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ABSTRACT

The purpose of this study was to examine similarities and dif

ferences among three types of volleyball sets: regular front set,

back set, and two-set» Components of trajectory and velocity were 

compared to analyze techniques used in the execution of these sets*

Five women subjects, who had played the setter position on an 

intercollegiate or United States Volleyball Association team, were 

filmed at 100 fps from a side view while performing trials of the 

three.types of sets» Trials were judged as successful with regard to 

height and horizontal displacement restrictions defined within the 

study.

Similarities among the setters in the projection velocity and 

angle, time of ball contact with the hands, and distance traveled by 

the ball while in the hands showed that these factors had a limited 

range within which the desired trajectory of a given type of set can 

be produced. Variability among the setters in the angle of trunk lean 

and the vertical displacement of the center of gravity implied that 

there was no one correct position or amount of movement needed to pro

duce a successful set. In certain of the variables measured, distinct 

.differences were found among the three types of sets.



CHAPTER 1

NATURE AND SCOPE OF THE PROBLEM

Volleyball is a rapidly growing sport in America. The recent

ly formed professional volleyball league has stimulated much spectator 

interest and the participation in amateur and interscholastic volley

ball has increased in both men's and women's competition.

The volleyball set is the key to the offensive attack. There 

are many variations of the basic front set. Each team labels these 

variations differently and combines them to form set plays. The Japa

nese teams at the 1972 Olympics introduced the world to the quick at

tack? short, fast sets used to set up a one-on-one situation for the 

spiker against the blocker.

Because play has become so advanced it is necessary for a team 

to have a diversified attack. In highly competitive leagues it is 

necessary for the setter to be proficient in many variations of the 

set. He or she must be able to set to each spiker and vary the type 

of set used. The three most widely used sets are the regular front 

set, back set and two-set.

The majority of literature in this country related to volley- 

ball is comprised of coaching and teaching books and magazines. Most 

of the material presented is the author's idea of how a skill should 

be performed based bn personal experience and not supported by scien

tific documentation. There are discrepancies and inconsistencies

-i-



among the authors as to the correct technique used in the execution 

of the volleyball set. Therefore, the need exists to clarify descrip

tions not only of the regular set, but of how the techniques used to 

execute the back set and the two-set differ from the execution of the 

regular set.

Purpose of the Study 

"Hie purpose of this study was to determine the variations in 

techniques of execution which result in a regular front set, back set 

and two-set. Similarities and differences in ball and body position 

during execution were examined in relation to the resulting specified 

ball trajectories. More specifically, three different sources of var

iability were examined? within each subject between two trials of each 

set? among the five setters perfdrxrdLng a given type of set, and, among 

the techniques used to perform the three different sets.

The skill was broken down into four phases: preparatory,

absorption, projection and follow through. The following questions 

Were devised to help direct the analysis of the different sets. Each 

question was examined for each type of set performed by every setter. 

Following an examination of the trajectories of the three types of 

sets, an attempt will be made to isolate technique differences which 

may affect the trajectory of the resulting regular front set, back 

set, or two-set.

1. What were the initial velocity, vertical velocity, horizontal 

velocity, angle of projection, and high point of the set?
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Velocities and trajectories of the three types of sets will

help clarify the visual differences among the different sets.

2. What was the angle of trunk lean (forward or backward) in

relation to the vertical during the four phases of the set?

There were discrepancies in the literature concerning the

angle of trunk, lean while performing the set. Some authors stated 

that there should be a slight forward lean, while others stated that 

there should be a backward trunk lean. None of the authors identified 

to what degree the trunk should lean.;

3. What was the position of the center of gravity of the setter 

at the beginning of each phase of the set?

Graphing the position of the center of gravity at the begin

ning of each phase will enable calculation of the vertical displace^ 

ment of the center of gravity during the set. Since the ball 

trajectories were different for the three types of sets, the path of 

the center of gravity may also differ for the various sets.

4. How long was the ball in contact with the setter's hands? How 

long was the absorption phase? How long was the projection 

phase?
In the National Association for Girls and Women in Sports 

Volleyball Guide (1979), it is stated that a player must give imme

diate impetus to the ball. Few studies have been done to determine 

how long the ball is actually in contact with the hands during the 

set. By determining the amount of time the ball is in contact with 

the hands/ the phrase "immediate.impetus" can be further clarified in 

the NAGWS rule. Also, since the velocities of the three sets may
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differ, the amount- of time during absorption and projection phases may
differ in the execution of the three types of sets*

5. What was the direct distance the ball traveled while in con

tact with the hands during both the absorption and projec

tion phases? What was the horizontal displacement of the ball 

in space from initial contact to release of the ball?

The distance over which force is applied and the amount of

time taken for the ball to travel this distance affects the resultant 

force against the projected ball. Since the velocities of the three 

types of sets may differ, it is hypothesized that the distance the 

ball traveled in space may also be different. The amount of horizon

tal displacement of the ball in space from contact to release could 

possibly have an effect upon the horizontal velocity of the ball and 

thus affect the trajectory of the set. So, the horizontal displace

ment of the ball while it is in contact with the hands could help to 

define a difference among the three types of sets.

Scope of the Study 

Five women, who have played the position of setter on a 

varsity intercollegiate or United States Volleyball Association team,. 

were selected as subjects. Filming was completed in one filming 

session. Each subject was filmed while performing each of the three 

types of sets. The trajectory of each type of set was restricted to 

control for individual interpretation of the preferred, trajectory of 

the three types of sets. Ropes were suspended above the volleyball 

court to provide a guide for the height of the set. A target was



placed at the sideline near the net. This was to stimulate good 

horizontal placement of the set to a location where a spiker would be 

in position to contact the ball in a typical game situation.

The subject was filmed until she executed two successful . 

trials of each type of set as judged by height and horizontal dis- 

placement of the set, according to the trajectory restrictions. Both 

successful trials were used for analysis.

Definition of Terms

The following terms are defined in reference to their use in 

this study. A diagram of the trajectory of each of the three sets 

defined below is presented in Figure 1.

A regular front set is projected to the left front position 

with the setter facing the left front position. The setter is situat

ed in the center front position when executing all three types of sets 

in this study. The ball should reach high point 15 to 26 feet above 

the floor and have a horizontal displacement of approximately 15 feet.

A back set is projected to the left front position with the 

setter facing the right front. The ball should reach high point 15 

to 20 feet above the floor with a horizontal displacement of approxi

mately 15 feet. This set differs from the regular front set in the 

direction that the setter faces while executing the set. In the back 

set she must project the ball behind her.

A two-set is set in the center front position with the setter 

facing the left front position. The setter is in a position similar 

to her positioning in the regular front set. However, the ball should



Regular Front Set Back Set

Two-set

Regular Front Set 
and Back Set 

Height
16'3"

Two-set Height 
11'3"

Net Height 
714V

Court Width 
30'

Figure 1. Trajectories of the Three Types of Sets
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reach high point 10 to 12 feet above the floor and have a horizontal 

displacement less than three feet.

The preparatory phase in the set was defined as beginning 

twenty film frames (.20 sec) prior to the setter's initial contact 

with the ball and ending one frame before contact. At the beginning 

of this phase the ball has already been tossed to the setter and she 

is getting into position to execute the set.

The absorption phase begins at initial contact with the ball 

and ends when the ball has reached its lowest point in space while in 

contact with the setter's hands.

The projection phase begins at the low point of the ball while 

in contact with the hands and ends at the film frame showing last con

tact of the ball with the setter's hands. (This last frame of contact 

with the hands will be referred to as release of the ball.)

The follow through phase begins one frame after release of the 

ball and ends twenty frames after release (,20 Sec). At the end of 

this phase the ball has left the hands and is moving toward the intend

ed target.



CHAPTER 2

REVIEW OF LITERATURE

This study deals with the volleyball set, so the review of 

literature was limited to an examination of literature dealing only 

with the skill of setting, and not with other volleyball skills.

This chapter is divided into five major sections: cinemato

graphic studies, technique analysis of the regular front set, tech

nique analysis of the back set, technique analysis of the two-set, 

and comparison of techniques used in the three types of sets.

Cinematographic Studies

There has been very limited cinematographic or biomechanical 

analysis of volleyball skills. Of the studies that have been done, a 

majority of them have dealt with the spike. The investigator was able 

to locate only one cinematographic study of the volleyball set, "An 

Analysis of the Volleyball Pass" by Ishii and Minagawa (1978). The 

purpose of their study was to investigate the effects of various ball 

weights on the displacement of the ball while in the hands, on the 

amount of time in the hands, and on the initial velocity after 

release. Hie subjects were ten well-trained females, 19-r22 years old.

Since a volleyball of regulation weight (270 gm) was used in 

the present study, their findings concerning that type of ball will be 

reported here. Ishii and Minagawa found that the direct displacement

8



of the ball while in contact with the hands ranged from 30.0 cm to 

39.8 cm, with a mean of■ 33.4 cm (1.10 ft). The time of contact ranged 

from 22.5 msec to 31.3 msec, with a mean of 27.0 msec (.027 sec). The 

mean initial velocity at release was 12.5 m/sec (41.0 ft/sec), ranging 

from 10.5 m/sec to 15.5 m/sec.

Technighe analysis 
qf the Regular Front: Set

Most of the volleyball literature in America appears to have 

been written for teachers or beginning coaches. The authors typically 

described successful techniques which they had used as players or 

coaches, but most provided no scientific data to support their convic

tions. Since much of the literature was written for beginning level 

volleyball, the authors dealt only with the regular front set and did 

not describe any of the variations used in more advanced play.

This section is subdivided into the four phases of the volley

ball set: preparatory, absorption, projection, and follow through*

The descriptions of techniques presented by the authors will be re

ported and the discrepancies and inconsistencies among the authors will 

be critiqued.

Preparatory Phase.

