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ABSTRACT

Twenty-nine college age (18 to 30 years) males were randomly 
distributed into three groups: Group I (THR), Group II (RPE)and
Group III (No Prescription). All subjects underwent a series of at 
least two maximal and six submaxima1 exercise tests. Only the sub- 
maximal tests differed among the three groups. Group I (THR) was pro
vided with a THR range equivalent to 60% and 70% of their maximal 
capacity as calculated by Karvonen's (Karvonen et al. 1957) formula. 
This group was trained to use the palpation technique and instructed to 
exercise at intensities within their THR range by using this technique. 
A THR range was also calculated for Group II (RPE), however this group 
was not told what that range was in terms of heart rate. During the 
first two submaxima1 sessions. Group II's intensity of exercise was 
controlled in order to maintain the target level of intensity while the 
subjects rated their perceived exertion. In the subsequent four sub- 
maximal tests. Group II was instructed to maintain the prescribed level 
of exercise intensity solely by monitoring their RPE. Group III (No 
Prescription) served as a control group. They were instructed to main
tain an intensity of exercise similar to that which they would if they 
were exercising on their own.

The data was analyzed to determine the effectiveness of RPE 
as an alternative to the THR method, and to validate the accuracy of 
the palpation technique at intensities of 60% to 70% of maximum. The

ix



results show that the intensity of exercise was maintained within the 
individualized THR ranges with 55.3% accuracy for Group I (THR), 48.5% 
for Group II (RPE), and 24.5% for Group III (No Prescription). Less 
than 1% error was found between any pairing of exercise, post-exercise, 
and palpated heart rates.



CHAPTER I

INTRODUCTION

The assessment of physical fitness and its modification through 
individualized exercise prescription have become a sophisticated 
science. Tests for cardiovascular function, body composition, flexi
bility, and pulmonary function are used to determine one's current 
level of fitness. On the basis of these tests, biomedically sound 
programs of exercise can be prescribed. The implementation of guide
lines which specify the optimal mode, frequency, duration and intensity 
of exercise (American College of Sports Medicine, 1980) enable improve
ment in cardiovascular function, flexibility and body composition, 
while avoiding structural injury, fatigue, and discouragement.

Intensity has been referred to as the most critical of those 
parameters which formulate the exercise prescription (Shepard, 1968). 
Although the same mode, frequency and duration of exercise may be 

prescribed for most participants, the exercise intensity must be 
individually prescribed on the basis of the participant's test data.
The careful prescription and monitoring of intensity allows for safe 
participation in most activities previously restricted for the high 
risk individual, as well as insuring success for the novice exerciser. 
Presently, exercise intensity is prescribed by one of two systems: by
METS (1 MET = 3.5 ml of oxygen per kg of body weight per minute), or 

by THR (target heart rate). According to Wilmore (1976), the THR



method has many advantages over the MET system. The THR is based on the 
individual's maximal HR and resting HR, and the prescribed intensity of 
exercise is determined by the fitness level of the individual. This 
THR is expressed as the number of beats per minute (BPM) and for moni
toring purposes, can be reduced to beats per 10 seconds. The exercise 
HR can be monitored either by some electrical apparatus such as telem
etry or ECG, or by the palpation technique. Palpation, the method more 
commonly used in non-clinical settings, involves the placement of one or 
more fingers against either the radial or carotid artery and counting 
the number of pulse beats in a given period of time.

Although monitoring HR is the most common means of regulating 
exercise intensity, other methods have been suggested. One such method, 
mentioned by Morgan and Borg (1976) and by Borg (1962), involves the 
use of ratings of perceived exertion (RPE). RPE is defined as "one's 
subjective rating of the intensity of work being performed", Morgan
(1973). Although HR is an important indicator of absolute physiological 
stress, RPE is an important indicator of relative physiological stress.

Statement of the Problem
This study investigated the feasibility of using RPE to prescribe 

and monitor exercise intensity. Although the THR method is simple, 
safe, and relatively accurate, the need for another reliable method of 
monitoring intensity exists, since in non-clinical settings, the exer
cise heart rate is usually monitored only once every five minutes. RPE 

is a method which could be used continuously. RPE could also be used as 
an effective monitoring system for individuals with visual impairments.



In this study, the RPE and THR methods were evaluated separately 
and compared to determine the relative effectiveness of each. The 
absolute effectiveness of each was also evaluated by comparison against 
a control group.

This study also examined the palpation technique in order to 
determine its accuracy in the assessment of exercise HR at relatively 
low intensities of exercise. Research to date indicates that this 
traditional method of monitoring intensity has been validated only at 
intensities of 80% to 90% of maximum as determined by Karvonen's method 
(Pollock, et al. 1973). Such high levels of exercise intensity far 
exceed the generally prescribed intensity for high risk individuals 
or individuals who are beginning an exercise program.

Thus, the primary purpose of this investigation was to evaluate 
the effectiveness of RPE as an alternative method of prescribing and 
monitoring exercise intensity. This was accomplished by determining 
whether (1) a specific intensity of exercise could be maintained by 
individuals solely on the basis of RPE, and also, (2) how effective the 
RPE method of prescribing exercise intensity was when compared with the 
THR method.

A secondary purpose was to validate the accuracy of the
/ . " palpation technique at 60% to 70% of max, by determining the relation

ships which existed between: (1) palpated and exercise HR, (2) palpated
and post-exercise HR, and (3) post-exercise and exercise HR.



Review of Literature
In this section, a background review of research on the intensity 

of exercise and on perceived exertion is presented. A review of the 
methods for prescribing and monitoring exercise intensity, as well as 
research to substantiate the relationship between HR and RPE are 
included.

Intensity of Exercise

The prescription of exercise intensity is based upon research 
which ,suggests that a threshold exists, below which improvements in 
fitness do not occur. Karvonen, Kentala, and Mustala (1957) were among 
the earliest to report findings of such a threshold. No improvements 
in maximal oxygen consumption (VC> 2 max) were found in a group of men 
who trained at heart rates below 135 beats per minute (BPM). In the 
same study, improvements were reported for groups trained at heart 
rates above 150 BPM. Similar thresholds have been reported by Hollman 
and Venrath (1962), Burke and Franks (1975), and Davies and Knibbs 
(1971). Burke and Franks (1975) hypothesize that exercise below such 
a threshold is not sufficient to open new capillaries or to improve 
stroke voluirie.

Maintenance of exercise intensity below an upper limit is also 
believed to be important for two reasons. The first is the existence 
of an upper threshold above which the rate of cardiovascular improve
ments begins to plateau. This upper threshold is supported by the work 
of Burke and Franks (1975) who found no differences in improvement 
between groups trained at 75% and 85% of their VO^ max. Secondly, an



increased incidence of structural injuries is associated with high 
intensities of exercise. In a training program conducted by Saltin and 
associates (1969) in which individuals trained at 90% of max, nearly 
50% of the initial subjects dropped out due to physical injury. On the 
basis of research findings such as these, the American College of 
Sports Medicine (1980) recommends the prescription of exercise at 
intensities of 60% to 90% of the maximal heart rate reserve [(HR max - 
HR rest) x intensity + HR rest].

