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CHAPTER I 

INTRODUCTION 

/ 
In Softball, good performance of a team is reflected 

by a higher numerical score than that of the opponent. 

In order to obtain a winning score a team must be able to 

bat. Therefore, batting is one of the most important of

fensive skills, if not the most important. To be a good 

batter certain characteristics must be present.^ The ques

tion is, what are these characteristics? 

There is a lack of information in the literature deal

ing with the analysis of softball batting. There are many 

factors known to affect batting skill. Reaction time, 

vision, equipment, playing conditions, and psychological 

factors are all elements of importance; however, this study 

deals with the mechanical aspects of batting, one factor 

over which the batter has complete control.'' Because of the 

need to hit the softball with as much force as possible, 

there is a need to investigate the process of force develop

ment. 

Observations of the mechanics of batting have been 

made, but little information has been based on formal re

search. This study of batting will be conducted using the 

research technique of cinematographic analysis. Thus, the 

motor skill can be studied and interpreted in terms of 
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scientific facts instead of opinion and guesswork. 

Statement of the Problem 

The purpose of this study was to investigate softball 

batting perfoi-mances of three skilled women to determine 

the external characteristics of hitting the long ball. 

Specific purposes were: 

1. To provide a general description of the prepara

tory phase of batting. 

2. To describe specifically the characteristics of 

the force development phase of batting. 

3. To provide a general description of the follow-

through phase of batting. 

Definition of Terms 

For the purpose of this study the following defini

tions were used: 

1. Batting. One of the most important offensive skills 

in softball which incorporates the actions of stancê , stride-

backswing, hitting action or swing, and follow-through. 

2» Long ball. A batted softball which travels a dis

tance of 250 feet or more from the plate. 

3. Semi-professional player. A player who is finan

cially supported by supply of clothing, equipment, and 

traveling expenses, and who is a part-time participant in 

softball. 
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4. Cinematography. The use of motion picture film 

records to study the intricacies of movement patterns. 

5. Contact frame. The frame of film in which the 

bat contacts the ball. 

6. Vertical reference. A line, post, or straight 

edge of an object placed perfectly vertical in view of the 

cameras. 

7. Horizontal reference. A line, post, or straight 

edge of an object placed perfectly horizontal in view of 

the cameras. 

B. Preparatory phase. The portion of the total bat

ting pattern in which the body and the bat are moved away 

from the oncoming pitch and placed in a position to generate 

force. 

9. Force development phase. Movements of the body 

and the bat toward the oncoming pitch and in the direction 

force is to be applied at impact. 

10. Follow-through phase. Continuation of movements 

following impact of the bat and ball for decelerating mo

tion. 

Delimitations of the Study 

The study is limited to the analysis of batting per

formances of three women semi-professional softball players. 



CHAPTER II 

REVIEW OF LITERATURE 

A survey of softball literature revealed a paucity of 

specific information about the skill of batting. Much of 

the literature has been written by professional players and 

coaches and a substantial contribution has been made by 

physical educators. However, relatively few sources pro

vide more than a very general description of the skill. 

The mechanics or external movements involved in batting 

are the principle interest of this study; therefore, the 

review will focus on this topic. Frequent reference will 

be made to baseball literature for two reasons: softball 

sources were inadequate, and secondly, it might safely be 

assumed that the mechanics of batting are similar enough in 

both sports to justify the inclusion of baseball materials 

in the review. 

The review will contain analyses of the mechanics of 

batting by professional players and coaches, analyses by 

kinesiologists, and results of cinematographic studies of 

batting. There will be a brief section concerning cinema

tography as a research tool and examples of cinematographic 

research. 

4 
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^Mechanics of Batting 

The literature on the mechanics of batting will be 

presented in the order in which the skil] is executed. 

The phases of batting reviewed and the order of their 

appearance in the review are: the stance, the stride and 

backsv/ing, the swing, and the follow-through.^ 

The Stance 

In the stance, the batter has assumed a position with 

the side_ toward the pitcher (4^, 59). The batter estab

lishes a wide_base_of support according to Cooper and 

Glassow (14) and Watts [55)' A comfortable distance apart 

was the foot relationship recommended by Scott, ViJatts, and 

Weiskopf (4^) 57, 59). Most authors were in agreement with 

reference to a comfortabjLe stance (49, 55, 63); however, 

Kneer and McCord (30) and Siebert (49) specified that the 

feet were shoulder width apart. 

There was rather general agreement that the weight was 

equally distributed on both feet in the stance (31, 49, 55, 

57, 64); however. Cooper and Glassow (14) stipulated that 

the weight was primarily on the right foot. Ty Cobb (57) 

and Weiskopf (61) stated that a little more weight was on 

the front foot than was on the rear foot. Dick Siebert (49), 

Lew Watts (55) and Ted V/illiams (57) emphasized keeping the 

feet flat with the center of gravity centered over the balls 

of the feet. 



There was almost unanimous agreement pertaining to the 

7 slight flexion of the knees while in the stance (21, 30, 31, 

4^, 55, 57, 61), Lew V/atts (55) emphasized that the knees 

were relaxed v;ith some degree of flexion to allov; freer 

movement in the lov/er extremities./ 

^^ Level hips and shoulders were advocated by a majority 

of authorities to be essential to the execution of a good, 

level swing (7, 30, 31, 55, 59). Professional players Pete 

Runnels, Ernie Banks, and Ted Williams concurred (59). 

Except for photographs of players, little information 

was available in the literature about trunk inclination in 

the stance. Scott (4^) stated that a forward inclination 

of the trunk made arm action freer than when the trunk was 

erect, and that inclination lowered the shoulders and 

facilitated a horizontal swing. The angle of inclination 

of the trunk in the stance was eighty-eight degrees from 

the vertical for seventeen professional baseball players 

studied by Race (45)• Thirteen of the seventeen leaned 

laterally toward the catcher. 

_f Siebert (49) proposed that the level of the hands and 

arms supporting the bat in the stance was approximately 

shoulder height. Both elbows were flexed and held out away 

from the body. The degree of flexion for the front elbow 

was greater than that for the rear elbow (49, 59). The 

rear elbow, Ted V/illiams (64) suggested, should be straight 

back and parallel with the ground. Stan Musial (57) 
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stipulated that v/ith the arms held out away from the body 

a freer and a fuller swing was permitted. According to 

Swimley's cinematographic analysis of one professional base

ball player the arms were away from the body, but the roar 

elbow was belov7 shoulder level (51). 
« 

Some of the literature reported that the wrists were 

cocked in the stance and controlled the bat position. Few 

specific facts were given in the literature with reference 

to the location of the bat in space and the direction and 

magnitude of wrist flexion. Only a general designation for 

the location of the bat could be deduced from the preferred 

positioning of the hands at shoulder height. 

