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I. GENERAL INTRODUCTION ON PROBLEMS
AND METHODS

INTRODUCTION

This investigation deals mainly with problems of physical performance
and performance capacity in relation to different measures of the subjec-
tive perceprion of exertion. It is partly a general psychophysical study, but
differential problems will aiso be deait with in order to suggest a method
which makes possible direct interindividual comparisons of perceptions
and can serve as a basis for constructing metheds for determining physical
working capacity starting from psychological variables.

The investigations took therr origin from a physical worle test on the
bicyele ergometer. In several of our experiments the perception of exer-
tion during the said test has been studied. The fact that a test formed the
starting-peint — the test being often used as an instrument of sefection
and evaluation of the performance capacity in the field - has to some
extent directed the study towards the problem of criteria, e.g. the physical
performance and subjective exertion of lumber workers.

A symposium report by Srrcron, Broisk & Prrerson (1961) of per-
formance capacity deals with a number of questions of performance ca-
pacity and work achievements, mainly from points of view of clinical phy-
siology. Various performance capacity tests such as walking or running up
steps or on a treadmill, bicycle ergometer tests etc., are discussed and a
great many investigations into their validity are reported. The authors
conclude that intense work is necessary before highly reliable methods
with good criterion validity can be found. Another recently published work
by Gunparra Rapraseruaran {1961} summarnzes many pertment pro-
blems, e.g. questions of perception {such as problems of fatigue and work],
neuromuscular and clinical physiological problems, various test problems,
etc.

Physical performance capacity in heavy work 15 to a great extent [imited
by anatomical and physiological factors and though several clinical physio-
logic methods have been worked out, quantitative measurements of this
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capacity constitute some af the more controversial problems. The bicycle
ergometer fest appears to be one of the best both in normal and patholo-
meal cases, Recent investigations of these problems have been performed
e.g. by Wantono, H. (1948}, Astranp, P.-O. (1952), Hotmeren, A.
{1956), Astranp, 1. (xg60), Crwmstensen (196oj, Linpernoru (1960),
and Sisstranp (rgfo).

The perception of physical exertion and fatigue 15 an 1mportant factor
and should be considered in connection with adaptation te work and te
general subjective status both in pathological and normal cases. Temporary
or chronic physical incapacity produces a physical as well as a mental
strain on the individual. It is not primarily the aim of physical tramning to
enable the individual to make maximal achievements, but to provide him
with so much reserve strength that he can overcome daily physical stramn
without a subjective feeling of fatigue and an incapacitating state of
anxiety about his condition,

A reduced physical performance capacity 15, in fact, one of the most
important symptoms causing people to seek medical aid. The data provided
by a patient during a clinical examination of performance capacity is
often subjectively biased e.g. in insurance cases. A patient may experience
a reduction of his performance capacity by about two thirds (%), where-
as the laboratory test only reveals one half {14). This may be compared
with the perception of reduced speed when driving a car. Judged on the
basis of general experience and a pilot-stady by Borc {1961}, many
people perceive a decrease which 15 more than a half when halving the
physical speed. As an initial approximation the reduction of speed when
car-driving may be described according to the following power function
(R==cS?). The perception of the reduced performance capacity may
perhaps be as incapacitating as the test-recorded capacity itself.

In psychophysical investigations one often attempts to study the whole
range of variation from a very low to a very high intensity. This leads to
the problem af assessing so-called terminal thresholds, or maximal fevels.
When it comes to physical achievement these levels are relatively easy 1o
assess as compared with many other sense modalities.

In recent years psychophysical methods — for assessing the Iintensity
of different sense perceptions — have been worked out, so that ratio scal-
ing experiments may be performed and the intensity of the perception
assessed in ratio units. S. S. Stevens and G. Exaawn, especially, have been
occupied with methods for such perception measurements and applied
them in the mnvestigation of a number of sense modalities. The psycho-
physical functions thus obtained may be described mathematically with
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the aid of a power function of the following general appearance:
R=c (S+a)" (Exmaw, 1959), where R is the intensity of the perception,
c a constant related to the units of measurement, § the intensity of the sti-
mulus and 4 a constant related to the absofute threshold.

This thests is partly based on earlier studies and partly on new investiga-
tions reparted in this book.

The following papers are inciuded and referred to in the text with
rorman figures as follows:

1. Bore, G. and H. Danwstron, The perception of muscular work. Pub.
of the Umea Res. Libr. 1960. 5. 1-27.

II. Borg, G., Perceived exertion in relation to physical work load and
pulse-rate. Iungi, Fysiogr. Sillsk. i Lund Férh. 1961, 11, ro5~-115.

1IL. Bong, G., Intermdividual scaling and perception of muscular force.
Kungl. Fysiogr. Sillsk. i Lund Forh, 1961, r2. ri7-125.

IV. Bera, G. and H. Dantstrem, A study of the reliability and validity
of a physical work test on the bicycle ergometer. Acta Physwiol. Scand.
1962, (In press.)

V., Borg, G. and H. Danmistrom, A case study of perceived exertion
during 2 work test. Acta Soc. Med. Ups, 1g962. {In press.)

VI Bong, G., A simple rating scale for use i physical work test. Kungl.
Fysiogr. S8llsk. | Lund Férh. rg6z. {In press.)

PROBLEMS

The chief aim of this investigation is to study different aspects of phy-
sical performance and perception of exertion. QOur psychophysical m-
vestigations start with short-time work on the bicycle ergometer. The ge-
neral psychological problem is here the guestion as to how the perception
of force (pedal resistance) varies with physical force {or power).

As the general psychophysical relations do not immediately admit of
interindividual comparisons, a tentative solution of these problems will be
presented.

As to the analysis of short-time work on the bicycle ergometer it is
of interest to assess a maximal level; consequently special attention has
been paid to these problems, the aim being to work out a new work test.

In a study of psychophysical problems of perceptive levels, it seems
to me that a highly. smportant level is an ordinary workaday level or a
preferred intensity level. In a short study we will therefore deal with this
guestion also.

In order to study the perception of exertion during a fairly long period
of work, general and differential psychological studies have been made by

3

the present author during an ordinary physical work test on the cycle er-
gometer. As the test plays an important role in our work, cne of the first
mvestigations deals with its refiability and validity. The probiem s then
not only how the perception of exertion grows with the physical power,
but also whether the perception values may form a basis on which an
mdicator of physical performance capacity can be obtamed as a supple-
ment to the physiological values. The various results will later be discussed
with respect to their inner relations and their relevance in field predictions.

Attentron will alsa be paid to the relevance of the psychophysical re-
fations tn certain medical, psychephysiological and semantic connections.

METHODS

in our mvestigations a bicycle ergometer with an electric brake system
constructed by Howmoren & Marrsson was used {1g54). A description
of this ergometer is given in a paper by Bong & Danustrom {1g60].

The ergometer was so constructed as to make 1t possible both for ex-
perimmentaf leader and subject to make continuous variations of the phy-
sical power. In the case of the subject, this was done with a throttle
handle of the motor cycle type connected to a graded resistor.

The power could be varied over a great range from 1¢o0 to about 3.500
kpm/min. This variation of power by the turns of the handle or the dial
setting occurred according to a positively accelerating function. The devia-
non from a straight line, however, was very small e.g. within a limited
range of hundred kpm/min.

When conducting experiments e.g. for the assessment of terminal or
maximal strength thresholds, where the whole range is used, 1t may be im-
portant to be able to vary the work load linearly with time. A special
apparatus has therefore been used which makes possible continuous va-
riation of the speed with which the dial setting adjuster could be varied.

The apparatus has earlier been used by K. J. Osamvk and is described
by him m detail {Osrmx, 1948). It consists of an electric motor which
drives a small wheel, the peripheral part of which is made of rubber and
is pressed agamnst a larger wheel. The axes of the two wheels are at a
right angle to each other. By manually adjusting the small wheel nearer
to or further away from the centre of the big one, the speed of the latter
may be increased or reduced and varies in the ratio 1:5. For further
description of the use of the apparatus, see chapter 2 on the CS-test.

During work on the bicycle ergometer the total time of work or the
total work performed is also an important factor and of course increases
during the whole test. The pedalling speed may be kept fairly constant, or
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15 allowed to vary within narrow limits by making the subject cycle at a
certain speed and 1o correct lumself continuously by watching a speedo-
meter. The leader of the expersment had aiso to check the speed kept by
the subject. The cycle ergometer is so constructed that the power 15 not
influenced by changes in speed within 45-75 r.p.m.

