HEART RATE AND ESTIMATED ENERGY COST OF
WOMEN'S BASKETBALL PRACTICE

by

MARY PHYL DWIGHT

B. S., Southwest Missouri State University, 1974

A MASTER'S THESIS
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE
Department OF‘Health, Physical Education and Recreation

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1975

Approved by:

() llan (3 ?‘,ﬁ’

Ma jor Professor



LD
2667

T4
19758

D92
L2 . ACKNOWLEDGEMENTS

Dot ment
The author is appreciative of the advice, guidance,

and patience of Dr. William Zuti, chairman of my committee,
Dr. Charles Corbin, and Dr. David Ames. I would also like
to thank Judy Akers and the Kansas State women's basketball

team for their cooperation and interest in the study.

ii



DEDICATION

I dedicate this work to all women participating in

sports.

iii



ACKNOWLEDGEMENTSssvsiwiandssnoawinmeinnn ;.; ...... 6§ ek B ol
DEDTCATTON . 4 e et e eeeeteeeeeeneeinennennsn e
LIST DF TABLES . cewomswan a4 a e R . b w e .
LIST BF FIGURES :uwsssunsesn A% B BV AR A5 WA ’ . .
Chapter
E, INTRODUCTIOM « v wumum oom won v s moe won w6 ow wow wom s . u o e
Statement of the Problem...... SRR A
Scope and Limitations......coo.e. cames wew e
Definition of Terms......;....;...... 3 ss
II. REVIEW OF LITERATURE ¢vuvvrvnsenenannananenns :
Heart Rate and the Severity of an Activity.....
Factors Which Affect Heart Rate...iieveans .
Telemetry Studies.siii i s cnsasennvson P am I E
Physioiogical Studies in Basketball......vo000s0
SUMMABTY s v e s s v e v sus . e e e . T Vaae
IIT. METHODS AND PROCEDURES......... VISR R R i
Selection of Subjects.......... R v s e
Methodg...ieieoune PSR A Y I I A LT TRl
Telemetry During Practice.......... R —Y
Laboratory..eeveveriianroes TEIL A Ik & 8%
Method of Estimating Oxygen Cost......ccuaeve
Procedures..ceuvaeeas : B . ‘e

TABLE OF CONTENTS

iv

11
12
14
18
2l
21
22
22
23
23

24



Page
Applying the Electrodes and Transmitter..... 24
Instrumentation of Telemetry.....;.......... 25
Determination of Oxygen Consumption During
Laboratory Exercise.cicensernasssaes ...;... 25
Treatment OF Data..seeeneneesesenseeeneesensas 28
IV. RESULTS AND DISCUSSTON..euvuvsevouenensnsnsenesss 30
Results.................................;.;.... 30
Practice Session Data...;.........;..;...... 30
Laboratory Data............;;...;.......;... 39
D LS CUSSI0Ma e s s usansonsosaennssnssnesnncnneenss Ub
Heart Rate Response During Practice......... 46
Determination of Heart Rate, Oxygen
Consumption, and Calories Used Per Minute
and the Estimation of Maximum Oxygen
85} =20 5 £ o1, SV UUNP U
Estimation of Energy Cost During Practice... 50
V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS +vvess. 52
CONClUSLIONS sersnessnasessnsnsmsssnssssnnssnssns I
Redommetidat 10NS s sissmswsnsvsanssgswamsmsmuaaam I
BT ERENEEE 6 o 5w won v v o0 0 g oms w0 o0 0 o o % a0 s 9ok e o o B SR
APPENDICES
A. LETTER OF INFORMED CONSENT . evveeevrnvasoasessasss 62

B. CORRELATION COEFFICIENT DURING LABORATORY
EXERCISEOOIC.‘Illllllll'l'l'l....l"ll'.lI'.l.l'. 6&

C. INDIVIDUAL LABORATORY DATA . vssevsnsnsnsnenennnsee 66
D. COMPUTER PRINT OUT OF PREDICTIONS OF WORK LOAD

vo, 1/min, Vo, ml/kg/min, AND CALORIES USED
PE& MINurE.'..I..II'I....I..‘IIII..'.'lll.-l....' 72



LIST OF TABLES

Table Page
1. Classification of Physical Activity..;;;.;..;;... 9

2. Practice Heart Rates and Estimated 02
Consumption;.;..;;..;............;;;........... 31

3; Estimated Individual Mean Energy Requirements

for Practices...............;.......;.......... 38
4, Two Estimations of Individual Means of Caloric

Expenditure for Practice.....cvvevrencnienveness 40
5. Estimated Oxygen Consumption at Maximum and

During Basketball Practiee..............l...... 41
6. Energy Expenditure and Heart Rate at Various

Work Loads as Obtained on the Bicycle

Ergometer couseessrsvaosrsasstossscsnsnsconsnnscss 42
7. Estimated Maximum Oxygen Consumption and

Physical Characteristics of the Subjects....... 45

vi



Figure

Practice
Practice
Practice
Practice

Practice

Heart
Heart
Heart
Heart

Heart

LIST

Rates
Rates
Rates
Rates

Rates

OF F

for
for
for
for

for

vii

IGURES

Sub ject
Sub ject
Sub ject
Sub ject

Sub ject

THLBE 4 e e s anseass
FOUT s wwwomeimsisu

FiuellocoliooOoo



Chapter I
INTRODUCTION

WWomen's basketball has often been critized for not
being vigorous enough to allow athletes to reach their physi-
cal potentials. Lack of intensity in practice sessions and
restrictive rules were the main reasons for the criticism.

In the past, women's basketball rules restricted movement and
added a player to make the game less vigorous than the men's
version. Practice sessions, held oﬁly two or three times a
week, were not designed to develop conditioning;

Today, collegiate wvomen's basketball rules have changed
and are now nearly identical to men's basketball. Five play-
ers run full court for two twenty minute halves. Cuéches real-
ize that practice sessions must be vigorous enough to enable
the athletes to meet the physical demands of the revised game.

There are several ways for a coach to determine if
practices are vigorous enough to increase or maintain the con-
ditioning of the players. Heart rate is considered an excel-
lent indicator of the intensity of an activity (1, 2, 8, 10).
The heart rate increases in order to help meet the demand for
increased oxygen transport caused by an activity such as bas-
ketball practice. Another way to measure the intensity of an

activity is to determine how much energy it requires., Oxygen-



consumption and caloric cost are both measures of energy
expenditure. A third way to determine the intensity of a
basketball practice is to measure the amount of work being
done.

Radio transmission of heart réte, or telemetry, can
_ also be used to estimate energy cost; Heart rate is linearly
related to oxygen consumption, caloric expenditure,rand work
load. In the laboratory, the oxygen consumption, caloric
expenditure, and work load can be accurately determined for
each player at various exercise heart rates; The energy used
and the work being done during basketball précticg can be—
estimated by recording practice heart rates and comparing them
to the energy used and the work done during exercise heart
rates in the laboratory. For example, when a player reaches
a heart rate of 150 beats per minute on the bicyecle ergometer,
the values measured in the laboratory for oxygen consumption,
caloric expenditure, and work load at that heart rate will be
épproximately the same as vhen a player reaches a heart rate
of 150 beats per minute during basketball practice.

In this study, telemetry enabled the investigator to
determine the intensity of basketball practice by recording
'heart rates of players during practice and then estimating
their oxygen consumption, caloric expenditure, and work load.
By determining the -intensity of the practice sessions, the
investigator was able to determine whether or not the prac-
tice contributed to the conditioning 6F_the players for the

game situation.
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The results of this study provide needed data on the
physiological response of the female athlete during partici-
pation. Research done on the physiologicél response of male
athletes is plentiful but results cannot be directly applied
to female athletes without verification.

Alsa, research on women's basketball needs to be
updated because the rules have changed. Most of the research
done on women's basketball was conducted while the rules
allowved a total of six players on the court with four of the
players limited to half the court. The data in this study
vas obtained under the new collegiate rules. The game is
played with five players running full court for twenty minute
halves.

Furthermore, research on women's basketball practice
sessions has been neglected. The investigator hopes this
study could be used in the future to proﬁide some direction
for determining 'a training index, based on average heart
rate, for women's basketball practice. Such an index would
be a valuable asset to a coach when planning the intensity
of practice sessions.

Finally, due to the rapid increase of opportunities
for women in all sports, research on females ﬁeeds to be coan-
tinuously updated. The female athletes of the present may
respond differently physiologically because of their increased

opportunity to participate.



STATEMENT OF THE PROBLEM

The purpose of this study was to determine how vigor-
ous women's basketball practice was at Kansas State Uniﬁersity.
More specifically, the objectives of this study were:

1. To determine the heart rate response of players
during women's basketball practice.

2. To determine heart rate, the oxygen consumption,
and caloric expenditure during .specific work
levels for women basketball players.

3, To estimate the maximum oxygen consumption for
wvomen players during basketball practice.

4, To estimate oxygen consumption, caloric expendi-

ture, and work load for each heart rate recorded
for women participating in basketball practice.

SCOPE AND LIMITATIONS

"The study was conducted in the gymnasium-at Kansas
State University from February 10 to February 28, 1975, whieh
was the 18th, 19th, and 20th week of pragtice during a 23
week season. Five members of the Kansés State University
varsity women's basketball team, ranging in age from 18 to 21,
volunteered as subjects. All five had been in Qigorous pre-
season conditioning programs from September 2 to the start of
organized practice on October 15. The subjects were skilled
players and played in every varsity game. Tvo of the sub-
jects were guards and the other three were Forﬂards.

Kansas State University.played a 26 game schedule

whieh included 78 practice sessions. The team practiced at
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3:30 pm, Monday through Friday, but the amount of time spent
daily depended on the éeason game schedule. Practices in
the early season tended to be longer than in the late season.

