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The purpose of the study was to examine the relationship

between treadmill time, maximal oxygen consumption and pace

characteristics of the 1.5 and 3 mile runs and to compare

the distances and pace characteristics as predictors of

aerobic capacity. Subjects were 70 college aged males, ages

18 to 25, enrolled in jogging and conditioning classes at

North Texas State University. Three tests were administered:

the 1.5 mile run, the 3 mile run and the Bruce treadmill

test. The data were analyzed using correlations and factor

analysis. Conclusions of the investigation were (1) the 1.5

and 3 mile runs are valid measures of aerobic capacity, (2)

the 3 mile run does not significantly increase the correla-

tion between VO2max and endurance runs and (3) pacing

characteristics are evident in the 1.5 and 3 mile runs.
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CHAPTER I

INTRODUCTION

The measurement and evaluation of physical fitness has

long been recognized as a goal of physical education.

Numerous research studies have sought to identify the

components of fitness and validate appropriate tests for

these components. Cardiovascular endurance has generally

been accepted as one of these components. A clearer under-

standing of cardiovascular endurance has emerged as exercise

scientists have developed a better understanding of the

energy systems used in exercise.

High intensity, short duration workloads (i.e., 100

meters) require immediate energy from high energy phosphate

bonds, such as adenosine triphosphate (ATP) and creatine

phosphate. Adenosine triphosphate, broken down during

muscular contraction, is resynthesized by creatine phosphate.

Both adenosine triphosphate and creatine phosphate are

stored in the muscle. However, only a limited supply

exists. Depletion occurs rapidly with very intense work-

loads.

For the workload to continue beyond several seconds,

adenosine triphosphate must be resynthesized continually.

During high intensity workloads (i.e., an all out race--400

I
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meters), the phosphorylation of adenosine diphosphate to

adenosine triphosphate is accomplished through anaerobic

glycolysis. Pyruvic acid, a by-product of anaerobic

glycolysis, is subsequently converted to lactic acid. High

blood lactate levels inhibit muscular contraction.

Anaerobic glycolysis provides a large amount of

adenosine triphosphate quite rapidly. However, adenosine

triphosphate production in this manner cannot be maintained

for very long. For sustained workloads beyond 2 to 3

minutes, the aerobic production of adenosine triphosphate

predominates. Aerobic metabolism, which provides the

largest yield of adenosine triphosphate, occurs in the

presence of oxygen.

Extensive research has shown oxygen consumption to be

the most valid measure of aerobic capacity. The ability to

perform high intensity, sustained workloads is limited by

the capacity of the respiratory and cardiovascular systems

to transfer oxygen to the working tissues. Oxygen consump-

tion during exhaustive work provides an indication of the

ability of the active tissues to extract and utilize oxygen.

The maximal oxygen consumption (VO 2 max) test is a measure of

maximal energy production through aerobic processes (Lamb,

1978).

Maximal oxygen consumption is achieved when oxygen

consumption does not increase with further increases in the

intensity of work. Laboratory YO2 max tests are typically
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direct measures, involving gas analysis (oxygen, carbon

dioxide). Conventional laboratory methods for YO2max

testing include three methods of exercise: treadmill

running or walking, bicycle ergometer exercise, and bench

stepping. Additionally, VO2 max values have been reported in

swimming (Holmer, Anders, & Erickson, 1974), cross country

skiing (Saltin & Astrand, 1967), and rowing (Carey,

Stensland, & Hartley, 1974).

Treadmill tests have been developed by numerous

investigators. Balke, reported by Hebbelinck (1969),

developed a walking protocol involving constant increments

in workload at fixed time intervals. More recently Naughton

(1973) and Wilson (1975) also formulated walking protocols.

Running protocols for more fit populations include the

Ellestad (1969) and the Bruce (1971) protols. Bicycle tests

of 9O 2max include the YMCA, as cited by Wilson, Winga,

Edgett, and Gushiken (1978) and the Astrand (1977) protocols.

Distance runs are commonly used in the field setting

where laboratory procedures are not feasible. Distance runs

are based on the assumption that distance covered reflects

the ability to maintain a steady rate of oxygen consumption.

Distances used for testing include the 600 yard run, the 1

mile, 1.5 mile, 2 mile, and 3 mile runs and the 9 minute

and 12 minute run-walk.

In 1968, Cooper revised a test originally developed by

Balke (1963) to assess the aerobic capacity of Air Force
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personnel utilizing the 12 minute run-walk test. The

American Alliance for Health, Physical Education, and Dance

(1980) selected the mile run and the 9 minute run to

measure the maximal functional capacity of the cardiorespira-

tory system of students ages 5 to 12. The 1.5 mile run and

the 12 minute run are utilized as testing measures for

students 13 years of age and older.

Correlational Studies

The correlations between distance runs and maximal

oxygen consumption vary considerably. Cooper (1968)

reported a high correlation (r = .90) between the VO2 max of

Air Force personnel and distance covered in 12 minutes.

Doolittle and Bigbee (1968) subsequently reported a corre-

lation of the same magnitude utilizing the 12 minute run-walk

on ninth grade boys (N = 9). Maksud and Coutts (1971),

however, found a correlation of r = .65 between VO 2max and

12 mintue run performance of 17 boys between the ages of

11 and 14. Katch, McArdle, Czula, and Pechar (1973),

testing more homogeneous populations than in previous

investigations, measured college aged women on the 12 minute

run-walk and reported a lower correlation, r = .57.

Ribisl and Kachadorian (1969) have shown a high corre-

lation to exist between performance on a 2 mile run and

VO2 max. Ribisl and Kachadorian reported correlations of

r = -.85 and r = -.86 for young and middle-aged adults,



5

respectively. A correlation of r = -.47 was reported by

Wiley and Shaver (1972) who examined the relationship

between the 2 mile run performance and YO2 max of untrained

college aged males. A low correlation (r = -.29) was found

between VO 2 max and performance on the 1 mile run for the

same subjects. Shaver (1975) reported significant correla-

tions for the 2 and 3 mile runs (r = -.76 and r = -.82,

respectively).