The psychophysical methods that have been used are different ratio
methods and a rating scale for making possible interindividual comparisons.
A method has also been worked out with continuous increase of the
power for determining maximal performance with muscle strength and
motivation for short-time effort as the decisive factars for the achievements
on the cycle ergometer. The psychophysical ratio methods may be divided
mto twe production methods and two estimation methods, viz. ratio or
magnitude, estimation or production. When working with the production
methods the subject has to set an intensity correspanding to a given mul-
tiple, e.g. 1 or 2, of a standard intensity, or he has to adjust stimuli so
that they correspond to certan figures, such as 10, 25, and so on.

The estimation methads require the subject to estimate a given relation
hetwen stimuli, Le. to estimate in per cent how intensely one stimulus 15
perceived as compared with another, or to estimate the magnitude of one
perception in relation to the standard one. which is called eg. "10".

These methods make it possible to obtain perception values correspond-

ing to the respective stimuli as measured in ratio umnits. The R-S-relation
may then be described by a suitable mathematical function. ‘When the
production methods are used the stimuli set by the subject form the basis
for obtaining relations between perceptions. If e.g. the subject is in-
structed to halve a sertes of standard stimuli hie will set the half values
above or below the physically true half values i a way which is charac-
teristic of every sense modality. The psychophysical function may then
be described by a simple mathematical function (Exman 1958 and 1959).
How the R-vaiues are obtained is best shown by a graphical description
and expianation according to Ekman. The obtamed half values are first
plotted in a diagram against the respective standard values or reproduced
standard values. A straight fine 1s next fitted to the points. The R-values
may then be obtained in the following way. If the highest standard stimuli
e.g. is called "100” in perceptive units, the set haiving value for this level
{or the more exact halving value extrapolated from the best fitting halv-
ing line in the diagram) obviously corresponds to the perceptive intensity
“so” Ta “25" on the R-continuum then corresponds a half value of the
former half value and so an. In this way R-values from e.g. “1ce”, "50",
aver “25", "12.5", and “6.23" are obtamed with corresponding stimuli.

ic

‘When working with the estimation methods, relations between R-values
are more directly obtained. A central measure 1s calculated for each R-
value, which is then expressed with the lowest one as a unit.

Most psychophysical Tunctions may adequately be described with the
aid of a power function {Stevens 1gfo). That this mathematical func.
twon is a valid way of describing the R-S-refations is shown by the fact
that when the values are plotted in logarithmic coordinates a fairly
#raight line 15 obtamed. Sometimes the adjustrnents to a straight [ine is
better if a constant {the “a"-vakie} is added or subtracted to the S-value.
When plotting the values in logarithmic coordinates an optimal fitting line
15 adjusted to the values. The exponent of the psychophysical function,
which is the variable in which we are primarily mterested. then equals
the angle coefficient for this strasght line.

During most of the tests recordings were made of the pulse rate,
breathing frequency and ECG. Physicians, students, nurses, patients or
forest workers served ss experimental subjects. The ratic experments
required intelligent subjects able to understand mathematical relations.

The statistical treatment of the work 15 presented in connection with
every experiment and its results,

SOME DEFINITIONS

Physiological reactions of interest for measurement during a physical
performance test may generally be given explicite definitions, or they may
be defined operationally in connection with ordinary processes of mezsure-
ment e.g. BCG.

The subjective perception of effort, exertion and fatigue, which is the
main subject of the present study, on the other hand, is very difficult
1o define in a general way. This perception s of a comparatively complex
nature and consists of contributory factors: sensations from the organs
of crculation and respiration, from the muscles, the skin, the jonts
etc. From a subjective point of view one may speak of the perception
of force or pedal resistance, effort, fatigue, strain exertion, heat,
pressure, pam or anxiety etc. In pathological cases, moreover, special
types of perceptions of pain and anxiety, nausea and breathing dis-
order will gesrair the perception. When doing short-time worlz on the
cycle ergometrer, where the muscular force appears to be decisive for
achievemnent, it may be convenient for healthy persons to speak of per-
cetved or apparenr force, effort, exertion, or pedal resistance. For work
of relatively long duration, where there i1s more stress on the orpans of
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circulation and where the length of time and amount of work play a major
part, it may be more appropriate to speak of percewed exertion. la-
bortousness, or fatigue, or if the work 15 extremely stressing, perceived
exhaustion,

The various components of perception may naturally influence the de-
gree of effort ar exertion in different ways on different experimental sub-
jects, particularly if comparisons are made between healthy persons and
those suffering from some form of muscle or circulatary disease.

The introduction of the above-mentioned treatise by G. RAnasEXHARAN
(1g61) discusses the conception of fatigue, inter alia on the basis of Vitele's
definition which deals with three kindred phenomena:

1. “An overt manifestation in the form of reduced output of the task,
known as work decrement; 2. A physiological state involving changes in
organic functions and the production of chemical products of fatigue; 3. A
feeling of fatigue or tiredness”. (Cit. from G. Rapsastknaran 1g61]. The
author points out that these three factors are extremely difficult to define.
Judging from physiological or psychelogical terms it is very difficult to oh-
tamm a general interindividual defimtion. A physical output-definition may
be advantageous and can be given in operational terms.

In order to obtamn a clear and concise definition of the subjective con-
tunoum for work on the hicycle ergometer, the perception is defined
operationally mn accordance with our methods of measurement and given
mstructions. The perception of exertion is defined as the perception
that makes the subject respond to the stimufus m accordance with the
given psychophysical method and the instruction: 1. “how heavy it feels
to pedal, how great the pedal resistance is”, short-time work, and 2. “how
faborious it feels to work”, work of long duration,

1. A PSYCHOPHVYSICAL STUDY OF SHORT-TIME
WORK ON THE BICYCLE ERGOMETER

GENERAL PSYCHOPHYSICAL STUDIES

The first ratio experiments

The first psychophysical experiments concerned short-time work on
the bicycie ergometer {I; Bore & Dawnistrom 1960). The amm was to as-
certain the possibility of measuring the intensity of percesved farce [per-
ceived pedal resistance}, and to see if reliable measures and mdividual
differences could be obtained, and if the R-S-relation might be described
with the aid of 2 power function.

The psychophysical method used was the ratio setting method with
haiving. The experimental subjects had to cycle for 30 seconds at the
first standard level, and then immediately afterwards to set the half value
and work for about 15 seconds. This procedure was repeated until §
standard levels had been presented according to a 6X6 Latm Square.
{For further details v. paper L) For a group of four subjects the following
preliminary psychophysical equation was obtained according to the method
described on p. g.: R=c (S-+x00)t5. The reliability was computed by
mesans of analysis of variance according to Hovt's formula {(Guironro,
1954) and was found to be comparatively high: Ry==0.g5.

When performing halving experiments of this kind consideration sheuld
be given to the so-called "time order error” ile. the memory error which
arises as a result of the arder and the period of time between the percetved
stimuli, e.g. the given standard stimuius and the reproduced one. Two
subsequent simple experiments proved that this error must be taken into
account in a study of the perception of muscular force.

Two experiments were planned for the purpose of studying the im-
portance of the period of work from 5 to 100 seconds. They were carned
out according to the ratio setting method with halving. The results for
short-time work showed that the subject sets lower half values when the
standard is perceived for 5 seconds than for 30 to 1oc seconds. The per-
ceived performance thus appears to depend not only upon the physscal
power or force, but alse on the amount of work carried out. Here the
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time of performance seems to influence the perception of the performance
(pedal resstance) during the first 5 seconds, so that the resistance 1s
perceived ta be less in a shorter period of work than in a longer one.

An analysis of variance was made according to McNemar (1957, D-
330). This analysis showed that the nme factor had an influence significant
at the c.05 level of confidence. To test the significance of interindividual
differences s new procedure was proposed. According to McNemar this
difference cannot be tested because no suitable interaction variance could
be used when forming the F-rato. However, we have ventured to test
the mdividual variance, 32, against the following combination of interaction
variances: st - 5§ — 2, so that a F-ratio could be formed in such a way
that the numerator only differs by one term involving the effect to be
tested. The individual differences could then be considered amply estab-
lished. A high reliability ceefficient was also obtained according to Hoyt's
formula {Guicrorp, 1954) with re=.95.