There was overall agreement that the feet should be positioned 

in a forward stride, one foot in front of the other, and the knees 

should be bent in the preparatory phase of the volleyball set. Scates 

(1976) and Keller (1968) stated that the feet should be shoulder width 

apart, whereas Schaafsma (1971) said they should be at least eight
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inches apart. Thigpen (1967) reported that the stride should be com

fortable , while Gosciniak (1976) and Schaafsma (1971) described the 

stride as balanced. The photographs and diagrams presented by these 

authors were consistent with their statements. However, there were 

differences in the widths of the strides shown, ranging from one foot 

slightly ahead of the other to shoulder width apart. Cherebetiu 

(1969) did not mention foot positioning and some of his photographs 

showed a square stance. The photographs also showed that the knees 

were indeed flexed in the preparatory phase. The degree of flexion 

shown varied and there was no mention about specific knee angles in 

the discriptions.

Scates (1976) and Schaafsma (1971) stressed getting the body 

directly in front of the oncoming ball and positioning the body so 

that, if the set was not executed, the ball should hit the setter on 

the nose. The other authors either overlooked this information or 

merely mentioned that the body should be positioned under the ball 

with the hands up in front of the face.

There were discrepancies among the authors concerning trunk 

positioning in the preparatory phase of the regular front set, Scates

(1976) reported that there should be a slight backward trunk lean. 

Parker (1977) described the trunk position as one in which the but

tocks are tucked and the back is arched. However, Keller (1968) 

stated that the body should be erect, but relaxed, and Dunphy's (1977) 

photographs showed a slight forward lean. Dunphy (1977) also stated 

that the weight should be forward. Scates' (1976) and Keller's (1968)
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arched slightly. Photographs presented by Schaafsitta (1971) • and . 

Cherebetiu (1969) '-showed a forward lean. Parker (.1977) was the only 

source that showed a backward lean, however, his photograph was not 

an action shot, but rather a posed photograph.

Absorption Phase

Some of the authors did not describe anything that could be 

placed in the absorption phase. Thigpen (1967) said that, at contact, 

the elbows and knees simultaneously straighten and no absorbing move

ments were mentioned.

Four of the authors, Keller (1968), Schaafsma (1971), 

Cherebetiu (1969), and Gosciniak (1976) stated that there should be 

intentional movements in the wrists, arms and legs to retract or 

"give" with the ball in the absorption phase. However, Scates (1976), 

Peppier (1977), and Dunphy (1977) reported that the wrists and fingers 

are forced backward by the incoming force of the ball, which causes 

the absorption of the ball1s weight. They felt that no intentional 

movements need to be made to aid this absorption. Since high speed 

photography was not used by these authors, no evidence was available 

to determine whether flixion does occur in the arms (elbows) or legs 

during the absorption phase.

Cherebetiu (1969) and Schaafsma (1971) provided contradictory 

information when describing what happens at contact with the ball.

As mentioned above, they said that there was some absorption, but 

each stated that arm and leg extension occur at contact of the ball.
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Proj eotion Phase

All sources agreed that knee extension, elbow extension and

wrist flexion occur during the projection phase of the regular front

set, however, the timing of these actions was debatable. Hiigpen 

(1967)Cherebetiu (1969), Dtinphy (1977), and Peppier (1977) said 

that arm and leg extension occur simultaneously. Gosciniak (1976) 

described that the legs straighten, then.the torso straightens, arms 

and legs straighten and finally the fingers release the ball. Scates

(1976) said these movements are synchronized. This description did 

not distinguish whether the movements should be simultaneous or 

continuous.

Follow Through Phase

Peppier (1977) was the only author who was not in agreement

that arm and leg extension should continue through the follow through

phase and that the hands should point in the direction of the set.

She indicated that, as the ball leaves the hands, the hands, should be 

withdrawn back toward the head immediately and that this withdrawal 

should be made at the same moment the ball leaves the hands.

Technique Analysis 
of the Back Set

Scates (1976) , Schaafsma (1971) , Peppier (1977) and Dtinphy

(1977) gave descriptions of the back set. These authors all stated 

that the preparatory position for the back set should be the same as 

that used in the regular front set.
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In order to project the ball in a backward direction rather 

than a forward direction, the setter must change his/her body-to~ball 

relationship» The authors reported that the ball should be contacted 

above the forehead• Scates (1976) Schaafsnta (1971) and Dunphy (1977) 

stated that the neck and back should arch to cause this change in 

body-to-ball relationship» Peppier (1977) described this change in 

relationship as a forward hip thrust.

The authors all stated that arm and leg extension occur, during 

the projection phase and continues during the follow through. The 

setter's hands should again point in the direction of the set, accords 

ing to the authors who described this set. There was not mention by 

any author that the absorption phase during the back set should be 

any different than the absorption phase during the regular front set, .

Technique Analysis 
of the Two-Set

None of the authors described the technique used to produce 

a two-set. The authors who even mentioned the different types of 

sets only described the trajectory of the two-set and provided no 

comments on the techniques involved in this type of set.

Comparison of Techniques Used 
in the Three Types of Sets

The technique used in the execution of the two-set was not 

described by any of the authors and only four authors gave descrip

tions of the back set. All of these authors indicated that the 

preparatory position for the back set should be the same as that used .



in the regular front set. There was no mention by anyone of any 

difference in the absorption phase between the two sets. The major 

differences between the back set and regular front set that were 

identified were that the back and neck should arch during the back 

set and that the hands are moved backward during the projection and 

follow through phases, rather than in front of the setter’s head as 

in the regular front set. These differences alter the setter's body- 

to-ball relationship so that the force imparted to the ball during 

the back set is through a point that causes the ball to be projected 

in the opposite direction as in the regular front set.

Summary

A majority of the volleyball literature available in the 

United States consists of books and magazines written for beginning 

coaches and teachers. Very few biomechanical analyses of volleyball 

skills have been conducted. Of these few, only one cinematographic 

analysis of the set was located and dealt mainly with an analysis of 

ball weight as this affected the paSs rather than with the body 

positioning and technique used in executing different types of sets,

There were many inconsistencies and discrepancies in the 

literature because the books and articles were written by players or 

coaches who reported what they thought occurred during the set. How

ever, they did not support their conclusions by scientific analysis. 

There is a need for high speed cinematographic analysis of the
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volleyball set to establish an objective basis for technique descrip

tion of the regular front set and other setting variations, such as 

the back set and the two-set.



CHAPTER 3

PROCEDURES

The procedures used to obtain the final data will be discussed 

in this chapter. The chapter is divided into five main sections; 

subject selection, filming procedures, data collection, data reduc

tion procedures, and repeatability of measures from film tracings.

subj ect selection 

Subjects were recruited from among the best women volleyball 

setters available in Tucson who had competed as setters in intercol

legiate dtimpetition or on United States Volleyball Association teams. 

Five women, ranging in age from 19 to 23 years, were used in the study. 

Data on physical measures and playing statistics are included in the 

Appendix A.

Filming Procedures 

Filming took place in the gymnasium in the Physical Education 

Building at the University of Arizona. Filming of all subjects was 

completed in one filming session. Identical procedures were used for 

each subject.

Preparation of the Filming Area

Filming took place on a regulation volleyball court with the 

net set at the standard height for women, 1'Ah". Taut ropes were

■ 16
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suspended horizontally across the gymnasium at 12h and 16 feet to 

judge consistency in the height of the regular front set and back 

set. There was a target positioned near the sideline lh-2 feet from 

the net at which the setters were directed to aim. The target was a 

three foot diameter hoop positioned at net height. For the two-set, 

ropes were suspended horizontally at 10 and 12^ feet. The ball was 

supposed to reach its high point in this 2h foot range. Consistency 

in the desired trajectory for each of the three sets also was judged 

by the horizontal displacement of the ball. The two-set should have 

less than a three foot horizontal displacement, so a yardstick was 

placed on the floor in the center front position under the net to 

judge the horizontal displacement of the two-set. A horizontal dis

placement of more than three feet from the setter constituted a bad 

trial. (See Figure 2 for diagram of the filming area.)

Camera

Each subject was filmed from a side view with a motor driven 

16mm LOGAM camera located dn a tripod behind the end line of the vol

leyball court. The LOCAM was set to operate at 100 frames per second. 

Black and white film, ASA 4X, was used for every setter.

Subject Preparation

Subjects were asked to sign a consent form upon arrival at the 

filming area (see copy.in Appendix B). Subjects were instructed to 

tuck their shirts into their shorts in order for the investigator to 

easily identify waist level.
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. 12j5' rope

. 10' rope

Side View

Net KEY
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Sufficient time to warm-up and practice setting to the target 

was permitted in order to assure that each subject was prepared for 

the filming session. When the subject indicated she was ready the 

filming began.

Filming

The setter was positioned on the volleyball court approxi=~ 

mately 2 to 3 feet from the net and 17 to 20 feet from the left side

line. A person positioned on the left sideline at the 10 foot line* 

tossed the ball with an approximate height of 13 feet to the setter 

for the regular front set. The tosser was positioned 10 feet from the 

net and 12 feet from the sideline for the two-set and on the right 

sideline for the back set (see Figure 2, page 17). During the back 

set trials* the setter faced the right sideline and set the ball to 

the target behind her. During the regular front set and two-set, the 

setter faced the left sideline.

The setter was instructed to hit the ball over the 12% foot 

rope, but to keep it under the 16 foot rope and to have the ball drop 

into the circular target positioned on the left sideline close to the 

net for the. regular front set and back set. For the two-set, the set^ 

ter was directed to hit the ball over the 10 foot rope, but to keep it 

below the 12% foot rope. She was instructed to keep the ball trajec

tory almost vertical for the two-set with ho more than a three foot 

horizontal displacement..



Each subject was filmed while performing the three types of 

sets. Filming continued until each subject had at least two excel

lent trials, as judged by height and by accuracy of horizontal dis

placement. The best two trials of each set for each setter were used 

for analysis.

Subject Questionnaire

Following the filming, each subject was asked to fill out a 

questionnaire (see copy in Appendix B) concerning her conception of 

the differences in the technique used to produce the three types of 

sets. The responses will be compared with the actual filmed observa

tions.

Data Collection from Film 

Tracings were made using a large image Kodak Recordak, Model 

P-40, which magnified the 16mm film frame 40 times. Tracings were 

drawn on graph paper using a hard lead pencil.

Equipment Used in Obtaining 
Measures from Tracings

A Hewlett Packard .9810 programmable calculator and a 9864A 

digitizer were used to measure line length, center of gravity, pro

jection velocities and angles of projection. Programs were available 

in the program library to calculate these items. Points were digi

tized to the nearest .01 inch. .