/buring the stance the eyes were fixed on the ball (30, 

31). The head did not turn with the torso during the back-

swing but maintained a position directed toward the ball (14). 

Breen (7) commented that the head was adjusted to get the 

best and longest look at the flight of the ball./Siebert (49) 

stated that the chin was tucked close to the front shoulder. 

The Stride and Backswing 

__\The stride and backswing occur almost simultaneously in 

batting. For greater clarity the movement of the upper torso 

away from the pitch will be described first, followed by a 

description of the movement of the striding leg toward the 

pitch. 



Stride 

Another element of importance in the preparatory phase 

of batting is the stride or step-out. The purpose of the 

stride, according to Watts (5^), was to force the batter's 

weight to the rear foot until the hitting action was started. 

The rear knee was flexed to facilitate the weight shift 

to the forward leg (13, 5^)- The stride vjas made off the 

inside of the rear foot, and the front foot moved into posi

tion in a sliding rather than a stepping movement (13). 

A short, sliding step stride was recommended by most 

baseball players and coaches. V/atts (57) suggested an ideal 

stride was one conducive to good balance and between six and 

fifteen inches in length. Don Weiskopf (59) said that a 

distance between five and six inches was a good short stride 

length. Dugan (17) proposed an eight to ten inch or slightly 

longer stride for power hitters. McConnell (37) advocated 

a ten to tv/elve inch stride. Breen (7) suggested that what

ever length stride was taken, it should be the same for all 

pitches. 

The direction of the stride was toward the pitcher (30, 

34). Bunn (10) stated that the batter should step slightly 

away from the plate in order to create a greater arc through 

which to sv;ing. Swimley (51) found one professional player 

who had forty-five degrees outward rotation of the striding 

leg. 

The step-out began when the ball left the pitcher's 

hand (10, 30, 5^). Bethal (4) said a split-second prior to 
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release or with the release, the forward foot slid out to 

receive the weight transfer. 

The planted front leg acted to stabilize the trunk for 

the ŝA/'ing. The leading foot was planted and braced before 

the bat war. swung fully around for contact (63). There was 

general agreement in the literature that the lead leg was 

extended and served as a brace for the powerful swing, and 

that a slight degree of flexion was maintained in the rear 

leg (17, 31, 51, 59). 

Backswing 

The backswing, which occurred almost simultaneously 

with the stride^ was to place the body segments and the bat 

in a position where momentum could be developed and the bat 

could be repositioned according to the pitch. 

The weight had been placed on the rear foot since the 

step-out accompanied the backswing. There was movement away 

from the pitcher in the upper portion of the body. 

The hips, shoulders, and bat rotated backward away from 

the oncoming pitch (14, 17, 30). According to Scott (4^) 

the trunk was rotated backward between twenty and thirty 

degrees. Swimley (51) found that the hips and shoulders 

rotated backward 103 and 119 degrees respectively. 

Watts maintained that "good hitters literally push the 

bat back into hitting position" and that the bat is pushed 

back as far as possible (5^:44). Sports analysts agreed 

that the backswing was as long as possible (10, 31, 4S, 63). 
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Race (45) found that seventeen Eastern League Players rotated 

the bat and hands backward an average of 107 degrees in the 

backswing. "The path of the bat should be in a plane parallel 

to a line drawn from the pitcher's mound to home plate." (5B: 

44) 

Most good hitters held the bat away from the body in a 

high, comfortable position (2). The hands were held about 

shoulder height. The forward arm was parallel with the 

ground and the rear arm was dropped below the horizontal (17, 

31). According to Race (45) the wrists were cocked an addi

tional nineteen and six-tenths degrees during the backswing. 

Following the completion of the stride and backswing, 

and just before the forward swing of the bat, there was a 

split-second wait (56). Weiskopf (59) called the hesitation 

a period of adjustment for the wrists and bat to the on

coming pitch. 

Dugan has summarized the backswing phase of batting as 

follows: 

As the pitcher delivers, the weight 
shifts to the rear foot. The hips, 
shoulders and arms pivot back, the 
head remains still, the wrists are 
cocked, and the bat is cocked over 
the shoulder ready to move. (17:7^) 

Coordination of Stride with Backswing 

Hubbard and Seng (10) found that professional batters 

tended to start the stride and backswing v/ith the release 

of the pitch. As the foot was placed, the body started to 
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technique in batting allowed batters to keep their rear 

foot on the ground. This style is illustrated by Harmon 

Killebrew, Roger Maris, Jim Gentile, Elson Hov;ard, and Al 

Kaline (59) v̂ ho are a].l long ball hitters. Their rear foot 

is used as a support for the v;eight on the braced front 

leg. 

Ethan Allen (2) stated that the front leg v/as solidly 

planted, but only the back toe was on the ground. Mickey 

McConnell (37) reported that batters hit against a straight 

front leg and pushed with the ball of the back foot. From 

cinematographic analysis Breen (7) found that better batters 

took the weight off the rear leg when contact with the ball 

was made. The center of gravity had shifted to the front 

leg. Some players stated that the rear foot remained in 

contact with the ground for balance even though the weight 

had been shifted to the lead leg (20, 21). 

When the pitch was determined, the transfer of weight 

to the front foot took place (17). As the weight was trans

ferred to the lead foot, the pelvis rotated at the left hip 

turning through ninety degrees (14). Scott (4^) proposed 

that when miost of the v/eight had shifted forward the arms 

brought the bat to meet the ball. As the weight transferred 

to the front foot, the rear heel came off the ground to per

mit complete hip rotation which was necessary for perfect 

timing (17, 49). 

Lew V/atts (56) stressed that rotation of the hips was 

absolutely essential to a good swing. Rotation of the hips 
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not only started the movement of the shoulders and pulled 

the weight into the swing but also led the entire body 

through a flow of motion. Cast (21) proposed that the hips 

did not rotate completely until the front foot was set. 

Ted V/illiams (64) stipulated that the hip action and the 

manner in which the hips were incorporated into the swing 

were directly proportional to the power generated in the 

swing. 

Position of the arms was mentioned by professional 

baseball players and coaches as being one of the most impor

tant factors in good hitting r39). V/atts (5^) said that 

holding the bat too close shortened the overall arc of the 

swing and caused a lack of power. Kneer, et al., (31) 

recommended dropping the back elbow in the swing to produce 

more power. Allen (2) also stipulated that the arms were 

the last body segment to act in the sv/ing. Watts (5^) sug

gested pulling the bat across the body v/ith the forv;ard 

hand to delay the uncocking of the wrists. Watts further 

stated that the front arm should be held firm and the wrists 

should not be straightened until the moment of impact. 

Bunn (10) suggested holding the left arm as nearly horizon

tal as possible and allowing the right elbow to come closer 

to the body. 