Target Heart Rate
The prescribed HR is referred to as the Target Heart Rate (THR). 

In a review by Wilmore (1976), the important advantages of the THR are 
outlined. According to Wilmore (1976), the THR: (1) can be applied to
all physical activities, (2) has a built in control for changes in 
physical condition, (3) controls for changes in environmental condi
tions, and (4) is useful in monitoring low levels of activity such as 
those of the elderly or physically disabled.

Although Wilmore does not mention any specific method of 
monitoring the THR, Pollock, et al. (1972) describe the palpation tech
nique of heart rate determination as the method typically used in non

laboratory situations. These authors describe the following sources 
of error with the palpation technique: (1) subject or investigator
counting error, (2) delay in counting the HR, (3) too long of a counting 
time, (4) insufficient time to practice the technique, (5) difficulty in 
coordination of HR detection and timing, and (6) hyperventilation, noise 
artifact, and other distractions.
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Pollock and associates (1972) conducted a study to validate the 

accuracy of the palpation method. They found less than a 2% error 
between palpated heart rates and telemetered HRs with subjects who exer
cised at 80% to 90% of HR max. They hypothesized, however, that an 
even greater error would be noted with subjects exercising at lower 
intensities, specifically that walkers and slow joggers would have 
greater than a 5% error using this technique because of a faster HR 
deceleration. This is in agreement with the findings of Slater-Hammel 
and Butler (1940) who compared palpated HR's with HR's secured by ple- 
thysmograph recordings. Inspection of their data reveals pulse counts 
which average 7.5% lower than the plethsymograph recordings.

The determination of error between exercise and post-exercise 
HR has been reported by McArdle, Zwiren and Magel (1969) to average 
2.7% for readings taken 10 seconds immediately after strenuous work at 
HR's of 180 BPM. Similar results are reported by Cotton and Dill (1935).

Perceived Exertion
Perceived exertion has been defined as "one's subjective rating 

of the intensity of work being performed", (Morgan 1973), and has been 
regarded as a gestalt of various sensations of effort or stress result
ing from physical work (Borg and Noble 1974). This gestalt is comprised 
of sensations from both central (cardiovascular) and peripheral factors 
(muscles and joints). Most of the experimental studies on perceived 

exertion have been carried out in the last 20 years. Although several 
scales have been developed to rate perceived exertion, the one most 
often used was developed by Borg (1962). The scale consists of numbers



from 6 to 20 with descriptive words at every other number ranging from 
"very, very light" at 7 to "very, very hard" at 19. This scale was 
designed to relate HR and RPE by the formula RPE x 10 = HR for healthy, 
middle aged men performing moderate to hard work on the bicycle ergo- 
met er. The linear relationship between RPE and HR is well established, 
with reliability coefficients from 0.77 to 0.90 having been reported 
using the Borg Scale (Bar-Or, et al. 1972, Borg 1962, and Skinner 1969), 
Skinner (1973) has validated the reliability of the scale using lean 
and obese subjects working at both progressive and randomly ordered 
work loads and found no significant difference in any of the physiolog
ical or perceptual variables in the two types of protocols. In a 
multiple regression study. Noble et al. (1973) found that ventilation 
(Vg) accounted for the greatest variance in RPE at 5 and 15 minutes, 
and respiratory rate (RR) made the greatest contribution at 30 minutes 
in 30 minute trials on the bicycle ergometer in both neutral and hot 
temperature conditions. Because HR and VO^ also show a high degree of 
common variance, it is not surprising that RPE is also linearly related 
to VO2  (Noble and Borg 1972).

This linear relationship between HR and RPE can, under certain 
circumstances be interrupted. For example, at the same HR, the use of 
autonomic blocking agents such as propanolol increased the RPE whereas 
atropine lowered the RPE (Ekblom and Goldbarg 1971). Exercise under 
the influence of environmental heat may also disrupt the RPE-HR 
relationship (Pandolf, et al. 1972). Even hypnotic suggestion has been 
utilized. While working at the same workload on the bicycle ergometer.



subjects' HR's and RPE's followed suggestions of light, moderate and 
heavy work (Morgan 1973). Borg and Linderholm (1967) have also shown 
that the change in the HR-RPE relationship clearly reflects the decreas 
in maximal HR with age.

Although the THR and palpation method of prescribing and 
monitoring exercise intensity are the most common, another method of 
prescription has been suggested. In a review article, Borg and Noble
(1974) suggest the use of perceived exertion as a complement to pulse- 
counting in exercise prescription. Morgan and Borg (1976) have made 
similar suggestions.



CHAPTER 2

METHODOLOGY

This section contains a comprehensive description of the subjects, 
experimental design, and statistical analysis utilized for this study. 
The method of subject selection and data collection in each phase of 
the experiment are included.

Subj ects
Twenty-nine college age ("18-30 years) male subjects were chosen

%from volunteers who had not participated in a jogging or walking pro
gram for more than four consecutive weeks during the previous year.

Each subject completed a medical questionnaire and a human subject 
consent form (Appendices A and B) prior to their initial participation \
in the experiment. Age, weight, VO^ max, and HR characteristics are

_ 1
presented in Table 1. The mean VO^ max (42.3 ml/kg-min ) of the 
group indicates that the subject population was of an average level 
of fitness for their mean age (Wilmore 1976). The answers to the 
items on the medical questionnaire revealed no contraindications to 
exercise.

Experimental Design 

Prior to testing, subjects were randomly distributed into one 
of three experimental groups: Group I (THRj, Group II (RPE), or Group
III (No Prescription). Subjects received minimal information regarding
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Table 1. Physiological characteristics of subjects including age, 

weight, ^0^ max, HR rest, and HR max.

Age,
yrs.

Weight 
■ kg

VO2  max,_ 
ml/kg-min 1

HR rest, 
BPM

HR max, 
BPM

Mean 23.1 72.3 42.3 66.6 198.3
SD 3.6 11.3 5.9 12.2 5.3

Range 18-30 55-95 30-53 42-102 190-210

the existence of the other groups. All subjects completed a minimum of
two maximal exercise tests to the point of volitional fatigue on a
Quinton treadmill using the Bruce protocol (see Appendix C). Maximal
tests were scheduled at least 48 hours apart for each subject. Heart
rate (HR), monitored on a Hewlett-Packard EGG recorder, and ratings of
perceived exertion (RPE) registered on the Borg scale (Borg 1962) were
recorded at the end of every minute during the treadmill tests. Respi-

-1ratory and metabolic data, including VO^ (ml/kg-min ) were recorded 
every 30 seconds using a Beckman Metabolic Measurement Cart (Wilmore, 
Davis and Norton 1976). A third max test was performed if: (1) the
HR max values obtained from the first two max tests were more than ±5 
beats apart, (2) the VC^ max values differed by more than 2.5 ml/kg- 
min "*■, or (3) the RPE scores at 60% to 70% of maximum differed by more 
than ±1 rating point between tests. The following instructions were 

read to the subject prior to each maximal test:
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You are now going to take part in a work test. You will be 
walking and running on the treadmill while we measure your 
heart rate and oxygen consumption. We also want you to try 
to estimate how hard you feel the work is; that is, we want 
you to rate the degree of perceived exertion you feel. By 
perceived exertion we mean the total amount of exertion and 
physical fatigue, combining all sensations and feelings of 
physical stress, effort and fatigue. Don't concern yourself 
with any one factor such as leg pain, shortness of breath or 
work intensity, but try to concentrate on your total, inner 
feeling of exertion. Try to estimate as honestly and objec
tively as possible. Don't underestimate the degree of exertion 
you feel, but don't overestimate it^either. Just try to 
estimate as accurately as possible.