Frame Time

The motor driven LOC&M camera was set to operate at 100 frames 

per second» This camera speed was verified by timing marks that had 

been recorded on the edge of the film by an internal timing light 

flashing at 1.00 pulses per second. Thus> the elapsed time between 

two successive film frames was «01 second.

Distance Conversion Factor

To convert film measures into real distances, a distance con

version factor was necessary. By filming an object of a known length 

and comparing it to the length of the same object measured from film, 

the conversion factor was calculated. Once calculated, any distance 

measured from film could be multiplied by the conversion factor to 

determine the measurement in actual feet.

The relationship between the scale length of an object and 

its distance from the camera is inversely proportional; that is, the 

greater the object-to-eamera distance, the smaller its scale length. 

Since the distance of the subject-to-camera varied slightly for each 

set, more than one conversion factor was necessary. & method for 

minimizing perspective error has been developed by Haven, Wilkerson . 

and Bates (1977). They stated that, as the subject-to-camera distance 

is increased, not only is the projected size of the subject reduced, 

but also the point at which the subject contacts the ground appears 

higher vertically on the projected image. A subject holding a yard

stick as a reference object in the foreground and again in the
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background provides references for scaling the linear measurements 

for any relative perpendicular distance as defined by the y~coordinate 

of her grounded foot.

A three foot yardstick was filmed at the position of the net

and again three feet closer to the camera to provide references for

the conversion factorv The two yardsticks were traced from the film 

and their lengths were digitized. The resulting film length of each 

yardstick was given in inches. The vertical distance between the two 

yardsticks on the same tracing was also calculated. These measure

ments were then used in the equation devised by Haven, Wilkerson, and 

Bates (1977), so that conversion factors were calculated for an object 

at any distance from the camera.

By dividing the true yardstick length, three feet, by the 

values obtained during digitizing, the conversion factor was deter

mined. For example, the yardstick filmed at the net measured 3.39

inches, so ^'^g v£n “ .882 ft. The yardstick filmed three feet in
3 ftfront of the net measured 3.83 inches, so _ vr = .783 ft. Thesej.oj rn

quotients represent how many actual feet are depicted by one inch on 

the film tracing.

Data Reduction Procedures 

in this section, procedures used to obtain center of gravity, 

angle of trunk lean, time of contact, distance traveled by the ball 

while in the hands, angles'of projection and velocity measurements 

are described..
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Center of Gravity

The center of gravity of the setter was determined by digi

tizing twenty points, representing segment end points, from film 

tracings at five positions during the set: at the beginning of the

preparatory phase, contact of the ball, low point of the ball, 

release, and twenty frames after release. These five positions 

represent the start of each of the four skill phases (preparatory, 

absorption, projection, and follow through) and the end of the follow 

through phase as defined for this study. The:center of gravity was 

calculated by the Hewlett Packard center of gravity program. By 

graphing the position of the Center of gravity at these five points 

the vertical displacement of the center of gravity of the setter 

while she performed the set can be calculated.

Angle of Trunk Lean

The angle of trunk lean was calculated by using the Hewlett 

Packard angle measuring program and the digitizer. Three points were 

marked on the film tracing at the shoulder joint, midwaist level, and 

a point vertically above the midwaist level point. The latter two 

points defined a vertical line from which the angle of trunk lean was 

measured. A forward lean was reported as a positive number and a 

backward lean was reported as a negative number. (An example of a 

film tracing with the appropriate markings was included in the Appen

dix C.)



Time of Ball Contact with the Hands

The amount of time that the ball was in contact with the 

setter's hands was calculated by counting the number of film frame 

intervals during which the ball was in contact with the hands and 

multiplying this number by the frame interval time, .01 sec.

The time of contact was divided into two phases, absorption 

and projection. The absorption phase was defined from the frame of 

initial contact through the frame of the low point of the ball. The 

projection phase began at the frame of low point through the frame 

showing last contact with the ball.

Distance Ball Traveled 
While in Contact with Hands

A composite tracing was made showing the frame of initial 

contact, low point and release of the ball for each set. The Hewlett 

Packard digitizer and the program for determining the distance between 

two points were used to measure and calculate absorption and projec

tion resultant distances. Absorption distance was found by digitizing 

the distance between the center of the ball at contact and at low 

point. Projection distance was calculated by digitizing the distance 

between the center of the ball at low point and at release of the ball.

Angle of Projection 
and Projection Velocities

The Hewlett Packard programs for the coordinate determination 

and for object projection were used, along with the digitizer, to mea

sure and calculate vertical velocity, horizontal velocity, initial
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velocity, angle of projection and high point for each set. Composite 

tracings showing the ball at the frame of release and in every second 

successive film frame for eight frames were used as a basis for these 

calculations. (See Appendix C for an example of this tracing.) The 

center of the ball was digitized in each of the four successive track

ings following release to determine the ball coordinates in each posi

tion. These x, y coordinates were then used in the projection program 

to calculate angle of projection and velocities.

Repeatability of Measures 
from Film Tracings

In order to determine how many measurements of a given item 

should be made to assure reliability, repeated measures of each type 

of measurement were made. The center of gravity for one tracing of 

each setter was calculated three separate times using the Hewlett 

Packard digitizer. For 89% of the coordinates the variability was 

.02 inches (film units) or less (a maximum of .0015 actual feet) and 

the remainder of the measures were within .03 inches (film units).

Line length measures were repeated On a composite tracing showing 

the ball at contact, low point and release for one set of each setter. 

The distances from the center of the ball at contact to low point and 

from low point to release were calculated using the digitizer. Eighty 

percent of the measures were within a range of .01 feet from each 

other, 15% were within .02 feet, and 5% were within ,03 feet. Trunk 

lean angle measurements were made three times on one tracing from each 

setter using the digitizer. Of the repeated measures taken, 94% were 

within 1 degree or less of each other and the remaining 6% of the
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measures were within 2..degrees. Since great care was taken to make 

accurate tracings from the film/ and since the differences between 

repeated measures were minimal in each type of measurement, it was 

concluded that taking one measure from the film tracing would be 

sufficient.

Summary

Five women who had competed as setters in intercollegiate 

competition or on United States Volleyball Association teams were 

recruited as subjects. Subjects were filmed until two successful 

trials, as judged by height and horizontal displacement, of a regular 

front set, back set and two-set were performed. Ropes were tautly 

suspended horizontally over the volleyball court to judge the height 

of the set and a target was placed at the sideline near the net to 

judge horizontal displacement. Subjects were filmed using Kodak 4X 

black and white film and a motor driven LOCAM camera, which was 

operated at 100 frames per second.

Film tracings were made using a large image Kodak Recordak, 

Model P-40. A Hewlett Packard 9810 programmable calculator and a 

9864A digitizer were used to measure line length, center of gravity, 

projection velocities and angles of projections. Programs for these 

items wOre available in the program library.

To convert film measures into real distances, a distance con

version "factor was necessary. A yardstick was filmed at the position 

of the net and again three feet closer to the camera to provide ,
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references for the conversion factor. By filming an object of known 

length and comparing it to the length of the same object measured 

from film, the conversion factor was calculated.

In order to determine how many measurements of a given item 

should be made to assure reliability, repetitions of each type of 

measurement were made. The differences between the measures were 

minimal in each type of measurement and it was concluded that taking 

one measure from the film tracing would be sufficient.



CHAPTER 4

RESULTS

The data collected from the film analysis are presented using 

graphs and tables in this chapter. The chapter is divided into four 

major sections. The first section reports the variability of each

subject, while performing the two trials of each type of set. The
(

second section describes similarities and differences among the five 

subjects while performing a given type of set. The regular front set? 

back set and two-set are considered separately. The next section 

describes similarities and differences among the three types of sets. 

The last section compares the setters’ responses on items in the sub-
iject questionnaire to actual film observations.

Within Subject Variability 

This section compares the two trials of each type of set per

formed by a setter.. Both trials were judged successful by their 

height and end point. By examining the differences and similarities 

in the variables? defined in the five questions presented in Chapter 

1? consistency in technique of a setter while performing a given type 

of set can be determined. Are there factors on which she is very con

sistent between trials and others on which she shows considerable 

variability?

28



■■■■.' 29
%iis section is divided into five divisions corresponding to 

the questions defined in Chapter 1» These are: ball trajectory and

velocityf angle of trunk lean, vertical displacement of the center of 

gravity, time of ball contact with the hands, and distance traveled by 

the ball while in contact with the hands.

While one purpose of this section is to examine the within 

subject variability of the five setters on their two best trials of 

each set, a second purpose is to identify one trial for each setter 

that most closely resembles the ideal trajectory defined for each of 

the three types of sets „ This best trial will be identified by a 

star .(*) in each figure and table*

Trajectories and Velocities

An experienced volleyball setter adjusts her sets to please 

the spiker. She may set much higher for one spiker than for another, 

depending on the preference of the spiker. In order to control for 

extreme differences in the trajectories of the sets, minimum and 

maximum height restrictions and horizontal displacement were specific 

in Chapter 1 for the three types of sets.

Figure 3 and Tables I, II, and III present the initial ball 

velocities and vertical and horizontal components for both trials of 

all five setters performing each of the three types of sets. In addi

tion, the the tables include the angle of projection and the ball 

height (at the center) above the floor at high point for both trials.
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Table I. Trajectories and Velocities - Regular Front Set
Vertical Horizontal Initial Angle of Height
Velocity______ Velocity______ Velocity______Projection__________of Set

ft/sec Dif ft/sec Dif ft/sec Dif Degrees Dif ft. Dif
1 1 26.0 9.2 27.6 71 17.1

0.5 2.2 1.3 4 0.7
* 2 26.5 11.4 28.9 67 17.8

2 1 21.4 8.9 23.2 67 14.0
2.6 0.4 2.5 2 2.0

* 2 24.0 9.2 25.7 69 16.0

3 1 24.6 11.8 27.3 65 15.6
0.5 0.9 0 2 0.1

* 2 25.1 10.9 27.3 67 15.7

4 1 21.1 11.6 24.1 61 13.7
."1.6 0.4 1.1 3 1*2

* 2 22.7 11.2 25.2 64 14.4

5 1 22.9 12.2 26.0 62 14.7
3.2 1.3 2.7 4 2.3

* 2 26.1 11.9 28.7 66 17.0

Group X 24.88 10.92 27.16 66.6 16,28

Average
Difference 1.68 1,04 1.52 3 1,26

* Best trial judged by trajectory. Trials used.to calculate group data.