Wickstrom (63) stated that the final speed of the bat 

was determined in part by the length of the bat. Therefore, 

for greater bat velocity the forward arm straightened at the 
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elbow early in the swing. Breen (7) found that if the lead

ing forearm were straightened at the beginning of the swing 

greater bat speed was achieved. 

The purpose of \he force developm.ent phase according 

to Bunn (10) was to develop as much bat velocity as could 

be achieved without sacrificing control over the movement of 

the bat. The velocity of the bat was partly determined by 

the length of the total lever. According to Bunn, 

the actual speed at which a batted ball 
will travel after impact with the bat 
is dependent upon the coefficient of 
restitution of the ball and bat, the 
mass of the ball and bat, and the veloc
ity of the ball and bat at impact. 
(10:151) 

Lande (35) stated that the level swing allowed less 

room for error when the ball met the bat. The level swing 

provided for a greater contact area with the ball as opposed 

to the upper-cut or chop swing. Ernie Banks (59), along 

with a majority of professional players and coaches, advo

cated a level swing for greater success in batting. 

In the magazine Batters-Up (25) it was reported that 

the synchronization of the uncocking of the wrists with the 

moment just prior to impact constituted an important phase 

of effective batting. Proper timing of the uncocking of the 

wrists with the oncoming pitch resulted in effective trans

fer of force from the body and bat to the ball. 

The wrists played an important part in the swing. Ernie 

Banks (59) sand the wrists exploded and were the source of 



15 

power in batting. Ted Williams (59) explained that there 

must be 100 percent effort in a quick, strong snap of the 

wrist just prior to contact. Hank Aaron (25) stated that 

hitting was all in the wrists. Cooper and Glassow likev;ise 

stressed the important contributions of the wrists during 

the swing vjhen they stated: 

Strong muscles acting at the v/rist 
are important because they must hold 
the bat in the horizontal position, 
resisting gravitational pull, and 
move it with great speed in the final 
force-producing phase. (14:131) 

"The extension of the forearm and wrists are the most 

important moves to give increased linear velocity to the 

bat for the same angular velocity." (10:149) Wcien these 

movements are timed correctly, there is continuous accelera

tion of the bat causing velocity to increase until contact 

is made with the ball (63). According to Cooper and Glassow, 

the main contributing levers are 
those acting at the hip and wrist 
joints; the lengths of the moment 
arms for these levers have been 
greatly lengthened by the bat. (14:131) 

Wickstrom (63) reported the sequence of batting actions. 

The synchronized forward step and backswing, followed quickly 

by hip, trunk, and arm rotation, led the snap of the wrists, 

which added the final force before contact v;ith the ball. 

The forward movement of the trunk stopped before contact but 

the rotation of the shoulders and arms continued. Wickstrom 

further stated that the body rotates through approximately 
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ninety degrees and that the bat moves through an arc of 1^0 

degrees before contact. 

Bunn defined contact with the ball as that moment when 

the force developed thi-ough a sequence of movement was 

imparted to the ball (10). When considering the contact 

moment in relation to the position of the bat, plate, and 

batter, Bunn has stated the following: 

The bat should swing in the plane 
of the ball so that it can be met 
squarely. The center axis of the 
bat should meet the ball at its 
center. The ball should be met out 
in front of the plate just after 
the arms pass the position where 
they are straight out from the 
shoulders so that the bat is at 
right angles to the line of the 
shoulders and with the arms fully 
extended. It is at this point 
that the greatest forward linear 
speed is attained. The, ball should 
be met well out on the bat where 
the linear velocity is greatest. 
(10:149) 

Concerning the development of maximum swinging speed, Scott 

said: 

Maximum swinging speed is attained 
by the combination of weight trans
fer, rotation of the body, and the 
swing of the extended arms. V/ith 
the left elbow straight, the bat 
extended beyond the left hand, final 
extension of the right elbow, and 
wrist snap, the striking end of the 
bat acquires speed by virtue of the 
long lever set in motion by these 
various forces. (4^:23^) 
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The Follov;-through 

After contact was made the wrists continued to rotate 

because of the grip held and the arc of the path of the bat. 

The feet and trunk compensated to maintain the balance of 

the hitter by either everting the lead foot or inclining 

the trunk toward first base or both. The follow-through 

was necessary to decrease the momentum and power generated 

by the swing. Many authorities emphasize completion of the 

follow-through (39, 59, 64). 

Cinematography as a Research Tool 

The technique of cinematography is a unique method of 

research. Analyzing a performance by means of film has 

advantages over observation of the unaided eye. A camera 

can catch a moment of time and hold it indefinitely on film. 

This enables two important contributions to be made: an 

overall description of the skill and the detailed presenta

tion of the technical patterns of motion (12). 

Fundamentals of movement such as direction, sequence, 

relative contribution of levers, values of force and veloc

ity may all be obtained from film study. Therefore, move

ment can be studied and interpreted according to scientific 

principles instead of guesses and vague suppositions (15). 

There are two major problems encountered in film 

analysis: the selection and calibration of equipment, and 

the design and preparation of the experimental environment 

which provides the data (12). 
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The technique of filming requires careful planning and 

skilled technicians. The basic equipm.ent and its use for 

filming includes rrjotion picture cameras, to place the action 

on film, and a horizontal and vertical reference system, for 

determining distances and angles. Subject markings are also 

used to determine the location of joints so that segmental 

lines may be accurately placed. A subject number and trial 

reference is placed in the view of the cameras for identi

fication of the subject and correct trial number. A timing 

device is needed to calculate frame time and when more than 

one camera is involved, it is used to synchronize the films. 

A grid located in the background aids in observing the sub

ject clearly and eliminates background interference. 

After the actual filming has been completed, analysis 

of the film is made. The film is marked along the edge of 

the emulsion side for reference. For identification the 

film are marked with letters or numbers every first, third, 

etc. frame, depending on the speed of action involved. 

After marking the film it is placed on a film reader 

or slow motion analyzer in order to magnify and to repro

duce the contour or outline of the body. Tracings may be 

made of the film on paper, or prints may be made at selected 

points if negative film is available. 

The final results are precise analyzation and inter

pretations of the external movements involved in human 

motion. 

fcj. a ••'. -• 
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Examples of Cinematographic Research 

There have been many cinematographic studies of batting 

and other sports skills. The following authors have inves

tigated batting or some other sport skill through cinemato

graphic analysis. Roberts (53) has studied the mechanics 

of kicking; Cooper (53) the characteristics of high jump

ing. Swimming strokes have been analyzed by DeVries (l6). 

Horton (23) and Duke (IB, 19) have made mechanical analyses 

of tennis strokes, and Horton (24) also investigated the 

mechanical aspects of vaulting. Power volleyball skills 

have be'en studied by Plunkett (41, 42). Cooper and 

Glassow (14) in Kinesiology have based much of their analy

sis on the findings of film study. Conrad (13), Puck (44), 

Swimley (51) have analyzed techniques of batting. 



