experimental Bench Press 52.375 4.693
Control Bench Press 50.25 5.787

4. Non-athletes
Experimental Squat 78.25 7.122
Control Squat 71.75 10.908

5. Experimental Group (40)
Athletes Bench Press 61.375 4.762
Non-athletes Bench Press 52.375 4.693

6. Experimental Group (40)
Athletes Squat 98.75 6.151
Non-athletes Squat 78.25 7.122

7. Control Group (40)
Athletes Bench Press 56.625 7.577
Non-athletes Bench Press 50.25 5.787

8. Control Group (40)
Athletes Squat 91.375 6.905
Non-athletes Squat 71.75 10.908

9. Experimental Group (40) Bench Press 56.875 6.523
Control Group (40) Bench Press 88.5 7.396

10. Experimental Group (40) Squat 88.5 12.284
Control Group (40) Squat 81.562 13.368

2.374*

3.566**

1.275

2.231*

6.020*

9.743**

2.990**

6.798**

2.205*

2.417*

* Significant at .05 level
** Significant at .01 level
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2. Difference between means of athletes in the experimental

group and athletes in control group in squat strength was

significant at .01 level (t=3.566). Therefore, the null

hypothesis of no significant difference in the development

of squat strength between athletes in experimental group

and athletes in control group was rejected.

3. Difference between means of non - athletes in experimental

group and non-athletes in control group in bench press

strength was not significant at .05 level (t=1.275). Thus,

the null hypothesis of no significant difference in the

development of bench press strength between non-athletes in

experimental group and non-athletes in control group was

accepted.

4. Difference between means of non-athletes in experimental

group and non-athletes in control group in squat strength

was significant at .05 level (t=2.231). Thus, the null

hypothesis of no significant difference in the development

of squat strength between non-athletes in the experimental

group and non-athletes in the control group was rejected.

5. Difference between means of experimental group and control

group in bench press strength was significant at .05 level

(t=2.205). Therefore, the null hypothesis of no signifi-

cant difference in the development of bench press strength

between experimental group and control group was rejected.

6. Difference between means of experimental group and control

group in squat strength was significant at .01 level
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(t=2.417). Therefore, the null hypothesis of no significant

difference in the development of squat strength between

experimental group and control group was rejected.

To determine the interaction between training methods and sub-

jects' athletic experiences, ANOVA was applied. Table 13 and 14

present the summary of ANOVA for the post-test means. F ratio did

not show significantly large values for the interaction. Therefore,

the null hypothesis that there was no significant interaction between

subjects' athletic experience and training methods was accepted.

Table 13. Summary of the ANOVA of the post-test mean for the
experimental and control group on the bench press.

Source of Variation SS df MS

Experiences
athletes and
non-athletes

1181.953 1 1181.953 34.864*

Methods
mental and
physical

236.328 1 236.328 6.971*

Experience x method 34.453 1 34.453 1.061

Within 2756.563 76 33.902

TOTAL 4029.297 79

* Significant at .01 level.

Differences in Dynamic Strength from
Pre-test to Post-test

The results of changes from the pre-test to post-test means are

presented in Table 15. According to Table 15, the experimental group

gained 12.625 Kg (28.5%) in bench press and 22.5 Kg (34%) in squat

respectively. The results showed that the experimental group achieved
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Table 14. Summary of the ANOVA of the post-test mean for the
experimental and control group on the squat.

Source of Variation SS df MS

Experiences
athletes and
non-athletes

7,990.003 1 7,990.003 125.221*

Methods
mental and
physical

1,030.372 1 1,030.372 16.148*

Experience x method 14.997 1 14.997 0.235

Within 4,849.375 76 63.807

TOTAL 13,884.747 79

* Significant at .01 level

Table 15. Summary of results of differences between pre-test and
post-test means.

