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STAIR-RUNNING AS A TRAIKING METHOD
Abstract

JOHN D, PEARSON
Under the supervision of Assistant Professor M. Thomas Woodall

The purpose of this investigation was to determine whether
subjeets who participated in a vigorous stair.rumning program experi-
enced significant changes in explosive power, leg strength, and
cardiovascular efficiency.

The following procedure was employed: Six male, freshman
students at South Dekota State College volunteered to take part in
the study conducted over a seven week period during the Spring semes-
ter of the 1964 gehool year. The subjects were tested initially and
finally by the author using the Sargent Vertical Jump Test, cable-
tension tests of knee extension strength and knee flexion strength,
and the Harvard Step Test. 1In addition, initial and final resting
heart-rates were taken as woil as dally resting hearterates during
the training program, The training program lasted for twenty-five
days and involved rumning up one flight of twentynine steps, fole
lowed by twelve flights of twelve steps and walking down. As the pro-
gram progressed the number of repetitions per day increased, the pace
for each repetition became faster, and the rest interval between repe-
titions was shortened.

As a result of the findings obtained during this investigae
tion, the following conclusions appear warranted. A program of staire

running, as conducted in this study, may significantly decrease



resting heart-rates. It may also improve cardiovascular efficlency as
measured by the Harvard Step Test. The Sargent Vertical Jump Test and
cable-tension tests of knee extension strength and knee flexion
strength failed to show mean gains or losses which were significant.
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Chapter I
INTRODUCTION

The effect of various training programs on the human body
has long been a topic for discussion among physical educators, athe
letic coaches and physiologists, Although physical educators are cone
cerned with physical fitness they are not interested in producing an
individual who reaches the peak of condition necessary for strenuous
athletic contests such as those found on the interscholastic or inter-
collegiate level. Individuals concerned with building strong competi-
tive teams have gone to great lengths to provide the type of physical
conditioning program they feel can best prepare the individual athlete
to meet competition. This conditioning period must often be confined
to a few short weeks where the level of physical attainment will, at
best, be low.

Most coaches agree that in order to have champion athletes
and championship teams the ihdividull athletes must have muscular
strength and cardiovascular conditioning sufficient to meet the chal-
lenges of prolonged, strenuous competition. It is, therefore, of
primary concern to the coaches involved to develop strong cardiovase
cular and muscular systems in athletes in relatively short periods of
time.

Feeling that explosive power, leg strength, and cardiovas-
cular efficiency were of prime importance to a variety of athletic
events, the author became interested in stair.running as a vehicle for

improving these aspects of physical fitness.



The literature revealed no research pertaining strictly to
the use of stairerunning as a training method, however, Charles Paddock,
the great sprinter of more than forty years ago, included in his daily
running schedule sprints up a 200.yard hill at an angle of about thirty
to forty degrees, or several flights of stairs.1 Reference is also

1Emat Jokl, M. D., Phgs;gug% Muscle Strength and Performance, Amateur
Athlete, December, 1962, p. .

made to the use of stairerunning in a pre-season conditioning progran

as a substitute for inclined hill runmning for track athletes by Dave

2

Rankin,” Track Coach, Purdue University. Bill Ferrell,’ Trainer at

zmve Rankin, 4 r ters, Athletic Journal, Deceme
ber, 1962, p. 18,

3B111 Ferrell, Sports Illustrated, March 2, 1964, p, 8,

Arkansas, states that their football teams are now resuming the old
practice of running the stadium stairs after becoming dissatisfied with
the results of isometric exercises. Tommy Kvans.“ Wrestling Coach of

"From notes taken at the University of Minnesota lWrestling Clinie,
November 9, 1963,

the 1963 National Champions reports staire-rumning as being an important
part of their conditioning program,
A noted physiologist makes the following statement concerning

stairerunning. "It has been estimated that at the same rate of speed



one uses 15 to 17.7 times more energy in clirbing to a certain height
than he does in walking, on a level, a distance equal to that height."”

Speter V. Karpovich, Physiology of Museular Activity, p. 99.

The apparent lack of material in the field relating to staire
running seems to indicate a need for further study. It is for this

reason that this investigation was begun.