Regression Equations

Regression equations for predicting VO 2 max utilizing

treadmill time have been formulated from data gathered in

several studies. Froelicher, Brammel, Davis, Noguera,

Stewart, and Lancaster (1974) devised two such predictive

equations. Bruce, Kusumi, and Hosmer (1973) generated

regression equations for healthy individuals based on sex

and treadmill time. Pollock et al. reported high correla-

tions for each protocol between treadmill time and VO 2 max:

r = .88 for the Bruce; r = .90 for the Ellestad; and

r = .92 for the Bahlke. A prediction equation was not

developed for the Astrand protocol due to the sudden

increase in MET (metabolic equivalent) level within the

first 3 minutes of exercise. These findings are similar to

those reported by Bruce et al. (1973).

Jackson, Dishman, LaCroix, Patton, and Weinberg (1981),

in an attempt to interpret the 1.5 mile run as an indicator
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of aerobic capacity, concluded from data pertaining to heart

rate and pace characteristics that an anaerobic component

contributed to overall performance. According to split

times, initial and final sprint phases were determined on

the first and last laps. To substantiate the contention of

an anaerobic involvement, heart rate increased progressively

from laps one to six [163.4 beats per minute (bpm) to 193.1

bpm]. If the 1.5 mile run were fully aerobic in nature, the

heart rates theoretically should have been maintained at a

steady level throughout the middle laps. However, these

findings do not completely invalidate the 1.5 mile run as

an index of aerobic capacity, for the authors did not corre-

late the performance of the distance run with maximal oxygen

consumption.

Purpose of the Study

The purpose of this investigation was (1) to examine

the relationship between treadmill time and maximal oxygen

consumption and pace characteristics of the 1.5 mile run and

3 mile run, and (2) to compare the distances and pace

characteristics as predictors of aerobic capacity.

Limitations and Delimitations

The limitetions of the investigation are

1. The accuracy of split times derived from stop

watches;
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2. Running conditions may change for the distance

runs at the time between testing sessions;

3. Predictive measures are not as accurate as direct

measures for VO92max.

The delimitations of the investigation are

1. Subject specificity pertaining to age and sex-

college age (18 to 25) males;

2. Treadmill testing provides the most valid and

highest measure of VO2max.

Definition of Terms

The following terms are defined for this investigation:

Anaerobic--rapid production of energy in the absence of

oxygen.

Aerobic--production of adenosine triphosphate in the

presence of oxygen.

Maximal oxygen consumption (aerobic capacity)--the

maximal volume of oxygen consumed and utilized by the

tissues of the body.

Adenosine triphosphate--a high energy phosphate

compound that serves as an immediate source of energy.



CHAPTER II

REVIEW OF LITERATURE

This chapter presents a review of the literature

dealing with investigations pertinent to maximal oxygen

consumption.

Numerous factors influence an individual's capacity to

consume oxygen. Differences between males and females in

maximal oxygen consumption (liters/minute) are negligible

prior to puberty. 902max reaches a peak between the ages

of 18 and 25 and declines steadily thereafter (McArdle,

Katch, & Katch, 1981). With training, VO2max can increase

from 7 to 33%, depending on the level of fitness prior to

training (Nagle, 1973).

Maximal oxygen consumption is a product of maximal

cardiac output and maximal arterio-venous oxygen difference

(Mitchell & Blomquist, 1971). Cardiac output, normally

4 to 6 liters per minute, increases with exercise due to an

increase in heart rate and stroke volume. Heart rate,

increasing in a linear fashion with increasing workloads,

reaches maximal levels at or near VO2max. Stroke volume, on

the other hand, becomes maximal at approximately 40 to 50%

of functional capacity (McArdle, Katch & Katch, 1981).

Arteriovenous oxygen difference represents the ability of

8
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the active tissue to extract and utilize oxygen. The

difference in the extraction of oxygen from rest to exercise

is affected by the distribution of blood flow. In exercise,

blood is shunted from the inactive to active tissues.

The principal criterion for a true VO 2max is a plateau

or slight decline in oxygen consumption with progressive

increases in workload (Taylor, Buskirk, & Henschel, 1955).

Additional criteria exist. Blood lactate levels often reach

70 to 80 milligrams per 100 milliliters of blood (Astrand

& Rodahl, 1977). Blood lactate levels initially rise as the

workload approaches 60% of the individual's 90 2max (McArdle,

Katch, & Katch, 1981). However, blood lactate measurements

require blood sampling. Noninvasive criteria include a

respiratory quotient in excess of 1.00 or the attainment of

age adjusted maximal heart rate.

Testing Devices

One method of assessing an individual's cardiovascular

efficiency is to test for maximal oxygen consumption. 902max

tests can be performed on a step, a bicycle ergometer or a

motor driven treadmill. There are advantages and disadvan-

tages in using each form of exercise.

Although inexpensive and portable, step tests are not

commonly used in maximal testing. At higher workloads, the

subject must maintain a fast rate of stepping. The exercise

becomes unnatural, for the subject must maintain the
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appropriate stepping cadence and balance. It is difficult

to obtain physiological measurements and requires great

motivation on the part of the subject.

Bench stepping is one method of testing, yet more

accurate means of testing are available. The bicycle, both

light and easy to transport, can be used in several positions

(i.e., for arm cranking in a lying or sitting position). The

bicycle allows for the precise measurement of 02max due to

the small increments in workload. The height and shape of

the saddle are important factors in testing. A common com-

plaint of subjects on the bicycle is feelings of local muscle

fatigue compounded by seat height. If the seat is too high

or too low in comparison to the individual's leg length,

fatigue of the quadriceps may occur faster.