Table II. Trajectories and Velocities - Back Set
Vertical Horizontal InitialSubject Trial Velocity Velocity

Angle of 
Projection

Height 
of Set

ft/sec Dif ft/sec Dif ft/sec Dif Degrees Djf ft Dif
* 1 

2 

1 

* 2 

* 1 

2 

* 1 

2 

1 

* 2

Group X

Average
Difference

25.5 

24.0 

21.9

22.6 
27.4 

25. 3 

26.3

25.8

22.8 
24.2

25.20

1.5

0.7

2.1

0.5

1.4

8.6
11.2
10.4

9.9

8.4

9.9

8.9 

7.6

10.7

9.4

9.04

2.6

0.5

1.5

1.3

1.3

26.9

26.4

24.2

24.7

28.7

27.2

27.8

26.9

25.2 

26.0

26.82

0.5

0.5

1.5

0.9

0.8

71

65

65

66
73 

69 

71

74 

65 

69

70.0

16.6

15.3

14.6 

14.9 

18.2

16.6

17.7 

17.2

14.8 

16.1

16.70

1.3

0.3

1.6

0.5

1,3

1.24 1.44 0.84 3.6 1.00

* Best trial judged by trajectory. Trials used to calculate group data.



Table :111c Trajectories and Velocities - Two-set
Vertical Horizontal Initial Angle of Height
Velocity_____ Velocity_______ Velocity______ Projection______  of Set

ft/sec Dif ft/sec Dif ft/sec Dif Degrees Dif ft Dif
1 1 22.5 1.5 22.6 86 14.7

4.6 0.4 4.6 2 2.9
* 2 17.9 1.9 18.0 84 11.6

2 1 19.6 2.0 19.7 84 12.6
0.6 0.3 ■ 1.4 1 0.6

* 2 18.2 1.7 18.3 85 12.0

3 1 21.2 3.1 21.4 82 13.2
0.7 0.4 0.7 1 0.2

* 2 20.5 2.7 20.7 83 13.0

4 1 18.4 0.4 18.4 89 12.1
0.8 1.5 0.7 5 0.5

* 2 17.6 1.9 17.7 84 11.6

5 1 20.4 1.1 20.4 87 12.8
0.2 0.5 0.1 1 0.1

* 2 20.2 1.6 20.3 86 12.7

Group X 18.88 1.96 19.00 84.4 12.18

Average
Difference 0.58 0.68 0.73 2 0.3!

* Best trial judged by trajectory. Trials used to calculate group data. 

Note: Subject 1 was excluded in the calculation of average difference.
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Ihe difference between the two trials of each type of set on each 

variable is also reported on Tables I, II, and ITIo This calculation 

quantified variability between trials for each setter»

Regular Front Set, In the regular front set. Subject 5 and 

Subject 2 showed the most variability in initial velocity with 2,7 

ft/sec difference and 2.5 ft/sec difference respectively. These two 

subjects were also the most variable in vertical velocity with 3.2 

ft/sec and 2.6 ft/sec differences. These factors produced the widest 

range in height of the set between the two trials, 2.3 ft for Subject 

5 and 2.0 ft for Subject 2. Subject 3 had identical initial veloci

ties between her two trials of the regular front set and only 0.5 

ft/sec difference in vertical velocities. This produced only a 0.1 ft 

difference between the heights of the two trials.

Variability in the angle of projection in the regular front 

set did not directly relate to variability in height of the set. 

Subjects.1 and 5 both had a range of four degrees between trials. 

Subject 5 was already reported to have the widest range in heights 

between trials, 2.3 ft, but Subject 1 had a range of only 0.7 ft. 

Subject 2 was reported to have a wide range in height between trials 

with 2.0 ft, but only had a 2 degree difference in angles of projec

tion. Subject 3, who showed the least variability in height between 

trials, 0.1 ft, also had only a two degree difference in angle of 

projection between the two trials of the regular front set.

Back Set. On the whole, the setters were less variable in the 

height of the set between their two trials of the back set than they



were in the regular front set. Subject 3, who had the least varia

ble trajectories in her two trials of the regular front set, was the 

most variable in the back set, with a 1.6 ft difference in height 

between the two trials. She was also most variable in initial 

velocity, 1.5 ft/see, and vertical velocity, 2.1 ft/sec, between 

trials in the back set. Subject 2 showed the most consistency in set 

height with only a 0.3 ft difference. She was also the most consist 

tent on every other component of trajectory.

In the back set the variability between trials on the angle 

of projection related directly to variability in height. Subject 2 

differed only 1 degree between trials in the angle of projection and 

her set height ranged only 0.3 ft. Subjects 1, 3 and 5 had at least 

4 degrees of variability between trials in angle of projection and 

were also the most variable in set height with at least a 1.3 ft 

difference between trials.

Two-set. In the discussion of variability of the two-set, . 

Subject 1 will be excluded. After the analysis was initiated, it was 

found that trial one of Subject 1, which was judged as good during 

filming, actually exceeded the height restrictions by more than one 

foot, so her variability in the two-set will not be included in the 

following discussions of variables.

The subjects were most consistent on every component of tra

jectory between the two trials of the two-set. Subject 2 had the 

widest range in set height with a difference of only 0.6 ft. She was 

also the most variable'in initial velocity, 1.4 ft/sec. Subject 5
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was most consistent on every component of trajectory and also in the 

resultant height of the set F with only a 0*1 difference between trials.

Angle of Trunk Lean

Every subject was consistent between their two trials of a 

given type of set according to the direction of trunk movement. The 

trunk either moved forward on both trials of backward on both trials. 

Table IV presents the angles of trunk lean at the beginning of the 

four phases: preparatoryf absorption, projection and follow through,

and at the end of the follow through. Positive numbers represent a 

forward lean. Negative numbers indicate a backward trunk lean. Table 

IV also reports the difference in trunk position between trials at 

each of the five points during the set listed previously. This.quan

tity represents the subject?s variability between two trials of the 

same type of set. The. following discussion will center around the 

trunk position at contact and release, since these points during the 

set could most influence the resulting trajectory of the ball.

Regular Front Set. In the regular front set. Subject 2 was 

the most variable (5 degrees) in angle of trunk lean between trials 

at both contact and release. Subject 4 had only a one degree differ

ence between trials at contact and Subject 5 had an identical trunk 

lean at release for both trials of the regular front set.

Back Set. On the whole, the subjects were more variable 

between trials in the back set than in the regular front set. Sub

ject 1 had a 10 degree difference between trials at contact and an 8



Table IV- Angle of Trunk Lean**

Subject P
Trial

e l
1
R ■F

REGULAR FRONT 
Trial ■■ 2 

P C L

SET

R F P
Difference 
C L 1% F

1 -11 -8 . -7 -5 5 * -11 -12 -13 —7 2 0 4 6 2 3
2 5 -5 -6 —4 -4 . * -6 -10 -12 -9 -5 11 5 6 5 1
3 7 5 5 2 4 * 3 3 3 4 4 4 2 2 2 0
4 11 -1 —X 2 4 * 10 -2 -2 —5 0 1 1 1 3 4
5 10 10 9 7 8 * 9 8 10 7 4 1 2 1 0 4

Group X . 5 -3 : -3 -2 1

BACK SET
1 * -17 -32 — 36 -37 -26 — 3 -22 -24 -29 -23 14 10 12 8 3
2 -9 -19 -20 -25 -26 * -11 -24 -22 -25 -23 2 5 2 0 3
3 * 2 -17 -17 -20 -24 14 -9 -12 —16 -29 12 8 5 4 5
4 * 6 -20 -22 -27 -34 6 -18 -21 -25 -26 0 2 1 1 8
5 14 -3 -10 -15 -21 * 9 -9 -11 —20 -28 5 6 1 5 7

Group X -2 -20 -22 -26 -27

TWO-SET
1 -10 -4 -1 4 5 ' * -14 -12 -8 6 ■ -1 4 8 7 2 6
2 -11 -15 -18 -19 -14' * -14 -14 -14 -16 -10 3 1 4 3 4
3 -3 0 2 -1 -3 * —1 —2 -3 -3 —8 2 2 5 2 5
4 5 0 -4 -3 -5 * 5 -3 -6 -8 -7 . O' 3 2 5 2
5 -1 1 0 1 -1 * 1 1 4 1 0 2 0 5 0 1

Group X -5 -6 -4 -4 -5

Key: p=preparatoxy, G=cbntact of ball» L=low point of ball, R=release of ball, 
and F=follow through 

* Best trial judged by trajectory. Trial used in group calculations.
** in degrees
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degree difference at release» Subject 2 had an identical trunk lean 

at release in both trials of the back set.

Two-set. The subjects were fairly consistent between trials 

in the angle of trunk lean during the execution of the two-set. Sub

ject 4 showed the most variability with a 5 degree difference at 

release. Subject 5 had identical trunk positions between trials at 

contact and release. The other subjects varied three degrees or less 

between trials at either contact or release.

In general, in all three sets the trunk lean of the subjects 

was more variable between trials at contact than at release. Since 

the subjects were trying to produce the same trajectory in both trials 

of the same type of set, then the similarity in angle of trunk lean 

was probably more crucial at release than at contact in order to 

produce similar sets.

Center of Gravity Vertical Displacement

Figures 4, 5 and 6 show the vertical displacement of the cen

ter of gravity of the setter during the execution of"the set. The 

total displacement shown represents the vertical distance that the 

center of gravity was raised from the first frame in the preparatory 

phase to the last frame in the follow through phase. The different 

markings within each column reflect the vertical displacement that 

occurred during each of the four skill phases: preparatory, absorp

tion, projection, and follow through.
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Figure 4. Center of Gravity Vertical Displacement: Regular Front Set

* Best trial judged by trajectory
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Regular Front. Set. Between trials of the regular front set. 