CHAPTER III 

METHODS AND PROCEDURES 

This chapter will contain a report of the pilot study, 

describe the pre-filming preparations and the methods used 

for obtaining the film records. The procedures used for 

obtaining data from the films will also be presented. 

Pilot Study 

A pilot study was conducted to learn the techniques for 

cinematographic analysis and to identify problems unique to 

the skill of batting. Another purpose of the pilot study 

was to rehearse the filming crew in their specific duties. 

One female subject was filmed with two 16 mm cameras. 

One camera filmed a front view and a second a side view. 

The speed of the cameras was approximately sixty-four frames 

per second. The subject wore hip and spinal belts, and five 

batting trials were filmed. 

The films were examined carefully, and the following 

recommendations for improvement were made: 

1. More reference markings were needed on the subject 

to identify joints. 

2. An overhead view was needed to make measurement of 

certain body movements clearer. 

20 
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3. Faster cameras were needed because in the phase 

of movement near ball contact, the bat, wrists and forearms, 

and ball were blurred. 

4. The hip and spinal belts did not show well against 

a black uniform. 

5. A solid background v/as needed for good contrast and 

clarity in the films. 

6. Markings were needed on both the bat and the ball. 

Following the pilot study and before the films were 

made for this study, steps were taken to alleviate the prob

lems with the exception of an increase in camera speed. It 

was not possible to obtain faster cameras for the study. 

Pre-Filming Procedures 

Advance preparation of equipment, facilities and sub

jects was necessary before films could be made. This sec

tion of the chapter will describe the procedures followed 

prior to obtaining the data. 

Description of Special Equipment 

A multidimensional conical timer, similar to one 

described by Blievernich (5), was available for placement 

in the background of the films. The timer was used" to 

synchronize the three film views, and for calculation of 

frame time. The conical timer was electrically powered 

and made sixty revolutions per minute. The timer face was 

divided into ten equal intervals, so that each interval 

i 
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equalled one-tenth second. The ten intervals were sub

divided so that each mark within an interval represented two-

hundredths of a second. A photograph of the timer appears 

in Figure 1 on, the following page. 

The subject reference board was two wooden frames, three 

feet two inches high and fifteen inches wide, hinged together 

and set at ninety degrees with each other. The board held 

the trial and subject number cards, and was placed in view 

of the side, front and overhead cameras. One set of numbers 

was placed on either side of the board. The top number was 

the sub-ject number and the lower number was the trial num

ber. The subject reference board also appears in Figure 1. 

Body belts similar to those designed by Lamaster and 

Mortimer (33) were available for subjects to wear. The 

function of the belts was to provide a means of measuring 

pelvic and spinal rotation. 

The belts were made of heavy elastic, aluminum, and 

plexiglass and were worn around the pelvic girdle and thorax. 

A slide buckle permitted the belts to be lengthened or 

shortened. 

The front plates were of plexiglass eight by two by 

one-eighth inches. Black portions of the plates were two 

inches in length; white portions were one inch in length. 

The dorsal projections were also of plexiglass, six inches 

in length, and equally divided by black and v/hite stripes 

into one inch intervals. The dorsal projections were set 
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at thirty degrees with each other on both the hip and spinal 

belts. 

A photograph of the belts used in filming appears in 

Figure 1, Figures 2, 3 and 4 show a subject wearing the 

belts viewed from the front, overhead, and sideview cameras 

respectively. 

^ A meter stick, taped on both ends so that exactly 

thirty-six inches shov/ed, was held by each subject in full 

view and perpendicular to the optical axis of each of the 

three cameras. The meter stick was used to convert film 

measures to actual distance measures. Figures 2, 3 and 4 

show sample measurement frames, and the Appendix contains 

a sample set of conversion calculations. 

Two background cloths approximately twelve by fifteen 

feet were .made from black cotton burlap. The cloths were 

suspended behind the subject and attached to the outside of 

the backstop to eliminate background subject matter from the 

films. 

Three 16 mm Bell and Howell movie cameras were selected 

for filming. All three cameras were manually wound, and 

exposed approximately sixty-four frames per second. Black 

and white Kodax Plus-X Reversal Film 7276 was used. 

Selection of Subjects 

The subjects secured for filming were three semi-

professional players from the J. H. Rose Houston, Texas 
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Figure 2. Front View Measurement Frame, Subject 1 



26 

Figure 3. Overhead Measurement Frame, Subject 2 
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Figure 4* Side View Measurement Frame, Subject 3 
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Comets Softball Team. Personal data for the subjects may 

be found in the Appendix. 

Filming Procedures 

The actual filming took place in Houston, Texas on 

Parks and Recreations Softball Field number two. Filming 

was conducted out-of-doors, beginning at high noon to ensure 

the most sunlight possible with the least shadow interfer

ence. 

A filming crew of seven individuals conducted the film

ing. Three individuals operated the cameras, one changed 

the subject reference board to show the correct information 

and positioned subjects for the measurement frame, one 

recorded player biographical data on tape and two placed 

subject markings and positioned the body belts on the sub

ject to be filmed. One of the seven was the director, who 

coordinated the procedures. 

The front camera was placed at a distance of forty feet 

from the center of home plate, down and parallel to the 

front edge of home plate and outside the first base line. 

The camera was mounted on a tripod at a height of three and 

a half feet above the ground. The side camera was approxi

mately 10 feet to the right of the pitcher, toward the third 

base side. This camera was also mounted on a three and a 

half foot tripod, forty feet from the center of the plate 

and at right angles to the front camera. 
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A Pitman Platform, which is a hydraulic extension 

device mounted on a truck, was rented to enable a camera 

and operator to be hoisted over the backstop and above the 

subject. The platform is illustrated in Figure 5. The 

overhead camera was mounted on the platform, and extended 
» 

over the backstop to a position directly above the batter, 

home plate, clock and subject reference board. The over

head camera was at a height of thirty-eight feet. Once 

the cameras were placed, they were not moved until filming 

was completed. See Figure 6 for the physical arrangement 

of all -equipment used in filming. 