VO2max tests involving bicycle ergometers result in

lower 902Omax values. Five to 11% higher values have been

reported on the treadmill as compared with the bicycle

(Nagle, 1973). The treadmill provides the most natural form

of locomotion for the subject. However, the treadmill

requires frequent calibration for precise measures of 902max.

Additionally, the workload cannot be measured directly in

kilopound meters or watts but must be calculated. With

treadmill testing, respiratory and cardiac symptoms limit

the subject's efforts. A common complaint in treadmill

walking or running up an incline is lower back and calf
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discomfort, although it is possible to adjust the speed and

grade to the ability of the subject.

The purpose of the test will determine the mode of

exercise. Because the physiological response to exercise

is exercise specific, the treadmill test appears to be the

most valid form of exercise for investigations dealing with

performance runs and aerobic capacity. 902max tests are

typically discontinuous or continuous. McArdle, Katch, and

Pechar (1973) reported no significant difference between

continuous treadmill and discontinuous treadmill tests in

O 2max. McArdle et al. (1973) and Stamford (1976) found

significantly higher heart rates in continuous rather than

discontinuous treadmill testing. For testing purposes, it

is suggested that the continuous treadmill test be employed

due to time constraints in testing large populations.

Correlational Studies

Thirty-five college males participated in a study con-

ducted by Wiley and Shaver (1973). Randomly assigned pairs

ran the 440 yard dash. Groups of subjects ran the 1, 2,

and 3 mile runs. Correlations between VO2 max and running

distance increased as the distance increased, however the

authors cited only two significant correlations (p < .05),

the correlations between the VO2max and the 2 ( r = -.47)

and 3 mile (r = -.43) runs.
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More recently, Shaver (1975) used similar testing

procedures to study 30 untrained college males, 18 to 26

years of age. The subjects ran the 880 yard dash, the 1, 2,

and 3 mile runs in an attempt to determine if aerobic

capacity is predictable from distance running performance.

The correlations proved to be significant at the .05 level

(880 = -.35, 1 mile = -.43, 2 mile = -.76, and 3 mile =

-.82). Shaver concluded that aerobic capacity plays a larger

role in performance of distance runs as the distance

increases.

Ribisl and Kachadorian (1969) studied two independent

groups, both moderately to well trained, to determine the

relationship between running performance and VO2max.

Twenty-four middle aged men ran 2 miles, whereas 11 college

males ran the 60 yard, 100 yard, and 220 yard dashes, the

440 yard dash, the 880 yard run and the 1 and 2 mile runs.

The highest correlational values were reported between the

2 mile run and VO2 max for the young (r = -.85) and middle

aged men (r = -.86). Ribisl and Kachadorian cited the 2

mile run as beneficial for predicting aerobic capacity for

the distance requires energy to be produced aerobically for

optimal performance.

Thirty-two Canadian servicemen (mean age = 23.3) ran

both the 1.5 mile (2.4 km) and 3 mile (4.8 km) runs in a

study performed by Myles, Brown, and Pope (1980). Maximal

oxygen uptake was predicted (mean = 43.1 ml/kg-min) from
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submaximal heart rate and determined directly (mean = 48.0

ml/kg-min) using a protocol similar to the one described

by Bruce (1971). Although the mean YO2 max value was 10%

lower using predicted as opposed to direct measurements, the

correlation between predicted 9O 2 max and the distance runs

proved to be significant at the 0.01 level (r = -0.68 for

1.5 mile and r = -0.63 for 3 mile). Myles et al. (1980)

concluded that because the correlations were not improved

to any extent from the 1.5 to 3 mile runs, the 1.5 mile run

is a valid measure of assessing young, healthy populations.

Direct measurements of 9'02max are not feasible when

testing large populations in the field setting. Various

distances have been used as testing measures of aerobic

capacity. Due to the high correlations cited by investiga-

tors, it would appear such tests are valid. However, the

results from these investigations should be viewed with

caution, for the correlations between distance runs and

90 2max are influenced by the size, homogeneity of the sample

population, and running efficiency of the subjects.

Regression Equations

Bruce, Kusuni, and Hosmer (1973) conducted one of the

most extensive investigations involving 295 subjects to

derive standards of submaximal oxygen requirements and to

correlate treadmill time with maximal oxygen intake for

healthy individuals. Data from a previous investigation on
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85 men and 144 middle aged women was used, as well as infor-

mation on 66 young men and women. Two groups, physically

active and sedentary, underwent a Bruce treadmill test.

The authors reported a correlation of r = .90 between VO2max

and duration of exercise for both active (N = 44) and

inactive (N = 94) men. The authors formulated bivariate

regression equations for active and sedentary men, and

active and sedentary women. Correlations ranged from

r = -.63 to r = -.72. Time on treadmill proved the single

most important variable affecting observed VO 2 max when a

stepwise multiple regression analysis was used. A regression

equation for estimating 9O 2max (ml/kg-min) for healthy

individuals resulted in a high correlation (r = .92).

Froelicher, Brammel, Davis, Noguera, Stewart, and

Lancaster (1974) compared the physiological response and

VO 2max of three standardized exercise protocols using 15

subjects (mean age = 32). The Bruce, Balke, and Taylor

protocols were used as testing measures. A least squares

techniques resulted in a linear regression of YO2max

against treadmill time. The authors generated regression

equations for each period of the Bruce and Balke protocols.

Froelicher et al. (1974) caution that testing individuals

twice will result in an increase in treadmill time on the

second test due to a learning effect with no apparent

improvement in YO2 max. Low correlations were reported,
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possibly due to the sample size and the homogeneous

population studied.

