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PERCEIVED EXERTION AS PART OF A BEHAVIOURAL

FEEDBACK SYSTEM FOR ARRANGEMENT OF STRAIN
DURING PHYSICAL EXERCISE

H.—-V. ULMER
Sports Physiology Department, Johannes Gutenberg — University, Maing, F.R. Germany

ABSTRACT

On the basis of a hypothetic system which enables human beings to arrange the degree of
exertion in an advantageous manner, experiments with Borg's scale for ratings of perceived
exertion are described. The perceived exertion can be scored with a good reproducibility and
linearity, even in the very first experiments. For voung girls it could be demonstrated that a
learning process exists during adolescence. With increasing speed of pedalling rate between 40 and
100 rpm the perceived exertion for the same loads decreases, leading to higher degrees of exertion
in experiments with the self-setting of performance. The results support the assumption, that as
regards the metabolic processes during heavy exercise the human being can be compared rather 1o
a very complicated cybernetic machine than to a simple engine.

In most physiological studies the transformation of energy in man during
heavy exercise is regarded as similar to that of a machine. However, a strenuously
working human being is more than a simple machine, he is able to arrange his
degree of strain by means of a programme which is adjusted to a space of time or
distances. Such phenomena are well known in sports (e.g. in a cvcle race of 1
hour or in long-distance running) and can be also demonstrated in hard working
labourers (e¢.g. miners, steel workers, saisonal work of farmers or lumber men).
With regard to these adjustment phenomena the human being seems to be at least
a cybernetic machine with a feedback system for advantageous arrangement of
strain during heavy exercise.

This concept can be explained by means of the following hypothetic
scheme!3 (Fig. 1) : Based on feedback information from the muscle and other
parts of the body, an integrating centre arranges the degree of strain. The
muscular innervation regulates not only the stereotype of movement, bur also the
degree of strain. The integrating centre is connected with a programme unit, but
it is also influenced by endogenous stimuli, e.g. by stimuli in mortal fear which
deliver the emergency reserves3.

What are the proofs for such considerations? During World War 11 Kraut8.9
observed the work intensity of miners and other hard working labourers, The
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reduction of caloric intake led to a well adjusted, decreased intensity of work
(Fig. 2), in most cases without symptoms of self-overloading. In a critical
experiment he demonstrated that a special motivation such as offering cigarettes
increased the intensity of work at the expense of diminution of the body weight
(Fig. 3). In our experiments (Fig. 4) 4 cyclists pedalled on an ergometer with the
task to ser the intensity of effort by themselves so as to reach a maximum during
one hour, In these experiments oscillations in the performance could be
observed, typical of regulating systems. With the increasing pedalling rate the
degree of physiological strain increased (Fig. 5). By means of the increased
strains the negative effect of pedalling rate on efficiency was partially
compensated so that the same mean loads resulted from the 60 and 90 rpm
experiments.

The experiments with Borg’s RPE-scale for ratings of perceived exertion
vielded information about some perceptual mechanisms!h24. This scale (Fig. 6)
consists of 15 numerals with items between “very, very light” and "very, very
hard”. Using this scale our subjects had no difficulties in scoring their perceived
exertion, even in the very first cxpcrimcrlrsl-’-. The intraindividual reproducibility
(Fig. 7) was within = 1 score, described by ten-fold repeated experiments with 10
subjects, working on a bicvcle ergometer with loads corresponding to stress
categories of 50, 100, 150 and 200 watt or strain categories with loads, depending



PROGRAMMED ARRANGEMENT OF STRAIN 1145

=
ar
E =
Zz @ =
4&_ : 60~ Arbeit ghne Pramie - | f.'.hfl mit Pramie
.. 7 Sme—ean
3] 5o Komergewicht  Apeiisleistung
3000 4
24 404
1 : 35
2000 4 30 L] Arbeits— Kalorien 33
| I R} R RIS
20y
L S N
. LEN
T
0 oLk