Vi/hile the subjects were being prepared for filming, 

they were asked for biographical data and the information 

was placed on tape. They were fitted with the spinal and 

hip belts and tape or grease pencil lines were placed on 

each subject in the following places: 

1) Outside both legs from the cuff of 
the shorts to the ankle 

2) On top of the shoe, extended toward 
the toe 

3) Across the knee cap 
4) Around the wrist 
5) Extending down the hand towards the 

fingers from the wrist 
6) On top of the shoulders from the 

neck to the end of the shoulder 
joint 

The bats were marked with dull black and white tape 

six inches from the end. A single half-inch black tape 

encircled the balls. 
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Figure 5. Diagram of the Pitman Platform Used for 
Mounting the Overhead Camera 
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After the equipment, facilities, subjects and crew 

were prepared, the subjects were instructed to take a posi

tion at the plate and to hit the ball with the intent of 

hitting it as far as possible. Nine or more trials were i 

filmed of each subject batting. Subjects were given as 

long as they wished to warm up at the plate, and notified 

the'director when they were ready to be filmed. Vfhen the 

pitcher began her delivery the camera crew was signaled by 

the director to start the cameras. After the subject com

pleted her follow-through, the cameras were stopped. The 

subject reference board was changed after each pitched ball, 

whether it was struck at, hit, or passed. 

The pitcher was a member of the same team as the sub

jects, and had represented her team in the World Tournament 

ten years. She has also pitched in several All Stars Games. 

She was instructed to deliver a fast ball in the strike 

zone, 

Procedures for Obtaining Data from Film 

The coinciding side, front and overhead views were 

spliced together into one film length. The films were placed 

on a Recordak MPE-l film reader to locate the contact frame. 

The contact or impact frame was designated frame "A". Every 

fourth frame thereafter was marked B, C, D through the fin

ish of the follow-through. Every fourth frame preceeding 

contact was marked A', B*, C^, etc. and these markings also 

originated at frame "A". 

( 
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After the letter identification marks were scratched 

into the edges of the films, they were placed on a Recordak 

MPE-l film viewer. The viewer magnified each frame forty 

times,- and a projected image was traced on eight and a half 

by eleven inch white paper for every fourth frame through

out the length of the film. Tracings were made from all 

three camera views, and included an outline of the body, 

the clock, the subject reference board, and vertical and 

horizontal reference lines in the background of each frame. 

Conversion of Film Measures 
to Actual Distance Measures 

Linear measures in the film were converted to actual 

measures by relating the film length of a known distance to 

its actual length. Subjects were photographed by each of 

the cameras while holding a thirty-six inch rule. The 

measurement frame was taken with the subject standing at 

the expected ball-contact point. The film length of the 

thirty-six inch rule was measured to the nearest fiftieth 
» 

of an inch with an architects rule. Linear measurements 

taken from the film were converted to actual measurements 

by multiplying the film measurements, measured in fiftieths 

of an inch, by the ratio of thirty-six to its film length. 

It was necessary to make the conversions separately for 

each subject for each viev; since camera focus differed, and 

the distance from the camera to the subject was shorter in 

the overhead view. An example of the conversion calculations 

made appear in Appendix B. 
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Determination of Frame Time 

The conical timer was visible in all three camera 

fields and was used to synchronize the views and to derive 

frame time. The timer cone made one revolution per second. 

Two fixed hands set at right angles to each other pointed 

to numbers zero through nine on two scales. The lower scale 

was displaced ninety degrees from the corresponding number 

on the top scale so that each hand indicated the same num

ber at the same time. 

Since the interval between numbers equalled one-tenth 

second,- if in one interval, seven frames were counted on 

the film, then camera speed was 70 frames per second, and 

frame time was .0143 seconds. Camera speed and frame time 

were calculated for each of the three camera views for each 

subject for each trial. 

Frame time was used to calculate ball velocity, to 

determine the speed of movement of the body or any of its 

segments, and to describe the length of the various phases 

of the skill of batting. 

Determination of Spinal and Pelvic Rotation 

Through use of the body belts worn by the subjects, 

measures of spinal and pelvic rotation were made. As the 

body rotated in the transverse plane about the hip and 

spinal axes, the angle of the plexiglass plates and dorsal 

projections to any given reference line changed. From the 

overhead view, the change in angle was measured directly. 
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In the side and front camera views, the picture plane 

of the camera was used as a reference. The full view pic

ture of each plate made in the measurement frames before 

the skill was filmed made the measurement of hip and spinal 

rotation possible. 

As the plates rotated in and out of the picture plane 

their lengths appeared to change. Since the picture plane 

length was known, their angle to the picture plane was 

calculated: 

Cosine 0 = AdjacenL, 
Hypotenuse 

The hypotenuse was the constant original length of the 

plates, and the adjacent side was the changing length due 

to body rotation. The degrees of rotation were read from 

a table of trigonometric functions. 

Degrees of pelvic and spinal rotation were measured 

directly from the overhead view or calculated from the 

appropriate side or front view. 

Determination of Inclination 
and Joint Angles 

Inclination of the body segments was defined as the 

relationship of the long axis of that segment to the verti

cal or horizontal plane. Figures 7, ^ and 9 illustrate how 

segmental lines were placed to show inclination and joint 

angle relationships. A direct measure of joint angles and 

inclinations was made by placing a protractor on the tracings 

i 
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Figure 7. Example of Segmental Line Placement 
on a Film Tracing, Side View 

Ii 
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Figure S. Example of Segmental Line Placement on 
a Film Tracing, Front View 
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Figure 9. Example of Line Placement for Deter
mining Hip and Spinal Rotation, Overhead View 
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Determination of Range of Movement 

Range of motion was determined by superimposing trac

ings on an X-Ray reader and positioning a protractor to 

allow a reading of degrees change between the two selected 

tracings. 

Determination of Length of Time Joints Acted 

Length of time joints acted was determined by count

ing the number of frames in which a joint angle changed. 

This number was multiplied by the appropriate frame time. 

The same procedure was followed for determining the lengths 

of the preparation, force development and the follow-through 

phases of batting. 

Determination of Ball Velocity 

The path of the ball was traced from the film for three 

or four frames beginning at the contact frame "A". The ball 

could be tracked for only three frames for two subjects, but 
t 

was visible in four frames following contact for one subject. 

The time in flight was determined by multiplying the number 

of frames in flight by the time for one frame. Measurements 

of the distance covered by the ball were taken directly from 

the film and converted to actual distance. This procedure 

also enabled the computation of the horizontal and vertical 

components of velocity according to the statement: 

• 
>• 

K 

VQ = HV^ + W ^ 
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Tracing from which ball velocity calculations were made 

appears in Figure 10 on the following page. 
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CHAPTER IV 

RESULTS AND INTERPRETATIONS 

I .. .. 

Data were obtained from filmed performances of soft-

ball batting* Three semi-professional softball players 

were the subjects. The best one of nine films of each of 

the subjects were selected for analysis. 

Films from an overhead, front, and side viev; of the 

subjects were made. The three views were synchronized by 

use of a multidimensional timer. The synchronization pro

cedure has been explained in Chapter III. 

A descriptive analysis of the preparation phase, the 

force development or swinging phase, and the followthrough 

will be made. The analysis will focus on the force develop

ment phase which has been defined as that portion of the 

total batting pattern between the frame in which the bat 

begins to move forward toward the pitched ball and the frame 

of contact with the ball. 