Pollock et al. (1976) studied 51 males, ages 35 to 55,

to compare four standardized treadmill test protocols. The

subjects, classified as sedentary (N = 29) and endurance

trained (N = 22), performed the Balke, Bruce, Ellestad and

modified Astrand treadmill tests. Variables measured

included VO2 max, time on treadmill, pulmonary ventilation,

respiratory quotient, and systolic and diastolic blood

pressure. The only statistical differences found for the

total group were between VO2 max on the Balke and the Astrand

protocols and diastolic blood pressure recorded during the

Balke versus the Ellestad and Balke versus the Astrand

protocols. When the total group was divided into active

and inactive subgroups, significant differences were apparent

in VQ2max and maximal pulmonary ventilation. A graph

depicting the rate of increase in oxygen consumption and

MET values on a comparative basis showed no significant

differences. The rate of increase in heart rate followed

a similar pattern to that of VO2 max, increasing linearly

with workload. The authors reported high correlations for

the Bruce (r = .88), the Ellestad (r = .90), and the Balke

(r = .92) protocols using regression equations and actual

VO2 max measurements as variables.

The correlations cited by Bruce et al. (1973) and

Pollock et al. (1976) clearly indicate the validity of using
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predictive equations to determine VO2max derived from

treadmill time. Although criticism does exist (Froelicher,

et al., 1974) with regard to the variables involved (subject

specificity and individual variation on treadmill perform-

ance), predictive equations are an appropriate method of

assessing VO2 max when direct measurements are not feasible.

Pacing Characteristics of Distance Runs

Various factors affect performance on distance runs

including technique, i.e. stride length and frequency,

motivation, and muscle fiber type. Studies have been

conducted to delineate factors contributing to optimal

performance on distance runs. Katch, Pechar, McArdle, and

Weltman (1973) manipulated the running pace of 25 college

males to determine the relationship between individual

pacing characteristics and aerobic capacity. The running

performance consisted of a 10 minute run on a 440 yard

track sectioned into 48.9 yards by markers. The subjects

were encouraged to maintain a steady pace of 4 to 6 yards

per second. An investigator riding a bicycle along side the

runners attempted to ensure a constant pace. Scores were

awarded according to the number of markers passed each

minute. A table of mean scores demonstrated a decline in

performance, from an initial score (first minute) of 5.75

to a final score of 4.11 (minute 10). This represents a

31.5% drop from the initial 6 minute per mile pace. Katch
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et al. (1973) reported a correlation of r = .62 between

cumulative distance run and maximal oxygen intake.

Disch, Frankiewiez, and Jackson (1975) hypothesized

that distance run tests are a measure of endurance rather

than speed. The authors attempted to determine the construct

validity of various distances, ranging from 50 yards to 2

miles and the 12 minute run. Sixty college aged males, 17

to 23 years of age, served as subjects. Employing a factor

analysis of the distance runs, the authors distinguished

between a speed factor (the 50 yard and 100 yard dashes) and

a distance factor (the half mile to 2 miles).

Jackson et al. (1981) studied the construct validity of

the 1.5 mile run as an indicator of aerobic capacity, with

intentions of distinguishing pace characteristics and heart

rate response of the distance run. Sixty-seven college

males ran 1.5 miles around a quarter-mile track for the

fastest time possible. Twenty-eight split times were

recorded; 55 yard splits on laps one and six, 110 yard

splits on laps two and five, and 220 yard splits on laps

three and four. A progressive increase in lap times was

evident from lap two to lap five. According to a figure

showing means and standard deviations of lap times, the

initial and final laps were the fastest. The authors

subsequently identified specific pacing characteristics: an

initial speed for lap one, a slower stable speed for the

middle laps, and a final speed on lap six. However, a
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relatively linear increase in heart rate response was

observed throughout the duration of the run. Jackson et

al. (1981) postulated that the heart rate pattern would

parallel that of lap times, i.e., demonstrating a pleateau

throughout the middle stages of the run. However, this was

not the case. The heart rates of the subjects increased

from 177.9 bpm (lap two) to 193.1 bpm (lap six). Skinner

and McLellan (1980) have noted heart rates of 160 to 180

beats per mintue to be the range before significant

anaerobic metabolism begins. Based on the heart rate and

lap times, the subject's performance was partially dependent

on anaerobic power, rather than being aerobic in nature.

A linear relationship exists between running speed and

oxygen consumption prior to the initiation of anaerobic

energy production (Margaria, Cerretelli, Aghemo, & Sassi,

1963). Distance runs have commonly been used as predictors

of aerobic capacity. Numerous investigators have reported

high correlations between VO2max and distance runs,

providing evidence that distance runs are a good measure

of aerobic power (Cooper, 1968; Ribisl & Kachadorian, 1969;

Shaver, 1975). However, the findings in the investigations

conducted by Katch et al. (1973), Disch et al. (1975) and

Jackson et al. (1981) indicate that performance on distance

runs are dependent on anaerobic as well as aerobic

capacity. Further research is necessary to determine what

role the anaerobic component plays in distance running,
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particularly in the 1.5 mile run, and to determine if that

component can be controlled to improve the estimation of

aerobic endurance.



CHAPTER III

PROCEDURES

This chapter presents the procedures used to collect

the data necessary to achieve the purposes presented in

Chapter I. An overriding concern of this investigation was

to provide maximum reliability.

Subjects

Seventy male students, ages 18 to 25, enrolled in

jogging and conditioning classes at North Texas State Univer-

sity participated in the present investigation. Each subject

was accepted on a voluntary basis and signed an informed

consent form (Appendix A) prior to testing. Descriptive

information pertaining to the following variables were

obtained: age, height, weight, percent fat, fat weight, and

lean body weight (Appendix A).

Procedures

Each subject, tested individually, was measured on

three tests: 1.5 and 3 mile runs and the Bruce treadmill

test, over a five day period. Each test was administered on

alternate days in a counterbalanced fashion. All subjects

had prior experience in distance running and at least one

timed trial (1.5 mile) on the track.