A Target Heart Rate Range (THR range) was calculated for each subject
at 60% and 70% of maximum (Tables 2, 3 and 4).

Group I (THR)

The palpation technique was taught to the subjects in Group I 
who practiced obtaining their 10-second HRs until accuracy was attained. 
The subjects' palpations were determined to be accurate when they were 
measured within ±1 beat per 10 seconds of those obtained by the inves
tigator. Palpation of the radial artery was taught; in some cases, 
however, palpation of the carotid artery yielded more accurate HR 
values. The importance of obtaining the 10-second HR as quickly as 
possible upon termination of exercise was stressed.

2Six submaxima1 exercise tests on the treadmill followed.
During the first two tests , the investigator adjusted the speed of the 

treadmill to provide the subject with the intensity of exercise neces
sary to maintain his HR within the limits of his THR range for 15 minutes.

1. Adapted from Morgan and Borg, 1976.
2. Submaximal tests were conducted no less than 24 hours apart.
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Table 2. THR ranges, mean ex-HR's, and % of trials outside the THR 

range for subjects in Group I (THR).
THR's are calculated at 60% and 70% of maximal working 
capacity by Karvonen's formula (Karvonen, et al. 1957).

Mean Percent Trials Outside. THR Range
60% 70% Exercise

Subject THR - THR HR Day 3 Day 4 Day 5 Day 6 Total

1 144 156 154 33 66 0 33
2 135 150 137 33 0 33 33
3 148 162 153 33 33 33 100
4 151 166 182 100 100 100 66
5 144 157 145 66 33 66 33
6 140 154 150 0 0 0 66
7 153 164 158 100 66 66 66
8 153 165 158 33 0 0 33
9 144 162 156 33 66 0 66
10 144 158 159 100 33 33 33

Mean 145.6 159.4 155.2 53.1 39.7 33.1 52.9

SD 5.7 5.2 11.3
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Table 3. THR ranges, mean ex-HRfs, and % of trials outside the THR 

range for subjects in Group II (RPE).
THR1s are calculated at 60% and 70% of maximal working 
capacity by Karvonen1s formula (Karvonen, et al. 1957).

Mean Percent Trials Outside THR Range
60% 70% Exercise

Subject THR THR HR Day 3 Day 4 Day 5 Day 6 Total

11 148 161 156 33 66 33 66
12 163 173 163 0 66 33 100
13 147 160 149 66 33 33 33
14 138 153 141 33 0 66 66
15 145 156 131 100 100 100 100

16 145 161 137 66 66 100 100
17 143 160 143 0 33 100 33
18 137 150 146 33 0 0 0
19 142 154 155 66 33 33 66

Mean 145.3 158.7 146.9 44.1 44.1 55.3 62.6 51.54
SD 7.6 6.7 10.1
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Table 4. THR ranges, mean ex-HR1s, and % of trials outside the THR 

range for subjects in Group III (No Prescription).
THR's are calculated at 60% and 70% of maximal working 
capacity by Karvonen's formula (Karvonen, et al. 1957).

Mean Percent Trials Outside THR Rang§
60% 70% Exercise

Subject THR THR HR Day 3 Day 4 Day 5 Day 6 Total

21 145 157 153 100 66 100 66
22 157 169 138 100 100 100 100
23 139 153 156 33 66 66 66
24 148 161 164 66 33 33 33
25 ' 141 154 177 100 100 66 100
26 146 160 152 66 33 66 66
27 146 158 178 100 100 100 100
28 131 146 142 66 66 66 100

29 140 154 119 100. 100 100 100

30 149 163 150 33 66 66 33

Mean 144.2 157.5 152.7 76.4 73.1 76.3 76

SD 7.0 6.3 17.8
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The following instructions were read to the subject after the completion 
of 5 minutes within the THR range: "You are now walking [jogging] at
your prescribed intensity of exercise. You will be stopping every five 
minutes to monitor your heart rate by the palpation method. You will 
later be asked to exercise on your own at this target heart rate." Dur
ing the next four submaximal exercise tests, the subjects were provided 
with a remote control unit allowing them to adjust the speed of the 
treadmill to match the intensity necessary to remain within the THR 
range. Group I subjects were instructed to exercise within their THR 
range for 15 minutes: "For the next 15 minutes, your objective is to
achieve and then to maintain your prescribed intensity of exercise,
your THR of _____. During these 15 minutes, you may change the speed
of the treadmill whenever and as often as you like. Remember to 
exercise at your prescribed intensity of ." This group stopped
every 5 minutes to monitor their HR by palpation. Minute EGG, palpated 
HR, and EGG during the palpation were recorded during these sessions.

Group II (RPE)
During the first two submaximal exercise tests, the speed of

the treadmill was adjusted by the investigator to provide each subject
with the intensity of exercise necessary to maintain his heart rate
within the limits of his THR range for 15 minutes. These subjects,
however. Were not told their THR. After 5 minutes within the THR range,
the following was read to these subjects:

You are now walking [jogging] at your prescribed intensity of 
exercise. Be aware of how you are feeling. Be aware of how 
fast and hard you are breathing, how easily you can talk, the
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feelings in your muscles and joints, and your overall feeling 
of exertion. You will later be asked to exercise on your own 

• at this target level of perceived exertion.
Subjects rated their perceived exertion every 5 minutes and these 

ratings became the subject’s "Target Rating of Perceived Exertion". 
During the four subsequent 15 minute submaximal treadmill tests, sub
jects were instructed to exercise at the target RPE by rating their 
perceived exertion every 5 minutes: "For the next 15 minutes, your
objective is to achieve and then to maintain your prescribed intensity 
of exercise, your target RPE of . During these 15 minutes, you
may change the speed of the treadmill whenever and as often as you like. 
Remember to exercise at your prescribed intensity of _____." The sub
jects' HR's were monitored by EGG recordings during the last 15 seconds 
of every minute and the RPE values were recorded every five minutes.
As in Group I, these subjects could adjust the treadmill speed allowing 

them to maintain their target RPE.

Group III (No Prescription)
Group III (No Prescription) participated in 6 identical 15 

minute submaximal tests in which they were instructed to simulate the 
intensity at which they would exercise if they were on their own. The 
purpose of this group was to demonstrate a pattern of exercise typical 
of individuals who were not in a formal program and who had not been 
instructed in the regulation of the intensity of their exercise. Thus, 
this group served as a control against which the THR and RPE groups 
could be compared. As with the other groups, HR's were recorded at the 
end of every minute of exercise by EGG recordings.