The main halving experiment

The zbove-mentioned experiments served as a basis for subsequent
ratio experiments, The problem concerns the more detailed construction
of a psychophysical scale for subjective force in work periods of short
duration {I: Bone & Dausreom 1gfo). The ratio setting method, in-
volving halwning of the stimuli, was used. In order to reduce the influence
of the time order error the subjects had to reproduce the standard pawer
as well as to halve it in order to make possible the plotting of the ratio
setting values against those reproduced {Exman and FRANKENHAEUSER
1957). Five {5} standard power-levels, 500, 700, goo, 1.000 and 1,300
kpm/mn., were preseated to the subjects. The highest level may be
estimated to be lower than one half of the maximal strength threshold
of the wealest subject and about one third of that of the strongest one.

The results of the experiment were described with a power fuaction of
the following appearance: R=c (S+176)}% where 5 15 measured in
kpm/min. Significant differences between the subjects were found, and
the caiculated coefficient of reliability was high, viz. 0.g6.

The abave-mentioned power function was based on arithmetic means
for 12 subjects, In 2 number of recent psychaphysical investigations it has
been found that the results of ratio experiments often give skewed distri-
butions. It is now customary to start from medians or geometric means.
If the medians for the halving vaiues and the reproduced standard values
are taken as starting-points, the psychological eguation obtained is:
R=c (S++150)"5. This function is obtained from the best fitting line in a

14
TABLE |
Half-values, S, for the standerd power level 8oo iprifwmm. The vaiwes censist of
means of medians for § set vaives in an escending and § 1 a descending senies.

Mumber of subjects, O's==22.

o S|'f= 0 Sli': 8] Sl,i:
1 4nLg 9 378 ry 538
2 436 1o 547 B 447
3 4683 1: 5853 15 4955
4 543 1z 273 a0 387
5 503 13 4035 21 5105
6 4245 14 478 22 firgs
7 450 15 524.5 M 4738
B 4y 16 4313 My 459

graphical plot of the values. The constant 150 is here determmed at the
nearest go. As was expected the exponent was somewhat lower, 1.5, than
the one obtained from the means, z.6.

A checlz on the halving experiments

For a gencral re-testing of the aferementioned halving experiments,
a simple experiment was performed through the halving of one power level
{(80o kpm/min.) on a group of 22 male students. Every one of the subjects
performed 10 halvings, 5 of which were in an ascending and 5 in a descend-
ing series. They were given 2o seconds to perceive the standard power
and later. abour the same length of time, to perform the haiving.

The results are given mn Table 1, which includes the medians for each
subject and for the whole group with Ma=450. As is seen in the Table the
majority of halving values lie above the physical half. Only 3 of the 22
subjects have a lower halving value.

In a calculation of the psychophysical equation: R=¢ (5+a]", attention
should be paid to a possibile s-value and to the time order error. As we
cannot calculate these variables in this experiment, the estimation of the a-
value and the reproduced §, (Sy;,) 1s based on previous experiments. If we
start from the ordinary straight line: Siy=b-+ k5., which corresponds to
log.o.5
log. &
(Exman 1958). Judging from earlier experiments it would seem that the 4-

value ought to lie between 100 and 200, and that the reproduced $.),
between 780 and 820 kpm/min. Three cases are calculated for the found
halving value S==450.

an empirically found halving line, we know that: a= k-b—z and n=
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1. If a=150 and the reproduced S =800 kpm/mun., the exponent will
be n=1.56. This exponent is obtained in the following way. We first deter-
mine the angle coefficient, k= 458%;b, which gives the mtercept,
b=455—8o0 f. By inserting this expression for b and the value for a==150
in the equation a=£—; we get 150==%?—E and k=o.641. Thus the
exponent 1s 1= ri%%ﬂz.sﬁ.

2. A lowest probable exponent is obtained if a Is put at 100 and 5.,
at 820, 11.#=1.30.

3. A highest probable exponent s obtained if a is put equal to 200 and
Si,=780, my=1.73.

This experiment shows that if halving alone is considered, the exponent
of the psychophysical function for the given experimental conditions with
short-time work on the cycle ergometer lies between 1.4 and 1.7.

Rario estimarion

A psychophysical experiment concerned with the perception of force
during short time work on the cycle ergometer was also carried out with
the ratio estimation method according to Bxman (1g58). We employed
the power levels often used for physical work tests so that a direct com-
parison with psychophysical scaling for long-time waork in such a test could
be made. The chosen levels were 300, 600, goa, and r1.200 kpm/min.

The experimental subjects were 12 male students aged between 20 and
30 years. During a period of 20 seconds they had to perceive a certain
level, and immediately afterwards another one during a so-second period,
after which they rested for 30 seconds. The levels were presented in pairs
at random, 12 pairs only, & in an ascending and 6 in a descending series
within the pairs. Half of the experimental subjects performed the experi-
ment in a reversed order. The subjects had to estimate in per cent how
intensely the wealkest stimulus in the pair was perceived as compared with
the strongest one.

Immediately after this experiment another one was performed in which
all the power levels were presented in sequence, as is often the case in
work tests, and the experimental subjects had then to estimate the last
perception of pedal resistance in refation to all the previous ones.

The result is seen in Figure 1. where two curves represent the first and
the second experiments plotted in logarithmic coordinates. The psycho-
physical equation corresponding to the result of the first experiment {1)
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in Fig. L 1s R=¢ (S+200)'% The corresponding equation for comparisons
with levels in an ascending series, as in physical work tests (2], was of
the same appearance although the a-value was approximately a==300. If,
in the latter case, the a-value is disregarded, the expenent n=1.2 18 ob-
tained. Adaptation to a straight line [ogarithmic coordinates, however,
will then be poor. It will thus be seen that there 15 a fair dependence of

R
2,

y Fig. t. Results of two expenments, I and 2.,

LOG SCALE. RELATIVE R-VALUES

S with the method of ratic estimstion. The re-

&5 ) lative perceptron values are plotted agamst the

20 409 BoO 1600 corresponding strmulus values, 5, {ogarithmic
LOG SCALE, 5 [N KPM/MIN, coordinates,

the magnitude of the exponent upon this a-value. The expersment pgave
us reason to suppose that two different functions could be obtained if the
comparisons were made in ascending or descending series within pairs so
that a lower a-value is chtained in a descending order.

Ratio production: A variety of doubling experinients

In previous psychophysicai experiments on shart-time work a sertes of
halving experiments was carried out. As pointed out by Stevens (1957)
due regard should be paid to the factor of hysteresis in psychophysical
experiments. In this connection somewhat different functions are obtained
if compansons are made of stmuli m the ascending or in the descending
series. 1f, with a mathematical function, one describes a general relation
between perceived and physical stimulus, due consideration should be
given 1o this and to the method empioyed. This has been the case in a
number of psychophysical mvestigations allowing the experimental sub-
ject e.g. to perform both the “halving” and the "doubling” of standard
stirnul,

In this investigation we have atternpted to see if an exponent of the
same magnitude can be obtamed when “doubling” as when “halving”.

As a psychophysical method the ratio setting method was used, although
0 a somewhat modified form. The exponent of the "doubling experiment”
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15 supposedly of about the same magnitude as that of the "halving” and we
therefore started from the earlier obtained function with the exponent
=1.5. Instead of carrying out the experiment iz the usual way with
“doubling” of the standard stimulus we reversed the procedure and
changed the mstructions for the experimental subject, so that in accordance
with the above function a predictive ratio between the power levels should
be obtained.

In this case we have attempted to predict a "doubling” of the physical
power. With the standard stimulus S;=vo0 and the adjusted power
Sa=285;, S. becomes= 1,400 kpm/mm. In this way the ratio between the
correspanding R-values is obtained by insertion of § m the equation:

R, 1,550'%
R=c {8+ 150}13, and Eﬂwm?"S‘

The experimental subject was mstructed to adjust a fevel perceived to
be 2.5 times as great as the mitial resistance 5, A distribution for indi-
viduals of S:-values sbout 1,400 kpm/min, was thus predicted.