The data from which the analysis will be made appears 

in Figures 11, 12, and 13. These figures show the three 

subjects at four selected points in the execution of batting. 

The first drawing in each row is a reproduction of the 

first frame shot of each subject during the preparatory 

phase. Drawing two in each row shows the point at which 

forward movement of the bat begins and marks the beginning 

42 
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Figure 11. Overhead View of Subjects in Preparation 
Phase, at Beginning of Forward Movement of Bat, at Moment 
of Ball Contact, and at Completion of the Follow-Through. 
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Figure 12. Side View of Subjects in Preparation 
Phase, at'Beginning of Forward Movement of Bat, at Moment 
of Ball Contact, and at Completion of the Follow-Through. 

I 1 

m 



45 
>' H 

Subject 1 

Subject 2 

Subject 3 

Figure 13. Front View of Subjects in Preparation 
Phase, at Beginning of Forward Movement of Bat, at Moment 
of Ball Contact, and at Completion of the Follow-Through. 
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of the force development phase. Drawing three illustrates 

the moment at which contact of the bat and the ball occurs 

and constitutes the end of the force development phase. 

The fourth drawing in each row shows the end of the follow-

through . 

Unfortunately, the cameras were not started soon enough 

to record the stance, therefore, the stance can not be in

cluded in the analysis. The analysis will begin at a point 

early in the force development phase which is characterized 

by a movement of the upper spine, arms, by a movement of the 

lead leg forward, toward the pitch, and of the backswing of 

the bat, away from the pitch. 

General Description of the 
Preparation Phase 

The preparation phase involved movements employed in 

any typical sidearm pattern of striking. A comparison of 

drawings one and two in each row of Figure 11 showed that 

as the lead foot was striding out in the direction of the 

expected pitch the bat was increasing the arc of the swing 

by moving back around and behind the batter. 

Inspection of. the same drawings revealed that spinal 

and hip rotation were taking place simultaneously, but in 

opposite directions. The lead leg was rotated outward be

fore the foot was planted. 

The side view drawings in Figure 12 showed flexion at 

the ankle, knee, and hip joints in the supporting rear leg 

I 
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and the advancing lead leg. Inclination of the trunk for

ward toward the plate may be observed. 

Trunk inclination toward the catclier or backward from 

the oncoming pitch may be clearly seen in the front view 

drawings in Figure 13. These drawings showed variations 

among subjects in arm, hand, and bat position with relation 

to shoulder level. 

Description of the Force Development Phase 

Analysis of the force development phase began with the 

frame of film in which the bat began its forward movement 

toward the pitched ball. This point was an arbitrary selec

tion. The true beginning of the force development phase is 

in fact that point in the batting movement at which any por

tion of the body moves in the direction force is to be applied 

Therefore, a complete analysis would start with the stance 

since the lead leg moves forward from that position. However, 

the cameras did not start filming soon enough to record the 

stance and a decision was made to begin the analysis with the 

first movement of the bat toward the ball. 

It should also be pointed out that there is consider

able overlap in the preparatory phase and the force develop

ment phase, and that these phases are not clearly distinct 

since the lower extremities begin the force development phase 

while the upper torso is still in the preparatory phase. 

The arbitrary division of the skill is to facilitate clarity 

ii 
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in discussion and to make some distinctions between the 

relative times when critical batting movements are ini

tiated. 

Segmental Changes in the Lov/er 
Extremity and Trunk 

As the bat began its forward movement toward the on

coming ball, the rear or supporting leg was more extended 

than flexed. Figure 14 shows the angular changes that took 

place in the rear knee joint during force development. A 

downward slope of lines indicates flexion at the knee joint, 

whereas an upward slope of lines indicates extension of the 

knee joint. Data were not available for all frames for all 

subjects because the lead leg obscured the view of the rear 

leg early in the force development phase. 

The rear knee flexed for all subjects throughout the 

time the lead leg was striding, and for subjects one and 

three flexion continued after the lead foot made contact 

with the ground. Subject two began rear knee extension 

simultaneously with the completion of the stride. The time 

of completion of the stride is indicated by a half circle 

mark in Figure 14. The pattern of timing of the stride com

pletion with contact was similar for all three performers 

since all completed the stride six or seven frames before 

contact. 

The three perforrfters were not similar in the amount of 

outward rotation of the striding leg and foot. The advance 

5* 
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foot position was measured with reference to a line extended 

parallel to the front edge of the plate; hence, zero degrees 

would indicate the striding foot was parallel to the front-

edge of the plate. Measurements were made from the over

head camera view at frame A', or three frames before con

tact and after the foot had been planted. Measurements 

showed that subjects one, two, and three had outwardly ro

tated the leg and foot forty-three degrees, fifty-nine de

grees, and thirty-one degrees respectively. 

Trunk inclination during force development occurred 

in two directions and data were obtained from the side and 

front view cameras as shown in Figures 15 and 16 respective-

16. Trunk inclination shown in both Figures 15 and 16 were 

measured with relation to the true vertical plane. The in

clination of the trunk forward toward the plate was rela

tively the same in magnitude as it was toward the catcher. 

One distinction can be made between the two sets of 

data. Whereas the trunk was inclined backward toward the 

catcher early in the force development phase, the trunk had 

returned to a vertical or near vertical position at a point 

which closely coincided with the completion of the stride. 

On the other hand, data presented in Figure 15 showed that 

the inclination of the trunk forward toward the plate de

creased throughout force development, but that some degree 

of flexion between the trunk and thigh was maintained 

through the contact frame. 
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Hip and spinal rotation data were obtained from direct 

measurement of the hip and spinal belts in the overhead 

view film. Rotation was measured with reference to the 

side edge of the plate. When the hips or spine v;ere paral

lel to the side of the plate the measurement equalled zero 

degrees. 

Results of the hip and spinal rotation about the ver

tical axis of the body appear in Figures 17, IS, and 19 on 

the following pages. A minus sign in the figures indi

cates rotation away from the pitch; values with no sign in

dicate rotation toward the oncoming pitch. 

The magnitude of hip rotation backward from the plate 

for the three subjects varied between twelve and twenty de

grees. As forward movement began, the hips rotated toward 

the pitch and were near a right angle position with the on

coming pitch at the time of contact. Similar patterns were 

evidenced by all three subjects in the positioning of the 

hips at the frame of bat and ball contact. Subject three 
« 

was six degrees short of a right angle position, whereas 

subjects one and two were twelve and eight degrees respec

tively beyond a right angle position at impact. 