Statistical Analysis 
Means, standard deviations, t-tests, and ranges of steady-state 

HR values were determined for each 5 minutes of the last four sub- 
maximal exercise sessions. Steady-state heart rates were determined 
using the last 3 minutes in each 5 minute exercise segment, thus allow
ing 2 minutes to reach steady-state. Statistical differences between

y   3these means and each group's mean THR (Group THR), were determined 
using the Student's t-test. The 5-minute mean exercise HR's were 
averaged to determine the mean exercise HR for each group (Group ex- 
HR) . t-tests for significant differences between means determined the 
relationship between each Group ex-HR and the Group THR.

Paired t-tests, coefficients of linear correlation as well as 

percent error were computed to validate the palpation technique of 
determining exercise heart rate. Comparisons of exercise HR (mean 
steady-state HR as defined previously) vs. post-exercise HR, post-exer
cise HR vs. palpated HR, and exercise HR vs. palpated HR were made 
for individual subjects as well as for Group I.

3. Group THR is defined as the mean of the sum of all 60% and 
70% THR's.



CHAPTER 3

RESULTS

The results of this study are presented in Tables 2 through 7, 
and in Figures 1 through 6. Group I (THR) exercised at a mean HR of 
155.2 BPM (SD = 6.0, range = 15.8)(Table 5). Although this mean was 
significantly above the group mean THR (152.5 BPM), it was well within 
the group mean THR range of 145 to 159 BPM. Sixteen percent of the 
5-minute HR means were significantly above the group mean THR. Analy
sis of the individual data (Table 2) shows that 20% of the subjects in 
Group I exercised at a mean HR which was not within their own individ
ual THR range and that 44.7% of the individual 5 minute exercise trials 
were outside of that individual's THR range.

Group II (RPE) exercised at a mean HR of 147.0 BPM (SD = 4.6, 
range = 14.9)(Table 5). This mean exercise HR fell significantly below 
the group mean THR (152.0 BPM), yet was within the THR range (145-159 
BPM). Twenty-five percent of the 5-minute HR means were significantly 
below the group mean THR. Thirty-three percent of the subjects exer
cised at a mean.heart rate which was not within their THR range and 

51.5% of the individual 5-minute exercise trials were outside of that 
individual's THR range (Table 3).

Group III (No Prescription) exercised at a mean HR of 152.9 
BPM (SD = 9.8, range = 26.8)(Table 5). Although this mean HR was not 
significantly different from the group mean THli (150.8 BPM), 25% of
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Table 5. Mean exercise heart rates for Groups, I, II, and 111.

1-5

Day 3 
minutes 
5-10 10-15 1-5

Day 4 
minutes 
5-10 10-15 1-5

Day 5 
minutes 
5- 10 10-15 1-5

Day 6 
minutes 
5-10 10-15 mean

GROUP I (TIM)- (n = 10) (THR = 152 5 BPM)

mean 144.3 157.4 159.7 152.7 160.2 161.9 147.0 154.8 158.8 147.0 158.9 159.3 155.2

SD 12.7 12.4 14.5 14.4 15.8 15.7 12.3 13.8 12.8 12.3 12.5 11.9

*t-test -1.8 1.4 1.7 0.2 1.7 2.0* -1.2 0.7 1.7 -1.2 1.8 2.0a

Range 42.3 36.0 48.3 50.3 59.0 59.7 44.3 53.0 46.6 40.0 41.7 41 .0

(Tim-tixliR) 8.2 -4.9 -7.2 -0.2 -7.7 -9.4 5.5 -2.3 -6.3 5.5 -6.4 -6.8 -2.7

GROUP II (RPli) (n = 9) (THR = 152..0 BPM)

mean 145.b 150.5 151.6 142.8 148.2 150.8 141.4 148.2 152.5 137.6 144.6 149.7 147.0

SI) 12.9 13.5 12.2 14.5 12.3 9.3 13.6 11 .9 10.9 10.6 13.3 10.8

*t-test -1.4 -0.3 0.0 -1.9* -0.9 -0.3 -2.3* -0.9 0.2 -4.0l) -1.6 -0.6

Range 35.0 42.4 41.3 48.3 40.0 31.4 46.4 34.0 30.3 30.7 39.0 35.3

(filR-lixllR) 6.4 1.5 0.4 9.2 3.8 1.2 10.8. 3.8 -0.5 14.4 7.4 2.3 5.0

GROUP III (No Prescription) ( n =  10) (THRl = 150.8)

m e a n . 138.1 152.1 162.2 141.3 154.0 163.7 141.4 155. 1 164.9 142.5 154.7 163.1 152.8

SD 22.6 20.5 21.6 20.6 17.3 17.0 18.1 18.3 21.3 19.8 18.8 18.9

*t-test -1.9* 0.0 1.5 -1.6 0.4 2.2* -1.8* 0.6 2.0* -1.5 0.5 1.9*

Range 68.3 70.3 76.3 61 .7 55.4 55.0 61.3 62.0 62.6 59.0 64.4 60.6

(iilR-lixllR.) 12.7 -1.3 -11.4 9. 5 -3.2 -12.9 9.4 -4.3 -14.1 8.3 -3.9 -12.3 -2.0

*t-tcst statistic (compares mean exercisei HR with group mean THR).
denotes significant differences 

} denotes significant differences
at P < 
at P <

0*05.
0.005.



Table.6. Mean exercise, post-exercise, and palpated heart rates for Group I (THR).

SUBJECTS

1 2 3 4 5 6 7 8 9 10 mean SD

Mean
Exercise HR 153.7 136.7 153.4 182.0 144.7 149.5 158.2 157.7 156.5 159.1 155.2 11.7
SD 6.5 5.0 10.2 9.5 9.6 6.3 14.0 4.8 8.5 10.7

Mean
Post-exercise HR 156.9 136.9 152.3 182.7 142.5 146.8 165.1 154.1 153.5 156.9 154.8 12.6
SD 5.9 , 6.6 9.3 9.5 9.9 5.3 15.7 4.6 12.7 12.5

Mean
Palpated HR 156.5 136.0 152.0 173.5 145.0 157.3 163.2 158.7 153.3 151.5 154.7 10.1
SD 0.7 6.9 9.0 15.4 8.4 9.0 13.4 4.3 7.9 9.9
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Table 7. Comparison of heart rate determinations for Group I (THR).

r t LR slope % error

Exercise vs. Post-exercise HR 
Post-exercise vs. Palpated HR 
Exercise vs. Palpated HR

0.966.
0.913
0.902

0.0127

0.0017
0.0176

16.27
-22.36
-7.21

0.90
1.14
1.05

0.26
0.06
0.32
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the 5-minute means were significantly above and 16% were significantly 
below the group mean THR. Sixty percent of the subjects in this group 
exercised at a mean HR outside of their own THR range (Table 4) and 
75.5% of the individual 5-minute exercise trials were outside of the 
individual's THR range.

Statistical analysis comparing exercise vs. post-exercise, 
post-exercise vs. palpated, and exercise vs. palpated HR's for Group I 
are presented in Tables 6 and 7 and in Figures 4 through 6. The group's 
mean exercise, post-exercise and palpated heart rates were 155.2,
154.8, and 154.7 BPM respectively. Comparison of these values reveals 
high linear correlations and no significant differences between any 
pairing of heart rate determinations. As shown in Table 7, less than 
a 1% error was found to exist between any pairing of the exercise, 
post-exercise, and palpated HR's.