Twenty-four male physicians or medical students 1n Ume4, aged be-
tween 2c and 40 years, placed themselves at our disposal as experimental
subjects. All of them were in a good physical condition with a2 maximal
strength threshold exceeding 3.coo kpm/mun, for short-time work on the
cycle ergometer.

The expenimental subjects had first to perceive the standard power fevel
for 20 seconds and then, for about the same period, to perform the ratio
setting, i.e. increase the work load until the pedal-resistance felt to be 2.5
tines greater. This was repeated in ascending, descending, descending
and ascending series so that four assessments were obtained for each
person. In the ascending series the experimental subjects had to adjust
the resistance from the initial level; 1 the descending series from a level
set by the experimental lgader immediately after the standard {evel and
about 3.5 titnes as high.

The result are given in Table 2 showing means of the 4 power values
m kpm/min. As is seen the range is great, from 1,1ce to 2,200 kpm/min.,
with the median Pyy=1,411 kpm/min. The values are somewhat positively
skewed with Pos=1,347 and Pia=1,543 kpm/mm. The mean is 1,478+ 48
kpm/min,

The uncertainty in the exponent may simply be said to correspond to
the variation from P,; to P;,=three times the standard error, which im-
plies a confidence level with P<(o.01. Starting from the mean we obtain
the mterval 1,344— 1,612 kpm/min. at the same confidence level,

The exponent of the power function may be assessed according tn
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TABLE 2

Results of the expersment with rane setting. The wvalies consist of nteans of 2 values
in ascending and = wm descending series obrained by increasmg rhe power from the

standard level voo hpmimin. with 25 tomes i subjecrive units, 5,
Number of subiects, OFg=24q.

oS, o] S o 5,4
H 1107 10 1384 1g 1561
2 1254 11 1303 20 145
3 1267 i 1406 =t 1667
4 1337 13 I3 =2 1792
5 1340 14 1430 23 1859
G 1343 15 143t 24 2239
7 1351 16 1489 M 1478
8 1354 17 1505 My 1411
) 1370 18 1525

Exman's (1958) method from the straight ratio setting line, as pointed out
earlier. The mean gives the exponent n=r.42 and the extreme limits of
the confidence interval n=s1.62 and n=1.26 respectively if we start from
the a-value 150. The median gives the exponent n==1.53 and the exireme
limits 1.33 and 1.62.

The method we employed to retest the size of a psychophysical expo-
nent seems to be a quick and adaptable one. A prediction may be made
for a stimulus level chosen arbirarily, or for some special reason, from a
power function obtained earlier. The deviations of the results from the
predictive level may be tested together with the significance in the ordinary
way and the uncertamnty of the exponent can be estimated.

Naturally, in the first place a simple factor between the R-vatue should
be chosen. As a check on the generality of the function a certain variation
:n: the chaice of factor is useful. As our mvestigations show, such a difficult
ratio setting multiple as 2.5 may be used. {The single high value of 2,239
kpm/min, may have been due to misguided ambition at the time of the
experiment. The experimental subject spontanecusly stated later that he
fiad probably set a very much too high resistance.)

This experiment thus supports the previously obtamed results and an
exponent about 1.5.

Discussion
The investigations of the perception of muscular force for short-time
work on the bicycle ergometer have shown a posttively accelerating func-
tion with an exponent of about 1.6, Our uncertainty range [rem 1.4 to 1.8
cannot from an intermodal viewpoint be regarded as great in comparison
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with the variation m the exponent for different sense modalities. STevEns
{1g60) gives the following ranges, — "The power function has been ob-
served by many expersmenters (e.g. Exman 1959). It has been shown to
hold on more than two dozen continua, and the exponent, “n” has been
found to range from about 0.33 for the brightness of a target perceived
with dark-adapted eyes to about 3.5 for the subject mtensity of electric
current (6o cps) passed through the fingers”.

An a-value of 150 to 200 units has also been found in the psycho-
physical power function: R=c [SZa}" for the perception of muscular
force or effort durmng short-time work on the bicycle ergometer. The
value may be interpreted m such a way that when cycling without any
physical pedal ressstance the subject still perceives some effort, refatively
spealung.

Further support for the validity of the given exponent is found - inde-
pendently of our investigations — in a recent investigation into the "ap-
parent force of handgrip” by Stevens & Macw (195p). Their psychophysi-
cal study gave an exponent of n=1.7.

Naturally, further experiments may be performed for the assessment
of the psychophysical Function for shert-time work, Quite a number of
general psychophysical methedological problems still remain to be solved,
however, for instance the time order error and the significance of the
range, differences between the method of psychophysical estimation and
production and, last but not least, the question of the justification of
starting from the experimental subject's statements concerning numerical
ratios in order to obtain subjective ratio scales.

An inpgenious method presented by Stevens (1960) seems to be of great
mterest m this connection. The methed implies that cross-modality as-
sessments are made. It also seems possible to apply the method to the
continua in our investigations, and it may also be an answer to the ques-
tion of validity raised above.

INTERINDIVIDUAL SCALING AND PERCEPTION OF
MUSCULAR FORCE

Introduction

In a paper by the present author (III: Bong, 1961) the preblem of inter-
mdividual scaling was discussed, and a proposed solution was tested by a
simple experiment. The problem has not often been observed, but is of
fundamental theoretical and practical importance. The old philosophical
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question whether “Hylas perceives the red colour in the same way as
Philonous does” may serve to illustrate the probiem.

Psychaophysical ratic experiments do not make possible immediate m-
terindividual comparisans of the mtensity of perception. The ratio scale
yields refations between perceptions, but not levels revealing anything
about the intensity in relation to some general mtersubjective pomt of
reference. In most practical situations a simple rating method 1s, therefore,
superior to a ratio methoed.

This rather fascinating problem of absofute interindjvidual comparisons
may, perhaps, be solved psychophysiologically in the future. Our aim here
is ot to base our reasoning on any such presumptions, but to attemot from
psychological assumptions to find a possible solution which will be em-
pirically iflustrated by an example from the perception of muscular force.

=, Ry, >

WA Fig. 2. Twao hypothetcal curves for the perception
[R) of Weight (5] for two subjects, 1. and 2. The

/ latter 15 considered the stronger and is able to
::' Vi Hft more than the first, 5,8, corresponding
2 to R =R,. The perception of a submaximal
s _ stimulus, Sg, may be read direct [rom the curves

Sg8g; Sy %y and inrermdividual comparisons may be made.

QOur proposed salution = based inter alia on the assumption that the in-
tensity of the individual's perception is evaluated o relation 1o his present
and previous experiences, i.e. to the whole range of intensities as a frame
of reference. Our assumption cannot be verified empirically, but from the
viewpaint of common sense it may be considered more or less probable.
To begin with we maintain that there is an interindividual vanation of the
stimuus range, and that for every individual's stimulus range there is a
corresponding perceptive range. We assume that the intensity of an indi-
vidual's perception is unambiguously determined by its place n the per-
ceptive range. Qur mam assertion is that the perceptive range and the
intensity of the perception at the terminal threshold are equal for all
normal individuals.

The exponent or constants of the psychophysical equation may alse be
of interest from the point of view of differential psychology. But no direct
comparisons of the intensity of perceptions can be made.

in Fig. = two hypothetical curves are given for the perception of weight
for = subjects=1 and 2. The jatter is considered to be stronger and is able
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to §ift more than the first Su=>5.. The terminal threshold s here defined
as the heaviest weight a subject can lift. Two curves may be drawn in the
same diagram ¥f Ry =R... The perception of a submaximal stimulus may be
read divectly from the curves for both subjects and interindividual com-
parisons may thus be made.

As the terminal threshold and the stimulus range can be empirically
determined for each individual it 15 possible to make interindividual com-
parisons. In the equation R=¢ (§+a)" the unit of measurement ¢ is de-
termined for every wndividual if R. 1s given a suitable numerical value:

R
{(S-4-a)e

C ==

Experiment 1

The psychophysics of muscular worlk 15 a sphere which appears to be
particularly switable for the application of interindividual scaling accord-
g to the above-mentionad principles. The degree of subjective force or
effort ought 1n normal cases, to have a strong correlation with the meas-
ured physical performance.

An experiment was carried out for the interindividual sealing of per-
ceived muscular force during work on the bicycle ergometer. {III: Bora,
1961.) By the ratio setting method ratio scales were obtained for 4 in-
dividuafs. Determinations of the terminal threshold were also made
accordance with the method of adjustment.