The limitations which existed in the study were:

1. The investigator was only able to monitor the
heart rates of one person each practice session. As a
result, no comparisons were made between individuals.

2. The investigator was not able to monitor the heart
rate of the sub jects during games to compare to the practice
sessions,

3. The recording of heart rate did include 1limited
movement értifacts. Careful electrode placement made most of
the recordings clear and easy to count.\

4. Results cannot be generalized to otﬁer wvomen unless
they possessed characteristics very much like the subjects in
the study.

5. The estimations of snergy expenditure for basket-
ball practice were based on a comparison of heart rate response
during practice-and wvhile riding the bicycle ergometer. The
muscles involved in riding the bicycle ergometer were not
exactly the same muscles used when playing basketball. Due
to this difference in muscular involvement, energy expenditure
results for each player during practices should only be re-

garded as estimates.



DEFINITION OF TERMS

Individual Mean Heart Rate

The mean of the total number of heart beats per min-
ute recorded during a practice session.

Highest Heart Rate

The greatest number of heart beats per minute recorded
for a subject during one basketball practice.

Oxygen Consumption (Uﬁzl'

The volume of oxygen extracted from inspried air at
STPDl and is expressed in liters per minu£e (1/min) and milli-
liters per kilogrém of body weight per minute (ml/kg/min).
It is a measure of energy expenditure.

Respiratory Quotient (R. Q.)

The ratio of the volume of carbon dioxide expired per
minute to the volume of oxygen consumed during the same time °
interval.

Practice Session

Conditioning, skill practice, and scrimmage of the
wvomen's varsity basketball team.

Physiological Stress

Physical activity which causes the body to make adjust-
ments to try to maintain homeostasis. In this study, the

increase in heart rate was one of the adjustments the body

lStandard temperature and pressure, dry.



made in order to meet the physiological demands of playing
basketball.

Vigorousness of an Activity

The amount of physiological stress placed on the body
from participation in an activity. In this stﬁdy, the vigor-
ousness of basketball practice for each subject was determined’
by heart rate response, individual mean heart rate, and esti-
mated oxygen consumption, caloric expenditﬁre, and vork load.

Steady State Heart Rate

A steady state heart rate was reached during a sub-
maximal work load when the heart rate reached a constant

level.

Warm Up

Unorganized individual shooting prior to the start of

practice.



Chapter II
REVIEW OF LITERATURE

In this study, the investigator studied the heart
rates of women basketball players during actual practice ses-
sions and collected exercise data on the subjects in a con-
trolled laboratory. The purpose of this chapter was to review
and discuss information related to both the laboratory testing
and recording heért rates using telemetry in field conditions.
The chapter vas divided into main topics: 1) Heart rate and
the severity of an activity, 2)_Féct0rs wvhich éfféct heart
rate, 3) Telemetry studies, 4) Physiological studies in bas-

ketball, and 5) Summary.

HEART RATE AND THE SEVERITY OF AN ACTIVITY

Several authors have shown heart rate was an excellent
indicator of the severity of an activity. (1, 2, 8, 9, 10,
14) The circulatory response to a stressful situation was
generalized by Johnson (14) to include increased blood pres-
sure and heart rate. Marse (25) also listed increased heart
rate as a major cardiovascular response to sudden demand for
increased oxygen transport.

Johnson (14) showed that because of its close rela-
tion to cardiac output and oxygen consumption, heart rate

8
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can be used to evaluate the stress imposed by physical acti-
vity upon the circulatory.system; He found that as a single
factor, heart rate quite accurately showed thé cardioﬁascu—
lar adjustment of a subject to an aerobic activity. The fact
that heart rate can be taken with limited amount of restric-
tion of movement makes it particularly useful in field condi-
tions. Astrand (1) agreed and stated that heart rate has been
used during and after exercise to test the ecirculatory func~
tional capacity.

In addition to heart rate, other measures are used to
determine the severity of various activities. In Table 1,
Wells (43) used R.Q., heart rate, oxygen consumption, and
Calories per minute to classify activities into light, heavy,
and severe categories. A heart rate between 160 and 180

beats per minute was considered severe physical activity.

TABLE 1

CLASSIFICATION OF PHYSICAL ACTIVITY

Heart
Work Classification Rate Cal/Min R.Q. - 02 1/min
I. Light
1) Mild 100 4 .B5 .750
2) Moderate 120 7.5 .85 1.500
I1. Heavy
3) Optimal 140 10 .90 2.00
4) Strenuous 160 12 .5 .95 2..50

III. Severe
5) Maximal 180 15 1.00 3.00

6) Exhausting 180 15 1.00 3.00
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Ricei (29) used number of calories burned per hour to
classify work. He divided work into sedentary, light, moder-
ate, heavy, énd very heavy using calories burned per hour.
Johnson (14) also calssified physical activity and used oxy-
gen consumption as his criteria. All three classification
systems are equivélent and all data used to establish the
categories were collected on men; |

Energy expenditure has been determined from heart raté
on the basis of the linear relationship betwveen heart rate and
various measures denoting energy costs (7, 19, 21, 26, 36, 39,
40). Mélhotra (21) collected expired air during steady state
and recorded heart rates of seven male sub jects doing field
tests. A linear correlation was cobtained between the heart
rate and the oxygen consumption in all subjects. He also
stated that the relationships between heart rate and oxygen
consumption appeérs to be linear up to 180 beats per minute.
Heart rates higher than 180 beats per miﬁﬁte seemed to under-
estimate the oiygen caonsumption. Malhotré shoved that when
the oxygen consumption was one liter or more per minute, the
heart rate was directly related to oxygen consumption;

Several authors have recognized the linear relationship
between heart rate and oxygen consumption (1, 22, 24, 40, 44)
during sub-maximal work loads. Skubic (38) stated that this
linear relationship made it possible to determine by extrapbla-
tion the oxygen consumption for specific heart rates found in

various sports activities.
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. The generally accepted methods of indirect calori-
metry for the determination of metabolic rate were suitable
techniques for laboratory experiments but could not be used
practically during athletic performance because equipment lim-
ited the movement of the players. However, the invention and
refinement of miniaturized telemetry made it possible to con-
tinuously record heart rate during sports aetivities and pro-
vide more accurate indication of the severity of the activity.
Mathews (22) showed that telemetry of heart rate allows one
to estimate oxygen consumption of numerous sports activities
which otherwise would have been impossible to determine.
Skubic (40) concluded that in sports in which the work load
wés not constant and included rest periods, the average tele-
metry heart rate for the total game was a good indicator of

the level of activity.

FACTORS WHICH AFFECT HEART RATE

Factors causing the increase of heart rate are varied.
Playing basketball caused an increase in heart rate. As the
muscles of the players were exercised they needed fuel, both
"oxygen and blood sugar. This increased demand for fuel by
the mqscles vas met by increased blood circulation which
resulted wvhen heart rate was increased.

Another factor which affects heart rate was the emo-

tional reaction of a subject. Rutherford (32) and Yarbrough
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(45) stated that working heart rates were significantly in-
creased by the introduction of emotional stimuli. They also
reported that emotional factors produced a greater increase
in heart rates when applied at lower levels of heart rate.

A third factor which affects heart rate was the envi-
ronment. Brouha (3) showed that the linear relationship with
oxygen consumption no longer existed in extreme temperature
and humidity.. Dalta (7) and Maxfield (23) also indicated the
validity of the use aof heart as a measure of physiological

‘strain but only under normal conditions.

TELEMETRY STUDIES

The assessment of the severity of a sport was a prob-
lem under actual game or practice conditions; Procedures
normally used in the laboratory could not be duplicated in the
live situation. - The development of telemetry equipment allowed
investigators to record heart rate and then estimate the oxy-
gen consumption of the activity.

Studies using telemetry have been done in several
areas on men. McArdle (18) telemetered the heart rate
response of men during running evehfs. He found that longer
events elicited higher peak heart rates. Hanson (11) used
telemetry to observe the heart rate of little league baseball
players. The heart rate of the players were high while at

bat and increased slightly when playing the field. Kozar
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(16) observed the response of a man's heart rate when per-
forming gymnastic routines. Kozar later reported (17) the
cardiéc response of 23 adult men to badminton, bowling,
handball, paddleball, tennis, and volleyball using telemetry
equipment. The results indicated that the mean‘heart rate
in handball, tennis, badminton, and paddleball did not differ
significantly from each other but were greéter than volley-
ball and bowling. Magel and others (20) Qsed telemetry to
monitor heart rates of male university swimmers prior to,
during, and after competition. 1In events ranging from 50 to
1000 yards, the longer events elieited higher heart rates.

Norris (27) developed a system using hulse rate counts
in interval training from telemetry of actual interval work-
outs. He monitored three groups of. runners after a 440 yard
interval at about B0 percent effort. He noted that the heart
rate of each runner recovered a little less after each repe-
tition of a workout.

Stockholm and Morris (42) also used telemetry to moni-
tor the heart rate of a college freshman pitcher throughout
a-nine inning intercollegiate baseball game. They reported
that a combination of physical and emotional stress caused
the heart rate of the pitcher to exceed 180 beats per minute
several times during the game.