The magnitude of spinal rotation exceeded hip rotation 

for all three subjects. Backward rotation of the spine for 

all subjects was greater than backward rotation of the hip 

by twelve to fourteen degrees. The rate of forward motion 

changed more rapidly in the spine than in the hips. 
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Examination of Figures 17, IS, and 19 show that beginning 

with Frame C , nine frames preceding contact, the speed 

of rotation of the upper torso had been greatly increased. 

•^Segmental Changes in the Upper Extremity 

The movement path of the shoulder, elbow, wrist, and 

bat were most clearly visible in the overhead view. Over

lay tracings were made which show upper extremity relation-

ships nine frames prior to ball contact and three frames 

following ball contact. 

Figure 20 is an actual film tracing which illustrates 

the blurring of the bat and wrists as they moved in the 

frame of contact. Camera speed of sixty-four frames per 

second was not fast enough to stop the bat in its faster 

phases, therefore it was necessary to place a line at the 

mid-point of the blur to represent the bat and wrists. 

This procedure was followed to make the overlay tracings 

which appear in Figures 21, 22, and 23. 

The dots connected by the broken line which appear 

near the center of the illustrations in Figures 21, 22, and 

23 show the movement of the left shoulder joint. The solid 

lines originating at the dot and extending outward show the 

position of the upper arm while the double lines show the 

position of the forearm. The heavy lines on the outer pa

rameter of the illustrations show the bat position. 

\t 



* F . •• >• 

51 

Figure 20. Overhead View of Contact Frame 
for Subject Three. 
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Shouldef Joint; leld^Arf and'Lf n*'̂ ^ Relationship of the 
ment Phase for'subject One? " "̂̂ '̂̂ ^ ''^^ Forcê Develop. 
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Figure 22. Overhead View of the Relationship of the 
Shoulder Joint, Lead Arm and Bat During the Force Develop
ment Phase for Subject Two. 
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,3 overhead View of^the^-^^.f/rofct^^veS; 
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ment Phase for buoj 
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The left shoulder joint, indicated by dots in Figures 

21, 22 and 23, moved forward and away from the plate in 

space as the upper torso rotated toward the pitched ball. 

The patterns were similar for the three performers; how

ever, Figure 23 shows that subject three moved through a 

larger space during force development than did subject one 

or two. 

Relatively slow movement of the bat took place at the 

start of the force development phase. The change in bat 

position between Frames Ĉ  and B' was far less than that 

which occurred between any other pair of frames. Little 

change took place at the shoulder and elbow joints of the 

lead arm between Frames C and B' which indicated that trunk 

rotation was probably responsible for having initiated move

ment of the arms and bat during this early portion of the 

force development phase. 

Little change occurred between Frames B^ and A' in 

bat-forearm relationship. The bat maintained a near right 

angle position with the forearm up to Frame A', which was 

three frames prior to impact with the ball. This character

istic prevailed for all three subjects. 

The fastest movement of the entire force development 

» 

phase took place in the wrists immediately preceding im

pact with the ball. Inspection of the three overlays showed 

ninety or more degrees of change in bat position which was 

due to wrist movement in the three frames. A', to contact 

frame, A. 

i 
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The position of the lead and rear arms of the begin

ning of force development may also be observed in drawing 

two of each row of Figure 13. The front view of the sub

jects revealed that the lead arm at the wrist was slightly 

below shoulder level and the true horizontal plane for sub

jects one and three. Subject two held her hands at approxi 

mately shoulder level and almost parallel with the horizon

tal. The rear elbow for all subjects was acutely flexed. 

Reference to drawing three in each row of Figures 12 ^. 

and 13 show the relative change in position of the arms in ,̂< 

relation to shoulder level and to the horizontal plane. 

This change in position of the arms took place during the 

force development phase. The change in level reflected an 

adjustment to the level of the oncoming pitch. The rear 

elbow maintained some degree of flexion up to or very near 

the contact frame. 

Translatory Movement 4-

A measurement of the translatory movement of the entire 

body forward, toward the oncoming pitch, was not possible 

since no stable reference point could be located due to the 

constantly changing relationship of the body segments. The 

relative amount of translatory movement for each subject 

may be seen in Figures 24, 25, and 26. These figures were 

developed by superimposing a tracing of the frame of con

tact on a tracing of the frame of the beginning of the force 
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Figure 24. Translatory Movement of Subject One 
During Force Development. 
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Figure 25. Translatory Movement of Subject Two 
During Force Development. 
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Figure 26. Translatory Movement of Subject Three 
During Force Development. 
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development phase. This procedure was followed for all sub

jects. The frame of contact is represented by dotted lines 

whereas the frame of the beginning of the force development 

phase is shown by solid lines. 

Information Specific to the Contact Frame 

The following part of the analysis is specific to the 

contact frame of the three views of each subject. All con

tact frames were designated "A" in the figures appearing 

in the manuscript. 

The relation of the ball to the plate at contact was 

measured from the overhead film and converted to actual 

distance. Relationships of the ball to the plate and bat 

may be seen in Figures 21, 22 and 23. The distance of the 

ball from the front edge of the plate at contact was: 

Subject Distance from Plate 

1 13.02 inches 
2 16.17 inches 

3 25.62 inches 

The angle of projection and velocity of the ball was 

determined from the information reported in Figure 10. 

The figure is a tracing of the ball for two or three frames 

following impact with the bat. Ball velocity in the direc

tion of impact was calculated according to the formula: 

V^ = HV^ + vv^ 



^ 7 ; 

Results of the calculations and a direct measurement of the 

angle of projection were: 

Subject Ball Velocity Angle of Projection 

1 
2 
3 

9^.20 ft./sec. 
9^.39 ft./sec. 
104.64 ft./sec. 

45° 
430 
340 

> 

General Description of the Follow-Through 

Following contact, the follow-through phase began. 

See drawing four in each row of Figures 11, 12, and 13 for 

illustrations of the follow-through phase for the three sub

jects. Selected tracings and photographs in the Appendix 

also show the follow-through. 

^Radioulnar rotation of the hands and forearm began in 

different directions. The \right arm and wrist pronated 

and the left arm and wrist supinated. This movement re

sulted because of the circular movement pattern of the bat, 

the position of the hands on the bat and the structure of 

the body. The arms were fully extended for all three sub

jects. There was additional eversion of the left foot in 

order to maintain or regain balance. The bat, arms, and 

shoulders continued rotating around the body in the path 

of the bat arc. Motion in the body decelerated first in 

the hips, followed by the trunk, shoulders, arms, and wrists. 

The same sequence of joint actions was used to decelerate 

in\he follow-through phase as was used to accelerate in the 

force development phase. 

if 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

The purpose of the study was to identify the external 

movements of the body used in softball batting. Three 

skilled, serai-professional women players were the subjects. 

Data was recorded on 16 mm black and white movie film. 

Three cameras made simultaneous films of the subjects from 

overhead, side, and front positions. 