20
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The distance runs were performed on a 440 yard cinder

track partitioned into four sections, each 110 yards marked

with a cone. [A timer was located in the center of the

field (Figure 1)]. Split times were recorded at each 110

yards on laps 1 and 6 on the 1.5 mile and on laps 1 and 12

on the 3 mile run. Quarter mile split times were recorded

on laps 2 through 5 and laps 2 through 11 on the 1.5 and 3

mile runs, respectively. Times were recorded to the nearest

tenth of a second using an Accusplit Model 760 stopwatch.

Treadmill testing was administered on a Quinton Model

24-72 according to the protocol as described by Bruce (1971),

which consists of continuous multistage increments in both

speed and grade. Briefly, stage one involves walking at

1.7 miles per hour (mph) at a 10% grade, stage two at 2.5

mph at a 12% grade, stage three at 3.4 mph at a 14% grade,

stage four at 4.2 mph at a 16% grade, stage five at 5 mph

at an 18% grade, stage six at 5.5 mph at a 20% grade, and

stage seven at 6 mph at a 22% grade. Each stage was 3

minutes in duration.

Electrocardiogram (EKG) and heart rate were monitored

continuously throughout the test via a 5-lead Quinton

(Cardiotach) Model 633. Surface electrodes were placed in

the following locations: left arm lead-inferior mid-left

clavicular, right arm lead-inferior mid-right clavicular,

left leg lead-midway between the last floating right rib
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and right iliac crest, and chest lead 5-anterior axillary

line in the left interspace.

The Pollock et al. (1976) regression equation

[YVO2max = 4.326 (time) - 4.66, SE = 0.096] using treadmill

time was utilized as the measure for predicting VO2max.

Criteria for termination of the treadmill test was voli-

tional termination due to fatigue/exhaustion or attainment

of age adjusted maximum heart rate (220 - age).

The height and weight of each subject was measured on

a Detecto scale. Percent fat was determined with Harpenden

calipers using the sum of three skinfold measurements:

triceps-vertical fold midway between the tip of the shoulder

and the tip of the elbow of the upper arm; abdomen-vertical

fold 1 inch to the right of the umbilicus; and thigh-vertical

fold two-thirds the distance from the knee cap to the hip

(Jackson & Pollock, 1978). Correlations were performed

between the measurements obtained by the investigator and a

trained laboratory technician. The reliability of the

measurements of the investigator was checked by test-retest

technique. Fat weight was calculated by multiplying percent

fat by body weight. Lean body weight was calculated by

subtracting the fat weight from total body weight.

Statistical Analysis

There were two dependent or criterion variables,

treadmill time and predicted maximal oxygen consumption.
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Distance run times, both total times and stable pace times,

for the two runs formed a pool of potential predictor

variables. Correlations and factor analysis were employed

as statistical techniques.



CHAPTER IV

RESULTS

This chapter presents the results generated to achieve

the purposes presented in Chapter I. These include the

descriptive statistics of the study, including the means

and standard deviations of the variables, the correlation

matrices and principle component factor analysis of the 1.5

and 3 mile runs. The descriptive statistics of the

variables are presented in Tables I through III.

The data obtained for Tables I through III were

collected on 70 college aged (18 to 25 years) males, each

tested on the 1.5 mile run, 3 mile run, and the Bruce

protocol treadmill test. The tests were carried out in a

counterbalanced fashion. The 1.5 and 3 mile runs were

performed on a quarter mile cinder track which was divided

into four sections. At each 110 yards, split times were

recorded on laps 1 and 6 and laps 1 and 12 for the 1.5 and

3 mile runs, respectively. Subsequent split times were

recorded after completion of 440 yards for laps 2 through

5 for the 1.5 mile run and laps 2 through 11 for the 3

mile run.

25
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Table I presents the means and standard deviations of

the physical characteristics and performance times of the

subjects on the 1.5 and 3 mile runs and the treadmill.

TABLE I

PHYSICAL CHARACTERISTICS AND PERFORMANCE
TIMES OF SUBJECTS (N = 70)

VariablE_Mean jSTD DEV Minimum Maximum

Height

Weight

Age

% fat

Resting heart rate

Resting systolic
blood pressure

Resting diastolic
blood pressure

Maximum heart rate

Maximum systolic
blood pressure

Maximum diastolic
blood pressure

Teadmill time

VO Pollock

Vo2 predicted

Vo2 actual

1.5 mile time

3.0 mile time

69.80

154.80

21.46

9.82

70.87

116.99

78.66

187.89

152.77

63.66

14:12

56.76

55.98

56.21

10:07

22:36

3.15

19.06

1.99

3.72

11.18

7.66

6.36

9.56

12.89

9.21

1:43

7.51

6.61

6.17

1:10

3:12

60.00

122.00

18.00

3.70

48.00

90.00

60.00

142.00

128.00

38.00

9:45

37.70

39.30

45.80

7:39

16:45

79.00

199.00

25.00

19.60

93.00

140.00

96.00

202.00

182.00

88.00

20:00

81.90

78.00

66.10

13:37

30:48
__ _ _ _ _ _ __ _ _ _ _ _I _ _ _ __ _I __ _ _ _
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Table II presents the means and standard deviations of

the split phases (110 yards) and the stable pace laps (440

yards) of the 1.5 mile run.

TABLE II

MEANS AND STANDARD DEVIATIONS OF THE SPLIT
AND LAP TIMES OF THE 1.5 MILE RUN

Mean STD DEV Minimum Maximum

Split phase 1*

Split phase 2

Split phase 3

Split phase 4

Stable pace lap 2**

Stable pace lap 3

Stable pace lap 4

Stable pace lap 5

Split phase 5

Split phase 6

Split phase 7

Split phase 8

1.5 mile
Total stable pace time

22.32

22.38

23.38

23.58

1:41

1:44

1:45

1:46

25:11

25: 22

24.58

23.25

6:56

3.03

3.11

3.22

3.26

11.40

12.22

13.53

15.22

4.06

4.16

3.27

3.55

50.04

15.00 32.00

16.00 32.00

17.00 33.00

16.00 34.00

1:15 2:12

1:19 2: 24

1:15 2:24

1:16 2:38

19.00 39.00

16.00 25.00

20.00 34.00

17.00 34.00

5:15 9:38

*Split phases--recorded every 110 yards for laps 1 and 6.
**Stable pace lap--recorded every 440 yards for laps

2 through 5.
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Table III presents the means and standard deviations

of the split phases (110 yards) and the stable pace lap

(440 yards) times of the 3 mile run.