Studies using heart rate response of females to var-

ious activities were not as numerous. Skubic (38) observed
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heart rates of five trained girls during actual competition
in the 220 yard, 440 yard, 880 yard and mile run. She showed
the peak heart rates for the four races ranged from 185 to
215 beats per minute with the mile run eliciting the highest
heart rate. Skubiec (39) also observed the cardiac response
of females to participation in tennis, badminton, golf, archery,
and bowling using telemetry. The heart rates were used to
determine the relétive strenuousness ‘of the sports and class-
ify them according to work locad. Noble (26) attempted to
determine energy expenditure of women gymnasts while perform-
ing routines; He used telemetered heart rates during compe-
tition to predict U02 using individual heart rate-VD2 regres-

sion lines obtained in the laboratory;

PHYSIOLOGICAL STUDIES IN BASKETBALL

Skubic (40) also did a later study which involved
basketball. She reported the relative energy expenditure of
females participating in archery, badminton, bowling, golf,
tennis, basketball, field hockey, softball, and volleyball.
The results indicated that the roving player, that used to
"exist in basketball, and the halfback position in field hockey
requiped the greatest energy expenditure. The roving basket-
ball player had a mean heart rate of 185 beats per minute

and én estimated oxygen uptake of 1.862 liters per minute.
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Skubic (40) reported data on two college women. In
basketball, Skubic telemefered the subjects in five different
games. The subjects played randomly selected positions through-
out the entire game. Heart rate was taken continﬁously during
the first two minutes of the game and thereafter for the last
thirty seconds of every second minute throughoﬁt the game.
The sub jects also performed on a treadmill in order to deter-
mine oxygen consumption and ventilation rates at various heart
rates; From these data, Skubic used regression coefficients
to determine the relationship of heart réte to ventilation,
oxygen uptéke, and UGz_ml/kg/min. From the regression line
of eéch sub ject, oxygen uptake and V02 ml/kg/min for the
obtained heart rate in the basketball gémes were estimated.

McArdle (19) studied aerobic capacity, heart rate,
and estimated energy costs of women's basketball. Six mem- .
bers of the Queen's College women's varsity basketball team
served as subjecis. McArdle determined the maximum oxygen
uptake 6F each subject before the seaéon began and after the
last game. He also obtained telemetry data on each girl dur-
ing one quarter of each home game. McArdle recorded heart
rate every thirty seconds during play. The relationship
betwveen heart rate and oxygen consumption was determined in
the laboratory on the treadmill. The laboratory data were
lused to estimate the oxygen consumption of the heart rates

recorded during the games. For five subjects in a five
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player game, he feported a range of estimated oxygen uptake
from 1.56 to 2.44 liters per minute. The heart rate ranged
from 132 to 204 beats per minute.

Sinning (35, 36) did two studies on the maximum oxy-
gen uptake at the beginning and end of the season on women
basketball pléyers;‘ His first study (35) showed an average
maximum oxygen uptake of 34.4 ml/kg/min with no significant
difference between the start and end of the season; At this
time, the subjects played under the old rules with six players
and participéted in seven games and twenty-five practices.
Sinning concluded that the participants had not reached their
potential physical condition. He stated that lack of inten-
sity in practice sessions contributed to their inferior con-
ditioning.

Gerber (10) had similar views about female practice
sessions. She stated,

Although it is considered an endurance activity
for males, varsity basketball for girls generally has
not reached the pressured stage that it has in male
varsity competition, so that female practice sessions
are not as intensive or extensive as those of male
teams.

She observed that of those female basketball players studied,
their maximum oxygen consumption was within the expected

value for untrained females. Astrand (1) gave 37-40 ml/kg/min
as an éverage for an untrained female.

McArdle (19) also stated that although girls reached

near maximum heart rates during games, team practice sessions
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vere relatiueiy moderate in work output; He stated men's
basketball practices were designed to improve both skill
and fitness.

Hovever, Sinning (36) did a later study under the
present basketball rules, in which the data indicated the
female basketball players were closer tao the maximum oxygen
consumption of trained women, The maximum oxygen consumption
values in this study, an average of 44,4 ml/kg/min, were about
30 percent higher at the beginning of the seéson and 11 ﬁér—
cent higher at the end of the season than those found in the
previous study when six player rﬁles vere in effect. Sinning
suggested that the higher demands of playing full court elim-
inated those not in good cardiovasculér condition or encour-
éged those who were. He also stated that increésed opportun-
ity for women in all éreas of 5por£s could‘méke more well
conditioned athletes availéble;

Sinning (36) also reported that during the season
there was no change in maximum oxygen uptake in liters per
minute. He concluded that no training effects during the
season could be attributed to the five player rules.

Campbell (4) examined the effect of a season of bas-
ketball on the resting heart rate of male college freshmen.
He reﬁorted no significant difference between pre and post
season resting heart rate. He stated the subjects dropped
in performance in treadmill walking but exhibited a more rapid

recovery rate during post season testing.
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Rémsey (28) and others investigated the relétionship
between rest intervals and heart rate during a basketball
game. Heart rate of two male uniﬁersity basketbéll pléyers
vas monitored by means of telemetry during an actual géme;
Brief rest periods, such as time outs and foul shots, provided
significant decrease in heart rate. However, when a pléyar
wvas shooting a foul shot, his heart rate did not show a sig-
nificant decrease;

Corbin (6) used telemetry to observe the heart rate
response of a male college basketball player during actual
game conditiens. The average heart rate while playing was
169 beats per minute., His average heart rate for the entire
game, playing about half of the game, was 126 beats per min-
ute. In the same study, Corbin also observed the heart
response of the coach and a spectator to the same game.

Husman (13) also studied the heart rate of a basket-
ball coach duriﬁg competition and practice. Stress on the
coach produced marked changes in heart rate. During critical
periods in the basketball game, the heart rate of the coach
rose as high as 152 beats per minute. Practice sessions raised

the heart rate of the coach to a high of 114 beats per minute.

SUMMARY

Authors have shown that heart rate was an excellent

indicétor of the severity of an activity. Heart réte was
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considered primarily useful in field conditions because it
could be taken with limited restriction of movement. An
estiméte of energy expenditure has been determined from heért
rate and various measures denoting energy costs. Malhotra
shoved that a linear correlation existed between heart rate
and oxygen consumption up to 180 beats per minute; Skubic
stated that this linear relationship made it possible to
determine by extrapolation the oxygen consumption for speci-
fic heart rates found in various sports activities. The
invention of telemetry made it possible to obtain heart rates
during actual participation so that estimations of energy
costs could be made. Skubic aléo stated that in sports in
vhich the work load was not constant and included rest per-
iods, the average telemetry heart rate for the total game was
a good indicator of the level of activity. Authors listed
increased demand for fuel by the body, emotional reaction,
and environment as factors which affect heart rate.

Telemetry studies were numerous but the subjects were
“mainly men. Studies on heart rate included track events,
baseball, handball, tennis, volleyball, swimming, badminton,
bowling, golf, archery, and field hockey;

Several studies were conducted on physiological fac-
tors of men's basketball. Resting heart rates were examined
for pre and post season; Telemetry was used to examine thé

relationship between rest intervals and heart rate during a
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game. Coaches énd spectators, monitored by telemetry,
showved marked changes in heart réte;

Studies on women's basketball were conducted both
with the older six player rules and the more recent five player
rules. Earlier stﬁdies, with six playérs, indicated lack of
intensity in préctice sessions contributed to the inferior
"aerobic conditioning of the blayers; Léter studies, with five
player rﬁles, showved significant improﬁement in aerobic condi-
tioning from previous studies. Telemetry was used during the
six pléyer game and reported a mean heart rate of 185 beats
per minute for the roving pléyer and én estimated.VO2 of 1.85
1/min. Another telemetry study, conducted during a five
pléyer game, reported a heart rate range from 132 to 202 beats

per minute for five sdbjects;



Chapter III
METHODS AND PROCEDURES

In this study, the investigator studied the heart rates
of women basketball players during actual practice sessions
and collected exercise data on the subjects in a controlled
laboratory. The purpose of the chapter was to describe the
methods that were used and then to give the procedures the
investigator followed when the study was done. The chapter
is divided into the following sections: i)_Selection of

Subjects, 2) Methods, 3) Procedures, 4) Treatment of Data.

SELECTION OF SUBJECTS

Before the study began, a proposal was approved by the
Committee on Rights and Welfare of Human Subjects of the |
Depértment of Health, Physical Education and Recreation. The
committee reviewed the written proposal to insure that the
investigator had made provisions for the rights and safety of
the subjects.

Five varisty women basketball players at Kansas State
University served as subjects in this study. Upon approval
from a coach, a description of the study was presented to
the women's basketball team and a request was made for volun-
teers. The five volunteers who played the most in varsity
games were chosen as subjects; Each subject was presented a

21
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letter of informed consent which briefly outlined the purpose,
procedures, and risk involved in the study;l The players
‘signed and dated the letter if they wished to participate in
the study.

After the informed consent form was receiﬁed, each
sub ject was scheduled to wear telemetry equipment for two
basketball practice sessions and one testing session in the
laboratory at the conclusion of the bésketbéll seéson. All
sub jects were in good health when the study began. Physical

examinations were required to participéte in basketball,

METHODS

Telemetry During Practice

The heart rate of women basketball players were moni=-
tored by telemetry during practice. Each subject wore two
gelectrodes and a small transmitter. The ECG signai vas trans-
mitted to an FM receiver and recorder which were pléced along
the side of the court. 7Heart rate was recorded in one minute
intervals and was counted for a full minute every other min-
ute. Heart rate was monitored during the individual shooting
warm up and throughout the entire practice unless a rest per-

jod was declared by the coach. The recording was not stopped

lSee Appendix A.
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if play was interrupted by a comment from the coéch or when
specific instructions were given to a pléyer or the team;

A brief description of the practice was written on the physio-
graph paper along with details of what the subject vas doing

wvhile heart rate was recorded.

Laboratory

Each subject rode the bicyclg ergometer at 50 revo-
lutions per minute freewheeling (zero) and at work loads of
300, 600, and 900 KPM withoﬁt stopping. The heart rate of
each subject was continuously monitored by telemetry. Thé
sub ject continued at a work load until the heért rate reached
a steady state; At this time, samples of expired air were
taken and the volume of air determined for the one minute
sample. Following the collection of the one minute sample,
the work load was changed to the next level then the gas sam-
ples wvere analyzed. For each one minute gas sample during a
work load, the investigator recorded the steady state heart
rate, percent oxygen in the gas sample, percent carbon diox-

ide, and ventilation volume.