Difference between
Pre-test Post-test Pre- and Post-test

Bench Bench Bench
Group (n=80) Press Squat Press Squat Press Squat

Experimental 44.25 66.0 56.875 88.5 12.625 22.5

Athletes 48.25 74.5 61.375 98.75 13.125 24.25

Non-athletes 40.25 57.5 52.375 78.25 12.125 20.75

Control 42.937 65.937 53.437 81.562 10.5 15.625

Athletes 46.375 75.125 56.625 91.375 10.25 16.25

Non-athletes 39.5 56.5 50.25 71.75 10.75 15.25
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greater increase in squat strength than in bench press strength.

The control group gained 10.5 Kg (24.5%) in bench press and 15.625

Kg (22%) in squat. The difference in strength increase between

bench press and squat was not great in control group.

A summary of comparisons among the four test means is presented

in Table 16. The post-test means difference between experimental

and control group in bench press and squat was 3.438 Kg and 6.938 Kg.

The t-test computed for the difference in bench press and squat

strength between experimental and control group was 2.205 and 2.417

respectively. These statistics indicate significant differences at

.05 levels.

For the experimental group F ratios were 26.175 in bench press

and 27.126 in squat. In the control group F ratios were 14.982 in

bench press and 11.575 in squat. All F ratios satisfied the require-

ment for .01 levels of significance. Therefore, the experimental and

control groups revealed significant changes from pre-test to post-

test levels.

As a follow-up for the ANOVA results, the L.S.D. (Least Signifi-

cant Difference) test was applied to determine which means differed

significantly in the same group. The experimental group increased

7.125 Kg in bench press and 9.5 Kg in squat between the pre-test

mean and the first mid-test mean. These increases were significant

at .01 levels, while the difference between other test means were not

significant. On the other hand, the control group did not show any

significant increase between test means.

Figure 10 and Figure 11 graphically display how the group

improved in dynamic strength over the ten week experimental period.



Table 16. Summary of ANOVAs and L.S.D.s for the four tests.

Group (n)

1. Athletes in
experimental group

2. Athletes in
experimental group

3. Non-athletes in
experimental group

4. Non-athletes in
experimental group

5. Athletes in
control group (20)

6. Athletes in
control group (20)

7. Non-athletes in
control group (20)

8. Non-athletes in
control group (20)

9. Experimental Group

10. Experimental Group

11. Congrol Group (40)

12. Control Group (40)

Performance F L.S.D.

Mean Difference
pre and
1st mid.

1st mid.
2nd mid.

2nd mid.

and post

(20) Bench press 27.759* 4.041 9.125* 3.375 2.625

(20) Squat 57.902* 5.094 10.0* 7.375* 6.875*

(20) Bench press 7.567* 7.094 5.125 3.875 3.125

(20) Squat 25.215* 6.661 9.0* 6.625 5.125

Bench press 7.011* 6.261 3.625 3.625 3.0

Squat 18.424* 6.024 6.0 4.875 5.375

Bench press 12.282* 4.891 4.875 3.0 2.875

Squat 9.661* 7.909 5.625 5.50 4.033

(40) Bench press 26.175* 3.925 7.125* 3.875 2.875

(40) Squat 27.126* 6.829 9.5* 7.0* 6.0

Bench Press 14.982* 4.285 4.25 3.313 2.937

Squat 11.575* 7.299 5.813 5.187 4.688

* Significant at .01 level
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The solid line was drawn to indicate the trend of development for

the experimental group, the x line for the control group. The o

was used to show the group means of athletes on two dynamic strength

tests, while the A indicated the same for the non-athletes.

Curves in squat exhibited a sharper increase than the bench press.

Especially, athletes of experimental group in the squat showed greater

leaps between the pre-test and the first mid-test than other groups.

In general, all of the performance curve showed linearity.

Discussion

All subjects in this study showed significant increase in

dynamic strength during the ten weeks training. However, the

statistics indicate that before-and-after motor psychophysics

training was more effective in the development of dynamic strength

than physical training only.

There, however, may be several explanations for dynamic strength

gains in the experimental group associated with utilizing two dif-

ferent training methods, physical training and motor psychophysics

training.