TABLE III

MEANS AND STANDARD DEVIATIONS OF THE SPLIT
AND LAP TIMES OF THE 3 MILE RUN

Mean STD DEV Minimum Maximum

Split phase 1* 24.22 3.43 19.00 36.00

Split phase 2 24.58 4.06 18.00 37.00

Split phase 3 25.53 4.08 19.00 35.00

Split phase 4 26.28 3.59 20.00 39.00

Stable pace lap 2** 1:49 16.12 1:21 2:32

Stable pace lap 3 1:50 17.53 1:18 2:39

Stable pace lap 4 1:54 21.26 1:21 3:21

Stable pace lap 5 1:52 17.26 1:22 2:39

Stable pace lap 6 1:55 19.54 1:22 2:51

Stable pace lap 7 1:57 19.25 1:25 2:04

Stable pace lap 8 1:57 19.09 1:25 2:43

Stable pace lap 9 1:57 18.27 1:25 2:47

Stable pace lap 10 1:57 18.19 1:25 2:44

Stable pace lap 11 1:55 17.04 1:24 2:47

Split phase 5 26.26 5.26 13.00 45.0

Split phase 6 26.47 4.29 20.0 42.0

Split phase 7 26.47 4.31 18.0 39.0

Split phase 8 24.24 5.14 16.0 41.0

3 mile
Total stable pace time 19:12 2.49 15:03 25:20

*Split phases--recorded every 110 yards for laps land 2.
**Stable pace lap--recorded every 440 yards for laps 2

through 11.
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Table IV contains the correlation matrix of the split

time and lap times of the 1.5 mile run.

Table V presents a summary of the factor analytic

findings of the 1.5 mile run. The factor analysis produced

two factors: Factor I relating to stable pace (laps 2

through 6) and Factor 2 relating to initial sprint pace

(110 yard splits 1-4). Factor loadings of .72 to .89 were

derived for Factor 1, whereas Factor 2 resulted in factor

loading of .86 to .91. A factor loading is the correlation

between a variable and its derived factor.

Table VI contains the correlation matrix of the split

times and lap times of the 3 mile run.

Table VII presents a summary of the factor analytic

finding of the 3 mile run. Factor analysis resulted in a

three factor-structure. Factor 1 related to stable pace,

laps 3 to 11 (440 yards/lap). Factor 2 related to initial

sprint phase (110 splits 1-4) and lap 2 (second 440), and

Factor 3 related to the last lap (final 4 to 110 splits)

defined as the final sprint phase. The first factor had

loadings ranging from .84 to .65 and the second factor had

loadings ranging from .92 to .70. The factor loadings of

Factor 3 ranged from .85 to .68.
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TABLE V

FACTOR ANALYSIS OF THE 1.5 MILE RUN

Factor f Factor 2 b2

Lap 5

Split 7

Lap 3

Lap 4

Split 5

Split 6

Lap 2

Split 8

Split

Split

Split

Split

2

I

3

4

Eigenvalue

Percentage of factor
variance

.89

.87

.84

.82

.82

.78

.73

.72

.29

.31

.36

.33

8.22

68.50

.31

.20

.37

.38

.26

.30

.53

.29

.91

.90

.89

.86

1.54

12.80

I I _ _ _ __ _ _

.88

.80

.83

.82

.73

.71

.81

.60

.90

.91

.92

.85
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TABLE VII

FACTOR ANALYSIS OF THE 3 MILE RUN

Factor 1 Factor 2 Factor 3 h

Lap 8 .84 .28 .39 .93

Lap 9 .84 .16 .40 .89

Lap 10 .83 .20 .47 .96

Lap 5 .83 .43 .29 .96

Lap 11 .82 .16 .44 .89

Lap 7 .82 .33 .34 .89

Lap 4 .74 .45 .10 .76

Lap 6 .74 .35 .40 .82

Lap 3 .65 .41 .29 .68

Split 3 .22 .92 .10 .91

Split 2 .21 .89 .21 .87

Split 4 .34 .85 .21 .89

Split 1 .24 .84 .20 .81

Lap 2 .63 .70 .22 .94

Split 8 .30 .14 .85 .83

Split 7 .36 .15 .85 .87

Split 6 .42 .21 .79 .86

Split 5 .33 .38 .68 .72

Eigenvalue 12.16 2.17 1.11

Percentage of factor
variance 67.60 12.00 6.20
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In an attempt to determine the robustness of the

data analysis, three other factor analytic techniques were

conducted--principal factor analysis, alpha factor analysis,

and the maximum likelihood analysis. The results derived

from the additional analyses were very similar to the

findings of the principal components analysis.

Table VIII presents the correlation coefficients of

performance times of the 1.5 and 3 mile runs, treadmill time

and YO2max. Included is the correlation of the stable pace

time of both runs with 9O2max using Pollock's equation and

actual VO2max. Note that high correlations are evident

between the 1.5 mile and the 3 mile time, and the stable

pace times of both runs and the total time for the 1.5 and

3 mile run. All correlations reported in Table VIII are

significant at the p > .01 level.
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CHAPTER V

DISCUSSION

The purpose of this investigation was to examine the

relationship between treadmill time, maximal oxygen

consumption and pace characteristics of the 1.5 and 3 mile

runs and to compare the distances and pace characteristics

as predictors of aerobic capacity.