CHAPTER 4

DISCUSSION '

In this section, the results of this study are analyzed and
i

compared with previous research. The significance of the results is 
discussed and recommendations for future research are made.

Group I (THR)
As shown in Table 2, the subjects in Group I (THR) exercised at 

intensities which were outside of their THR ranges in .44.7% of the 5- 
minute trials. Although the analysis of the mean group data indicates 
that only one of the mean HR's for the 5-minute segments was not wi'hin 
the group's range, these results Should not be misinterpreted. The 
group mean exercise HR's do not necessarily reflect the actual exercise 
intensity of the individual members of the group. The individual data 
indicates that Group I was only 55.3% accurate in maintaining the 
prescribed exercise intensity using the THR method.

Group I showed a progressive increase in exercise intensity 
throughout each 15 minute session (Table 5 and Figure 1). As will be 
shown, this pattern is characteristic of each of the groups.

Group II (RPE) ■
Table 3 shows that the subjects in Group II (RPE) exercised at 

intensities which were outside their individual THR ranges in 51.5% of 
the 5-minute trials. This group maintained a fairly uniform pattern of
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exercise, although they also demonstrated a progression from lower to 
higher intensities from the beginning to the end of each 15 minute 
session (Figure 2). The mean exercise HR for each of the 4 sessions 

became progressively lower from session 1 through session 4.
Although this group exercised at slightly lower than desirable 

HR's, close proximity to the THR range was maintained throughout the 
experimental sessions. The important point to remember is that this 
group did maintain the prescribed intensity of exercise during the 
first few sessions, indicating that (1) constant monitoring of HR is 
not necessary to maintain a given level of exercise intensity, and 
(2) within this study RPE was an effective method of regulating the 
intensity of exercise.

Group III (No Prescription)
Group Ill's mean exercise intensity was the closest of any of 

the groups to the mean THR, suggesting that, on the average, this group 
did the best job maintaining the target exercise intensity. However, 
as shown in Table 5 and Figure 3, this group's exercise HR exhibited a 
great deal of individual variability above and below the boundaries of 
the THR range. Forty-two percent of the recorded HR's for this group 
were significantly above or below the group's mean THR. Table 4 shows 
that the subjects in this group exercised outside of their THR ranges . 
in 75.5% of the 5-minute trials.

The exercise pattern characterized by this group is shown in 
Figure 3. This group's initial exercise intensity for each session was 
well below the THR range and increased progressively to an intensity
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which far exceeded the limits of the THR range. Thus, although the 
mean exercise HR for each session was very close to the prescribed THR, 
this was due to a balancing of excessively high and low exercise HR's,

A possible explanation of the high intensities reached by 
these subjects is, that some subjects may have interpreted their instruc
tions ("to get a good workout") to mean that they should feel exhausted 
at the end of each session. The instructions did however emphasize 
that the subjects were to exercise just as they would if they were on 
their own. Thus, at least for the purposes of this study, the conclu
sion can be made that when individuals are not accustomed to exercise, 
and are beginning an exercise program, they exhibit a pattern of exer
cise intensity which progresses from too low to too high, but which 
averages 65% of their maximum.

Although the subjects in this group maintained an average 
exercise HR which was as close as possible to the mean THR, the pattern 
of exercise exhibited by these subjects should not be recommended, 
especially for certain population groups. The importance of maintain
ing an intensity of exercise above a critical minimum threshold has 
been discussed previously. Figure 3 shows that one-third of Group Ill's 

exercise time was spent below the level of intensity which is considered 
necessary for cardiovascular improvements. The dangers of exercising at 
too high of an intensity have also been reviewed. The chances of struc
tural injury, or cardiovascular accident increase with increases in the 
intensity of exercise. High intensities of exercise must be avoided in 
individuals who may be at high risk as a result of heart disease or who
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have been sedentary. Even though physical injury may not result from 
such exhaustive exercise, such intense exercise can negatively influence 
a person's motivation.

Another factor which could have influenced this pattern of 
exercise is the length of the exercise sessions. These sessions were 
only 15 minutes in length whereas 30-40 minutes of continuous exercise 
is generally recommended. The length of the warm-up time which was pro
vided could have been another influential factor. Subjects received 
only 5 minutes of warm-up which consisted of walking on the treadmill 
prior to the 15 minute exercise session. Some subjects may have been 
lengthening the time of their warm-up by maintaining such a low 
intensity during the first few minutes of each session.

THR/Palpation Technique

An analysis of the data on the palpation method indicates that 
it is an excellent determinant of exercise HR at intensities of 60% to 
70% of maximum. This finding is in disagreement with Pollock, et al. 
(1972) and Slater-Hammel and Butler (1940). Although Pollock demon
strated a close relationship between exercise HR, post-exercise HR, and 
palpated HR at intensities of 80% to 90% of maximum, these authors pre
dicted that more than a 5% error would exist between the exercise HR 
and the palpated HR at intensities less than 80% to 90% of maximum due 
to a faster rate of HR deceleration. In the present study, the close 
relationship (<1% error) between the exercise HR, the post-exercise HR 
and the palpated HR suggests that if a faster deceleration rate did 
occur, it did not influence the accuracy of the palpation technique.
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A possible explanation for the absence of this deceleration is that the 
subjects were running or walking on a treadmill rather than on a track 
as were Pollock's subjects. Obtaining a palpated HR required that the 
subjects jump off the motor driven belt and assume a straddling position 
over the revolving treadmill. Some increase in sympathetic drive may 
have accompanied this maneuver as indicated by the increase in some of 
the post-exercise HR's over the exercise HR values. Lower palpated HR's 
could be expected with subjects who are walking or jogging on a track.
In such a setting, the post-exercise and exercise HR's could prove 
Pollock's prediction to be true.

Slater-Hammel and Butler (1940) showed an average 7.5% error 
between the post-exercise HR's and those simultaneously recorded by a 
plethsymograph. Although the palpations in that study were performed 
by five resident physicians and four faculty members of the college's 
Physical Education Department, no mention was made that these individ
uals were trained in the palpation technique. The use of untrained 
technicians could account for the large error.

Significance of Results
The THR method of prescribing and monitoring exercise intensity 

provided the best results of those methods examined in this.study.
This should not be surprising since this technique is so widely used in 
exercise prescription. What may be surprising is the 48.5% accuracy 
obtained with the RPE method compared with only 53.3% accuracy obtained 
with the THR method. This indicates that RPE can be considered as an 

alternative method of prescribing exercise intensity. As has been



previously mentioned, an alternative to the use of the THR and palpation 
system could be useful in several situations. Among these are situa
tions in which a time piece is unavailable or for persons with impaired 
vision. The palpation technique is impractical in race situations, 
also. A racer cannot stop to monitor his or her HR during a race. Many 

first or second time racers have problems with pacing because they have 
not developed a useful monitoring system applicable to a race situation. 
By increasing one's internal awareness of physiological stress, depen
dence on external monitoring systems such as watches and heart rate 
recorders could be decreased.