Method of Estimating Oxygen Cost

An average heart rate per minute for each player and
the group was found from the telemetry recording during prac-
tice. A graph showed the range and fluctuation of each sub-
ject's heart rate during the practices. In the laboratory,

the oxygen consumption in VO, llmin, vo, ml/kg/min, and
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caloric cost at each work load on the bicycle ergometer was
calculated. The steady state heart rate at each work load
vas the mean of the last two heart rates counted that were
four beats apart. An estimation of maximél oXxygen consump-
tion was made by plotting heart rate to work load (1).

The correlation coefficients for heart rate to work
load, UOZ 1/min, UUZ ml/kg/min, and calories per minute were
calculated. High correlation coefficients in the laboratory
for all subjects allowed the investigétor to use a regression
equation to predict estimations of work load, U02 1/min, U02
ml/kg/min, and calories used per minute for basketball prac-

tice heért rates of each subject;

PROCEDURES

Applying the Electrodes and Transmitter

The careful application and placement of electrodes
was emphasized by several authors (16, 18, 41). The investi-
gator took care to apply the electrodes securely to help elim-
inate unnecessary movement értifact on the heart rate record-
ing. The investigator used the method described by McArdle
for the placement of the electrodes (18). One electrode was
placed over the manubrium sterni and the other electrode was
put over the fifth interspace on the left midéxillary line.

The transmitter was taped with athletic adhesive tape

to the anterior midpoint of bra of the subject. The areas
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of skin where the electrodes were placéd wvere lightly scraped
vith a small spatula and then cleaned with rubbing alcohol.
New Skin by Johnson and Johnson was then applied to the skin
to help secure the eleetrodes; Round double adhesive disks
vere attached to the electrodes then placed on fhe skin.

The inﬁestigator vas careful not to éllow the bré to rub
against the electrodes. Adhesive tape was placed oﬁer the

electrodes to secure them further.

Instrumentation of Telemetry

The electrodes were connected to the.lightweight fre-
quency-modulated radioc transmitter which vas manufactured by
the E&M Company. The ECG signal.was transmitted to an FM
receiver, and a Narco physiograph recorder which were located
on the side of the basketball court. Prior to the application
of the transmitterrto the subject, a microphone, designed for
use with the transmitter, was used to tune in the receiver to

the same frequency as the trénsmitter;

Determination of Oxygen Consumption During lLaboratory Exercise

Open-circuit calorimetry as described by Consolazio,
Johnson, and Pecora (5) was used to measure metabolic rate
during exercise on a Monarch bicycle ergometer. The subject
did a submaximal work load on the bicycle until the heart rate
no longer increased. At this point, air wés expired through

a tvo wvay ﬁalve into a collecting apparatus. The expired air
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vas analyzed to-determine the percentage of oxygen and carbon
dioxide remaiping in the air. The pulmonary ventilation was
measured by péssing it through a Parkinson-Cowan Ventilometer.
The oxygen consumption expressed in liters per minute and mil-
liliters per kilogrém of body weight vas calculated from the
obtained exercise data which vas adjusted for enﬁironmental
conditions by converting to STPD.

' Pre-testing Procedure. The carbon dioxide and oxygen

analyzers were turned on by a timer one hour before the sub-
ject was scheduled. The investigator calibrated both the
carbon dioxide and oxygen analyzers with é reference gas before
each testing. The room thermostat was adjusted to approxi-
mately 23 degrees centigrade.

When the subject entered the laboratory, the investi-
gator recorded on a data sheet the actual room temperature,
vet bulb temperature, and barometric pressure. The data
sheet also included the height, weight, and age of the sub-
jeet. The investigator used the same procedure to apply the
electrodes and fransmitter to the subject as described for
the telemetry of basketball practice. In addition to the
electrodes, a nose clamp was placed on the subject to allow
all air to be expired through the mouth;

The seat of the bicycle ergometer and the mouthpiece
vere adjusted for the comfort of the sdbject. All gas analyz-

ing equipment was briefly checked to make sure connections
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vere tight., The receiver and physiograph recorder was placed
along side the bicycle ergometer. The investigator then

expléined the testing procedure to the sub ject.

Test Administration. The subject was instructed to
pedal to a metronome set for 56 RPM until instructed to stop.
The subject rode the bicycle continuously both freewheeling
and at work loads of 300, 600, and 900 KPM. The inﬁestigator
timed 30 heart beats during the lést hélf of eéch minute the
subject pedaled to determine heart rate per minute. The steady
state heért rate at each work load wés determined when the
heart rate was no more_thén four beats apért on consecutive
reédings; When the steédy state heart rate uas reached, pul-
monary ventilation was measured and expired air gés samples
wvere collected for one minute; At the end of the minute, the
vork load was increased to the next level and the gas samples
vere anélyzed En a Beckman oxygen énalyzer; After the last
work loéd wés cdmpleted, the sub ject removed the mouthpiece
and cooled douwn by freewheeling on the'bicycle; When the heart
rate of the sub ject vas belov 90 beats per minute, the elec-
trodes were removed and the skin cleaned with alcohol; The
investigator answvered any questions the subject might have had

about the testing;
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TREATMENT OF DATA

In the léboratury, oxygen consumption in vo, 1/min,
Vo, ml/kg/min, and Calories used per minute were caleculated
for freewvheeling and work loads of 300, 600, and 900 KPM. A
steady state heért rate for each work load was compﬁted by
averaging the lést two heart rates counted that were less
than four beéts épart; Correlétipn coefficients for heart
rate to work load, VO, 1/min, Vo, ml/kg/min, and Célories used
per minute were determined. The high correlation coefficients
enabled the investigator to enter the préctiée heart rates
obtained by telemetry into a regression equation and predict
estimates of a player's work load, Vo, 1/min, Vo, ml/kg/min,
and Calories used per minute dﬁring é'basketbéll practice;
A method developed by Sjostrand (37) and modified by DeVries
(8) which predicted max imum oxygen consﬁmption from the PWC
170 test vas used to estimate the pléyer's max imum oxygen
consumption;

The heart rates recorded during basketball practice
by telemetry were averaged for each préctice session the
player wvas monitored. Graphs showed the range and fluctua-
tion of the heart rate and briefly described the activity
that was occurring while the heart rate was being monitored.
All five subjects were also considered és a group and an aver-

age heart rate and estimétions of work load, VU2 1/min, UUZ
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ml/kg/min, and Calories used per minute were determined.
The percentage the player's heart rate exceeded 140 beats per
minute was also calculated.

Calories used per minute vere calculéted for an R.Q.
of 1.0 with one liter of oxygen equal to 5;0&7 Calories and
an R.Q. of ;82 with one liter of oxygen equal to 4;825 Cal-
ories. This was done to enable the investigator to compare
the estimétions of calories used in basketball préctice to
a study by McArdle (19) in which he estimated calories used

in a college women's basketball géme.



Chapter IV
RESULTS AND DISCUSSION

This chépter was.divided into two major divisions,
results and discussion; The results were further subdivided
into practice session data and laborétory data. The discus-
sion vas subdivided into the specific objectives of the

study.

RESULTS

Practice Session Data

| Heart rate was continuously recorded during basket-
ball practice. The only time the recording was stopped was
if the coach declared a rest period. The investigator then
counted the recorded heart rates of the players every other
minute for a full minute. As shown in Table 2, the indivi-
dual mean heart rate ranged from 134 to 159 beats per minute
and the grand mean for all subjects was 150 beats per minute.
- The initial warm up heart rate vas shown along with the rénge
of the practice heart rates., The lower bound of all practice
heart rates was B0 beats per minute and thelupper_bound vas
204 beats per minute. The percentage of heart rates which
vere above 140 beats per minute and the rénge of the estimated

oxygen consumptions predicted by the regression equations,

30
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were also giueﬁ for each subject. According to a work class-
ification system by Wells (43), heart rates above 140 are
considered strenuous and likely to result in a training
effect if continued for more than five minutes. For the ten
practice sessions, heért rate was above 140 beéts per minute
71 percent of the time. Sﬁbject number two had the widest
range in heart rate and estimated oxygen consumption with
values of B8 to 204 beats per minute and .45 to 3.24 liters
per minute, respectively.

Figures 1 through 5 showved the variation of the heart
rates of the players during specific activities of practice.
Shooting freethrows and talks by the coach seemed to cause
heart rate to drop the most. Wind sprints elicited the high-
est heart rate at the conclusion of practice. Full court
scrimmages frequently showed heart rates of 180 beats ﬁer min-
ute or higher; Half court play allowed for more rest periods
due mainly to comments and explanations from the coach and
generally resulted in lower heart rates;

Table 3‘showed the estimated individual mean energy
requirements for each practice. The estimates were taken from
the computer data presented in Appendix A for the equivalent
ml/kg/min, VO

wvork load, VO 1/min, and Calories used per

2 2
minute that vere predicted by a regression equation using the
monitored practice heart rates. The mean estimation of oxy-

gen consumption for all ten practice sessions was 1.90 1l/min.
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Practice Heart Rates for Subject Two
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TABLE 3

ESTIMATED INDIVIDUAL MEAN ENERGY REQUIREMENTS
FOR PRACTICES

Heart Equivalent Work Vo V0o
Sub ject Rate Load (KPM)  1/min ml/kg/min
1 134 764 1.67 24
1 146 878 1.77 25
2 152 914 1.98 30
2 154 944 2.03 31
3 151 690 1.87 33
3 155 735 1.95 35
4 159 ' 788 1.86 27
4 159 788 1.86 27
5 143 B16 1.98 32
5 146 858 2.06 33
GRAND
MEANS* 150 818 1.90 30

¥* N = 10
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and 30 ml/kg/min. The grénd mean for the equivalent work
load was 818 KPM,

Table 4 showed the estimated caloric expenditure for
each practice. Calories used per minute were shown with one
liter of oxygen equal to 5.047 Calories per minute (R.Q. =
1.0) and 4.825 Calories (R.Q. = ;82); The mean for all prac-
tices was 9.6 Calories per minute when oxygen eqﬁélled 5.047
Calories énd 9;2 Calories per minute when oXxygen equalled
4.825 Calories per minute. According to the work classifica-
tion system of Wells, Bélke, and Van Fossan (43), the prac-
tices rénged from moderéte-heéﬁy, for one sdbject, to heavy
physical éctiﬁity.