The mean value for predicted maximal oxygen consumption

(56.8 ml/kg-min) is higher than results of previous

investigations (Shaver, 1975; Wiley & Shaver, 1972). A

comparison of performance times with values of males of

comparable age (Shaver, 1975; Myles, Brown, & Pope, 1980)

indicate better condition of the subjects in the pressent

study. A mean time of 22:36 for the 3 mile is faster than

that reported by Shaver (1975) of 25:18 and a mean value

of 25:54 reported by Wiley and Shaver (1972). The 1.5

mile time (19:07) is faster than that reported by Jackson

et al. (1981) of 10:15 and Myles et al. (1980) of 10:24.

The mean value for fat percentage (9.9%) is similar

to values reported in studies dealing with trained distance

runners (Costill, 1967; Berg & Bell, 1980). Lower body

fat percentage contributes towards better distance run

36
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performances. Excess body fat increases the energy cost of

running (McArdle, Katch, & Katch, 1981). It is possible

that the high fitness level of the subjects was attributable

to the selection process, for the subjects were chosen from

jogging and conditioning classes.

The mean maximal heart rate of 187.9 beats per minute

obtained from the treadmill test indicates that the subjects

were working at or near maximal effort upon termination of

the test based on predicted maximal heart rate (220 - age).

Those subjects with heart rates below predicted reported

termination of the test was due to leg fatigue rather than

failure of the cardiorespiratory system. The mean maximal

heart rate was lower than results reported in previous

literature (McArdle, Katch, & Pechar, 1973; Mayhew & Andrew,

1975).

Identification of Pace Structures

Factor analysis calculated on the 1.5 mile run produced

a two-factor structure. The first factor was characterized

by stable pace, laps 2 through 6. The second factor was

characterized by the speed pace, 110 yard split times 1

through 4. Both factors produced eigenvalues greater than

1.0. Factors 1 and 2 resulted in eigenvalues Of 8.22 and

1.54, respectively. Kaiser (1960) suggests the retention of

those factors with eigenvalues of 1.0 or greater. Factors

1 and 2 accounted for 81.30% of the factor variance.
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Inspection of Table II reveals the first lap as

being the fastest lap time (1:36). The times for laps 2

through 5 (1:41 to 1:46) were slower than lap 1 yet remained

consistent, indicating the attainment of a steady state

pace. Lap 6 (1:38) produced high factor loadings (.72 to

.87) contributing to the structure of Factor 1.

Utilizing factor analysis, Jackson et al. (1980)

extracted a robust three factor structure for the 1.5 mile

run. Factor 1 was defined as the initial speed phase

(splits 1 through 9); Factor 2 as the final speed phase and

Factor 3 was identified as the stable pace phase. Jackson

et al. (1980) concluded definite pace characteristics

were evident in the 1.5 mile run based on these results.

They further substantiated their contention with correspon-

dingly high heart rates and values for perceived exertion

for each phase identified.

The findings reported by Jackson et al. (1980) are in

agreement with the three factor structure derived for the

3 mile run of the present investigation. Factor 1, which

was identified as the stable pace phase, had factor

loadings of .65 to .84. Factor 2 related to the initial

sprint phase with factor loadings ranging from .70 to .92.

Factor 3, or the final sprint phase, produced factor

loadings of .68 to .85. All three factors accounted for

85.8% of the total variance. However, Factors 2 and 3

accounted for only 18.2% of the variance, whereas Factor I
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accounted for the major portion of the total variance

(67.5%). Factors 1, 2 and 3 resulted in eigenvalues of

12.16, 2.17.and 1.11, respectively.

Relationship Between Running Times and
Criterion Endurance Measures

Table VIII revealed moderate correlations exist between

stable pace times of both the 1.5 and 3 mile runs and tread-

mill time (determined to be highly correlated, r = .94, to

actual VO2 max). High correlations are reported between the

stable pace times for both run performances and the total

times of both the 1.5 and 3 mile runs, r = .98 and r = .99,

respectively.

To determine the stability of the relationships reported

in Table VIII, the correlations were recalculated on a

randomly selected 50% of the original sample. The results

of this reanalysis were very similar to the results reported

in Table IV.

Additionally, moderate correlations are evident between

the total times for the 1.5 and 3 mile runs and maximal

oxygen consumption, r = -.69 and 4 = -.74, respectively. The

similarities in correlations would indicate the stable paces

of both runs are equally important as predictors of aerobic

capacity. Berger (1982) recommends endurance runs of 3

minutes, preferably 5 minutes or longer if the intent is to

measure aerobic capacity. The stable pace of the 1.5 and 3

mile run clearly meet this criteria.
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Jackson et al. (1980) contend that due to the fact two

sprint phases were identified, an anaerobic component

contributed to overall performance of the 1.5 mile run.

However, in the present investigation, Factor 1 or the

stable pace phase, with an eigenvalue of 8.22 and a per-

centage of factor variance of 68.5, contributes more towards

the total performance time of the 1.5 mile run. The 3 mile

run demonstrates similar findings, although two factors are

attributed to sprint phases. The stable pace phase accounts

for the largest percentage of factor variance (67.5%) with

an eigenvalue higher than that of the sprint phases. Both

stable paces are clearly aerobic in nature, as evidenced

by the correlations between actual V02 and the stable paces

of the 1.5 and 3 mile runs (-.74 and -.84, respectively).

Similarities and Differences of the

1.5 and 3 Mile Runs

Disch, Frankewicz, and Jackson (1975) examined the

factor structure of distance runs to determine the factors

being measured. Two factors were identified: the distance

runs (from .5 miles to 2 miles and the 12 minute run)

comprised the first factor and the shorter speed related

distances (50 and 100 yard dashes) comprised the second

factor. The factor loadings for the middle distance runs

ranged from .74 to .88. Based on construct validity, the

best indicators of both factors can be derived from "the
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"extremes of the speed-distance continuum." Intercorrelations

of the tests provide evidence of a two factor structure.