Statement P en

The purpose of this study was to determine whether subjecis
who participated in a vigorous stairerunning program experienced sig-
nificant changes in explosive power, leg strength and cardiovascular
efficiency.

Limitations Stu

The outstanding limitation in this investigation was the
small number of subjects with which the investigator was able to work.

Assumptions

For the purpose of this study the following four items are
listed as assumptions:

1. The subjects physical activity was confined to that of
the training program.

2. Heart-rates taken after ten minutes at rest in the supine
position, prior to exercise, properly represents the normal resting
hearterate of the individual.



3. Fluctuations in temperature of the unheated campanile had
no effect on the results of the study or the conclusions made.
b, The training program was of sufficient length and intene

sity to cause desired changes in the measurements under investigation.



Chapter IX
PROCEDURE FOR OBTAININC DATA

gubjﬁts

8ix male students enrolled, during the spring semester of
the 196364 school year, in the service program of physical education
at South Dakota State College volunteered as subjects, A physical
examination was given each individual and no subject was used who pos-
sessed a history of physical defects or disorders of any type.

For the purpose of greater control over the activity of the
subjects and due to the strenuous nature of the experiment, the sube
jects were exempted from the required physical education activity
during the seven week period from February to the end of March, 1964,

The subjects selected were not at the time, nor had they
previously been, members of an athletic team at South Dakota State
College,

Through written and oral communication, each subject was
urged to continue, throughout the experiment, his usual eating,
sleeping, drinking, smoking, and exercise habits. All of the subjects
were cooperative, displayed an interest in the study and agreed to

follow the rules and regulations regarding their conduct.

Heasurements

The measurements used in this study are considered in two

categories: Those undertaken before the investigation began will be
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referred to as the initial tests, and those used after the five week
training period was completed will be referred to as the final tests.
A familiarization period was conducted to acquaint the subjects with
the various measuring devices during the week prior to the
investigation.

losive Power

Initial and final Sargent Vertical Jump Tests were adminis-
tered to each subject. The procedure for administration of the Sar-
gent Vertical Jump Test was as follows: The subject dipped his fingers
in chalk dust and assumed a position in front of a board calibrated in
inches. While standing flat.footed the subject reached as high as pose
sible and touched the board, thus leaving a chalk mark. The individual
then swung his arms downward and backward taking a erouch position with
knees bent approximately at right angles. The subject paused in this
position, to eliminate the possibility of a double jump, and leaped
upward as high as possible, swinging the arms forcefully forward and
vpward touching the board while at the highest point of the jump. The
reaching height was subtracted from the jumping height and the best of
three trials was recorded.

Leg Strength
Cable-tension tests of knee extension strength and knee

flexion strength were administered initially and finally to each sube
ject, The administrative procedure for the cable-tension test of knee

extension strength was as follows: The subject was seated on a table



in a backwardeleaning position, armus were extended to rear, hands
grasping sides of the table. A regulating leg strap was placed midway
between the knee and ankle joints with a pulling assembly attached to
a hook beneath the table., A goniometer was used to check the stand.
ardized 115 degree tidbiofemoral angle., A tensiometer was used to
measure the strength of muscles that cause extension of the lower leg
at the knee joint. When the subject was found to be in the correct
position the authox; gave the command "pull,” Three trials were per-
formed and the highest of three readings was recorded for each subject.
Right and left leg scores were added together to give a combined leg
strength score for knee extension.

The administrative procedure for testing knee flexion
strength was as follows: The subject assumed a prone lying position
on a table with the parellae just at the edge, the head resting on
folded arms. A regulating leg strap was positioned midway between the
knee and ankle joints with a pulling assembly attached to a hook below
and at the lower end of the table. A goniometer was used to check the
tibiofemoral angle at a standardized 165 degrees flexion, A tensiome-
ter was used to measure the strength of muscles that cause flexion of
the lower leg at the knee joint. When the subject was found to be in
the ecorrect position the author gave the command "pull." Three trials
were performed and the highest of three readings was recorded for each
subject. Right and left leg scores were added together to give a

combined leg strength score for knee flexion,



Harvard Step Test

The Hapvard Step Test was administered iritially and finally
to determine cardiovascular efficiency as indicated by the Physical
Bfficiency Index, (FFI)., The procedure for administration of the
Hayvard Step Test was as follows: The subject stepped up and down
thirty times a minute on a bench twenty inches high. The cadence was
held constant by use of a metronome. Stepping was done in four counts
with the subject stepping all the way up on the bench with an erect
body.