Table 5 showed the estimated maximum VO, ml/kg/min
and the individual estimated practice mean UU2 ml/kg/min for

each subject. The individual mean V0, ml/kg/min for practice

2

ranged from 49 to 66 percent of the players estimated maximum

VO, ml/kg/min.,

2

Laboratory Data:

The five subjects rode the bicycle ergometer free-
vheeling, and at work loads of 300, 600, 900 KPM. The sub-
jeet continued to ride at each level until their heart rate
reached a steady state. The investigator considered the sub-
ject to be in a steady state when the heart rate no longer
increased. Table 6 showed the results of the laboratory

exercise. The steady state heart rates were the means of



TABLE 4

TWO ESTIMATIONS OF INDIVIDUAL MEANS OF CALORIC
EXPENDITURE FOR PRACTICE

Heart Cél/min Cal/min Work
Sub ject Rate R.Q.=1.0 R.Q.,=.82 Classification
1 134 B.4 8.0 Moderate-Heavy
1 146 8.2 8.5 Moderate-Heavy
2 152 10.0 9.5 Heavy
2 154 10.2 9.7 Heavy
3 151 9.4 9.0 Heavy
3 155 9.9 9.4 Heavy
4 159 9.4 9.0 Heavy
4 159 9.4 9.0 Heavy
5 143 10.0 9.5 Heavy
5 146 10.4 10.0 Heavy
GRAND |
MEANS* 150 9.6 9.2 Heavy

* N = 10



TABLE 5

ESTIMATED OXYGEN CONSUMPTION AT MAXIMUM
AND DURING BASKETBALL PRACTICE

Estimated Estimated

Maximum Individual Percentage .

Sub jeect UDZ ml/kg/min Practice Mean Practice Mean

Vo, ml/kg/min* of Max. VO,
1 49 24 49
1 25 5l
2 54 30 55
2 31 57
3 53 33 62
3 - 35 66
4 43 2 63
4 27 63
5 56 32 57
5 33 59

# Fstimated from mean practice heart rate
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the last two heart rates recorded for each work level. Sub-
ject number four had a steady state heart rate of 168 beats
per minute for 900 KPM. This was the highest heart rate
recorded for all the subjects; The mean steady state heart
rates for all the sub jects were 84, 106, 133, 158 beats per
minute for the four work levels.

The investigator collected a one minute sample of
expired air at each steady state heart rate. The oxygen con-
sumption was calculated from the air sample for each work
‘load in liters per minute and milliliters per minute per kilo-
gram of body weight. The highest oxygen consdmption was 2,32
1/min and 41 ml/kg/min by subject number three.

Calories used per minute were calculated assuming an
R.Q. of 1.0 with one liter of oxygen equal to 5.047 Calories
per minute. Subject three used 11.7 Calories per minute at .
900 KPM which vas the highest among the subjects. The mean
caloric expendifures for the group at each work level were
2.5, 4.6, 7.7, and 10;4 Calories per minute.'

There was a linear relationship between each subject's
heart rate and the work load on the bicycle. This relation-
ship was used to predict an estimation of the maximum oxygen
consumption for each subject by estimating the subject's max-
imum heart rate at 220 minus the subject's age (8). The
estimated méximum oxygen consumptions, shown in Table 74

ranged from 49 to 56 ml/kg/min. The grand mean was 51
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TABLE 7

ESTIMATED MAXIMUM OXYGEN CONSUMPTION AND PHYSICAL
CHARACTERISTICS OF THE SUBJECTS

Estimated Estimated

Height Weight V02 Vo
Sub ject Age (in) (1bs) 1/min ml/kg?min
1 21 67 151 3.4 49
2 19 68 145 3.5 54
3 18 67 124 3.0 53
4 21 69 150 2.9 43
5 20 65 137 3.5 56
GRAND .
ME ANS * 20 67 141 3.3 51

*# N = 5
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ml/kg/min and 3;3 1/min. The mean estiméted maximum heart
rate for the subjects was 200 beats per minute. Table 7

élso included the age, height, and weight of each subject.

DISCUSSION

The purpose of this study wés to determine how vigor-
ous women's béskethéll practice wés at Kénsas State Uniﬁersity.
Comments on the specific objectiﬁes of this study are presented

in the following section.

Heart Rate Response During Practice

The first objective of this stUdy vas to determine
the heart rate of players during women's basketball practice.
The individuality of each subject, the amount of time prac-
ticed, and the variety of activity during practice made each
pléyer's heart respond uniquely to the stress of basketball
practice. Individuél mean heart rate for the practices ranged
from 134 to 159 beats per minute. In a study by McArdle (19),
in which telemetry was used to record heart rate during a
five pléyer college women's game, he reported individual mean
heart rates ranging from 159 to 195 beats per minute; How -
ever, the heart rate vas measured from six R spikes from the
electrocardiogrém and then extrapolated to beats per minute.
He recorded the heart rate every 30 seconds the subject was

in the game; In this study, the heart rate was measured by
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counting a full minute of R spikes eﬁery other minute of
practice. Even though different methods were used to measure
heart rate, the investigator felt that the results of
McArdle's study and this study could be generélly compared.

The indiﬁidual mean heart rate recorded ddring a
game would be expected to be higher than a meén practice
heart rate; Practice sessions allowed more rest periods due
to explénétions by coaches. When time outs were included in
McArdle's study, the heart rates of the five subjects in a
game range& from 132 to 201 beéts per minute. In this study,
heart réte ranged from 80 to 204 beats per minﬁte. The lowver
bound of practice heart rates wés considerébly lower than the
lovest géme heért réte in McArdle's study. Howe&er, in the
ten préctice sessions in which the heart rate of the five
sub jects vas monitored, the heart rate exceeded 140 beats per
minute 71 percent of the time; It would seem that the prac-
tice heért rétes recorded in this stﬁdy indicate that practice
sessions include éctiﬁity thét was as vigorous és a game situ-
ation. Fdrthermore, it has been generaliy éccepted that acti-
vities that increase the heart rate above 140 beats per minute
provide enough physical stress to improve the functioning of
the cardiovascular system'(l)_(9); The practice sessions in
this study would also be contributing to the improvement of

the cardioﬁasculér system;
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Determination of Heart Rate, Oxygen Consumption, and Calories

Used Per Minute and the Estimation of Maximum Oxygen Consump-

tion

The second and third objectives of this study were to
determine the heart rate, the oxygen consumption, and Calor-
ies used per minute during specific work levels for women and
to estimate the maximum oxygen consumption for women basket-
ball players; Figure 1 showed the estimated lineér relation-
ship between heart rate and work load for all the sub jects.
It also proﬁided an estimation of the pléyers' maximum oxygen
consumption by estimating their maximum heart rate; All the
sub jects responded similarly to the Work loads on the bicycle
ergometer. Estimations of oxygen consumption placed all the
players in the excellent category for coliege women.

The laboratory data on the'bicycle ergometer wés done
a week after the season had ended; The investigétor felt that
this leﬁel of fitness could not be maintéined without daily
vigorous exercise. Daily basketball practice élong wvith com-
petition seems £o have contributed to either maintaining or
improﬁing the high state -of aerobic fitness of the five sub-
_jects;

Furthermore, the.subjects in this study were estimated
to be in better condition than women basketball players in
previous studies by McArdle (19) and Sinning and Adrian (35).
They reported mean maximum oxygen consumption of 35.75 ml/kq/

min and 34.4 ml/kg/min, respectively. These values were only
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slightly higher than values reported for non-athletic college
wvomen and well belov the highly trained athletes in this
country (10) (12). McArdle thought that the low maximum oxy-
gen consumption might be a result of lack of sufficient inten-
sity in practice sessions. The estimated grand mean for max-
imum oxygen consumption of 51 ml/kg/min in the present study
indicates a trained athlete. The results of this study indi-
cated that ﬁractice sessions were vigorous and of sufficient
intensity to increase aerobic capacity.