In the present investigation, separate speed and stable

paces were identified. The speed pace, identified through

split times, did not contribute heavily towards the overall

performance based on the percentage of factor variance. In

contrast, the stable pace phase contributed significantly to

overall performance. Near perfect correlations exist between

the 1.5 mile stable pace phase and performance time (r = .98)

and the 3 mile stable pace phase and performance time (r= .99).

The correlations between the endurance runs proved to be

significant (r = .89) at the .01 level. Although both runs

possess different factor structures, both are related to

aerobic capacity.

Validity of Treadmill Time to Predict O2 max

The correlation of r = .94 between treadmill time and

maximal oxygen consumption demonstrates the validity of the

use of treadmill time to predict 9 02max. Direct measures of

Y02max (N = 11) were performed through the Beckman Metabolic

Measurement Cart. (The use of the Beckman was not included

in the proposal due to the fact that the Beckman was not

operational. The Beckman was operational late into the data

collection; therefore, actual gas analysis was performed on

a fraction of the sample.) The criteria for 902 max were voli-

tional termination, failure of oxygen consumption to increase

with workoad and/or a respiratory quotient greater than 1.00.
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The correlation of r = .95 verifies the accuracy of

using Pollock's regression equation (Bruce protocol) to

predict actual YO2 max. Pollock et al. (1976) reported

similar results (r = .88) pertaining to the relationship

between actual 9O 2max and treadmill time.

Summary

Several factors contribute toward success in distance

running: genetics, age, sex, motivation, and experience

(Astrand, 1970). Synonymous with experience is knowledge

of pacing. Katch et al. (1973) state that some individuals

initiate a run at "an injudicious pace," either too slow or

too fast. Their performance score would reflect an error

in pacing rather than a poor aerobic capacity.

As the intensity of a run increases, anaerobic processes

predominate. An equal contribution of energy production

from anaerobic and aerobic metabolism exists if maximal

effort is sustained for 2 to 2.5 minutes. It is generally

agreed that distance runs of 3 minutes or longer predomi-

nantly involve aerobic metabolism (Astrand, 1970; Berger,

1982).

Two distinctions exist that differentiate anaerobic

from aerobic endurance; (1) the intensity of muscle force

and (2) the velocity of muscle shortening (Berger, 1982).

As evidenced in Table IX (Berger, 1982), aerobic endurance

involves low muscular force and contraction velocity.
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TABLE IX*

PHYSICAL PERFORMANCE COMPONENTS, ASSOCIATED MUSCLE
RESPONSES AND MUSCLE MASS INVOLVEMENT

OF AEROBIC ENDURANCE

Muscle Contraction Muscle Resistance
Force Velocity Repetitions Mass Load

Aerobic body
Endurance low low high high weight

*Modified from Berger, R. (1982). Table 7-2, p. 249,
Physical Performance Components and Associated Muscle
Responses, Muscle Mass Involvement and Load Lifted.

In their concluding remarks, Katch et al. (1973) report

that if the purpose of a distance run is to measure aerobic

capacity, the run must be long enough to incorporate a

larger proportion of aerobic metabolism. Correlations

between distance runs and aerobic capacity increase as the

distance increases (Ribisl & Kachadorian, 1969; Shaver,

1975).

In the present investigation, the 1.5 and 3 mile

proved to be adequate distances to measure aerobic capacity

for healthy, college aged males. Factor analysis clearly

identified separate factor structures relating to speed

and steady pace.

Conclusion

Based on the results of the present investigation

the following conclusions were drawn:
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1. The strength of the relationship between 9O2max and
the distance runs indicate that the 1.5 and 3 mile runs are

valid measures of aerobic capacity.

2. Utilizing the 3 mile run for the measurement of

aerobic capacity does not significantly increase the

correlation between YO2max and endurance runs.
3. Factor analytic findings of the 1.5 and 3 mile runs

demonstrate pacing characteristics.

Recommendations

1. The present investigation limited the sample to

college aged males. The addition of women would extend the

application of the results to both sexes.

2. A larger sample size for the direct measurement of

VO2max would enhance the predictive validity of the 1.5 and

3 mile runs as measures of aerobic endurance.

3. The development of norms for the 3 mile run for

comparative purposes would assist in the endurance evalua-

tion.

4. To further determine if an anaerobic component

were of prime importance, split times of shorter distances

(<110 yards) should be recorded for every lap.



APPENDIX A

Informed Consent

I, , volunteer to

participate in the following investigation to access my

functional capacity, i.e. maximal oxygen consumption.*

You will perform a treadmill test utilizing the Bruce

protocol, which increases in speed and incline every 3

minutes. To determine your present level of fitness, you

are encouraged to continue for as long as possible. To

accomplish this, the intensity of the workload will increase

progressively until fatigue or possible contraindications

are evident, i.e., chest pain or feelings of discomfort.

At this point, the test will be terminated. In addition,

you will be asked to run 1.5 and 3 miles for the fastest

time possible.

Risks

The possibility of certain changes does exist, which

include fainting, irregular heart beat, abnormal blood

pressure and in very rare instances, heart attack. Every

precaution will be taken to minimize the possibility of

such undesirable changes. Emergency equipment is readily

available if an emergency should occur. If you or your

family have a history of cardiovascular disease, you will

not be permitted to participate.

45
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Benefits

The results from the test will be used to assist in the

evaluation of your present level of fitness. Individual

counseling will be provided to suggest appropriate measures

for reducing body fat, increasing lean body weight and

increasing overall fitness (cardiovascular efficiency,

muscular endurance and strength, and flexibility) if

necessary.

Any questions pertaining to procedures are encouraged.

Having read the above information, I fully understand

the implications and do hereby voluntarily consent to be

tested.

Signature

Date

Witness

*Maximal oxygen consumption is a measure of aerobic

capacity.



APPENDIX B

Age:__

Height:

Weight:

Tricep:

Chest:

Abdomen:

Sum of three:

% of fat =

x (body weight)

Fat weight:

(Body weight)

(Fat eight) -

Lean body weight =

47
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