The stepping exercise continued for exactly five minutes as
all subjects were able to complete the test. The duration of the
exercise in seconds was recorded, 300 being the maximum for the full
five-minute period.

Immediately after completing the exercise, the subject sat
on a chair. The pulse was counted 1 to 14, 2 to 2%, and 3 to 3%
minutes after the stepping ceased.

A Physical Efficiency Index (PEI) was computed, utilizing
the following formula:

puration of Exercise in Seconds X 100

PEL 2 X Sum of Pulse Counts 1ln Recovery

leart-rate

The hearterate was taken each school day during the week
prior to the training period, a total of five times, The first two
days were used as periods of familiarization and were not used in the
compilation of data. The remaining three heart-rates were averaged

o0



to determine the initial resting heart.rate prior to the training
period., The same procedure was followed after the five week training
period to determine the final resting hearterate. The heart-rate was
also checked each day during the training period prior to exercise.
The high and low recordings were rejected and the remaining three
averaged to determine the average weekly hearte-rates during the
training prograa,

The subjects were asked to report at 5:00 P,M. each day.
When the subjects arrived they assumed a supine position on individual
mattresses placed on the floor in an isolated room, Ten minutes after
they had assumed this quiet, resting position the author began checking
hearterates.

Training Program

The training program which began on February 17, 1964, and
ended March 20, 1964, was conducted in the campanile on the campus of
South Dakota State College. The training program lasted for twenty-
five days and involved rumning up one flight of twenty-nine steps,
followed by twelve flights of twelve steps. One repetition in the
training program necessitated rumming up the stairs to the top of the
campanile, at a certain pace, and walking down. Upon arriving at the
bottom, subjects received a short period of rest. Table I describes
the training program for all subjects. As Table 1 reveals, subjects

were placed under increased stress as the program progressed. The
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number of repetitions per day inereased, the pace for each repetition
became faster, and the rest interval between repetitions was shortened.

Table I
Training Program

——— e —————— ———
- Ropetitions | (Seeonds)T  ramscer
1=2 2 45 2.5
35 3 b5 2.5
68 L b5 2,5
9=10 5 45 2.5
11-13 5 w2 2.5
1415 6 42 2.5
16-18 7 42 2.5
19-21 8 u2 2.0
22.23 9 u2 2.0
2425 10 u2 2.0




Chapter III
ANALYSIS OF DATA

The statistical analysis of the data used to detemine
whether subjects who participated in a vigorous stair.rumning program
experienced significant changes in explosive power, leg strength, and
cardiovascular efficliency appaara. in this chapter.

Conversion of Raw Scores

The raw scores (tension pounds) obtained on the strength
tests were converted to pounds and the raw scores obtained for the
Harvard Step Test were converted to Physical Efficiency Index points
before the analysis began, The raw scores obtained on the Sargent
Vertical Jump Test and the heart-rates required no conversion in this
investigation, |

iab

The reliabilities of three of the tests employed in this
investigation were determined through a testeretest method, A rho or
a rank order correlation was computed for each of the three tests. The
reliability scores were as follows: Knee extension strength .84, Knee
flexion strength .80, Sargent Vertical Jump .93. A test of reliability
was not conducted for the Harvard Step Test. Although the reliability
of the Harvard Step Test has been questioned by some, it is still
widely used as an inexpensive method of testing cardiovascular effi.

ciency since a great deal of equipment is not necessary.
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is of Data

The following six tests were administered: Sargent Vertical
Jump, knee extension strength, knee flexion strength, Harvard Step
Test, initial to final heart-rates, and average weekly heart-rates.
For all the tests, except average weekly hearterates, the initial and

6

final means were determined as suggested by MeCloy. The standard

6. H. MeCloy, and N. D. Young, Tests and lfeasurements in Health and
Physical Education, p. 431.

error of the differences between the initial and final means and the
eritical ratio was obtained. The null hypothesis was rejected if the
obtained t ratio was greater than 4,03, The one percent level of cone
fidence was chosen and five degrees of freedom were present in this
investigation. In addition, an analysis of variance was conducted to
determine if 2 significant difference occurred between average weekly
heart-rates,

Table II shows the individual gain or loss, the average gain
or loss, and the level of significance for each test.