The constant ¢ m the power function R=c (5-+a)" (Bxman 1g3n) was
assessed by putting R=1,000 for S=5.

As the unit of the perception of force was chosen 1/1,000 of the subjec-
tive force perceived when the terminal threshold is attazined. This unit is
called “vig” and 1 "wig" is thus==Rd/1,000.

Experimenr 2

Like most theoreticai modeis, our method for interindividual scaling
cannot be verified or falsified in an absofute sense. But its applicability
and use may be valued and its degree of probability empirically proved.

If our reasoning is valid the correlation ought to be strongly negative
between R-values for a submaximal level §i, and the terminal thresholds
5. In Fig. 3 we have tried to visualize this and also the fact that the
distribution of R-values is positively skewed if the terminal thresholds in
physical ratio units are normally distributed in the population.

This method for validation presupposes that some other relevant -
dicator of the level of intensity of the perception may be obtained. A
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subjective ratmg scale has proved to be useful 1 other connections. (See
Chapter 3.] We have therefore used this rating scale i this expeniment.

7
"‘nﬁrz.ﬂla =
o 07’ 9y
R / Fig. 3. Disuwibution of termmat
k\ - thresholds, 3, corresponding o
§ // one and the same subjectve R
Biy ] ’ value, and distribution of R~
Riy o %”’”— 3 vaiues for a submaxsmal stunulss
5 Sy Sty Stz vaiue, S;.

In accordance with the above reasommng we arranged an experiment
where 20 subjects, 14 men and 6 women about 20-25 years of age, had to
rate a submaximal level during work on the bicycle ergometer according
to a 21-graded rating scale. Three termunal thresholds and three ratings
per mdividual were determmed for the level 2,060 kpm/mun.

TABLE 3
Resuits of an experimenr on the validation of the merhod for umerindividual com-
parisons. The S.valnes consist of cycling strengrin threshelds en the bicycte ergomerer
measured in kpmimin, The R-vaiues consisr of ratings from a 2r-graded raring scale
and have been given by all individuals, O's for one and the same subntaximal power level.

G S R O s R
z 3137 15,5 e 3178 8.0
= 2861 17,5 12 2Brg 18,5
3 2704 18,5 13 3283 £5,0
4 2550 18,5 14 343t 12,5
5 2703 18,5 15 3577 13,0
6 2167 18,0 t6 3339 16,0
7 3470 16,5 17 3073 16,5
8 2306 18,0 18 2626 18,0
o] 877 20,3 19 1372 21,0
10 3541 14,5 20 1352 a1

The resuits are given in Table 3. A rank correlation according to Seean-
MaN was caiculated and found to be very high, vho=—0.83.

Discussion
In this chapter we have ventured to propose a methad for making
direct interindividual comparisons of the intensities of perceptions. The
problem is a very old one and considered to be msoluble. In an abslute
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sense thus may be true, but for making mterindividual comparisons serv-
g as reliable and valid guides the method seems to be very promising.
The method may also be suitable for other perceptive continua. There 1s,
hawever, one drawback bound up with the determination of the S-level.
For example, perceptions of pain, or the degree of motivation, may
certamn cases have an undeswable effect. For the perception of muscular
force this does not scem to be of great importance but for some other
continua the disadvantage may be greater. For normal individuals the
individuai differences in muscular performance are very high and probably
much greater than the differences in most other sense modalities.

This method for interindividual comparisons may also be applicable tn
studies of changes in individuals. Such changes may depend on gither an
increase m the performance capacity after physical traimng, or a decrease
1 connection with some disease. In normal cases physical traning or
motion is not mtended to increase the maximal physical performance
capacity in itself, but the sensation of stress and strain in normal work
should be reduced. When the terminal threshold has been increased the
perception of one and the same submaximal level should decrease, or one
and the same perception level, e.g. a preference level, should correspond
to a higher physical performance level. When there is a decrease in the
working capacity the condition is the reverse.

In pathological cases such as depresswe states of mhibition, asthenic
states of invalidity, hysterics or euphoric conditions it 1s possible that there
are cases of perception changes without corresponding change of per-
farmance, or the reverse may happen with performance changes. The
high rank correlation between ratings for a submaximal level and cor-
responding maximal thresholds showing the validity of the theoretical mo-
del for interindividual comparisons, may also be considered good valida-
tion and 2 theoretical anchoring of the subjective rating scale, This is very
important as it fends further support to the use of the rating method and
its superiority as compared to rato scaling methods when direct com-
parisons of intensity levels of perceptions are made.

A WORK TEST FOR SHORT.TIME WORK ON THE BICYCLE
ERGOMETER. "THE CYCLING STRENGTH TEST" "CST"

Introduction
In psychophysical investigations of physical work, problems concerning
the assessment of the upper performance or maximal strength threshold
are apt to arise.
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In the introduction to this thesis mention is made of the criterion-
directed nature of the mvestigations. Forestry forms a type of field work
of great importance in Sweden, and pecple occupied with it are engaged in
heavy and strenucus physical activity. Methods applicable m assessing the
forest worker's mental and physical performance capacity will therefore
be of great practical importance.

In studies of the mdividual's physical performance it is of interest to
cbtain information on his subjective perception of exertion mn connection
with physical achievement. As a supplement to different physiological
reactions to physical stram such subjective values should be used as an
indicator of the performance capacity, e.g. in selective and predictive
connections.

A method has been worked out by the present author for assessing
maximal strength thresholds in short-time work on the cycle ergometer.
This method is based on the experience of heavy physical work and a
general working analysis of forest workers, the performance of athletes
and their modern trammg methods, physiclogical and psychological con-
siderations and certain preliminary experiments.

An analysis of the achievements of forestry workers will demonstrate
the importance of several factors concerning performance differences,
e.g. muscularity, endurance, technical skill. gemeral talents, motivation,
and the ability to plan work, etc. Some of the most important factors re-
ferred to above may be evaluated guantitatively. With tests on the cycle
ergometer m the case of normal healthy persons, work on the cycle ergo-
meter may be so arranged that muscularity, adaptation to circulation and
mativation of physical work will be the decisive factors. Motivation here
may be of two somewhat different types, viz. motivation for short-time
force effort and motivation for more long-range performance.

In many physical work tests, use is made of a physiological measure
as an indicator of performance capacity, e.g. pulse reaction in physical
exertion. Sometimes no such physiclogical indicator 15 employed, and the
work test is more i the nature of a psychological behaviour test. A draw-
back with some of these tests may be seen in that only small groups of
muscles have often been engaged in the performance. It 15 of great in-
terest to construct a test of muscular force where large muscle groups are
involved and where some form of ¢riterion-connected motivation for phy-
sical performance plays a decisive part.

In such a test attention raust be paid to several factors. Many stimulus
factors, particularly the size or the speed of the power level mcrease,
the length of working time and pauses and suitable pedalling speed are of
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interest. In addition, special consideration should be given to the above-
mentioned adaptability of circulation and to the motivation. The psycho-
physical methods far assessing the upper strength threshold may also be
varied in different ways.

Preliminary experiments performed by the present auother indicate that
the normal variation range of maximal thresholds extends from approxi-
mately 1.000 to 4,000 kpm/min. Many cycle ergometers have an upper
limit below 4,000 kpm/min., e.g. the one used by us and mentioned in
Chapter 1, notably a limit at about 3,500 kpm/min. Since the average
maximal level in a normal group seems to lie below 3,000 kpm/mun. with
a standard deviation of some hundred kpm/min., however, the cycle's ca-
pacity need not be that high in the majority of normal cases.

As earlier stated, 2 pedalling speed of 50 or Go r.p.m is generally used
in physical work tests, In our experiment we have adapted 6o r.p.m., and
the ergometer is so constructed that the power is not influenced by slight
changes in the pedalling spead.

To avoid the possibility that the adaptation of circulation influences
the assessment of muscular force, the length of the working period should
be less than 1 muaute. As regards the “physiologic background” of bodily
work, Ssostaane {1660, page 201) states: “When the exercise is of very
short duration, it can be carried out anaerobically and the oxygen require-
ments met afterwards by balancing of the so-called oxygen debt. Accerd-
ingly, the muscular power that can be developed will determine the work-
Ing capacity.