Early Increase in Dynamic Strength

One of the findings of this study was the initial rapid increase

in dynamic strength (7.125Kg in bench press and 9.5 Kg in squat) of

the experimental group during the first three weeks of the experi-

mental period (Table 16). It is likely that this increase can be

attributed not only to physiological adaptation but also to adapta-

tions of the neuromuscular system. Overloading skeletal muscle
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results in strength increase accompanied by hypertrophy of the

muscle involved (21, 63). However, short periods of overloading also

show strength increase without accompanying hypertrophy. Hellebrandt

(27) remarks:

The rapidity with which the performance of muscle can be
augmented when judiciously graded stresses are imposed
suggests that something other than hypertrophy contractile
tissue is responsible for the changes observed. (p. 282)

Darcus (16) cited by Wills suggests that muscle hypertrophy is not

a direct indicator for strength. He says that the early phase of

motor learning reflects acquisition of skill in the recruitment of

additional motor units. O'Shea and Wegner (42) states:

Adaptation of the neuromuscular system to the stress of
the power training program involves changes in the re-
cruitment patterns of the motor units. Such a change
would reflect an increase in spatial summation and a
corresponding decrease in the nerve activation thresh-
old due in part to greater facilitation of the synapse.

(1). 9)

-Therefore, it is conceivable for purposes of this study, that

increased neuromuscular efficiency improved the ability of muscles

to adapt to the stimuli of the bench press and squat movements.

The Greater Strength Increases in the
Squat than in the Bench Press

The result showed that the experimental group increased (28.5%)

in bench press and 22.5 Kg (34%) in squat, while the control group

gained 10.5 Kg (24.5%) in bench press and 15.625 Kg (22%) in squat.

Thus, the difference in gains of squat strength in the experimental

group was greater than that in the control group. Other comparable

studies (8, 42) have also found that a greater increase in squat
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strength compared to bench press strength. The greater increase

found in squat can be attributed to three possible major factors:

1. Different muscle groups are used in the bench press and

squat. The major muscle groups utilized in the bench press

are smaller and weaker than the muscle groups in squat.

The bench press develops strength for the muscle groups

such as triceps, deltoids, pectorals, and latissimus dorsi

(64), squat movement develops muscular strength for erector

spinae, gluteus maximus and medius, tensor faciae latae,

quadriceps, abdominalis, hamstrings, and ankle flexors (43,

65, 68). Large muscle fibers are better able to adapt to

the stresses of a training program.

2. Trainability of various muscle groups is different. Hettin-

ger (29) shows examples of weekly increase in strength of

different muscle groups during a period of training. The

muscles governing the handgrip increase in strength about

1% per week while muscles in the buttock and calf of the leg

show 4% and 6% increase per week, respectively. He also

discusses the difference in the rate of increase in strength

in different muscle groups in the same subject. Hettinger

(29) states:

When we consider these muscle groups in relation
to their use in daily activity, we find that
those showing only light increase in strength per
week are the very ones used most strenuously in
day-to-day activities. The reason for this is
that muscles used most heavily (in relation to
their capacity) are already operating at a level
closer to maximum strength. Conversely, muscle
groups used less heavily in relation to their
capacity show greater trainability. (p. 39)
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With an assumption that the above statement is relatively

true, it can be reasoned that muscle groups in the squat

have greater trainability than muscle groups in bench press.

3. The body as a whole respond more effectively to training

than does each individual part. Wills (71), in his study

of mental practice for two motor performances, suggests

that training, whether physical or mental, may be more

meaningful in an event that involves the whole body and

displays distinct changes in position than in an event that

involves only a certain part of the body.

Since the squat involves more muscle groups than

bench press, the squat may result in a greater strength

increase.

Before-and-After Motor Psychophysics Training
Method was More Effective than Physical
Training Only Method for the Development
of Dynamic Strength

There are three major factors which may be responsible for the

finding that motor psychophysics training was more effective than

physical training in the development of dynamic strength.