Subject 3 showed the most variability, 2.1 inches, in the total dis

placement of the center of gravity. Subject 5 was the most consistent 

with a .9 inch difference. When considering only the displacement of 

the center of gravity while the ball was in contact with the hands 

(absorption and projection phases), which most directly affects the 

trajectory of the ball. Subject 2 was the most variable with a .9 inch 

difference and Subject 5 had only a .4 inch difference.

Back Set. The most variability between trials of the back 

set in the total displacement of the center of gravity was found in 

Subject 5, 2.9 inches, and the least variability was found in Subject 

3, .1 inches. When considering the displacement of the center of 

gravity during ball contact, Subject 2 was the most variable with a 

1.6 inch difference and Subject 4 was most consistent with a .5 inCh 

difference..

Two-set. Subject 5 had a 3.0 inch difference in total dis

placement of the center of gravity between her two trials of the 

two-set., Subject 2 had only a .1 inch difference in total displace

ment. Subject 5 was also the most variable between trials in the 

displacement of the center of gravity while the ball was in contact 

with the hands, 2,0 inches. Subject 4 had identical displacement in 

the center of gravity during ball contact between the two trials of 

the two-set..
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Time of Ball Contact with the Hands

The amount of time that the ball was in contact with the set

ter's hands during the set was fairly consistent between the two 

trials of a given type of set (see Table V and Figure 7)» In any 

given type of set the difference in total time of contact between 

trials was no more than »01 sec. This represents the time of two 

frame intervals. The difference sometimes was found in the absorp

tion time, the time from contact of the ball to the low point of the 

ball, and other times in the projection time, the time from low point 

of the ball to release of the ball.

Distance the Ball Traveled 
While in the Hands

Three separate measures were taken to describe the distance 

that the ball traveled while in contact with the setter's hands.

These are: absorption distance, the direct distance from the center

of the ball at contact to the center of the ball at low point} pro

jection distance, the direct distance from the center of the ball at 

low point to the center of the ball at release; and the horizontal 

displacement * the horizontal distance from the center of the ball at 

contact to a vertical line drawn through the center of the ball at 

release*

Table VI reports the absorption and projection distances for 

both trials of each of the three sets for every subject. The varia

bility between trials of a setter in absorption distance for the three 

types of sets was quite small. The average difference between trials
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Table V, Time of Ball Contact with the Hands**

REGULAR FRONT SET BACK SET TWO-SET
Subject abs pro tot abs pro . tot abs pro tot

1 .04 .06 .10 *.03 .05 00o .04 .06 .10

*.04 .06 .10 .04 .05 .09 *.04 .07 .11

2 .02 .04 . 06 .02 .04 .06 .03 .04 .07

*.02 .05 .07 *.02 .04 . 06 *.03 .05 .08

3 .02 .04 .06 *.02 .05 .07 .03 .05 .08

. *.02 .05 .07 .03 .04 .07 *.03 .06 .09

4 .02 . 05 .07 *.02 .05 .07 .04 ,07 ,11

*.03 .05 .08 .03 .05 .08 *.04 .07 .11

5 . 02 .05 .07 .02 .06 .08 .02 .06 .08

*.03 .05 .08 *.03 .05 .08 *.03 .06 .09

Group X „028 .052 .080 .024 .048 .072 .034 .062 .096

* Best trial judged by trajectory. Trial used to calculate group 
data.

** in seconds
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Table VI. Distance Traveled by the Ball in the Hands**

REGULAR FRONT SET BACK SET TWO-SET
Subject Trial abs dif pro dif abs .dif pro dif abs dif Pro dif

1 1 .41 1.21 *.30 .95 .29 1,09
.01 .10 .05 .04 ,03 ,03

2 *.40 . 1.11 .35 .99 *.26 1.06

2 1 .10 .94 .01 1.02 .19 ,77
.03 .13 .16 .08 .02 .10

2 *.07 .81 *.17 .94 *.17 .67

3 1 .02 .82 *.15 CNCMH .22 1.03
.18 .15 .03 .17 .02 .14

2 *.20 .97 .18 1.05 *.24 .89

4 1 .08 .99 *.18 1.15 .23 1.10
.14 .06 .01 .03 ,03 .00

2 *.22 .93 .19 1.12 *.26 1.10

.5 1 .18 1.03 .22 1.01 .13 .86
.02 .17 .03 .19 .06 .08

2 *.20 1.20 *.19 1.20 *.19 .94

Group X . 218 1.004 .198 1.092 ,224 .932
Average
Difference .076 .122 .056 .102 .033 .080

* Best trial judged by trajectory. Trial used to calculate group data. Note: Subject 19s data
for the two-set was excluded from the calculation of average difference in the two-set.

** in feet



of the setters in absorption distance was greatest in the regular 

front set, .076 ft, next in the back set, .056 ft, and least in the 

two-set, o033 ft. The most any one subject varied between trials of 

the same type of set in absorption distance was Subject 31s regular 

front set, .18 ft.

The variability between trials of a setter in projection dis

tance was again small for the three types of sets. The average dif

ference between trials in the regular front set was .122 ft, in the 

back set, .102 ft, and in the two-set, .080 ft. The most any one 

setter varied between trials of the same type of set in projection 

distance was Subject 5ss back set, .19 ft.

Table VII and Figure 8 report the horizontal displacement of 

the ball, while in contact with the hands, for both trials of all 

three types of sets for each of the five setters« The variability 

between trials of a setter in horizontal displacement was similar for 

the regular front set and back set.. The average difference in the 

regular front set was .068 ft and in the back set, .072 ft. The 

average difference was slightly less in the two-set, .045 ft.

intersetter Variability

This section examines variability among the setters in the 

performance of the same type of set. Similarities and differences 

in techniques will be reported and each of the three sets will be 

discussed separately. Only the one trial of each set, starred in 

previous tables and figures, which most closely met the defined tra

jectories established, in Chapter 1, was used in this analysis„



Table VII. Horizontal Displacement of Ball in the Hands

REGULAR FRONT SET BACK SET TWO-SET
Subject Trial ft . dif ft dif ft dif

1 1 .13 *.56 .09
.07 .06 .04

2 *.22 .50 *.13

2 1 .25 .59 .08
.03 .01 .06

2 *.22 *.60 *.14

3 1 .32 *.50 .12
.10 .07 .06

2 *.22 .57. . *.06

4 1 .46 *.51 .07
.14 .14 .03

2 *.32 .65 *.04

5 1 .40 .65 .05
.00 .08 . 03

2 *.40 *.73 *.02

Group X .276 . 580 .078

Average
Difference . 068 .072 .045

* Best trial judged by trajectory. Trial used in calculation of group 
data.

Note: Subject 1's data was excluded from the calculation of average
difference in the two-set.
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Regular Front Set
Due to the height restrictions for the regular front set, the 

resulting trajectories were similar for every sitter, the initial 

velocity for the regular front set had a range of 25.2 ft/sec to 29.9 

ft/sec (X = 27.2 ft.see). The angle of projection ranged from 64 

degrees to 69 degrees (X = 67 degrees). Setters who used small angles 

of projection generally had shorter heights in the set and greater 

horizontal velocities. These relationships can be seen from Table 1 

(page 31).

Figure 9 shows the angle of trunk lean at the beginning of 

the four phases and at the end of the follow through for the regular 

front set for each of the five setters. There was no consistent 

trunk position or pattern of movement among the setters, although the 

trunk remained within ± 15 degrees from the vertical for all subjects. 

This would indicate that there was no one correct angle of trunk lean 

needed to execute a successful regular front set.

Figure 4 (page 39) shows that the center of gravity of the 

setter was vertically raised during the preparatory, absorption, 

and projection phases of the regular front set for every setter. Only 

Subject 1 did not continue to raise her center of gravity during the 

follow through phase. The average vertical displacements of the cen

ter of gravity for these subjects during the four phases just listed 

in sequence were: 5.50 inches, 1.13 inches, 2.75 inches, and 2.25

inches. The distance the center of gravity was raised did vary some

what among the five setters. Subject 1 had only a 7.9 inch total



Figure 
9. 

Angle 
of 

Trunk 
Lean: 

Regular 
Front 

Set

i
H  Io in

Preparatory

Contact

Low Point

Release

Follow Through
*  n  □  ♦  ❖ Subject

Degrees
o in

m



. 52
vertical displacement while Subject 5 had a 14.7 inch total vertical 

displacement of the center of gravity, ihe average for the group was 

11,63 inches»

The total amount of time that the ball was in contact with the 

setter's hands in the regular front set ranged from ,07 sec to ,10 

sec among five setters (see table V, page 44) and was ,080 sec on the 

average for the group. The length of the absorption phases ranged 

from *02/sec to ,04 sec and averaged ,028 sec for the group, This 

represented from 29 to 40 percent of the total time with a group 

average of 35 percent of total time* The projection time for four 

of the five setters was ,05 sec and the group average was ,052 sec. 

Subject 1 had a projection time of ,06 sec.

Figure 10 represents the distance traveled by the ball while 

in contact with the setter's hands during the absorption phases 

(downward arrows) and the projection phase (upward arrows) . In the 

top row of Figure 10 showing the regular front sets, it can be seen 

that the absorption distance varied among the setters (range = ,07 ft 

to ,40 ft and X = »218 ft). Subject 1, who had the longest absorption 

time, also had the largest absorption distance. The absorption time 

and absorption distance related closely in all setters. The longer 

the absorption time the larger the absorption distance. The projec

tion distance in the regular front set ranged from .81 ft to 1.20 ft 

with a group average of 1,004 ft. The length of the projection dis

tance related to the initial velocity of the set. Generally, the 

larger the projection distance the greater the initial velocity. The
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horizontal displacement of the ball while in contact with the setter's 

hands ranged from .22 ft to .40 ft with a group average of .276 ft.

The horizontal displacement related somewhat to horizontal velocity 

of the set and angle of proj ection. Generally, the larger the hori

zontal displacement the larger the horizontal velocity and the smaller 

the angle of projection.

Back Set

Since there were control restrictions in the height of the 

back set, the resulting trajectories were similar among all setters. 

The initial velocities ranged from 24.7 ft/sec to 28.7 ft/sec 

(X = 26.82 ft/sec) and the angles of projection ranged from 66 degrees 

to 73 degrees with a mean of 70 degrees (see Table IX, page 32 ). 