The skill was divided into three sections for analysis 

A general description of the preparation and follow-through 

phases was made, and a specific description of the force 

development phase was made. 

The preparation phase was characterized by backward 

movement of the upper trunk away from the oncoming pitch, 

accompanied by simultaneous forward movement of the strid-

ing leg toward the oncoming pitch. All subjects tilted 

the trunk backward toward the catcher and forward toward 

the plate in preparing to swing the bat forward. The sup

porting or rear ankle, knee, and hip were flexed in the 

preparation phase, and the bat was rotated backward 1^0° 

from the front of the plate. 

Completion of the stride was made by all subjects ap

proximately six frames before impact with the ball which 

indicated that the bat was approximately half way through 
' I • » 

its forward arc before the stride was finished. 
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Translatory movement toward the pitched ball along 

with hip rotation initiated the force development or swing

ing phase of batting. Spinal rotation and movement of the 

arms were next in the sequence of forward movement. The 

last joint to act was the v;rist. An almost completely ex

tended lead arm and flexed rear elbow which pointed dov̂ n-

ward toward the ground characterized the arm positions 

during the force development phase. 

At the time of ball-bat contact, the lead leg was near 

full extension and the trunk was erect with reference to the 

catcher, but tilted forward with reference to the plate. 

The point of ball-bat impact was between one and two and 

one-half feet in front of the plate. Initial velocities of 

the ball in the direction of impact ranged between 9^-20'/ 

second and IO4.64'/second. 

The follow-through phase was marked by a continuation 

of the swinging action of the bat around the body. The 

deceleration sequence of joint actions was identical to the 

force development sequence of joint actions. The hips stop

ped first followed by the spine, shoulders, arms, and wrists. 

Discussion 

Analysis of the performances of the three subjects in 

this study showed that certain characteristics in their 

movement patterns were identical to those described in the 

literature. Furthermore, some support for the contention 
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that baseball and softball batting v/ere similar at least 

in terms of the gross pattern was found. 

According to Dyson: 

The strong but slower muscles surrounding the body's 
center of gravity should begin, followed by the 
trunk and thighs, and end up with the u'eaker, lighter 
but faster extremities. IVhen the forces are properly 
harnessed, therefore, movement flows outward simul
taneously from, the center of the body. (20:33-34) 

The subjects' sequence of movement followed the pattern 

described by Dyson. 

Subjects one and three kept the lead arm almost fully 

extended throughout the force development phase. The find

ing that the arms straightened early in the swing agreed 

with those of Breen ( 7 ), and with statements by Wick

strom (63) that the longer lever gained more momentum at 

the distal end. 

An uncocking of the wrists occurred during the two 

frames immediately preceding contact for all subjects. 

Watts (57), Williams (64) and Race (45) all stated that 

the final force in batting was added by the snap of the 

wrists. 

Conclusions 

Based on the analysis of the data obtained from filmed 

performances of three skilled women softball batters, and, 

within the limitations of the study, the following state

ments seem justified: 
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1. The sidearm striking pattern used by skilled 

women in softball batting is similar to the descriptions 

in the literature of baseball batting. 

2. The sequence of joint actions used in batting 

closely follows the descriptions of striking patterns made 

by kinesiologists in the literature. 

3. Subjects were more similar than dissimilar in 

their performances of softball batting. 

Recommendations for Further Study 

The following recommendations and suggestions evolved 

during the conduct of this study: 

1. Obtain cameras with a speed higher than 64 frames 

per second. 

2. Use motor driven cameras which can be synchronized 

and run by a single operator. 

3. Utilize a telephoto lens in one camera to focus on 

wrist movement. 

4. Utilize camera tripods with a leveling device. 

5. Place additional and more distinct reference 

points and marks on subjects. 

6. Mark ground or floor to indicate a precise place 

for measurement frames to be taken. 

7. Time the pitched ball. 

S, Time"and measure the distance to landing point of 

the batted ball. 
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9. Have subjects start the run to first base after 

ball contact. 

10. Combine cinematography with electromyography in 

studying batting. 
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APPENDIX A 

PERSONAL DATA FOR SUBJECTS 

The three subjects filmed for this study were members 

of the J. H. Rose Houston, Texas Comets Semi-professional 

Softball Team. 

Subject number 1 

Name: Pat Adams 
Height: 5' 4" 
Age: 20 years 
Experience: 13 years 
Position: short stop 
Titles: All State, 1968; has received most valuable player 

and all Tournament recognition, and was a partici
pant in the World Tournament, 1968. 
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Subject number 2 

Name: Judy Glasner 
Height: 5' 7" 
Age: 19 years 
Experience: 6 years 
Position: catcher 
Titles: All tournament recognition; participant in World 

Tournament, 1968. 

Subject number 3 

Name: Candy Candelair 
Height: 5' ^" 
Age: 39 years 
Experience: 28 years 
Position: 1st base 
Titles: All-American, 1967-68; All tournament, 15 years; 

participant in World Tournament 10 years; has 
received State, Regional, and special Tournament 
awards. 
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APPENDIX B 
1 

CONVERSION OF FILM TO ACTUAL DISTANCE 

MEASURES, SUBJECT 3 

Overhead Camera View 

173/50ths =36 inches 

1 foot = i21 = 57.66/50ths 

1 inch = iZl = 4.8/50ths 
36 

l/50th = -i^ = .2081 inch 
173 

.2081 inch = .0173 feet = conversion 

'•ii 'I 

12 inches factor 

I Ha 

I 

Side Camera View 

l65/50ths = 36 inches 

1 foot = i ^ = 55/50ths 

•'1! 

1 inch = i ^ = 4.5^/50ths 
36 

l/50th = -1^ = .2182 inch 
165 

.2182 inch = .0182 feet = 

12 inches 
conversion 
factor 

U 

ik\i 
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Front Camera View 

l60/50ths =36 inches 

1 foot = 1§9. = 80/50thj 
3 

1 inch = 160 
36 

= 4.44/50ths 

l/50th = -1^ = .2250 inch 
160 

.2250 inch = ôi87 feet = conversion 
12 inches factor 

"mi 

Ii. 

II 
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Figure 27. Overhead View of a Subject at 
Beginning of Forv/ard Bat Movement. 
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Figure 28. Front Camera View of a 
Subject at Beginning of Forward Bat Move
ment . 
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Figure 29. Side Camera View of a Subject 
at Beginning of Forward Bat Movement. 
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Figure 30. Front Camera View of a 
Subject at Contact Frame. 
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Figure 31. 
Contact Frame. 

Side Camera View of a Subject at 
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Figure 32. Side Camera View of a Subject at 
Contact Frame. 
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Figure 33. Side Camera View of a 
Subject at Completion of the Follow-Through. 
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Figure 34. Overhead Camera View of 
a Subject at Completion of the Follow-Through 
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