1. Mental effort may have an effect on the function of a

muscular system. Paillard (47), in his study on the pattern-

ing of skilled movements, suggests that:

Without doubt man can, by exerting the necessary
mental effort and subjecting himself to appropri-
ate training, selectively control certain parts of
his musculature, most easily the muscle of the
hand. (p. 1704)
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The number of motor units is related to the power of muscular

movement (40). The imagination has an ability to recruit

motor units. A direct relationship exists between the

recruitment of motor units and muscular strength. O'Shea

(40) states:

High intensity training over a prolonged period of
time improves the ability of the neuromuscular
system to recruit great numbers of motor units,
and hence a greater number of muscle fibers, to
contract under given conditions. (p. 8)

Mental training develops greater tension in a given muscle

group. Shaw (58) reported that the activity of the muscle

of the arm during imagined weight lifting increased in

magnitude as the imagined weight increased. He also found

that the greater the reported vividness of the image, the

greater the amount of muscular activity. Razor (52) found

that mental practice was effective as a means of increasing

hand grip strength. Cronk (15) also reported mental practice

improved arm strength. Wills (71), citing Eason's study,

reported that voluntary effort induced cortical stimulation

that influenced the motor unit recruitment level. There-

fore, it can be stated that imagination can develop strength

of the given muscle groups by recruiting more motor units.

2. Motivation seems to be important in training. The role of

motivation should not be overlooked for the experimental

group in this study. A study (19) cited by Drowatzky,

indicates that wide variety of situations are motivating,

and the concept of Hawthorn effect was formed. The Hawthorn

effect recognizes that the activity of "just being chosen"
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or the social force of being an "insider" as opposed to an

"outsider" will increase motivation sufficiently to produce

greater performance. Clarke (11) indicates that in muscular

strength and endurance, different situations produce differ-

ent amounts of variety. Performance can be enhanced by

motivation.

During the motor psychophysics training period in this

study most athletes reported that they did not have any

severe difficulty with visual imagery of exercise movements.

Some of the non-athletes, however, reported that in the

squat movement they visualized more of weight plates than the

body in motion.

Even though all the subjects were volunteers, it can

be assumed that the athletes had more enthusiasm than the

non-athletes. Athletes were assumed to have better skills

in the bench press and squat. Non-athletes in the experi-

mental group, also, may be assumed to have had more

enthusiasm than those in the control group, because they

might have felt that they were "chosen". Therefore, the

subjects in the experimental group might have performed

better concentrated movements and had better adaptation of

the neuromuscular system than subjects in the control group.

Consequently, the experimental group showed better results

in dynamic strength tests than the control group.

3. In addition to this, another possible contributing factor

was associated with the psycho-endocrine system. World

class elite athletes show a possible relationship between
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motor psychophysics training and the psycho-endocrine system

in producing optimal performance (44).

Hormones never initiate a process, but they alter the

rates with specific cellular processes proceed (5). During

exercise, and before, the endocrine glands are stimulated

in varying degree as a response to physical activity (18).

Among the number of hormones related to physical activity

cortisol and catecholamines seem to be most important and be

directly related to exercise. The main purpose of cortisol

is the metabolism of carbohydrates, fats, and proteins (25).

The catecholamines, epinephrine and norepinephrine (also

called adrenalin and noradrenalin, respectively) increase

heart rate, and vasoconstriction of the blood vessels. The

increased blood pressure that results, speeds the flow of

blood to the working muscles (5).

The exact stimulus for increased catecholamine secretion

during exercise is not known. Hartley (26) suggest that

during the exercise, the central nervous system activates

motor units to skeletal muscles and sympathetic fibers

simultaneously so that they both function together.

Berger (5) describes the psycho-endocrine phenomenon

of athletes in performing exercise. He states:

Even before exercise begins there is an anticipation
of stress, especially if the activity involves
athletic competition. The hormonal response to
such a situation is initiated in the higher brain
center, from which thought signals are conveyed
to the hypothalamic-pituitary system and eventually
to the adrenal cortex, where cortisol is released.
(p. 65).
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The autonomic nervous system working together with the endo-

crine system is concerned with rapid adjustment to physical activity

(5). During athletic competition motor psychophysics can play a

critical role in preventing emotional excitement from running out of

control. For instance, when an athlete is throwing the discus in

competition he concentrates very intensively (using motor psycho-

physics method) on technique while simultaneously keeping his com-

petitive emotions from overwhelming his physical performance. In

voluntary human movement this involves a complicated feedback

mechanism from the adrenal glands back to the cerebral cortex.