Eindings

Sa t Vertical J

It 4is interesting to note that a mean loss of .75 inches was
observed for subjects on the Sargent Vertical Jump Test. A %t ratio of
.38 was found; therefore, the null hypothesis was accepted.
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Enee Extension Strength

The mean loss for subjects on the cable-tension test of knee
extension strength was 34.8 pounds., The eritical ratio was calculated
and found to be .68, which was not significant for this study and the
null hypothesis was accepted.

n n St th

The mean gain for subjects on the cable-tension test of knee
flexion strength was 22.1 pounds. The eritical ratio was caleulated
and found to be 2,08, which was not significant for this study; theree
fore, the null hypothesis was accepted.

Harvard Step Test

The mean gain in cardiovascular efficiency for subjects on
the Harvard Step Test is shown in terms of physical efficiency points
and was found to be twelve points. The % ratio of 4,88 indicated sige
nificance at the one percent level of confidence, therefore, the mull

hypothesis was rejected.

L 1 Hea te

The mean gain in heart-rate efficiency, i.e., decrease in
beats per minute, was found to be 12,17, (Table I) A t ratio of 4,89
was found, therefore, the null hypothesis was rejected. Figure 1
shows the average weekly hearterates for individual subjects. It is
interesting to note that all subjects, at all levels, decreased
steadily in heart-rate after the first week in comparison with the
initial heart.rate.
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85
TS wafeer
Beats
per 65.L.
Min.
55 endn
45 -4
Init. 1 2 3 L 5 Fin.
Weeks
Figure 1

Average Weekly Individual Heart-rates

Legend:
Subject 1 =emm— Subject U4 = wmwmwm.
Subject 2 = Subject 5 svwwsssenwus
Subject 3 « wm o " Subject 6 *w= ===
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Average Weekly Hearte-rate
Figure 2 illustrates graphically the average weekly hearte

rate for the group., A decided decrease was shown for all but the fifth
week in which heart-rates increased slightly.

An analysis of variance for average weekly heart.rates proe.
duced an F ratio of 14.42, which was significant at the one percent
level of confidence. An F ratio of 3.47 was needed for rejection of
the null hypothesis,

ss af ms F
(Treatments) 775 6 129.10 14,42
Within 3133 35 89.51
Total 3908 i

Duncan's Multiple Range Test’ was then applied to the

73’“@1 and Torrie,

analysis of variance data to determine where significant differences
oceurred, It was found that at the one percent level of confidence,
average weekly hearterates decreased significantly between the initial
week and the second, third, fourth, fifth, and final weeks., Statistie
ecally significant differences were also found between the average
weekly heart-rates for the first week and the second, third, fourth,
fifth, and final weeks. Although differences existed between the other

weeks these differences were not significant for this study,
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Summary of

The Harvard Step Test gains and hearterate losses were found
to be significant at the one percent level of confidence. In the other
two tests, i.e., Sargent Vertical Jump Test and tests of leg strength,
the mean losses and gains were not significant for this study.

Discusgion

Due to the small mumber of subjects used in this investiga-
tion the author attempted to present an individual, as well as a group
analysis, wherever possible.

It is difficult to explain why a mean loss was experienced
in explosive power and knee extension strength, however, a contributing
factor may have been the use of handrails while rumning up the stairs.
It would seem that stalre-running would contribute to strength gains
in knee extension to a greater degree than to knee flexion since these
are the muscles that are most involved in raising the body up the
stairs. A followeup test was given one week after the termination of
the program to determine if fatigue may have been a factor in the
strength loss. However, similar results were obtained on this test.