The investigator felt that the basketball players in
the present study ranked with top athletes in this country and
vere well éboﬁe_the average nonathletic college woman in aero-
bie fitness. The athletes in this stﬁdy probably differed
from women in preﬁious studies because they have been given
more opportunity to develop to their potentiéls. Lack of
quality coéching, limited use of facilities for practice,
and inhibition from negative attitudes tovard women athletes
~did not allow women to develop the skill leQel or physical
conditioning that they might have been capable of. For exam-
ple, in a study by Sinning and Adrian (35) on women's basket-
ball players, the subjects héd pérticipated in seven games
and 25 préctices. In this study, the team played 26 games
and had 78 practice sessions. The lérge difference in the
number of practices and games indicates the increase in oppor-

tunity for female athletes.
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Estimat-ion of Energy Cost During Practice

The fourth objective of this study was to estimate
the energy used when women participate in basketball practice
in terms of oxygen consumption, Calories used per minute, and
an equivalent work load of playing. The use of regression
equations developed from laboratory exercise values for heart
rate énd oxygen consﬁmption to predict energy expenditure from
heart rate monitored during live competition seems to be a
practical research tool; In sports such as basketball, soccer,
and team handball which involve 1érge muscle groups of the
lower body and in vhich direct measurement of oxygen consump-
tion would be impractical, this technique of esfimating energy
expenditure seems to be quite appropriéte;

The inﬁestigator realized that a subject's heart rate
response to a live basketball pracfice and to riding a bicy-
cle in the laboratory would not be identicél. Muscular
involvement, emotionél factors, and environment would be dif-
ferent in the two situations. The investigator could not
determine how much emotion affected the player's heart rate
during practice or on the bicycle; The enQironment could not
be strictly controlled in the gymnasium és it could be in the
laboratory. However, extremes in temperéture and humidity
vere not encountered in practice sessions that would cause a
change in the linear relationship between heart rate and

energy expenditure. The muscles used when riding the bicycle
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were not exactly the same muscles used to pléy bésketball
although major muscle grohps vere in#olued in both activi-
ties. Riding the bicycle provided a stress similar to basket-
ball practice. Furthermore, this enabled the investigator
to predict an estimate of a work load on the bicycle that would
be equivélent to the stress of a basketball practice. The
knowledge of an equivalent work load on the bicycle might be
useful to a pléyer in case of an injury that preﬁented Tun=-
ning; Working on the bicycle until the injﬁry healed could
‘prevent the player from falling behind the other pléyers in
conditioning.

The estimated caloric expenditure in Table 4 showed
that basketball practice, in all but one cése, vas cléssified
as a heaﬁy actiﬁity. According to Wells, Balke, and Van
Fossan (43), 7.5 to 12.5 Calories used per minute is consi-.
dered heavy actiﬁity and would improve the functioning of
the cardiouéscuiar system. The estimate of caloric cost
further suggests that women's basketball practice is a vigor-

ous activity.



Chapter V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this study was to determine how vigor-
ous women's basketball practice was at Kénsés State University.
More specifically, the objectiﬁes of this study were to deter-
mine the heart réte response of players dﬁring wvomen's basket-
ball practice; to determine heért rate, oxygen consumption, |
and caloric expenditure during specific work levels for women
pléyers; to estimate the maximum oxygen consumption for women
baskethall pléyers; and to estimate oxygen consumption, caloric
expenditure, and work load for each heart rate recorded for
vomen participating in basketball préctice;

Five varsity basketball players participated in the
study. The heart rate of each subject was monitored by radio
telemetry for two practice sessions. The heart rate vas re-
corded for a full minute every other minute of the practice
session. The subjects were also tested in the léboratory on
the bicycle ergometer; The pléyers rode freewheeling and at
wbrk loads of 300, 600, 900 KPM while the investigator
determined heart rate, pulmonary ventilation, VUZ 1/min, V02
ml/kg/min, and calories per minute at each work load. An
estimation of méximal oxygen consumption was also made by

plotting heart rate to work load.

52
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. From tHe data collected in the laboratory, the inves-
tigator determined an individual relationship for each sub-
ject between heart rate and four measures of energy expendi-
ture. Correlation coefficients were calculated to determine
the relationship between heart rate to work load, heart rate

to VO, 1/min and VO ml/kq/min, and heart rate to calories

2
used per minute; High correlation coefficients between heart
rate and all four measures of energy expenditure éllowed the
inﬁestigétor to use bésketball préctice heart rétes, moni-
tored by telemetry, to predict four different estimétions_
of the energy used in bésketbéll préctice; A regression equa-
tion vas used to predict estimations of work load, U02 1/min,
UDZ ml/kg/min, énd célories per minute for each heart rate
recorded during basketball practice.

The investigator also determined an individual mean
practice heért rate for each practice the pléyer's heért
rate was monitored. The range and fluctuations of the heért
rate of the subjects were shown by graphs; A grénd mean was

determined for heért rate and the four estimations of energy

expenditﬁre for the ten practice sessions studied;

CONCLUSIONS

On the basis of the data obtained and within the
limitations of this study the following conclusions appear

varranted:
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1; .Heért rates achieved during basketball practicés
seem to be of suFficientIintensity to improve or maintain the
high level of conditioning of the players.

2. Women's basketball practice sessions frequently
include near maximum effort by players,

3. A wide range of heart rates exists during a prac-
tice session.

4., Estimations of oxygen consumptiﬁn, work load, and
caloric expenditure can be determined from the heart rate of

‘players pérticipating in hésketbéll practice.

RECOMMENDATIONS

Based on the results and interpretations of this study,
more research needs to be done on the'physiolagical effects
of women's basketball. For future study, the inﬁestigator
suggests that:

1. Telemetry equipment be used to determine the heart
rate response of players during competition; |

2. Maximum oxygen consumption be directly determined,
rather than estimated, for women basketball players for both
the pre and post season.

3. Telemetry equipment be used on five players simul-
taneously to determine differences in heart rate response

betwveen positions during a game.
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4, Telemetry equipment be used to study the recovery
rate of the players after practice and games.

5. A training index be developed to be used to check
the intensity of bésketbéll practice; It could be based on
heért rate prior to practice, five minutes after the end of
practice, and the resting heart rate the following morning.

6. Direct measure of U02 using Max Plank Meter
(back pack unit);

Furthermore, the inﬁestigator suggests the folloving
to coaches énd players:

Lo Préctice sessions should include full court scrim-
mage sessions for conditioning;"

2 Explanétions by the coach should be brief and con-
cise so thét conditioning is not lost due to more rest than
activity.

3. Half court play can contribute to conditioning
as long as play is continuous and not interrupted frequently.

4, Free throws should be used after a strenuous part
of préctice as a brief recovery period for pléyers.

5. The intensity of a practice session is more impor-
tant for conditioning than the total amount of time prac-
ticed.

6; Coaches should be aware that due to individual dif-
ferences each player cén be affected differently by the same
practice session. A practice session might be considered |

vigorous to one player but not another.
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. 7. The estimations of equivalent work load, vo,
lfmin, Vo, ml/kg/min, and caloric cost of practices can only
be applied to the subjects in this study; Similar estimations
for other players can be obtained with the use of telemetry

equipment and an exercise physiology laborétory;
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LETTER OF INFORMED CONSENT

The pﬁrpose of this study is to measure the severity
of vomen's basketball practices at Kansas State. It has
been suggested by researchers that practice sessions of women
do not seem Qigorous enough to improﬁé the pléyers' condi-
tioning. For this study, five players' heart rates will be
monitored by telemetry during practice sessions for about
three weeks. After the completion of the seéson, the same
‘subjects will do a progressive bicycle ergometer test. Heart
rate and expired air will be recorded during the test; The
subject will vork at 300, 600, 900 KPM and it will not be a
maximal test. Fram the results of the test, a graph of work
load to heart rate to UDZ wvill be plotted énd compared to
the heart rates found during basketball practice sessions.
The final results and conclusions of the study will be reported

to the sub jects at their request.

I have read the above explanation and ﬁnderstand the
nature of the study and the extent of my participation as a
sub ject. By signing this form I giﬁe my informed consent to
participate as a subject. However, I realize that I may

withdraw from this research at any time if I choose to do so.

Signed

Date
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LABORATORY EXERCISE
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Heart  Work Voy V02 Calories
Sub ject Rate Load 1/min  ml/kg/min per min
(HR) (WL) (vo ) (vo ) (Cal/min)
3 2-1 202
1 .
HR 1.00
WL .99 1.00
UOZ 1 599 99 1.00
V02 2 .99 .99 1.00 1.00
Cal/min .99 .99 1.00 1.00 1.00
2
HR 1.00 _
WL .99 1.00 .
UUz'l .98 .99 1.00
VDZ 2 .98 .99 1.00 l,DU _
Cal/min .98 .99 1.00 1.00 1.00
3 cu
HR 1.00 _
WL 99 1.00
VOz'l .98 .99 1.00
V02'2 .58 .99 1.00 erU
Cal/min .98 .99 1.00 1.00 1.00
4
HR 1.00
WL .99 1.00
,V02'1 .99 .99 1.00
VDZ 2 .99 .99 1.00 1700
Cal/min .99 99 1.00 1.00 1.00
5 .
HR 1.00
WL .99 1.00
V02 1 .99 .99 1.00 ’
V02'2 + 99 « 39 1.00 1.00
Cal/min .99 .99 1.00 1.00 1.00
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APPENDIX D

COMPUTER PRINT OUT OF PREDICTIONS OF WORK LOAD
V0, 1/min, V0, ml/kg/min, AND CALORIES
USED PER MINUTE



HEART RATE

110.
107,
148,
127.
151,
134.
80.
154,
150.
132.
164,
120,
1"2‘
157,
129.
163,
172
150.
168,
1€3.
169,
166,
14,
158.
123.
144,
158,
168.
171.
172,
172,
184,
83,
141-
1413,
121.
124,
164,
106,
108,
107,
118,
1€2.,
lé’f.
144,
137,
13s.