Control of the system is crucial in controling emotional energy and

thus preventing a breakdown in technique. In more simple terms,

the athlete does not "choke up" when utilizing motor psychophysics.

Therefore, based upon the results of this study it may be stated

that the psycho-endocrine system through motor psychophysics training

is responsible for the better performance of the experimental group

in the development of dynamic strength over the ten week experimental

period.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The purpose of this investigation was to determine the effective-

ness of motor psychophysics training in the development of dynamic

muscular power strength (the squat and bench press) among male

college athletes and non-athletes.

A search of literature revealed a number of studies published

in the area of motor psychophysics training for motor skill learning.

Only four studies, however, were found relating to motor psycho-

physics training and the development of strength and endurance. The

studies were split in the findings, two studies indicated significant

results in favor of motor psychophysics training, while the other two

did not. No studies were found in the area of motor psychophysics

training for the development of dynamic strength.

This investigation was conducted during the first semester

(spring semester) of the 1982 academic year. All training and test-

ing was done in the weight training room of the Department of Physical

Education at Seoul University, Seoul, Korea.

Eighty students volunteered to serve as subjects in this study.

Of the 80, forty were athletes enrolled in the Department of

Physical Education and the other forty were enrolled in the general

physical education activity classes.

The pre and post-test control group research design was

employed for this study. The subjects were randomly assigned to

either experimental group (motor psychophysics training group) or
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control group (physical training group). Prior to the experimental

period all the subjects participated in a two weeks pre-conditioning

program in order to be familiar with training and testing procedures

of the experimental period. After the completion of the pre-

conditioning period, the subjects trained in the bench press and

squat with dynamic strength program. Experimental training of all

subjects extended over a period of 10 weeks. The training session

was ninety minutes twice a week. In addition to the experimental

weight training program, motor psychophysics training was added for

the experimental group.

The one repetition maximum for the bench press and squat was

used as reference criterion. Testing for possible changes due to

motor psychophysics training in dynamic strength (the squat and bench

press) was conducted prior to the start of the experimental period, at

the start of the 4th, the 7th, and again at the conclusion of the 10th

week of the experimental period.

The collected data were analyzed by means of analysis of

variance (ANOVA) and t-test. A significant level of .05 for rejection

of the null hypothesis was selected.

The results of the study showed that: (1) Significant difference

in the squat and bench press strength were found between athletes in

the experimental group and control group. (2) Significant difference

in the squat was found between non-athletes in the experimental group

and non-athletes in the control group. (3) All groups significantly

increased in squat and bench press strength. (4) There was no inter-

action between the degree of subjects' athletic experiences and the

training methods.
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Conclusions

From the statistical evaluation of the results, the following

conclusions may be made:

1. Ten weeks of motor psychophysics training has a significant

effect on the development of bench press strength of combined

athletes and non-athletes.

2. Ten weeks of motor psychophysics training has a significant

effect on the development of squat strength of combined

athletes and non-athletes.

Recommendations

On the basis of the results of the study, the following recom-

mendations were made for future investigation.

1. A similar study is needed with the aid of an electromyo-

graphy (EMG) and electroencephalogram (EEG) to investigate

any change that might occur in active potentials and brain

waves at the same time during the period of motor psycho-

physics training.

2. A study is needed to investigate changes which may occur in

the endocrine system during motor psychophysics training to

develop dynamic strength.

3. A study is needed to investigate motivational factors in

motor psychophysics training to develop dynamic strength.

4. A similar study is needed using large sample of various age

groups and female subjects.
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5. A similar study is needed utilizing a psychological instru-

ment to measure the level of motivation of the subjects

during the period of motor psychophysics training.

6. A similar study is needed utilizing the measurements of the

biorhythmical cycle of the subjects during their training

and testing period.

7. A study is needed to investigate the effects of motor psycho-

physics training as a means of increasing speed, balance,

agility, and other factors thought to contribute to neuro-

muscular performance.