In the case of more prolonged work, i.e. with a duration of ene minute
or more, the magnitude of work performed becomes dependent on the
quantity of oxygen that can be distributed to the working muscles in ad-
ditien to the power that the muscles can develop”.

On the other hand, the working period should not be se short that oniy
rough or unreliable measurements can be obtained. With a working period
of 30 seconds, for example, and a linear power variation from o to more
than 3,000 kpm/min,, the power increase will be more than 100 units per
second. In relation to the dispersion and the difficulty in assessing the
upper limit to the exact second it 1s preferable that the working period
should not be very much below one mmute unless unreliable measure-
ments are obtained.

The motivation of force effort 15 a factor difficult to eliminate. In the
majority of investigations of muscular force, motivation is included as an
important part-factor. This may be a disadvantage if an indicator of the
muscular capacity i desired in a limited sense. But it may salso be an
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advantage if sorme measure of criterion in field work 1s desired, and where
the metivation may also be assumed to have a simifar influence during tests
as during work 1n the field.

Psychophysical methods generally used for threshold assessments are the
method of limits, the method of reproduction, and the constant methods
{Guirorn 1954). As, mter alia, only a few assessments of muscular
strength for work on the cycle ergometer may be performed in quick suc-
cesston, without any important involvement of the cardio-vascular system,
it appears more expedient to employ the method of reproduction or the
method of limits with the power variation in ascending sequence,

The test based on these principles and empirically proved s named
"The Cycling Swength Test”, "C5T"

Appararus

The previously mentioned cycie ergometer was employed m the as-
sessment of muscular strength. The apparatus mentioned 1 the introduc-
tion was attached to the ergometer to adjust the speed and the continual
variation of the power. As the power increase on the ergometer follows a
somewhat positively acceferating curve in relation to the dial setting scale,
the increasing tendency was counteracted by the speed with which the
adjustable wheel was driven. This was changed in accordance with 2
negatively accelerating curve so that an approximate linear relation be-
tween the power merease and the time could be obtaned. The speed was
adjusted manually by the speed-adjustment wheel adapted to a specal
centimeter-scale speedometer. By checking the time of the experimental
leader's manual adjustment chronometrically it was found that the error
amounted to only a small percentage. The precision of the method is also
seen m the high reliability coefficients obtained (cf. below].

Marerial

In connection with a more extensive investigation of physical and men-
tal performance capacity during the summer of 1961, a group of perma-
nently employed forest workers (Mo and Domsjd Lid.) were subjected
to a physical work test. Participation was voluatary, but as full pay and
subsistennce allowance were granted by the Company, there was a good
response.

The subjects’ age in years was M=45.2% 1.2, height M==1720%t08,
pody weight M=v2.0% 1.1 and working capacity according to PWC,x,
M=1.195%23. In Table 4 the means, dispersions and ranges have been
arranged together with the relative values of wage per working day during



TABLE 4
Means, standard deviations, S.D.. and ranges, for some variables wihich describe the
sample of 57 subjects. Relanwe vaiues of wages are also miciuded for all fumber workers
{Ne=137) m virose districts from which the materal was taken,

Variabel Mean S5 Range
Age 45.2 8.5 2702
Haeight 1720 5.8 16:—183
Weight 72.0 "G 56—or1
PWC,, 1,195 170 875—1,52%
Wage, N=g7 £.078 6163 o.57a~1.38a
Wage, N==137 a 0.21a o0,46a-~1.302

the precedly vear {1960). In order to grve an impression of the representa-
tiveness of the semple of 57 lumber workers (cutters), wages have also
been included for the total group of 137 permanently (with mere than
2co working days per year) employed forest workers in those districts
from which the material was derived. For reasons of secrecy the values
n crowns per day have been transferred so that the values have been
accounted for in relation to the mean of the larger group as an umt. The
mean of the sample is slightly above that of the total group.

From 3 to 4 hours before the experiment every subject was subjected
to a physical test. An ECG was also taken to check any possible patho-
logical heart reaction. A few definitely pathological cases with severe ECG
changes during exercise were not included m the experiment. Some sub-
sects with pain m back or knees and some subjects with ECG abnormalities
were, however, included.

Method

For assessing the maximal thresholds a modified method of limits was
chosen with a power variation in an ascending series up to the point where
the experimental subgect could no longer pedal or maintain the stipulated
speed of So r.p.m. but fell balow 45 r.p.m., the latter one being the lowest
one used with regard to the power, see Introduction.

A start was made from a low initial-fevel performance, »iz. circa 500
kpm/min. The variation range was set at approximately 3,000 kpm/min.
(from 536 to the ergometer’s upper limit 3,577 kpm/min.). The power
increase was kept constant with the time, the choice being 5o units per
second so that a total warking time of circa 45 seconds could be obtained.

When the first assessment was completed, which took 42 seconds on an
average, a new initial level was chosen for each mdividual. In doing this
the previous final level was chosen as 2 starting-point for the calculation
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of a power fevel corresponding to a working peried of 45 seconds below
the obtained final level. If the mitial fevel was thus below 538 kpm/min,
the experimental subject had to cycle at this initial level for a period of
such a length that the total time could be estimated at 45 seconds or some-
what below. The maximal assessments were then repeated a number of
pmes [See Chapter 3). At this juncture we are not interested 1n a closer
study of the work curve obtamed, but only in the first assessments m-
dicating the maximal force or strength fevel, Three assessments proved
to give reliable measures. After a working perrod of 45 seconds the ex-
perimental subject had to rest for 15 seconds after which a new assessment
was made so that one assessment per minute could be obtained.

Results
The results of the "cycling strength test”, “C S T", are given m Fig. 4.
The values in the Figure represent the means of the three successive as-
sessments. The mean for the group is M=12,450 kpm/min. and the standard
deviation is 5.D.==550 units.

H
12+
8+
ar Fig. 4. Result of the cycling strength
sest, CST, showmng the distribution
o . ) s of means of the first three maximal
500 qg'nﬂ 1500 Fower thresholds 1n power, kpm/min. Num-
M per of subjects, N=5g7.

In the test the reliability was estimated in that the resuits of the first
sssessment were correlated with the second, after which the correlation
coefficient r=.g4 was obtained. The means of the first and the fourth
assessments have been correlated with the means of the second and third.
The correlation coefficient thus obtained was r==.gf.

In Table s, some correlations have been arranged in the estimation of
the validity and specificity of the test. The correlation matrix shows corre-
lations between the cycling strength test, CST, and the working capacity
according to the power at the pulse 176, PW iz, and to the rating “very
iabotious”, PWCn, for work on the bicycle ergometer. Correlations with
wages for 1960, 1061 and the mean of 1960-1g61 are also included. The



TABLE 5
Corretarion coefficients berween the cycling srengele test, CST, and the working capa-
ciry according 10 the power at puise rye, FWC, , and ro the rating {R} “very laborious”,
PWCy. Cerrelations with wages for 1pfo, 1961 and the mean of rgfe—rgOt are also
inciuded, The CST (1) denores that onfy one determination (the first] is ralzan while
tie CST values are founded on three {3) assessments.

Vaniables : z 1 4 5
1. CST (1}
2. CST .gf
3 PWC., b 24
4. PWC, 51 .49 .23
5. Wage 6o .50 .56 .10 .43
8, Wage 61 51 52 22 52 .57
7. M, wage Go—bB1 .57 6o 23 .54

At re=.26 15 P=.05 and at r=.33 15 P=.c1.

CST (1) denotes that only one (1) determination (the first) is taien
while the CST values are founded on three (3) assessments. The tests
of working capacity PWCim and PWCx are discussed : more detail
in Chapter 1L

wage
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Fig. 5. Scatter diagram showing the correlation yow- 2163 . BERE
between wage (in 1o classes} and resuits of the 1236-1138 BEE
cycling strength test, CST, {in power unit, 2533 s ¢
kpm/min.). T jrlelajsiunjalslsieic]n

Ag seen from the correlation matrix, the validity of the test expressed
as the correlation with wages is high, r==.60. The correlation is also seen
by the scatter diagram in Fig. 5. The correlation with the physical (P)
warking {W) capacity (C) assessed from the rated degree of exertion (R}
during work on the cycle ergometer, PWCr is r==.4g. The correlation
with the working capacity estimated on the pulse reaction, PW Ciq, 15
r=24. See further Chapter IIL.