Subjects who used the more vertical angles of projection, generally 

had greater vertical velocities and lesser horizontal velocities than 

the subjects who used smaller angles of projection. This also caused 

them to have higher high points in the trajectories of their back 

sets.

Every subject had a backward movement of the trunk while 

performing the back set. Figure 11 shows the angle of trunk lean at 

the beginning of the four phases and at the end of the follow through 

phase for all five subjects. It can be seen that the angles of trunk 

lean varied a great deal at the beginning of'the preparatory phase, 

but became more homogeneous by the end of the follow through phase. 

During the 20 frame intervals (.10 sec) prior to contact, the trunk 

angular displacement backward was greater than during any other phase,
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averaging 18 degrees for the group. At contact, the average trunk 

lean was -20 degrees behind the vertical (range = -9 to -32 degrees)„ 

The average trunk lean at release of the ball was -26 degrees behind 

the vertical (range = -20 to -37 degrees).

Figure 5 (page 40) shows the vertical displacement of the 

center of gravity of the setter during the execution of the back set. 

The total displacement ranged from 5.6 inches in Subject 1 to 14.3 

inches in Subject 5. The mean for the group was 10,38 inches. The 

average vertical displacement of the center of gravity for the sub

jects during the four skill phases of the back set were: 6.31 inches

during preparatory, .94 inches during absorption, 2.25 inches during 

projection and .88 inches during follow through. When considering 

only the vertical displacement while the ball was in contact with the 

setter's hands the range was 2.5 inches in Subject 1 to 4.5 inches in 

Subject 5.

The total amount of time that the ball was in contact with the 

setter's hands ranged from .06' sec to .08 sec (see Table V, page 44), 

and the average for the group was .072 sec. The absorption time 

ranged from .02 sec to .03 sec (X = .024 sec), representing 29 and 

38 percent of total time respectively (X = 33%). Four of the five 

setters had projection times of .05 sec and Subject 2 had a projection 

time of .04 sec. The average projection time for the group was .048 

sec.



57
The distance that the ball traveled while in contact with the 

setter’s hands during the absorption phase in the back set ranged

from .15 ft to .30 ft (X = .198 ft). Four of the five subjects had

absorption distances between .17 ft and .19 ft. Subject 1, who had 

one of the longest absorption times, had the largest .absorption dis

tance, .30 ft. The projection distance ranged from .94 ft to

1.22 ft with a mean of 1.092 ft (see Table VI, page 46). Subject 3

had the largest projection distance and also the largest initial 

velocity of the back set. Subject 2 had the smallest projection 

distance and the smallest initial velocity. The horizontal displace

ment of the ball while in contact with the setter’s hands ranged from 

.50 ft to .73 ft with a group average of .580 ft (see Table VII, 

page 48).

Two-Set

The height and horizontal displacement restrictions established 

for control in the two-set resulted in similar trajectories among the 

five subjects. The initial velocities had a range of 17,7 ft/sec to 

20.7 ft/sec with a mean of 19.0 ft/sec and the angles of projection 

ranged from 83 degrees to 86 degrees (X - 84.4 degrees) (see Table III, 

page 33).

There was no consistent pattern among the subjects concerning 

the movement of the trunk while executing a two-set. Figure 12 shows 

the angle of trunk lean at the beginning of the four phases and at the 

end of the follow through for all subjects. Subjects 1 and 4 had con

siderable trunk movement during the execution of the two-set, but the
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other three setters did not show much trunk movement. The direct 

tion of the trunk movement also varied among the setters.

The amount the center of gravity was raised during the two-set 

had a range of 4.2 inches in Subject 1 to 11.3 inches in Subject 5, 

with a mean of 8.76 inches, (see Figure 6, page 41). The average 

vertical displacements of the center of gravity for the subjects during 

the four skill phases of the two-set were: 3.38 inches during prepara

tory, 1.25 inches during absorption, 1.69 inches during projection, and 

2.44 inches during the follow through. When considering only the ver

tical displacement of the center of gravity while the ball was in con

tact with the hands the range was 1.5 inches in Subject 2 to 3.8 inches 

in Subject 3.

The total amount of time that the ball was in contact with the 

setter8 s hands had a range of .08 sec to .11 sec with a mean of .096 

sec. The absorption time was .03 sec for three subjects and .04 sec 

for Subjects 1 and 4. The percentage of total time included in the 

absorption time ranged from 33% to 38% (X = 36%). The projection 

times ranged from 105 sec to .07 see with a mean of .062 sec.

The distance that the ball traveled while in contact with the 

hands during the absorption phase was similar among the setters, rang

ing from 1.7 ft to .26 ft (X = »224 ft) (see Table VI page 46). The 

setters who had the longest absorption times also had the largest 

absorption distances». The projection distances ranged from .67 ft to 

1.10 ft (X = ..932 ft) . The horizontal displacement of the ball while
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in contact with the hands was very small for every setter, ranging 

from .02 ft to .14 ft with a group mean of .078 ft.

Comparison of the 
Three Types of Sets

This section will compare the three types of sets. Similar

ities and differences in the following five variables will be examined; 

trajectories and velocities, angle of trunk lean, vertical displace

ment of the center of gravity, amount of time of ball contact with 

the hands, and the distance traveled by the ball while in contact with 

the hands. Group means, calculated using the best trial for each sub

ject, started in the previous graphs and tables, will be used in the 

comparison..

Trajectories and Velocities

The regular front set and back set had the same height restric

tions and horizontal displacement requirement. This caused the projec

tion velocities and angles of projection to. be similar between the 

regular front set and back set (Tables I and II, pages 31 and 32) .

The average initial velocity for the regular front set was 27.2 ft/sec 

with an angle of projection of 67 degrees. The average initial veloc

ity was .26.8 ft/sec and the angle of projection was 70 degrees for the 

back set (see Tables I and XI, pages 31 and 32).

The trajectory of a two-set was very different from-the tra

jectory of a regular front set and back set. The average initial 

velocity of the two-set was 19.0 ft/sec, whiCh was 8,2 ft/sec slower 

than that of the regular front set. The average angle"of projection
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was 84 degrees which was 17 degrees higher in the two-set. The most 

pronounced difference in trajectory between the sets was the horizon-„ 

tal velocity. The two-set had an average horizontal velocity of 2.0 

ft/sec, while the average horizontal velocity of the regular front set 

was 10.9 ft/sec, over five times greater than that of the two-set. The 

average height of the two-set was 4 ft lower than that of the regular 

front set.

Angle of Trunk Lean

The five subjects showed considerable variability in the angle 

of trunk lean when performing the three types of sets (Table IV, page 

37, Figures 9, 11, 12, pages 51, 55, and 58). There was no consistent 

pattern to the angular movement of the trunk in the regular front set 

or two-set. • However, every subject increased the backward lean of the 

trunk while executing a back set.

Since there was considerable variability and a lack of consis

tency among subjects in the regular front set and two-set, then it can 

be concluded that there was not one correct angle of trunk lean needed 

to execute a successful regular front set or two-set.

Center of Gravity 
Vertical Displacement

The total vertical displacement of the center of gravity was 

greatest in the regular front set and least in the two-set (Figures 4, 

5, 6, pages 39, 40, and 41). The average total displacement was 11,6 

inches in the regular front set, 10.3 inches in the back set and 8.7 

inches in the two-set. This same relationship held true when only the
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vertical displacement of the center of gravity during ball contact 

was considered.

Time of Ball Contact 
with the Hands

The total amount of time that the ball was in contact with the 

setter's hands was similar in the regular front set and back set, .08 

see and .072 sec respectively. This was true for both the absorption 

time and projection time (see Table V, page 44). The two-set had the 

longest average absorption time, .034 sec, and longest projection time, 

.062 sec, thus the largest total time, .096 see.

Distance Traveled by Ball 
While in the Hands

The average distance the ball traveled while in contact with 

the hands during the absorption phase Was similar among all three sets 

(see Table VI, page 46). The average projection distance was smallest 

in the two-set, .93 ft, and largest in the back set, 1.09 ft. How

ever, there was considerable variability among the setters in projec

tion distance, quantified in the mean difference calculation (Table VI, 

page 46) , and the range among the five subjects was similar between the 

regular front set and back set, .81 ft to 1.20 ft and .94 ft to 1.22 ft 

respectively.

The fact that the projection distance was smallest (X = .93 ft) 

in the:two-set and at the same time the projection time was the longest 

(X = .096 sec) in the two-set was the reason that this set had the 

smallest initial velocity (X = 19.,0 ft.sec) (Velocity equals displace

ment divided by time).
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The average horizontal displacement of the ball while in contact with 

the setter's hands was largest in the back set, .58 ft, second in the 

regular front set, .28 ft, and least in the two-set, .08 ft. The 

extremely small horizontal displacement of the ball in the two-set 

related closely to the very small horizontal velocity, 2.0 ft/see, 

and very high angle of projection, 84 degrees.

Subject Questionnaire 

The subject's responses to the items on the questionnaire 

were compared to the actual filmed observations in this section of 

the chapter. The subject's responses were summarized and are pre

sented in Appendix B.

Angle of Trunk bean

When asked to respond to the position of the trunk in the 

preparatory phase of the regular front set. Subjects 1, 3 and 5 

responded that the back should be erect and Subject 4 said that there 

should be a forward lean. Subject 4 did have a 10 degree forward 

lean at the beginning of the preparatory phase. Subject 3 was also 

correct in her response. She had only a 3 degree forward lean in the 

preparatory phase. However, Subject 1 actually had an 11 degree back

ward lean and Subject 5 had a 9 degree forward lean in the preparatory 

phase of the regular front set. (Subject 2 did not respond to this 

question.)

Subjects 1 and 4 responded that the trunk position in the 

preparatory phase should be the same for the regular front set and
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two-set. Both setters actually did have similar angles of trunk lean 

in the preparatory phase of both sets. (Compare Figure 9, page 51 and 

Figure 12, page 58.)

All subjects stated that the back should arch during the.execu

tion of a back set. The film observations supported their statements.