8. An investigation is needed to determine to what extend motor

psychophysics is utilized by world class athletes.

9. Also, in relationship to number 8, if world class athletes

are found to use motor psychophysics what methodology is

used.
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APPENDIX A

Sample Workout
(Non-athlete in the Experimental Group)

Week 1 (Monday)

Subject: Lee Kwang Ho One Repetition Maximum

Age: 19 Bench Press 50 Kg

Weight: 61 Kg Squat 60*Kg

Height: 173.5 Cm

Exercises Reps. Sets Weight (Kg)
1. Motor psychophysics training

for 5 minutes

2. Jogging for 5-6 minutes

3. Free and stretching exercise
for 5-6 minutes

4. Standing military press

5. Standing forward dumbell raise

6. Bench press

8-10

8-10

5

3

3

5

2

2

1

1

2

2

20

5

25

30

35

35

7. Knee bending with dumbell 8-10 1 10

8. Rounded back deadlift 8-10 1 20

9. Squat 5 1 30

3 1 35

3 2 42.5

5 2 42.5

10. Free and stretching exercise
for 5-6 minutes

11. Motor psychophysics training
for 5 minutes
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APPENDIX B

Age and Physical Characteristics of the Subjects

(The Experimental Group)

Subject Age
Height
(Cm)

Weight
(Kg) Subject Age

Height
(Cm)

Weight
(Kg)

1 18 173 65 21 19 172 55

2 19 168 67 22 19 170 66

3 20 169 62 23 19 173.5 61

4 19 175 77 24 18 165 54

5 24 173 62 25 18 173 60

6 18 169 57 26 18 174.5 55.5

7 19 170 60 27 23 171 61.5

8 19 170 61 28 18 165 53

9 18 177 77.5 29 19 180 65

10 19 169 63 30 18 180 70

11 19 169 63.5 31 18 173 60

12 18 168 55 32 18 170 56.5

13 24 166 53 33 18 170 63

14 19 173 57.5 34 18 167 55

15 18 175 60 35 19 166 60

16 18 172 62 36 18 164 56

17 18 173 65 37 19 180 70

18 19 176.5 66 38 19 169 62

19 19 169 60 39 19 170.5 64

20 20 172 70 40 18 164 56
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APPENDIX B

Age and Physical Characteristics of the Subjects

(The Control Group)

Subject Age
Height
(Cm)

Weight
(Kg) Subject Age

Height
(Cm)

Weight
(Kg)

41 19 168 56 61 18 162 48

42 18 174.5 69.5 62 19 177 62

43 18 169 56 63 18 162 58

44 19 176 70 64 18 171 57

45 19 175 58 65 19 175 58

46 18 165 62 66 19 174 60

47 19 174 66 67 20 175.5 64

48 18 168.5 63 68 23 167 55

49 19 167 54 69 i8 175 62

50 21 174 61 70 19 171 68

51 18 172 60 71 21 174 58

52 21 178.5 60 72 19 177 57

53 18 168 60 73 18 172 62.5

54 20 171 60 74 18 173 58

55 20 168 59 75 19 180 61

56 19 175 67 76 18 163.5 50

57 13 171 61 77 22 174.5 60

58 19 171 59 78 19 181 58.5

59 18 170 56 79 19 176 65

60 18 170 60 80 18 166 50
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APPENDIX C

Athletes in the Experimental Group

Subject

Bench Press Squat

Pre-
test

1st
mid
test

2nd
mid
test

Post-
test

Pre-
test

1st 2nd
mid mid
test test

Post-
test

1 50 55 60 62.5 75 85 90 95

2 50 57.5 62.5 62.5 80 90 97.5 100

3 50 55 60 65 80 90 95 100

4 50 60 65 65 90 100 105 110

5 55 60 65 70 80 90 100 110

6 45 50 52.5 55 80 90 100 105

7 40 47.5 52.5 55 70 80 85 90

8 50 57.5 60 65 80 90 95 102.5

9 45 50 52.5 55 70 80 87.5 97.5

10 50 55 60 62.5 70 80 85 90

11 50 55 57.5 60 80 85 90 95

12 55 62.5 65 65 70 80 85 90

13 40 45 50 55 70 80 90 100

14 45 55 60 60 80 90 95 100

15 40 50 55 60 70 80 90 105

16 45 50 52.5 55 70 80 85 90

17 55 62.5 67.5 70 70 85 97.5 102.5

18 50 55 57.5 60 65 75 85 95

19 50 60 62.5 65 70 80 90 100

20 50 55 57.5 60 70 80 90 97.5
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APPENDIX C