Discussion

The result of the mvestigation has proved to be very promusing. The
cycling strength test, CST, has revealed good reliability and validity. The
group examined, however, is relatively small and consists of a special group
of employed forest workers. Thus the correlation coefficients should not be
taken too fiterally as representatives of another group. The material was
not homogeneous as regards age and has therefore probably mereased the
range and by that the size of the correfations. On the other hand, it may be
assumed that the group was more homogeneous with respect to perform-
ance and motivation than many other groups. The fatter should in tarn
have resoited 1n a reduction of the correlation.

We know of no other investigation of a similar type that has revealed
such a high validity. An explanation of the good correlations may be that
for physical field performance the most smportant varables such as feg
muscularity, motivation, and possibly to some extent also the adaptation of
circulation, may be assessed with the CS-test in a very reliable manner.
The motivation for physical performance, which 15 a decisive part of the
test performance, 1s presumably of a type similar to that included in field
worlk.

The criterion which has consisted of the income per working day 15 not
a particularly reliable measurement of the performance capacity. This
appears from the low correlation coefficient between the two different
annual wages, r==,57. If the validity correlation is corrected for attenuazon
in the criterion, with a reliability coefficient of r=_80, the corresponding
validity correlation 1s r=.67.

As the performance of the test only takes a few munutes 1t 15 very time-
saving. The period of work and the length of pauses between the assesse-
ments may of course be slightly altered m future experiments. In this case
we have chosen short pauses in order to stress the organs of crculation.
See further chapter III

Int this connection it has been of interest to discriminate in a normal
group. In investigations concerning e.g. patients with reduced working
capacity or weak motivation, the test should also prove useful. For a
definite evaluation of the wvalidity of the test further investigations and
cross validations should be carried out on different and larger groups of
experimental subjects.
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THE PREFERENCE LEVEL

Introduction

The term “preference level” was mentioned m the previous section on
nterindividual scaling. By this I mean a ievel that 1s perceived by the
individual as being just about right or comfortable. It may also comcide
with an eptimal achievement fevel or adaptation level {cf. Hewson, 1g51).

In psychophysical experiments on fevels, aftention has mastly heen paid
to absolute thresholds or some type of termunal thresholds, In this con-
nection it would appear that the so-called preference level has been re-
grettably neglected. The possibility of assessing this level appears to be
good for a number of sense modalities, e.g. perferred reading light, car-
driving speed, or “comfortable listenmg level”, Soaervicie (cit. Stevens,
1955)-

In order to make possible intermdividual comparisons as regards the
preference level, a suitable general reference point must be obtamed.
When a patient’s subjective perception of exertion for physical work is
estimated in clinical practice, he s often asked how strenuocus it feels
to wallk up steps or the like. The possibility here of obtaining an entirely
general point of reference 15 limited, There is yet another possibility,
namely that when interindividual comparisons within a homogenecus oc-
cupational group with fairly well-defined physical tasks are made, the per-
formance asked for in the experiment may conveniently refer to some
specified occupational physical achievement.

Experiment

In connection with mvestigations of the working capacity of lumber
workers, mentioned in an earlier chapter, the fatter had to perform pre-
ference level adjustment during work on the bicycle ergometer. The sub-
jects were mstructed to adjust a worl-load - for about half a minute -
which approximately corresponded to a preferred level in heavy forest
work e.g. when de-branching. The experiment was repeated ten {10] times
with about a half minute pause between each assessment.

The resuits revealed a great interindividual range from 200 te 1,500
cpmi/min., the mean for the whole group being M =701, and the dispersion
S.D.==g8 kpm/min. The distribution of the 57 experimental subjects’
means was positively skewed with the median, Ma=649 kpm/min.

The reliability of the assessments was calculated by correlating the
means for the first and fourth assessments with those of the second and
third, and further by correlating the means of all the odd assessments with
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those of the even ones. Thus the first correlation was r=:.g3, and the
second r==.g88. As s seen the reliability 15 very good.

The results have aiso been correfated with other measurements of per-
formance. The correlation with the working capacity according to sub-
jective rating, PW Cr, was thus r=.15, and the correlation with the work-
ing capacity PW Cyse r==.00. A significant correlation was obtained with
the maximal performance for short-time work on the cycle ergometer, CST,
with r=.42. The preference [evel was also seen to correlate with the
mean wage for 1g6o-1081 with r=.35.

Discussion

The aim of this study has been to show that the preference level may be
a reliable measurement of practical significance. The correlations are only
to be looked upon as rough indicators of connexions as the distribution of
the preference values was skewed. Furthermore, according to the leader
of the experiment, seme of the subjects might not quite have understood
the instruction.

With regard to the level it may be of mnterest here to compare the
results with the work test PW Curo. In this case the adjusted preference
fevel corresponds on an average to about half of the working capacity
according to PW Ciza.

It may be of interest to apply the assessments of preference levels to a
number of ather modalities. In normal as well as in pathological cases the
preference level and its changes m refation to the maximal level, the
absolute threshold, or forced adaptation level that does not caincide with
the preference level, may prove to yield information on more general
characteristics of personality.



iII. A CLINICAL AND PSYCHOPHYSICAL STUDY OF
LONG-TIME WORK ON THE BICYCLE ERGOMETER

A GENERAL INTRODUCTION CONCERNING THE RELIABILITY
AND VALIDITY OF A WORK TEST

Introduction

In the assessment of physical werking capacity, it is necessary to pay
attention to the individual's ability to perform heavy work during a long
period, whereby the organs of circulation are subject to great stress. The
work [oad that the individual can manage at a so-called "steady state”
level, ie. with retained physiological balance in relation to the demands,
is often taken as an indicator of the working capacity.

A method often used in the estimation of physical working capacity
(SsdsTrRAND 1947, 1600) 15 to let the subject work on 2 cyele ergometer
for 6 munutes on each of a series of work loads increased step by step until
the pulse rate reaches a level of at least 150 beats/mun. With this method
the physical working capacity may be indicated at the power level where
the pulse rate 1s r70 beats/min. after inter- or extrapoiation [=PWC ).
Another method to indicate the physical working capacity from submaxi-
mal levels 15 that of P. O, Asrrarnp {3g32) and 1. Asreann {1960}, which
transforms the pulse frequency for one or several power levels to a value of
estimated maximal o.-consumption with the aid of a special nomogram.

Experiment

Cur psychophysical mvestigations of the perception of exertion are
closely related to work tests. We have. therefore, made a study of the
reliability and validity of the above-mentioned work test. {IV: Bore and
Dasntstréu, 1g6z.)

The material of our study consisted of 42 twenty-vear-old forest workers
which formed a fairly representative sample {Dancsrnom % Famprasus,
1958). The cycle ergometer test was first performed in the summer of
1957 and was then repeated in the spring of 1958, The test was carried
out with successively increased power fevels, and for a period of 6 minutes
for each level: 6oo, goo. 1,200 kpm/min. and so on. The pulse frequency
was assessed after working periods of 2, 4, and 6 minutes, and the breath-

3

34

ing frequency after 3 and 5 minutes for each fevel. Results from a twenty-
mile skiing race (30 kilometers} were chosen as a criterion of condition
for test validation.

The results revealed very good intratest correlations between pulse rates
from 4 to 6 minutes - as lugh as r=.98, and re-test correfations as lugh
as r=.76. The highest correlation with the skiing race was found with
the PW Cy:o-values, r== 54. The importance of the increase of time from
4 to 6 minutes for this validity correlation was compared with the um-
portance of the power level mcrease from Goc to goo kpm/mm. Tt was then
found that the latter gave the greatest contribution to the validity.

The intratest cosrelations for breathing frequency were as high as r==.g5,
and re-test correlations were up to 7=.84. The correlatian of the breatl-
g frequency with the pulse rate or criterion, however, was throughout
very low. The morphological variables, height, weight and chest width
did not show any significant correlations with the criterion, but the latter
two variables correlated slightly with the breathing freguency.

Discussion

This study of the work test on the cycle ergometer has shown that the
reliability and the validity of the test are good.

The reliability assessments of the test that have hitherto been made
have been concerned with retests. By correlating physiological measures
abtained during the course of the test and of fundamental importance for
the evalustion of the result, intratest correlations may, haowever, be ob-
tamed showing reliability correlations m a more restricted sense of the
word: individual inconstancy dependent on some days’ lapse of time has
not been allowed to influence the coefficients.