Center Of Gravity Vertical Dlsplaoement

The subjects stated that the legs and arms (elbows) extend

during the execution of all sets. These movements would cause the

center of gravity to rise. The measurements taken in the study did not

show that the center of gravity was raised during every set. The sub

jects also responded that there was less extension in the execution of 

a two-set than in the front or back sets. This was supported by the 

data which indicated a smaller vertical displacement of the center of 
gravity in the two-set.

Time of Ball Contact with the Hands

When asked in which type of set they thought the ball was con

tacted the shortest length of time, four of the subjects answered that 

the two-set was contacted lesS time than the other two sets. Subject 

2 thought that all sets were contacted the same amount of time or per

haps the back set was slightly less. Measurements revealed that the 

two-set was actually contacted slightly longer than either of the other 

sets. The difference was only .015 seconds, so perhaps this is imper- 

ceptable to the setter.



Summary

The analysis of the variability of the setters between two 

trials of a given type of set indicated that the ball velocity and , 

angle of projection may differ slightly between trials and still pro

duce the trajectory requirements of a good set. The difference between 

trials in the angle of trunk lean at release of the ball was less 

than 8 degrees for any setter performing any of the three types of 

sets. The difference between trials in the vertical displacement of 

the center of gravity had a range of .13 inches to 3.0 inches. The 

total amount of time the ball was in contact with the hands never 

differed more than .01 seconds between trials of a given type of set. 

The distance the ball traveled while in contact with the hands never 

differed between trials more than 2.2 inches in the absorption phase, 

2.3 inches in the projection phase, and 1.7 inches in horizontal dis

placement.

The variability among the five setters on the velocities and 

angles of projection when executing a given type of set again indicated 

that there could be some deviation from the ideal trajectory of .the 

ball and still produce a successful set. There was a lack of con

sistency in the trunk lean and the total vertical displacement of the 

center of gravity ranged from 7.9 inches to 14.7 inches in the regular 

front set, from 5.6 inches" to 14.3 inches in the back set, and from

4.2 inches to 11.3 inches in the two-set. There was little variability 

among the setters in the amount of time the ball was in contact with 

the hands and the distance traveled by the ball during the absorption 

and projection phases of a given type of set.



A comparison of the group means on each of the three sets 

revealed that.the regular front set and back set had similar velocities 

and angles of projection, The two-set had much smaller velocities, 

especially horizontal velocity, and a higher angle of projection than 

the other two sets.

The back set was the only set that had a consistent pattern 

of trunk movement during the execution of the set. Every setter 

increased her backward lean during the back set.

The center of gravity of a setter was raised during the execu

tion of a,ll three types of sets. The vertical displacement was largest

in the regular front set and smallest in the two-set.

The amount of time the ball was in contact with the hands

was similar in the regular front set and back set. The two-set had the

longest absorption time and the longest projection time, thus the 

longest total time.

The distance the ball traveled during the absorption phase was 

similar in all three types of sets. The projection distance was 

similar between the regular front set and back set, but was slightly 

smaller in the two-set. The horizontal displacement of the ball while 

in contact with the hands was extremely small in the two-set. The 

horizontal displacement of the ball in the back set was twice that of 

the regular front set.

The subjectsresponses on the subject questionnaire were com

pared to the filmed observations. On some items some subjects 

correctly described positions or actions that were similar to their
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performance during the filmed trials. On other items, there were 

definite discrepancies between what the subj ects thought occurred dur

ing the set and what actually took place.



CHAPTER 5

DISCUSSION AND IMPLICATIONS

The purpose of this study was to determine the variations in 

techniques of execution which result in a regular front set, back set 

and two-set. This chapter will relate the results of this study to 

the descriptions of these three sets found in volleyball literature 

and reviewed in Chapter 2.

Regular Front Set

Ishii and Minagawa (1978) provided the only scientific 

analysis of the volleyball set which included specific measurements 

rather than only observations and opinions. They found that the 

average initial velocity for a regular front set was 12.5 m/sec or 

41.0 ft/see. In this study the average initial velocity was only

27.2 ft/see. They reported that the time of contact was .027 sec.

That was much shorter than the time found in this study, .080 sec.

The displacement Of the ball while in the hands was similar in both 

studies, 1.10 feet in their study and 1.00 feet in this study. Per

haps their subjects set the ball to a much greater height than did the 

subjects in this study.

There were discrepancies among the authors concerning trunk 

position during the preparatory phase of the regular front set,

Scates (1976) and'Parker (1977) stated that there should be a backward

68
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trunk lean or back arch. Keller (1968) thought that the trunk should 

be erecto Dunphy (1977) indicated that there should be a slight 

forward lean in the trunk. This study did not find a consistent 

position among the subjects in the preparatory phase of the regular ; 

front set* One setter had a backward lean, one was almost erect and 

three had a forward lean. Evidently, the position of the trunk dur

ing the preparatory phase can vary greatly and a successful regular 

front set can still be executed, A setter should be instructed to 

position the trunk hear the vertical, but in a way that she feels 

comfortable.

Scates (1976), Dunphy (1977) and Peppier (1977) reported 

that the wrists and fingers are forced backward by the force of the 

incoming ball, which causes the absorption of the ball's weight, .

This study supported the fact that the ball does move backward while 

in contact with the hands. The average absorption distance in the 

regular front set for all setters was .218 ft. Composite tracings 

(see appendix for example) showing contact, low point and release 

of the ball indicated that the body continued to move upward during 

the absorption phase.

The center of gravity of every subject was elevated during 

the absorption phase an average of 1.2 inches. This analysis helped 

to isolate the location of the absorption movements. The absorption 

must occur in the arms and/or hands. Since joint angle measures were 

not taken in this study, these movements can not be identified 

further.
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All sources stated that arm and leg extension occur during 

the projection phase of the regular front set. This study revealed 

that the center of gravity was raised an average of 2.7 inches dur

ing the projection phase. Composite tracings (see appendix) show 

that extension did occur in the arms (elbows) and legs (knees).

All authors, except Peppier (1977), indicated that leg and 

arm extension should continue during the follow through phase.

Every subject, except subject 1, continued to raise her center of 

gravity during the follow through phase. Subj ect 11s.center of 

gravity remained at the same level as at release of the ball.

Back Set

Only four authors described techniques used in executing 

a back set. Scates (1976), Schaafsma (1971), Peppier (1977) and 

Dunphy (1977) stated that the preparatory position for the back set 

should be the same as in the regular front set.

The subjects had similar trunk leans in the preparatory 

position of the back set and regular front set. Subject 1 showed 

the largest difference in trunk leans in the preparatory position 

with an -11 degree lean in the regular front set and a -17 degree 

lean in the back set.

The authors reported that the back should arch during the 

execution of a back set. The movement of the trunk found in this 

study supports the fact that the trunk leans backward but this is 

not necessarily the same as "back arch". Every subject increased 

the backward lean of the trunk during the back set.
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Two-Set

Since none of the authors gave a description of technique 

used to execute a two-set, the results of this study concerned with 

the two-set cannot be compared to any published literature. There 

were major differences in the two-set as compared to the other types 

of sets. These were reported in the previous chapter. These dif-. 

ferences in technique imply that information concerning the execution 

of the two-set should be included in the literature»

Implications

The variability among the subjects in the angle of trunk lean 

dhring the preparatory phase and the movement of the trunk during a 

given type of set showed that there is no one correct way to position 

the trunk when executing a set. Perhaps other factors, not examined 

in this, study, influence the trunk position (such as, position of the 

setter beneath the incoming ball and point of contact with the ball 

in relation to the setter5s head).

There was generally little difference in the angle of trunk 

lean during the preparatory phase of the three types of sets within 

a given subject. This implies that a center blocker would not be able 

to observe a difference in setter position that would enable the 

blocker to prejudge the type of set to be executed prior to the set-\ 

ter1s contact with the ball.

The consistency within a setter and the similarity among the 

subjects.in the amount of time the ball was in contact with the hands, 

the distance traveled by the ball while in the hands, and the



72
projection velocity and angle indicates that there is a specific, 

rather narrow, range in these variables which, when used, will lead 

to the completion of the desired trajectory for that type of set„

A teacher or coach should concentrate on these variables when observ

ing and analyzing their setters' problems.

Summary

Ishii and Minagawa (1978) provided the only scientific . 

analysis of the volleyball set which included specific measurements 

rather than only observations and opinions. Their reported time 

of ball contact with the hands in the regular front set, .027 sec, 

was much shorter than that time found in this study, .076 sec. The 

displacement of the ba.ll while in contact with the hands was similar 

in both studies, 1.10 ft in their study and 1.00 ft in this study.

The initial velocity which they reported, 41.0 ft/sec, was much 

greater than the average initial velocity found in this study for the 

regular front set, 26.4 ft/sec.

There were discrepancies among the authors concerning trunk 

position during the preparatory phase of the regular front set. This 

study did not find a consistent trunk lean among the five subjects in 

the preparatory phase of the regular front set.

Scates (1976), Dunphy (1977) and Peppier (1977) reported 

that the wrists and fingers are forced backward by the force of the 

incoming ball, which causes the absorption of the ball's weight. 

Composite tracings and measurements of the center of gravity at . 

contact of the ball and low point of the ball showed that the center .
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of gravity was raised during the absorption phase of the regular 

front set. This analysis helped to isolate the location of the 

absorption movements. The absorption must occur in the arms and/or 

hands.

All sources stated that arm (elbows) and leg extension 

occur during the projection phase of the regular front set. This 

study revealed that the center of gravity was raised an average of 

2.7 inches during the projection phase.

All of the four authors who gave descriptions of the back 

set, stated that the preparatory position for the back set should

be the same as in the regular front set. The subjects in this study

had similar trunk leans in the preparatory position in the back set

and regular front set.

Every subject increased the backward lean of the trunk during 

the execution of the back set. This supported statements made by the 

authors in their.descriptions of the back set. ■

None of the authors gave a description of the execution of a 

two-set. This study found major differences in the two-set as com

pared to the other types of sets. These differences in technique 

imply that information concerning the execution of the two-set should 

be included in the literature.



CHAPTER 6

SUMMARY, FINDINGS AND CONCLUSIONS, AND 
RECOMMENDATIONS FOR FUTURE RESEARCH

The final chapter is divided into three main sections. The 

first section summarises the purpose end procedures used in the 

study. The second section reports the major findings and conclusions 

of the study. The last section includes the investigator’s recom

mendations for future research.