The inerease in hearte.rate for the fifth week of training
may be easier to explain since this was the week in which all of the

| subjects were involved in midesemester tests.



Chapter IV
SUMMARY

Eroblen

The purpose of this investigation was to determine whether
subjects who participated in a vigorous stairerunning program experie
enced significant changes in explosive power, leg strength, and

cardiovascular efficiency.

ks

Participants in this study were male, freshman students at
South Dakota State College during the Spring semester of the 196364
school year. The subjects participated in a five-week training pro-
gram in which they met five times per week. A gradual increase in the
work load was maintained throughout the training program in order to
tax the subjects physically and physiologically,

Tests to measure explosive power, leg strength, and cardio-
vageular efficiency were administered during the week prior to, and
the week following, the five-week training period. In addition, daily
heart.rates were taken during the training period.

Iindings

Resulting from the administration of a five.week staire
rmmning program are the followling findings:
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(1) Subjects showed no significant gain or loss in explosive
power as indicated by the Sargent Vertical Jump Test.

(2) No significant gains or losses were found in leg strength,

(3) There was a significant gain in cardiovascular efficiency
as indicated by the results of the Physical Efficiency Index of the
Harvard Step Test,

(4) A comparison of initial and final hearterates revealed

a significant decrease.

onclugions

From the findings of this study, the following conclusions
are drawn. The method of stairerunning used in this study was an
effective method of improving cardiovascular efficiency and decreasing
hearterate. A program of staire-running, as performed in this study,
does not significantly affect explosive power and leg strength,

ommendat for rth %

Based on the experiences of the author in this study, the
following recommendations are made: A similar study be conducted
using a larger group of subjects under similar training conditions
with an equal number of subjects acting as controls. A study be cone
- ducted using other methods of measuring leg strength.
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APPENTLX A
Raw Data: Sargent Vertical Jump Test (inches)

Subject Initial Final
i 19.5 20,0
2 21.0 22,0
3 19.0 17.5
L 20.0 19.5
5 19.5 17.5
6 23.5 21.5



Sub ject

[+ NN U - " 2

Leg Strength Tests (pounds)

APPENIIX B
Raw Data:
Extension

Initial Final

720 642

558 520

490 585

547 620

560 b6

707

590

Initial
350
323
297
390
317
316

Flexion

Final
327
333
342
432
338
354

23



APPERITX C

Raw Data: Harvard Step Test®

Subject {=1.5 min, 2.2,5 min.
1 72 68
& 52
2 6l 54
2 2
3 76 70
&4 2
L 74 72
&4 iz
5 66 93
2 B
6 63 56
£ 31

*Data denotes heart.rate during recovery

Nonunderlined number represents initial test data
Underlined number represents final test data

Fe3e5 min,

W
L

e BS B2 K& IEY B

24



25

APPENIIX D
Raw Data: Hearterates
Period Subject Number

Number 1 2 3 il 2 6
1 7 51 80 75 63 73
2 57 63 81 76 62 79
3 70 59 84 71 57 76
4 68 64 84 83 57 64
5 66 é5 84 73 % é5
6 66 62 80 75 61 &4
7 €6 57 84 73 71 64
8 68 56 87 74 54 60
9 74 58 74 €3 62 67
10 6h 49 75 69 56 63
1 54 51 78 66 54 62
12 56 53 79 75 57 54
13 54 51 76 70 52 63
14 53 54 86 72 54 54
15 55 54 7?7 65 54 57
16 55 48 78 62 52 67
17 53 54 73 65 54 55
18 54 55 76 60 57 59
19 52 55 77 68 56 51
20 4o 54 77 67 59 54
21 LTS 5h 74 68 52 56
22 52 54 77 66 54 51
23 48 54 79 62 51 53
24 59 51 76 66 55 59
25 50 51 71 58 58 b7
26 54 46 76 60 585 é5
27 55 45 73 62 58 63
28 52 51 74 66 53 58
29 47 56 76 63 ] 53
30 b5 54 78 61 43 61
31 L6 51 67 63 50 61

*Not recorded
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