Non-athletes in the Experimental Group

Bench Press Squat
1st 2nd 1st 2nd

Pre- mid mid Post- Pre- mid mid Post-

Subject test test test test test test test test

21 45 50 50 55 55 55 60 65

22 50 50 50 55 70 70 75 80

23 50 50 52.5 55 60 60 65 70

24 35 40 42.5 45 50 60 65 70

25 35 40 45 50 70 80 85 90

26 40 45 50 50 50 60 65 70

27 35 45 50 55 50 65 75 80

28 45 50 55 60 50 60 65 70

29 50 55 57.5 60 75 85 87.5 90

30 40 50 52.5 55 55 70 75 80

31 30 35 42.5 45 60 70 77.5 80

32 40 45 50 50 50 60 70 80

33 35 40 45 50 45 60 70 80

34 35 45 50 55 40 55 65 75

35 45 47.5 50 55 70 75 80 85

36 40 45 50 50 60 65 72.5 75

37 40 45 50 55 60 70 85 90

38 35 40 42.5 42.5 60 70 75 80

39 50 50 55 55 60 70 75 80

40 30 40 45 50 60 70 75 75



86

APPENDIX C

Athletes in the Control Group

Subject

Bench Press Squat

Pre-
test

1st
mid
test

2nd
mid
test

Post-
test

Pre-
test

1st
mid
test

2nd
mid
test

Post-
test

41 30 40 45 45 70 75 80 80

42 50 55 57.5 60 95 100 105 110

43 52.5 55 60 60 77.5 85 90 92.5

44 55 60 62.5 65 70 75 80 85

45 30 35 40 40 75 85 87.5 90

46 55 55 55 60 80 80 85 90

47 45 45 45 50 80 80 85 95

48 50 55 60 62.5 70 80 85 97.5

49 35 40 42.5 45 80 85 90 92.5

50 40 45 47.5 50 75 75 75 80

51 50 52.5 57.5 60 70 75 85. 90

52 45 47.5 50 52.5 70 80 85 90

53 45 50 55 57.5 70 75 80 85

54 50 55 60 60 60 70 80 85

55 45 50 55 60 70 80 85 95

56 55 60 65 70 80 87.5 92.5 95

57 60 60 62.5 65 90 95 95 100

58 45 45 50 55 80 85 90 90

59 45 45 47.5 55 70 75 80 90

60 45 50 55 60 70 80 85 95
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APPENDIX C

Non-athletes in the Control Group

Bench Press Squat
1st 2nd 1st 2nd

Pre- mid mid Post- Pre- mid mid Post-
Subject test test test test test test test test

61 35 40 45 45 42.5 45 47.5 50

62 40 40 45 47.5 60 60 65 70

63 35 40 42.5 45 52.5 60 60 62.5

64 35 42.5 45 50 50 60 65 65

65 30 35 42.5 45 50 57.5 65 70

66 40 45 45 45 50 55 60 60

67 40 50 55 60 70 75 90 100

68 45 50 55 55 50 55 65 65

69 35 40 45 50 50 55 62.5 65

70 45 50 50 52.5 60 65 70 75

71 40 45 50 50 .50 60 70 75

72 50 55 57.5 60 55 60 62.5 70

73 45 50 52.5 55 70 70 75 80

74 45 45 45 50 60 60 65 70

75 30 37.5 40 45 60 65 67.5 70

76 30 35 37.5 40 50 55 60 65

77 35 40 45 45 55 70 75 80

78 45 50 50 55 60 65 70 75

79 50 52.5 55 60 65 75 77.5 80

80 40 45 45 50 75 80 85 90