Summary

The purpose of this study was to determine the variations in 

techniques of execution which result in a regular front set, back set 

and two-set.. Similarities and differences in ball and body position 

during execution were examined in relation to the resulting specified 

ball trajectories. More specifically, three different sources of 

variability were examined; within each subject between two trials of 

each set; among the five setters performing a given type of set, and, 

among the techniques used to perform the three different sets.

Five women, who played the setter position on an intercol

legiate or United States Volleyball Association team, were recruited 

as subjects. They were filmed until two successful trials,- as judged 

by height and horizontal displacement, of each type of set were 

performed. Ropes were tautly suspended horizontally over the volley- 

ball court to judge the height of the set and a target was placed at
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the sideline near the net to judge horizontal displacement.. Subjects 

were filmed using Kodak 4X black and white film and a motor driven 

16mm LOCAM camera, which was run at 100 frames per second.

Film tracings were made using a Kodak Recordak Model P-40.

A Hewlett Packard 9810 Programmable Calculator and a 9864A Digitizer 

were used to measure line length, center of gravity, projection 

velocities and angles of projection. Programs for these items were 

available in the program library.

The volleyball set was subdivided into. four phases: prepara-'

tory, absorption, projection and follow through. The' following ques

tions were devised to help direct the analysis of the sets.

1. What were the initial velocity, angle of projection, vertical 

velocity, horizontal velocity and high point of the sets?

2. What was the angle of trunk lean (forward or backward) in 

relation to vertical during the four phases of the set?

3. What was the position of the center of gravity of the setter 

at the beginning of each phase of the set?

4. How long was the ball in contact with the setter's hands?

How long was the absorption phase? How long was the projec

tion phase?

5. What was the direct distance the ball traveled while in con

tact with the hands during both the absorption phase and 

projection phase? What was the horizontal displacement of 

the ball in space from initial contact to release of the' 

ball? .



Findings and Conclusions 

fflie operational definitions of a regular front set and back 

set caused the acceptable trajectories of the two sets to be similar* 

ihe controls of the performance situation in this study restricted 

the high points of the sets, so.projection velocities and angles of 

projection were similar between the regular front set and back set* 

The definition of the high point and horizontal displacement of a 

two-set also limited its trajectory- The initial velocity was 

smaller, the angle of projection was more vertical and the horizontal 

velocity was very small, in comparison with the other two sets-

Subjects showed some variability in the angle of trunk lean 

when performing the three types of sets. There was no consistent 

pattern to the angular movement of the trunk in the regular front set 

or two-set- However, every setter increased the backward lean of the 

trunk during the back set.

The center of gravity of a setter was raised during the exe

cution of all three types of sets- The vertical displacement was 

largest in the regular front set and smallest in the two-set.

The amount of time the ball was in contact with the hands was 

similar in the regular front set and back set. The two-set had the 

. longest absorption time and the longest projection time, thus the 

longest total time.

The distance the ball traveled during the absorption phase 

was similar in all three types of sets. The projection distance was 

similar between the regular front set and back set, but slightly
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smaller in the two-set. The horizontal displacement of the ball while 

in contact with the hands was extremely small in the two-set „ The 

horizontal displacement of the ball in the back set was twice that of 
the regular front set.

These results show that there are evident differences and 

similarities among the regular front set, back set and two-set. The 

similarities among setters in the projection velocity and angle used 

to execute a given type of set show that these factors have a limited 

range within which the desired trajectory of the set can be produced. 

The similarity among the setters in the amount of time the ball was 

contacted and the distance traveled by the ball while in the hands 

indicates that these two factors also have a limited range which can 

produce a successful set. The variability among the setters in the 

angle of trunk lean used and the amount the center of gravity was 

vertically displaced implies that there was no one correct position 

or amount of movement necessary to produce a successful set.

The movement of the body during the execution of a difficult 

skill is very complex. Many factors are interrelated. Of the factors 

measured in this study, the angle of trunk lean and vertical displace

ment of the center of gravity were the most variable among the set

ters. This implies that these technique factors might be more free 

to vary, to compensate for different ball and/or body positions, than 

the amount of time of ball contact with the hands or distance traveled 

by the ball while in the hands.
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Recommendations for 
Future Research

It was made evident in the review of literature that there 

is a need for scientific research in volleyball, specifically the 

volleyball set. Only one cinematographic analysis of the volleyball 

set was available and there were numerous inconsistencies in the 

literature. Specifically, future research is needed in the follow

ing areas;

1. A similar study to this one should be conducted using more 

subjects and setters from different teams, so that the 

influence of a certain coach will not affect the results.

2. Comparisons between men and women setters should be made.

. 3, Analysis of more types of sets is needed; for example, the

one-set, shoot set and jump set.

4. Comparison should be made between highly skilled and low 

skilled players.

5. Analysis should be carried out of high speed films taken 

during acutal competition.

6. Comparison should be conducted of sets judged by referees

as to legality in order to examine differences between legal 

and illegal sets (specifically,.±ime of ball contact with 

the hands). .



APPENDIX A 

SUBJECT INFORMATION

Subject Height Age Team

1 5' 3" 23 Southwest Missouri St<

2 5l1h" 19 University of Arizona

3 5 "5" 20 University of Arizona

4 5* 6" 21 University of Arizona

5 5'6" 19 University of Arizona
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APPENDIX B ’

SUBJECT CONSENT.POEM; SUBJECT QUESTIONNAIREi. 
SUMMARY OF SUBJECT RESPONSES TO THE QUESTIONNAIRE
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CINEMATOGRAPHIC ANALYSIS. OF THE VOLLEYBALL SET 
SUBJECT CONSENT FORM

You are being asked to voluntarily participate in a study 

entitled. Cinematographic Analysis of the Volleyball Set. The purpose 

of this study is to investigate the techniques used to execute three 

types of volleyball sets: regular front set, back set and two-set.

Selected aspects of ball position and body position will be analyzed.

The investigator will be taking and analyzing 16mm side view 

films of the setting technique of five good women setters. The 

results will be compared with information compiled from volleyball 

literature. Your responses on a brief questionnaire to be completed 

following the filming will be compared to data collected from the 

films. Hopefully, some of the inconsistencies in the literature may 

be cleared up. The conclusions drawn from this study could lead to 

teaching and coaching cues which will facilitate the learning of 

these three sets.
Subjects are free to ask questions and receive answers con

cerning any aspect of the study. You are free to withdraw from the 

study at any time without incurring ill will or affecting your 

university standing.

The completion of this form will serve as your consent to 

participate in this study which will involve about thirty minutes of 

your time at no cost or risk to yourself and verify that you under

stand that, in the event of physical injury resulting from the
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research procedures, financial compensation for wages and time lost 

and.the costs of medical care and hospitalization is not available 

and must be borne by you.

"I also understand that this consent form will be filed in an 

area designated by the Human Subjects Committee with access restricted 

to the principal investigator or authorized representatives of the 
particular department." A copy of this consent form is available 

to subjects upon request.

Thank you very much for your cooperation.

Check here if the investigator may not refer to you by name 
in her study

Subject1s Signature Date

Witness' Signature Date
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CINEMATOGRAPH!C ANALYSIS OF THE VOLLEYBALL SET 
SUBJECT QUESTIONNAIRE

Please answer the following questions as completely as possi
ble. The technique you use while performing a regular front, set is 
the standard of reference. Think of variations in relation to this 
when answering the questions.

1. In preparation for contact with the ball how do you position 
your feet, trunk and arms when performing the regular front 
set?

Does this position differ for a:
a) Back set

b) Two-set

2. Describe the position of the ball in relation to your nose 
when performing a regular front set?

Is the position of the ball more forward or backward or 
higher or lower when performing as
a) Back set .

b) Two-set

3. What is your position during the follow through when perform
ing a regular front set?
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Is there any difference in your position when performing as
a) Back set

b) Two-set

4„ Do you feel that there is a difference in the amount of time 
the bail is actually in contact with your hands during each 
set? If so, which is contacted the longest - the shortest? 
Do you know what you do differently to accomplish this?

Any other comments you may have in relation to the execution of these 
sets would, be appreciated.
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SUMMARY OF SUBJECT RESPONSES TO THE QUESTIONNAIRE

1. In preparation for contact with the ball how do you posi
tion your feet, trunk and arms when performing the regular 
front set?

feet staggeredshoulder-width apart 
knees bent
trunk erect - trunk forward 
hands above the face, elbows bent

Does this position differ for a:
a) Back set

weight a little farther back 
arch the back

b) Two-set

same as in front set 
less flexion in the knee
not as much angle in the trunk as in front set

2y Describe the position of the ball in relation to your nose
when performing a regular front set?

ball is contacted between forehead and nose 
ball should be lined up with the nose

Is this position of the ball more forward or backward or
higher or lower when performing a:
a) Back set

should be farther than the front set 
should be the same

b) Two-set

should be the same
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3. What is your position during the follow through when' perform

ing a regular front set?

- arms and legs extended 
hands point in direction of set

Is there any difference in your position when performing a:
a) Back set

weight is transferred back 
back is arched

b) Two^set

less leg extension 
extension is more up

4o Do you feel that there is a difference in the amount of time 
the ball is actually in contact with your hands during each 
set? If so, which is contacted the longest - shortest? Do 
you know what you do differently to accomplish this?

twb^set is contacted shortest
all the same or maybe the back set is contacted longest

Any other comments you may have in relation to the execution of these 
sets would be appreciated»

the ball should be set from the same position in all sets 
the legs are the major source of set height.



APPENDIX C

SAMPLE TRACINGS 
USED IN THIS STUDY
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20 21 25 45

20 Frames Before Contact Low Point Release 20 Frames After
regular front set
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20 Frames Before Contact

26 46

Low Point Release 20 Frames After

BACK SET
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0 20 22

20 Frames Before Low PointContact

TWO-SET

26 46

Release 20 Frames After

KDO
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REGULAR FRONT SET REGULAR FRONT SET BACK SET
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BACK SET TWO-SET TWO-SET
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TWO-SETS REGULAR FRONT SETS BACK SETS
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