Because the RPE method has not been shown to be as accurate as 
the THR method, a combination of RPE and THR could be beneficial. Such 
a combination has been suggested by Morgan and Borg (1976) although it 
has not been tested experimentally. By combining THR and RPE, the THR 
method could be used to provide feedback on the accuracy of the RPE. 
Adjustments in the exercise intensity could be made based on the HR 
feedback, and as the individual became better skilled in the RPE method, 
the use of HR monitoring could be discontinued.



CHAPTER 5

SUMMARY AND CONCLUSIONS

This chapter provides a brief review of the purpose, design 
and results of this study, A summary of the major conclusions based 
on these results is included.

Summary
Twenty-nine college age (18 to 30 years) males were randomly 

distributed into three groups: Group I (THR), Group II (R-PE), and
Group III (No Prescription). All subjects underwent a series of at 
least two maximal and six submaxima1 exercise tests. Only the sub- 
maximal tests differed among the three groups. Group I (THR) was pro
vided with a THR range equivalent to 60% and 70% of their maximal 
capacity as calculated by Karvonen1 s (Karvon'en, et al. 1957) formula. 
This group was trained to use the palpation technique and instructed to 
exercise at intensities within their THR range by using this technique. 
A THR range was also calculated for Group II (RPE), however this group 
was not told what that range was in terms of heart rate. During the 
first two submaxima 1 sessions. Group IPs intensity of exercise was 
controlled in order to maintain the target level of intensity while the 
subjects rated their perceived exertion. In the subsequent four sub- 
maximal tests. Group II was instructed to maintain the prescribed level 
of exercise intensity solely by monitoring their RPE. Group III (No Pre
scription) served as a control group. They were instructed to maintain
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an intensity of exercise similar to that which they would if they were 
exercising on their own.

The data was analyzed to determine the effectiveness of RPE 
as an alternative to the THR method, and to validate the accuracy of 
the palpation technique at intensities of 60% to 70% of maximum. The 

results show that the intensity of exercise was maintained within the 
individualized THR ranges with 55.3% accuracy for Group I (THR), 48.5% 
for Group II (RPE), and 24.5% for Group III (No Prescription). Less 
than 1% error was found between any pairing of exercise, post-exercise, 
and palpated heart rates.

Conclusions
1. The RPE method may be effective as an alternative to the THR/ 

palpation method of prescribing and monitoring exercise intensity.
2. The RPE method was not as accurate as the THR method for 

monitoring exercise intensity.
3. At 60% and 70% of max, less than 1% error existed between:

(a) palpated and exercise HR's, (b) palpated and post-exercise HR's, 
and (c) post-exercise and exercise HR's.



APPENDIX A

MEDICAL QUESTIONNAIRE

Please answer either "yes" or "no" to each of the questions below.
1. Has a doctor ever said you had heart trouble?
2. Have you ever had rheumatic fever, growing pains, twitching of 

the limbs, or rheumatic heart disease?
3. Did you ever have, or do you now have a heart murmur?
4. Have you ever had a real or suspected coronary occlusion, myo

cardial infarction, coronary attack, coronary insufficiency, heart
attack or coronary thrombosis?

5. Do you have angina pectoris?
6. Have you ever had an abnormal electrocardiogram or ECG?
7. Have you ever had an electrocardiogram taken while you were

exercising (such as climbing up and down steps) which was not normal?
8. Have you ever had pain or pressure or a squeezing feeling in 

the chest which came on during exercise or walking or any other physical 
or sexual activity?

9. If you climb a few flights of stairs fairly rapidly, do you

have tightness or pressing pain in your chest?
10. Do you get pressure or pain or tightness in the chest if you 

walk in the cold wind or get a cold blast of air?
11, Have you had bouts of rapid heart action, irregular heart action

or palpitations?
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12. Have you ever taken digitalis, quinidine or any drug for your 

heart?

13. Have you ever been given nitroglycerin, sometimes labeled TNG 
or NIG, or any tablets for chest pain which you use by placing them 
under the tongue?

14. Do you have high blood pressure or hypertension?
15. Do you now smoke more than a pack and a half of cigarettes per

day?
16. Do you have asthma, emphysema or other lung condition?
17. Do you get cramps in your legs if you walk several blocks?
18. Do you have arthritis , rheumatism, gout or gouty arthritis or

a predisposition to gout? Has the uric acid in your blood been found 
to be high?

19. Do you have any condition limiting the motion of your muscles, 
joints or any part of the body which could be aggravated by exercise?

/



APPENDIX B 

HUMAN SUBJECT'S CONSENT FORMS

Human Subject’s Consent for Subjects in Groups I and II.
You are being aske'd to participate in a research study entitled 

"The Regulation of Exercise Intensity by Ratings of Perceived Exertion 
and by the Palpation Technique of Heart Rate Determination". This 
study has been designed to evaluate methods by which individuals mon
itor the intensity of exercise.

This study will involve at least two maximal treadmill exercise
tests in which you will walk or run on the treadmill to a point of
volitional fatigue while we measure your heart rate and oxygen consump
tion. During the following six submaximal treadmill tests, you will be 
walking or running on the treadmill at an intensity equal to 60%-70% of 
your maximal aerobic capacity. Each of these 8 tests will require 
approximately H hour of your time. This will equal four hours within 

a two to three week period.
Your heart rate will be monitored during all treadmill tests. 

This will involve the use of three electrically sensitive plastic discs, 

which will be firmly attached to your chest. In order to securely 
attach these discs, your skin will be thoroughly cleansed with alcohol, 
and if necessary, chest hair will be removed. In addition to monitoring 
your heart rate, we will be measuring your oxygen consumption. This 
will require that you breath into a mouth piece while wearing nose
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clips. We also will want to knowhow hard you think you are working.
You will be taught one of two methods of determining your exercise 
intensity. Thus, we will also be recording your estimation of work 
intensity based on one of these methods.

There exists the extremely rare possibility of certain 
physiological changes occurring during the exercise tests. They include 
abnormal blood pressure, fainting, and disorders of heart beat. How
ever, because you have been screened on the basis of your answers to 
the medical questionnaire, the likelihood of any major risks, occurring 
is minimal. As a result of walking or jogging, you may experience some 
localized muscle soreness in the legs. This soreness will be temporary 
and will last no longer than several days. In the application of the 
electrodes, the cleansing of your chest will produce a slight redness 
of your skin. This reaction will be of short duration and no long
term effects will be observed. Due to the nature of the treadmill 
tests, we suggest that you not eat for two hours prior to all tests.
In the event that you experience any discomfort or ill effects, you are 
advised to contact the principal investigator.

Treadmill tests will be conducted in the Exercise and Sport 
Sciences Laboratory, McKale Center, Room 228.

Your participation in this project is voluntary and free of 
cost. There will be no financial reimbursement to you if you choose to 
take part. However,vyou will recieve a copy of your individual test 
results upon completion of all tests. You will receive valuable infor
mation about how your heart responds during exercise and about your
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maximal aerobic capacity. Your participation will aid in determining 
the effectiveness of various methods of prescribing exercise.

All individual data obtained from this testing will be kept 
strictly confidential. Your name will be known only to the principal 
investigator; to all others, you will be identified by a number. How
ever, analysis of group data may be published in professional journals.