FIG. 3 — Effcet of increasing caloric intike ("Arbeit ohne Primie™) or motivation (by offering
cigarettes " Arbeit mit Primic™) on self-scrting of performance (" Arbeirsleistung in t je Mann und
Stunde”) during heavy exercise (loading goods wagons, according to”),

Imkplsec]
40
@ e BOUmin 79.000mkp
2 === 90U/min 77.000mkp
= —120U/min BB000mkp
k i}

] 2 % 4 50 60
Arbeitszeit [min]

FIG. 4 — Behaviour during self-serting of load in I-hour-experiments with racing cyclists. Aim:
maximum of l-hour-performance ar 60, 90 and 120 rpm on an ergometer. Curves: examples of 1
subject. Bars: mean load of 5 experiments with 4 cvelists each {according ro!l).

on the state of fitness: 20, 40, 60, 80, 100 and 120% of individual W= In these
experiments not only the reproducibility was good, but also the linearity (Fig. 8).

For an inverse experimental situation the RPE-scores were given to the
subjects and they had to arrange loads on a bicycle ergometér by themselves.
During the work period of 15 minutes two types of behaviour could be
observed!3. For low RPE-scores the self-serring of load increased continuously
reaching a platcau, whereas in high RPE-scores an incrcasing—dc{:rcasing
behaviour was observed (Fig. 9). The heart rate, however, showed a similar
course in all cases, only at different levels.
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In further experiments it could be demonstrated, that the perceived exertion
depends on the speed of movement® !V, With increasing pedalling rates from 40
to 100 rpm the perceived exertion decreased for equal loads. The influence of the
state of fitness on scoring, however, was very small. Only in higher RPE-values
the subjects with higher degrees of fitness scored for the same loads lower RPE-
-values than those with low fitness.

Finally in four-fold repeated experiments on children we observed the
precision of scoring RPE-values”. Young girls, active in sports, between 7 and
11 vears of age, were loaded on a bicycle ergometer with five different degrees of
strain (percentages of Wo). The mean intraindividual standard deviation for the
repeated experiments is shown in Figure 10. The intraindividual reproducibility
decreased distinctly from the 7 to the 11 vears group with increasing age, the s
of the 1l-year-old girls was half that of the 7-year-old.

[watt] L eistung (min™l pylstrequenz “
200 RPE=20 73
17 oS
150] 50 ,
1
100 15 Bt
11 5
50 100 8 -
8 ./""—’A_»-—. U= 9z W2 n.zﬁ
Lebensalter [Jahre]

t
0 5 T01mind -Ig 5 10iminl ]S FI1G. |[i. ”;\ic.1|_1 inkru‘indi\'idu-.ll
reproducibility of perceived exer-
FIG. 9 - Mean behaviour of 5 subjects in experiments with  tion in experiments with girls
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setting of load, right side: reaction of heart rate (according  comparison: male students, 24.1

told), vears of age (according to’).
CONCLUSION

All experiments concerning perceived exertion during heavy exercise
confirm a mechanism, which is obviously learned in the course of everyday
experience. This learning effect was seen in the girls aged between 7 and 11 years
and is confirmed by the fact, that in male adults we found no difficulties in
scoring perceived exertion, even in the very first experiment.

With the RPE-scores it is pm«ibie to describe the intensity of work as well
as to determine a certain degree of exertion in the self-setting experiments.
Therefore we see the perceived exertion and other mechanisms? as part of a
feedback system which enables human beings to arrange their degree of exertion
in an advantageous way. An influence on perceived exertion must influence the
self-set exertion too. Indeed, this effect could be demonstrated in the cyclist’s
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experiments of 1 hour. The increasing pedalling rate effects a smaller perceived
exertion for the same loads, which consequently leads to higher self-sct exertions.
Therefore it remains to discuss, whether the curious effect, that perceived
exertion is more dependent on stress (load) than on strain, could handicap those,
who have to set the exertion during heavy work by themselves. Summarizing,
the experiments with perceived exertion confirm the assumption, that the heavy
working human being is comparable to a complicated cybernetic machine and
not only to a simple engine.
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