WCRKLCAD

51652271162
482.4861171
BS4,61€53517
696.3122345
921.24€€526
764.9347070
129. 7104584
S47.51C8179
912.4131571
745, 6084749
1032.5648938
624.7337052
E4C. 1768887
930.043C512
716.2037321
1024.2227148
1068.0905131
912.4131511
1065.5614438
1024.2221748
L1C73, 764€£722
1049.1457123
1032.5648G38
SE1.5773432
6557990669
65B.5035869
GB1.5773432
10£5.5914438
166C.C138246
1068.0905131
1C%8,0905131

1192.€65€7748

174.2935288
B3C.9435857
£46,3633202
635.1589622
6E€.0214437
1032.5648938
470.5618526
463,9156322
482.48¢€1171
6C2. 6911446
1C15. 8456037
1032.5648938
E58.5035869
793.52687417
B812.3334471

SUBJECT 1
. -
| v y 1/min

le4l€4€6CC
1.37958%5
1.7910265
1.6066686
1.8144385
1.672€522
0.3268212
1l.8372610Q
1.8C€7C13
1.50%51€1
1.53472C5
1.7422740
1.8221C0%¢6
1.672€0828
1.6502%351
1.9€63€135
1.8067C19
1.93€5425
1.9028351
1.9436790
1.9223211
1.9Q65161
1. 8668360
l1.,5663668
1.7588262
1.8668360
1.9369425
1.9570137
1:963£135
1.5€36135

2.0355685
0.528156¢C

1.7338786
1.75058382
1.5454113%
1.5766362
1.9Cs5161
1.3661333
1.3527881
1.37858%5
1.5128763
1.8955024
1.9095161
1.7588262
1.6954554
1.71€64395

V02 1/kg/min

C.C2C€259
0.0200€05
0.0260451
0.0233£3¢
0.02€3857
G 02471240
0.0120£03
Q.N2&£7176
0.02€2731
00240574
0.0277€85
ND.0223171
0.0253360
0.0264%72
0.023€£460
0.027667C
0.0285553
0.02¢62721
0.N28l¢e74
0.G276670
0.0282654
0. 0279654
0.0277685
0.0271478
$.0227774
0.02557¢8
0.0271478
0.0281E14
0.N2845%4
0.C285553
0.0285553
0.0296601

040134925

0.02582139
0.0254570
C.C224126
0.,0229268
C.C2TT6ES
0.0158647
0.0202525
C.0200¢&05
0.0219963
0., 02175¢47
D.0277¢EE
0.0255768
0.0247132
0.0249661

25

CALORIES

7.1606500
6.9643219
9.0425485
8.1113973
9,1607896
Bada48TT0
441852337
9.2760547
9.1217160
B.3522989
9.6409730
7.7479804
8.7963165
9.1995327
8.2054578
9.6057162
9.9141817
9,1217160
9,7794855
9,6057162
CL.B8135070
9,7107232
9, E4C9730
9.4254216
7.9078296
8.£759158
9.4254216
S, 7794855
9.8R08512
9,6141817
9.6141817

10.2577722
4. 6829228
8. 7535142
8.8383138
7.6019929
7.5597019
9., 6405730
H. 0963414
7.0310004
6,5643219
7.637¢366
9.5701987
9.64C5730
8.8799158
8.5800522
B.6678550



HEART RATE

83.
118.
123.

90,

93,

88,

90.

B9 .

gé.
134.
171.
177
120.
169.
143,
184,
180,
186.
170.
la].l
179.
183,
174.
178,
178,
168,
186,
17204
139,
1325,
203,

204,
153,
146.
133,
161.
160.
125.
103.
167.
155.
108.
172.
174.
158.
174,
167.
143,
156.
128.
10‘]'
141.
156.
170.
152,
121.

WORKLOAD

-65,1266056
417.C935783
490.2678903

7.3174312
12443963304
~21.5522936

7.3174312

~7.3174312
55,126£056
651.2513767

1162.7412354

128C. 5504558
446.3633021

1163.47156C7
782.5651383

1382.9944766

1224,455C470

1412.2642214

117841064230

1329, (899054

1309. 8201846

136843566342

1236, 6456726

1295.1853222

1265.1853222

1148,8366983

1412.2642214

12C7.3761478
724.4256887
6654 €862391

16€1,056€822

1675.6917446
92942137623
82€.8697255
63646165143

104643926615

1031.7577991
516.537¢151
167.570¢424

1134.2018359
$58. 5834871
270.7449544%

1207.3761478

1236.6458726

1002.488C743

123646458726

1134,2018359
782.9651383
673.2183495
563.4422023
285.3798168
753, £954135
973.2183455

1178. 1064230
914.6788999
460.9981655

SUBJECT

VO2 1/min

0.3132024
l.16C 1387
1.2811295
0.4825867
Ce6761751
0.4341933
0.4825867
0.4583915
0.62777317
1.5473CS5
2.4%2€421
2.5878212
1.206235C
23942458
1. 7650631
2+ 1572185
2.6604257
2.80%€148
2.4184436
2.684£235
2.6362276
2.73302C3
2.5152361
2.612026G4
26120294
2.37CC47¢€
2.8056148
2-466£403
1.6683004
1.5715077
3.216%8128
3.2411820
2.007C7459
1.£637€877
1.5231113
2.200€603
2.1764622
1.326¢5259
0.7G671€60
2.34584654
2.0554713
0.651815¢€6
2.4668403
2.51523¢€7
2.128C65¢
25152361
2.345£454
1.7650521
2.0756694
1.4021204
0.9423550
1.716¢6¢€68
2.07566G4
24184439
1.58287¢67
1.2327332

V0, 1/kg/min

0.0048031
C.0177925
0.0156481
0.,0074010
0.01€3700
0.0066587
G.0074010
0.0070299
0.0056277
0.02373C5
0.0374621
0.0356888
C.0185347
0.0367168
0.027C706
0.04226¢7
0.0408022
0. (430289
0.0370909
0.0411733
0.C4C4310
0.0419155
0.0385154
0.04C0599
0.0400599
0.0363487
0.0430289
0.0378332
0.02558¢1
0.0241016
0.0453280
D.0467C92
0.0307818
0.C281839
0.02323593
0.0337508
G.0333797
0.0203903
0.0122256
0.0359776
0.0315241
0.014CE812
0.0378232
0.0385754
0.0326374
0.0385754
0.0359776
0.027C7C6
0.0318952
0.0215037
0.0144523
0.0263283
0.0318652
0.0370909
0.0304107
0.0189058

74

CALORIES

1.58C736S
5.8551856
6.4658211
24356266
3.4126435
241913724
244356266
203134955
3.1683893
7.8092163
12:3219222
13.0606848
6. 0964398
12.0836680
8.9083632
13,9185745
13.42700661
14.1598287
12,2057951
13,5491932
13.3049390
13,7934474
12.6943035
13.1828119
13.182811°9
11.9615408
14.1568287
12.4500493
B.4158548
T.53134¢64
1623598865
16.,35€81166
10. 1296343
9.,2747445
7.6870922
11.1066511
10.5845240
€. 110C753
4,0232790
11.8364137
10.3738885
4.6339145
12.4500493
12.6943035
10, 7402658
12.€943035
11.8394137
8.5083632
10.4960156
7.07€45066
4,75£0416
B.6641U90
10.49€0156
12.2087651
10.0075072
6.2215669



HEART RATE

130.
171.
14.
184,
122.
167 .
183.
176-
130.
162,
185,
175.
17¢€,
109.
117,
151,
172.
174

WORKLCAD

1324.4550470
1192, 7412854

13B2.5944966

1382 .9944966
475, €330279
1134.2018359
1368.359€342
1265, 9155514
592.7116271
1061.0275239
1357.€253590
1251.2807350
126545155874
285.3798168
402.4537159
90C. 0440375
1207.3761478
1236.6458726

SUBJECT 2
V0, 1/min

2.£€C4257
2+4426421
2.7572185
2.71572185
1.25€6314
2.345E84G4
2.1330203
2.563€6330
1.450516¢
2.2248585
2.7814166
2.53594348
2.5636330
£.942355¢C
1.13565405
1.G58€7E6
2.466£403
2+5152367

VO, 1/kg/min

C.C4C8022
0.0374¢€¢21
0.C4228€7
0.0422867
0.0182770
0. 0359776
0.041915%
0.0363177
C.Q02224€0
0.0341219
0.0426578
0.03894€5
0.,0393177
DeN144523
00174213
0.030035%6
0.03783232
0.03E5754

75

CALORIES

13.,427C661
12.32719222
13.6155745
13.9155745
6+3436940
11.8394137
13.79244174
12.9385577
7.32C71C8
11.2287782
14.0377016
12. 8164306
12.9385577
4,75€0416
5.73305¢85
9.8853801
12.45C0493
12.€943035



HEART RATE

138,
175.
143,
169.
163,
141,
178,
15¢.
174,
158.
171,
185,

Sl
131.
156.
159,
164.
168,
163,
153.
l64.
167,
140.
139,
146,
113,
157.
152.
le6,
130.
156.
143,
136.
159.
158,
140.
120,
136.
144,
147,
12&.
153,

WORKLCAD

52&. 1922995
959, 8029394
54, 7383319
389.4877005
81G.1724616
561.3459190
954.9605588
737.13801¢€2
G4B.0837329
76057642932
q12.59261134
1123.8718301
-24.€104051
444,1578%41
737.1380162
T72.295¢357
830,8916681
877.7684940
8lG.1724¢€16
701.9803968
7712.295¢€357
830.8916681
866.0492875
545,£307125
537.,91150¢0
619.54558514
926.3£45264
148.8572227
69C0.2611903
854.3300810
432.4386477
737.13801¢2
584.7882319
502, 1538866
712.295€357
760.5764292
545.6307125
315.2465828
502.75388606
566.5C75384
631.6651579
385.5618217
701.,58035¢8

SUBJECT 3
V02 1/min

1.54561723
24046870
1.66117554
2.26538173

2.126C877

1.6152221
2.4743365
1.9¢€35714
2.3B147C4
2.01C0046
2.31182C6
2.7297196
0.4544914
1.382156¢C
1.9635714
2.0332212
2.1493043
2.24217C7
2.12608177
1.8939215
2.0332212
2.149304%
2.2189541
1.5921055
1.5688889
1.7314052
2+35E252¢E
1.9867880
1.87C7049
2.1957375
1.3599394
1.5€35714
1.6617554
1.4992391
2.0332212
2.0100046
1.5321055
1.1277732
1.4992391
1. 6845720
1.7546218
1.267C72S
1.8936215