I have read the above "Subject's Consent". The nature, demands, 
risks, and benefits of the project have been explained to me. I under
stand that in the event of physical injury resulting from the research 
procedures, financial compensation for wages and time lost and the 
costs of medical care and hospitalization is not available. Although 
I will be encouraged to attend and work during the testing periods, if 
I feel that it is necessary to discontinue, I understand that I may 
withdraw from this project at any time without incurring ill-will. I 
also understand that this consent form will be. filed in an area desig
nated by the Human Subjects Committee, with access restricted to the 
principal investigator or authorized representatives of the particular 
department. A copy of this consent form will be made available to me
upon request. If at any time I have any questions related to this
study, I am free to contact Ruth Chow, McKale Center, Room 228, Home 
Phone: 888-3098.

subject's signature date
witness' signature date

I have carefully explained to the subject the nature of the 
above project. I hereby certify that to the best of my knowledge the
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subject signing this consent form understands clearly the nature, 
demands, benefits, and risks involved in participation in this study.

A medical problem or language or educational barrier has not precluded 
a clear understanding of his involvement in this project, 
investigator's signature date

Human Subject's Consent for Subjects in Group III.

You are being asked to participate in a research study entitled 
"The Regulation of Exercise Intensity by Ratings of Perceived Exertion 
and by the Palpation Technique of Heart Rate Determination''. This 
study has been designed to evaluate methods by which individuals mon
itor the intensity of exercise.

This study will involve at least two maximal treadmill exercise 
tests in which you will walk or run on the treadmill to a point of 
volitional fatigue while we measure your heart rate and oxygen consump
tion. During the following six submaxima1 treadmill tests, you will be 
walking or running on the treadmill at an intensity at which you feel 
you are getting a good workout. Each of these 8 tests will require 
approximately % hour of your time. This will equal four hours within 

a two to three week period.
Your heart rate will be monitored during all treadmill tests. 

This will involve the use of three electrically sensitive plastic discs 
which will be firmly attached to your chest. In order to securely 
attach these discs, your skin will be thoroughly cleansed with alcohol, 
and if necessary, chest hair will be removed. In addition to monitor
ing your heart rate, we will be measuring your oxygen consumption.
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This will require that you breath into a mouth piece while wearing nose 
clips.

There exists the extremely rare possibility of certain 
physiological changes occurring during the exercise tests. They include 
abnormal blood pressure, fainting, and disorders of heart beat. How
ever, because you have been screened on the basis of your answers to 
the medical questionnaire, the likelihood of any major risks occurring 
is minimal. As a result of walking or jogging, you may experience some 
localized muscle soreness in the legs. This soreness will be temporary 
and will last no longer than several days. In the application of the 
electrodes, the cleansing of your chest will produce a slight redness 
of your skin. This reaction will be of short duration and no long
term effects will be observed. Due to the nature of the treadmill 
tests, we suggest that you not eat for two hours prior to all tests.
In the event that you experience any discomfort or ill effects, you are 
advised to contact the principal investigator.

Treadmill tests will be conducted in the Exercise and Sport 
Sciences Laboratory, McKale Center, Room 228.

Your participation in this project is voluntary and free of 
cost. There will be no financial reimbursement to you if you choose to 
take part. However, you will receive a copy of your individual test 
results upon completion of all tests. You'will receive valuable infor
mation about how your heart responds during exercise and about your 
maximal aerobic capacity. Your participation will aid in determining 
the effectiveness of various methods of prescribing exercise.
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All individual data obtained from this testing will be kept 

strictly confidential. Your name will be known only to the principal 
investigator; to all others, you will be identified by a number. How
ever, analysis of group data may be published in professional journals.

I have read the above "Subject's Consent". The nature, demands, 
risks, and benefits of the project have been explained to me. I under
stand that in the event of physical injury resulting from the research 
procedures, financial compensation for wages and time lost and the 
costs of medical care and hospitalization is not available. Although 
I will be encouraged to attend and work during the testing periods, if 
I feel that it is necessary to discontinue, I understand that I may 
withdraw from this project at any time without incurring ill-will. I 

also understand that this consent form will be filed in an area desig- . 
nated by fhe Human Subjects Committee, with access restricted to the 
principal investigator or authorized representatives of the particular 
department. A copy of this consent form will be made available to me
upon request. If at any time I have any questions related to this
study, I am free to contact Ruth Chow, McKale Center, Room 228, Home 
Phone: 883-3098.
subject's signature date
witness' signature date

I have carefully explained to the subject the nature of the 
above project. I hereby certify that to the best of my knowledge the 
subject signing this consent form understands clearly the nature, 
demands, benefits, and risks involved in participation in this study.
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A medical problem or language or educational barrier has not precluded 
a clear understanding of his involvement in this project, 
investigator's signature date



APPENDIX C

THE BRUCE PROTOCOL

Minutes MPH Grade
0-3 1.7 : 10
3-6 2.5 12
6-9 3.4 14
9-12 4.2 16
12-15 5.0 18
15-18 5.5 20
18-21 6.0 22
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APPENDIX D

EXERCISE HEART RATES FOR INDIVIDUAL SUBJECTS

Day 5 Day 4 Day 5 Day 6

Minutes Minutes Minutes Minutes

Subiect 5-5 8-10 15-15 3-5 8-10 *13-15 3-5 8-10 15-15 3-5 8-10 15-15

1 144.7 156.5 160.3 151.5 158.0 166.7 149.0 153.7 155. 7 145.0 152.- 155.5

: 130.7 141.5 136.7 146.0 139.7 157.5 136.5 151.0 141.6 128.7 135.0 155.7

5 158.0 150.0 154.7 141.3 154.0 160.7 - 142.3 159.5 159.5 145.7 171.3 164.0

4 175.0 177.5 185.0 186.0 198.5 197.0 175.0 184.0 188.5 166.7 176.- 176.7

' 5 139.0 142.7 149.5 151.7 153.7 159.7 130.7 139.7 150.0 126.7 144.0 149.-

6 142.0 150.3 144.0 142.0 146.0 146.0 146.7 "153.0 154.0 151.0 158.- 161.5
7 149.7 168.7 175.7 135.7 ‘ 156.0 169.7 157.0 155.5 172.0 144.7 162.7 175.3

8 155.7 167.5 161.5 161.0 164.3 156.0 152:7 156.0 156.0 153.3 15-.0 - 152.0

9 140.0 151.0 159.7 150.0 166.0 165.7 146.7 161.3 157.3 151.5 164.0 164 -

• 10 130.7 * 169.5 172.5 162.5 165.7 160.0 154.0 154.5 155.5 158.0 166.0 160. "

11 164.5 158.7 151.7 167.3 159.3 162.7 163.7 161.7 159.3 155.5 147.3 148.0

12 166.0 171.7 169.5 155.7 170.0 161.7 155.3 162.7 169.5 156.0 159.7 158.7

15 145.0 146.5 151.7 141.7 151.3 152.0 141.3 154.7 160.5 145.0 150.7 158.0

14 151.0. 138.5 147.0 144.5 144.0 149.0 153.0 142.5 160.5 125.5 125.0 151.0

15 131.6 129.5 128.0 127.3 130.0 131.5 137.5 157.7 139.0 126.5 127.0 125. "

16 144.3 165.5 155.0 119.0 132.3 148.0 117.3 128.7 139.7 127.0 156.0 142.0

17 144.7 148.7 145.3 155.0 146.3 150.5 133.0 139.7 140.5 157.0 144.7 154.0

18 134.0 140.3 149.0 146.0 150.0 14.6 ,.7 144.5 148.0 150.5 144.7 147.3 148.7

19 149.7 158.0 167.3 148.7 150.3 155.0 147.5 158.^ 154.3 144.0 164.0 161.0

21 134.7 158.7- 174.7 147.0 166.7 180.7 122.0 166.0 175.7 127.3 138.3 148.0

22 131.3 144.7 147,. 7 127.7 140.0 145.0 128.3 137.3 135.3 134.0 140.7 142.0

23 146.7 152.7 158.7 151.5 159.0 161.0 152.0 161.0 162.7 151.0 158.0 158.5

24 157.3 161.0 175.0 151.3 156.0 174.5 155.7 158.7 177.0 158.0 161.5 178."

25 162.7 183.3 197.3 160.0 176.7 188.0 152.7 175.3 189.3 164.0 178.5 195.5

26 127.3 146.0 151.3 151.7 160.7 165.7 134.0 155.0 170.7 142.5 155.3 166.0

27 168.0 176.7 185.0 164.7 175.7 177.0 174.0 180.7 187.3 172.7 186.7 185.3

28 99.7 130.7 155.0 103.0 137.7 158.7 141.7 154.7 177.0 116.0 158.5 167.5

29 107.3 113.0 121.0 111.3 121.3 133.0 112.7 118.7 126.7 113.7 122.5 152.7

30 146.3 154.0 156.0 144.3 148.3 154.0
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APPENDIX E

MEAN EXERCISE,, POST-EXERCISE, AND PALPATED 
HEART RATES FOR GROUP I SUBJECTS

Day 5 Day 4 Day 5 Day 6

Minutes Minutes Minutes Minutes

1-5 5-10 10-15 1-5 5-10 10-15 1-5 5-10 10-15 1-5 5-10 10-15
SUBJECT 1

ExHR (ECG) 144.7 156.3 160.3 151.5 158.0 166.7 149.0 153.7 153.7 143.0 152.7 155.5

Post ExHR (ECG) 150.0 160.0 161.0 156.0 162.0 168.0 154.0 158.0 156.0 145.0 154.0 159.0

Post ExHR (Palpated) 150. 0 168.0 162.0 144.0 162.0 168.0 156.0 144.0 156.0 150.0 162.0 156.0

- SUBJECT 2

ExHR (ECG) 130.7 141.3 136.7 146.0 139.7 157.3 136.3 131.0 141.7 128.7 135.0 155.7

Post ExHR (ECG) 135.0 138.0 138.0 150.0 142. 0 139.0 138.0 131.0 141.0 125.0 155.0 135.0

Post ExHR (Palpated) 126.0 132.0 132.0 150.0 144.0 132.0 144.0 132.0 132.0 138.0 138.0 15: .0

SUBJECT 5

ExHR (ECG) 138.0 150.0' 154.7 141.3 154.0 160.7 142.3 159.3' 159.3 145.7 171.5 164.0

Post ExHR (ECG) 140.0 145.0 144.5 144.0 158.0 .162.0 149.0 158.0 162.0 144.0 169.0 152.0

Post ExHR (Palpated) 150.0 156,0 156.0 144.0 156.0 156.0 144.0 150.0 156.0 j 132.0 168.0 156.0

SUBJECT 4

ExHR (ECG) 175,0 177.3 185.0 186.0 198.3 197.0 175.0 184.0 188.3 166.7 176.6 176.7

Post ExHR (ECG) 178.0 176.0 190.0 185.0 200.0 197.0 174.0 186.0 185.0 168.0 176.0 178.0

Post ExHR (Palpated) 168.0 156.0 156.0 192.0 204.0 186.0 162.0 186.0 174.0 174.0 162.0 162.0

SUBJECT 5

ExHR (ECG) 139.0 142.7 149.3 151.7 153.7 159.7 130.7 139.7 150.0 126.7 144.0 149.7

Post ExHR (ECB) 138.0 142.0 150.0 152.0 160.0 142.0 130.0 138.0 145.0 123.0 142.0 148.0

Post ExHR (Palpated) 150.0 138.0 144.0 156.0 156.0 144.0 132.0 138.0 150.0 132.0 150.0 150.0
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1-5

Minutes

5-10 10-15 1-5

Minutes

5-10 10-15 1-5

Minutes

5-10 10-15 1-5

Minutes

5-10 10-15
SUBJECT 6

ExHR (ECG) 142.0 150.3 144.0 142.0 146.0 146.0 146.6 155.0 154.0 151.0 158.7 161.5

Post ExHR (ECG) 145.0 150.0 142.0 142.0 140.0 150.0 139.0 150.0 151.0 145.0 154.0 154. 0

Post ExHR (Palpated) 162.0 168.0 156.0 144.0 150.0 150.0 150.0 172.0 156.0 150.0 168.0 162.0

SUBJECT 7

ExHR (ECG) 149.7 168.7 175.7 135.7 156.0 169.7 137.0 155.5 172.0 144.7 162.7 173.5

Post ExHR (ECG) 160.0 170.0 176.0 141.0 155.0 170.0 141.0 168.0 176.0 158.0 168.0 198.0

Post ExHR (Palpated) 150.0 168.0 180.0 144.0 168.0 168.0 138.0" 168.0 180.0 159.0 174.0 162.0

SUBJECT 8

ExHR (ECG) 155.7 167.3 161.3 161.0 164.3 156.0 152.7 156.0 156.0 155.3 157.0 152.0

Post ExHR (ECG) 159.0 164.0 154.0 159.0 156.0 150.0 149.0 152.0 151.0 151.0 154.0 150.0

Post ExHR (Palpated) 162.0 168.0 156.0 162.0 162.0 156.0 155.0 156.0 156.0 156.0 162.0 156.0

SUBJI:CT 9

ExHR (ECG) 140.0 151.0 159.7 150.0 166.0 165.7 146.7 161.3 157.5 j 151.3 164.0 164.-

Post ExHR (ECG) 129.0 139.0 160.0 145.0 160.0 160.0 148.0 179.0 154.0 j 149.0 159.0 160.0

Post ExHR (Palpated) 138.0 144.0 156.0 144.0 162.0 156.0 150.0 156.0 156.0 ! 156.0 162.0 162. '

SUBJECT 10

ExHR (ECG) 130.7 169.3 172.3 162.5 165.7 160.0 154.0 154.5 155.5 | 158.0 166.0 160.7

Post ExHR (ECG) 122.0 169.0 151.0 160.0 168.0 160.0 152.0 160.0 154.0 157.0 166.0 164.0

Post ExHR (Palpated) 132.0 156.0 138.0 150.0 162.0 156.0 150.0 150.0 144.0 156.0 156.0 168.0
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