V0, 1/kg/min

0.2741427
0.4265560
0.2947391
0.4018403
0.3771246
0.28€5CC5
0.43891348
0.34828%97
C.4224367
0.35¢65282
0.41CC789
0.4842259
0.0805365
0.2453077
0.3482357
0.36C6475
0.38124396
0.3677z1¢0
0.3771246
B+3355219
03606475
0.3812439
0.393€018
0.2823812
0.2782¢19
0.3C70%69
0,4183174
0.3524060
0.3318126
0.38%4825
C.2411884
0.3482857
0.29473651
0.2659041
0.36C6475
0.356£282
0.2823812
£.19656548
0.2659041
0.258E5¢83
0.31121¢2
0.2247113
0.3359319
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CALORIES

7.79823175
12.1321502
8.3839013
11.4293535
10.7265569
8. 1456358
12. 4835485
9.9066274
12.0150174
10.14C8930
11.6636191
13.7720050
242929570
6.9783080
9.5066274
10.2580258
10. 8426856
11.2122207
10.72€65569
6.5552291
10.2580258
10.8436896
11.1950880
8.0325030
7.9153702
8.7352967
11.8978846
10,0237602
9.4380963
11.0775552
6.8611753
9.5066274
8.38239013
7.5635719
10.2580258
10.1408930
840325030
5.6898475
7.5635719
8.5010341
B.8524324
643926442
9.5552291



HEART RATE

1’110
159,
1513.
154,
147.
154.
134,
127,
137,
148.
151,
160
172.
164
164.
156,
156,
159,
156.
160.
170.
157.
164,
145,
155,
178,
167,
170.
176.
161,
178.
15¢é.
149,
128,
161.
189,
195,
152.
131.
155.
142,
128.
150-
171.
168,
168.
176.
168,
178.
173,
167,
169.
149,
166.
177,
130.

WORKLCAD

605.1051292
768.1621430
7271431334
13743129725
6CEe 1241338
7137.3126725
533.9162904
5¢4.42571521
5¢4,42579217
67642636679
7C6.E8034702
798.2319771
920. 36559864
829,0113135
839,0113135
788, 1621430
T57.£526407
T€8.1621430
TAB, 1621430
79843319771
90, 0303182
T67.8224748
§39,0113135
€45, 1844656
T47.4828066
GE81.3886910
869.5208159
900.0303182
S€£1.04932228
8C8.5018112
981.3689910
157.£5264C07
686,.4€38020
472.8572858
gc8.:018112
1093.,2571661
1154.2761708
T16.5733043
503.4067881
147.46828066
615.2745633
472. 8672858
656.€3363¢€1
910.2001523
E76.69C6500
879. 6906500
961.,0493228
87S.6906500
981.3889910
930.5358205
8€6.5208159
889.8604841
6E644638020
859.3509818
971.2191569
493.2365540

SURJECT 4
V02 1/min

1.48€5612
1.869C598
1.7422368
l.7633741
1.6154141
1.7€633741
1.3406313
1.4040427
1.404C427
1.£63€5512
1.£959627
1.8901966
2.1438426
1.5747455
1.9747455
1.865C568
1.6805£484
1.86GC568
1.86GC55€
1.8901969
2.1015683
1.8267855
1.91417455
1. 573135E
1.7845112
2.2706654
2.0381569
2.1015£83
2.2283912
1.9113341
2.27C6654%
1. 805¢4€4
1.6576884
1.2138084
1.9113341
2.5031740
2.6299968
1.721C¢S68
1.2772158
1. 7645112
1.5097284
1.2138084
1.6788255
2+1227055%
2.0592940
2.058254C
2«d283912
2.£56264C
2.27C6654
2.164G7SG7
2.0381566
2.0804312
1.6576884
2.017C1s8
2.2495283
1.256C827

VO2 1/kg/min

0.C21EETS
0.0274823
0.0256173
0.0259282
0.0237524
0.0229282
0.,0197118
0.02C¢c442
0.02C¢442
0.02490¢€32
0.0249987
0.C2775921
0.0315229
0.C2503¢4
00290364
0.0274823
C,02€5468
0.02748273
0.C274823
C.0277521
0.0309013
0.02¢860¢
0.0290384
0.0231308
C.02€¢2390
0.0333874
0.0259688
0.€3060113
0.0327662
0.0281C39
0.0333878
0.02&5468
0.0243741
0.0178468
0.02€1039
0.032¢8C€9
0.C386718
N.02530¢5
0.0187793
0.02¢€2390
C.0221983
0.0178468
0.024£849
0.0312121
2.0302796
C.C3G27S6
0.03276¢2
0.03027596
0.0333878
0.0318337
0.C2GG56E8
0.03C€5905
0.0243741
0.0259¢€580
0.033C770
0.0184685
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CALORIES

75129431
9.4331212
8.7930619
B+ 6997384
8.1530025
R.8997384
£4.7662072
7.0862368
7.0862368
842556750
8.5797087
9.5357978
10.8199166
9,5665041
9,5665041
9.4321212
9.1130915
9,4331212
9.,4331212
5.5367578
10.6065634
9.2197681
9.56£5041
7.9396493
9.,0064150
11.4595759
10.2865337
10. 6065634
11.2466228
9e 6464T44
11.4559759
9.1130915
8.36£3556
6.12€61478
9.6464T44
12.6334181
13.2734775
8.6863853
€.4461775
9.0064150
7.€196197
6.1261478
B.4730322
10. 7132400
10.3932103
10.3932103
11.2466228
10.3932103
11.4595759
10.52€5631
10.2865337
16.4958869
843663556
10.1798572
11.35329%54
6.3395009



HEART RATE

1824
110.
140,
138,
152.
175.
132.
143,
106.
166,

95.

98.
147,
168,
172,
152.
134,
168.
145,
125.
133,
142,
123.
116.
132.

WCRKLCAD

933, 765€6885
388.3114984

1717452171171

751.9477585
933.7658885
1222.4671021
1323.32761671
816, 8828049
136.3634613

1115.5840185

193. 5063591
232.4613870
368.8308421
1141.5580371
1193.506C743
$33,7658385
6$5.4597213
1141.5580371
842.8568235
583,1166377
687.0127120
803.8557556
635.0646749
46642335542
614.0257028

SUBJECT 5

VO2 1/min
2.2158%219
1.1335290
1.9092382
1.8515243
2.219¢216%
2.8142323
25652311
1.5863091
1.0301C11
2+5815158%9
Q. 7456744
0.8232453
2.,090237Q
2.6332335
2.13668614
2.2165219
1. 1540664
2.£6332335
20385231
«£21383¢
1.7282394
1.56£652°2
1.6248115
1.28867(CH
1.7023824

V0, 1/kg/min

0.0357932
0.0182753
0.03C7892
0.02656582
0.0357932
0.0453841
C.0483031
0.03204C2
Q0166112
0.0416211
0.0120243
0.0122753
0.C337082
0.0424651
0.0441331
0.0357532
C.0282872
0.0424€51
0.0328742
0.C0245342
0.0278702
0.031€232

0.02€2022-

0.02C7812
0.,0274%532
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CALORIES

11.2151782
5,7339417
9.6491221
9.3881127

11.2151782

14.2167859

15.1303186

10.04C63¢1
5,2119629

13,0422437
3,7764115
4.1679255

10.5626548

13.3032531

13.8252718

11.2151782
8.8660940

13,3632631

10.3016455
7.6915519
8.7355893
9,9101314
8.2135706
6.5170097
8.6050846
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The purpose of this study was to determine how Qigor-
ous women's basketball practice was at Kansas State Univer-
sity. More specifically, the objectives of this study were
to determine the heart rate response of players. during women's
basketball practice; to determine heart rate, oxygen consump-
tion, and caloric expenditure during specific work levels for
women players; to estimate the maximum oxygen consumption for
women basketbali players; and to estiméte oxygen consumption,
caloric expenditure, and work load for each heart réte recorded
for wvomen participating in basketballlpractiée.

Five varsity basketballrplayers participéted in the
study in which the heart rate of each subject was monitored
by radio telemetry for two practice sessions. The heart rate
was recorded continuously throughout practice. The R spikes
from the ECG‘recordings vere counted for a full minute every
other minute of practice. The subjects were also tested in
the laboratory on the bicycle ergometer. The players rode
freewvheeling and at work loads of 300, 600, 900 KPM while.the
investigator determined heart rate, pulmonary uentilation,

' de 1/min, Vo, ml/kg/min, and caloric cost at each work load.
An estimation of maximal oxygen consumption was also made by
plotting heart rate to work load,

From the data collected in the laboratory, the inves-
tigator determined an individual relationship for each sub ject

between heart rate and work load, heart rate and V02 1/min,



heart rate andlUG2 ml/kg/min, and heart rate and Calories
used per minute. High correlation coefficients for all sub-
jécts between these relationships alloﬁed the investigator to
deﬁelop regression equations for each individual to be used
to predict work load, VO, 1/min, vo, ml/kg/min, and Calories
used per minute. The investigator used basketball practice
heért rates, monitored by telemetry, and the indiﬁidual
regressions equations to predict an equivalent work load, VDZ

1/min, VO, ml/kg/min, and caloric cost for basketball prac-

2
tice.

The investigator also determined an individual mean
heart rate for each practice in which the pléyer's heart rate
vas monitored. The range and fluctuations of the heart rate
of the subjects were shown by.graphs. A grand mean was deter-
mined for heart rate and the estimated equivalent work load,
Vo

1/min, V0, ml/kg/min, and caloric cost for the ten prac-

2 2
tice sessions studied.

The general conclusion reached was that women's bas-
ketball practice at Kansas State was quite vigorous and provided

the players the opportunity to approach their potential in phys-

ical conditioning.