Maost validity ceefficients that are reported in the fiterature are lower
throughout (c. f. Srecror, BroZex & Pererson, 1961). The relatively high
correlation that we have found may be explained by the fact that the
group tested was fatrly homogeneous in respect of age and pulise-rate
reaction, which males puise 170 an interindividually significant referecnce-
point, though it is heterogeneous with regard to the tested physical work-
ing capacity, The criterion used in the form of results of a skiing compe-
tition also seems to be a form of physical activity to a great extent loaded
with the same intervening variables of fitness as the ergometer test. The °
validity questions will be dealt with further in the following section on
differential studies.



GENERAL PSYCHOPHYSICAL STUDIES

Introduction

When mvestigating the psyclhophysics of muscular work on the cycle
ergometer longer periods of work than those described in part. II should
also be the object of study. As the organs of circuiation may be subjected
to severe stress it is possible to obtainn further information about an indi-
vidual, which is of general as well as of clinical importance. The perception
of exertion during a long period of cycling should also be influenced by
the reactions of the heart and respiratory organs, which play a greater
part in the sum total of the perception than in short-time work.

Many difficulties are bound up with a general psychophysical study of
hiow the perception of exertion varies with the physical power during
[enger periods of work on the ergometer. As the variable comparison
power has to be percerved a comparatively long time after the standard
power, memory errors may play an mmpertant part. It is hardly possible
to use any form of the method of ratio or magnitude production here.
Owing to factors of e.g. fatigue, only a relatively small number of power
fevels become cobjects of study, and it is therefore difficult to adapt =
psychophysical function to the results obtained.

Experiments 1 and 2

Two scaling expersments with the methods of ratio estimation and
magnitude estimation are reported in a paper by the present author (II:
Borg, 1961). The following power levels were chosen: roo. 3en, Soc, goo
and 1,200 kpm/min. This choice was made in accordance with-the work
test, and also for the purpose of obtaming a great variation in range. The
{ast level, 1,200 kpm/min., is about the mean of the working capacity
in a normal group of young men to judge from PW (.5, according to
resuits obtained e.g. by Bore & Danistrom, IV. {1962].

As in the ordinary work test on the bicycle ergometer, every power
level was experienced for a period of 6 minutes. The perception of exer-
tion was only defined generally and vaguely for the subject as "how
faborious st feels”.

A fairly homogeneous group of 12 male medical students served as ex-
perimental subjects,

In the first experiment with the method of magnitude estimation, the
perceptions of the power levels were refated to the memory of one and
the same level, viz. 300 kpm/min. The power levels were presented to the
subjects in pairs with 300 kpm/mun. as the first one in the pair.
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In the expermment with the method of ratio estimation the power fevels
were presented to the subjects in an ascending series. The subject had o
estimate the memory of the previous ievels in relation to the perception
of the current one. He had also to rate the degree of exertion according
to a 21-degree rating scale.

During the experiments an ECG was taken and the pulse rate was
checked for the 4- and §-minute periods.

The resuits of the two ratio scaling experiments were fairly congruous.
1n arder to form an idea of the reliability of the perception values an
analysis of variance was made of the values ghtamed in the first experi-
ment. A reliabilicy coefficient was obtained according to Hoyt's formula
{Guirono 1954) with re=.g1.

As an initial approxmmation the results were described as a psycho-
physical function with the exponent n=1.1—1.2. The rating values vared
slowly and negatively with the power and with the ratio values.

Experimenr 3

A ratio scaling experiment was alse carrted out {Vi: Bors, 1g62) m
connection with a study of subjective rating and pulse reaction durmg
work on the cycle ergometer, whereby the rating scale presented below
{p. 39) was used. The same ratio estimation method as described pre-
viously was used. The levels were presented to the expermmental subjects
for 6-minute periods smmediately succeeding each other m an ascending se-
quence, as in an ordinary physical worl test. The result was in good agree-
ment with those already obtamed. Il the a-value was disregarded in the
equation: R=c (§-4)? the exponent n=1.2-—1.3 was obtained, Adapta-
tion to a strasght line in logarithmic coordinates was, however, poor. With
an a-value of 200 kpm/min, the exponent 15 n=1.6, and with an a-value
of 300 kpm/min, n==1.8.

Discussion

The ratio scaling experiments on subjective exertion during a physical
worle test with levels m an ascending sequence showed good agreement.
The perception of subjective exertion thus follows a paositively accelerating
curve in relation to the increase of power level,

When interpreting the first experiment (1I: Bore 1961} we did not cal-
culate with any a-value in the equation: R==¢ (S-+4)" as an initial approxi-
mation. With four levels to adapt 2 function the latter will be relatively
uncertain. The R-value obtained for §=100 pointed towards a relatively
small a-value below too units. If an a-value of cirea 1oo units is included
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in the above-mentioned equation with the exponent n=1.1—1.2, an ex-
ponent n=s1,3-1.4 1s obtamed. If the R-value for =100 is disregarded,
a relatively lugh a-value of 20c to 300 umts and the expenent n=1.5—1.7
1s obtained.

In a recently published work by Exman {1961} a number of general
psychophysical methedological questions are raised in connection with an
expersment on the intensity of taste perception. Different psychophysical
functions are thus obtained according to choice of stimulus-range, psycho-
physical method, and standard stmulus. Ekman here snggests a power
function of the following general appearance:

R=ot"4'CS"

It would appear that the resuits of our investigations could also be
described with the aid of the latter power function, In the first expermment
the exponent n is approximately=1.5 and « about =44 of the R-value for
the lowest level, 300 taken as the umt. In the third expeniment the ex-
ponent 1 is approximately=1.6 with « about Y2 of the R-value for the
lowest level, 300 kpm/min.

Ekman's investigation shows that the choice of standard stimulus as a
point of reference is of decisive importence for the appearance of the
function. This fact is also of interest for the interpretation of our results.
The R-value obtained for $= 100, for example, was made with the latter
presented after the standard fevel, 320 kpm/mun., while other comparisons
were made with the fevels in an ascending sequence.

If a psychophysical function is desired, describing in a general way the
variation of subjective exertion in relation to physical power during work
on the cycle ergometer, many experiments should naturally be plaaned with
a rotation of the experimental conditions and the levels in ascending and
descending series, etc. A comparison of such a general function and the
mare special physiological function obtained in a physical work test with
the levels in an ascending succession, however, is not directly possible.
The results of our investigations make possible 2 direct comparison of the
physical worl test mentioned above.

Many general psychophysical methodological problems remain to be
solved before different functions of the sense modalities can be assessed
exactly. As there are good possibilities of planning physiological measures
in phystcal work tests, it is our intention to return to these problems it a
more extensive biophysical connection.
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DIFFERENTIAL PSYCHOPHYSICAL STUDIES

Introduction

Differential psychophysical studies may be of mterest for the estimation
of physical working capacity and even contribute to the understanding of
psychophysiological relations and more general individual traits.

The ratio methods previously used give relations between perceptions,
but not levels for mmmediate interindividual comparisons. A question of
great importance, therefore, 15 how to “anchor” the subjective values ac-
cording to the ratio scale so as to make such comparisons possible. This
question will be touched upen here and further discussed i connection
with problems concerning a quantitative semantics in chapter V.

During physical work both the pulse reaction and the subjective rating
of exertion may be considered measures of physical performance. They
should correlate with each other, but the subjective rating, being an ex-
pression of the individual's total physical and mental reaction to exertion
during work, might be expected to provide additional information over and
beyand that of the pulse rcaction alone. Together with certam ather
physiological and psychological measures, measures of subjective exertion
should also be able to provide increased nformation for the estimation of a
patient’s working econemy and motivatien in physical work, e.g. in cases
of insurance and pension claims.

Fig. 6. A hypothetical model for
assessing physical working capa-
l cty 1w power, kpm/mun., from
2 pulse rates () and from subiec
tive ratings (R} for two subjects
=7 A and B. The mtenndividual re-

B, - / ference pomt for puise values (e.g
- / P, and P

// 17¢ beats/mm.} 15 P, an -
Zﬂ - corresponding  to two  different
p:/ power fevels, S, and S, The re-
Ry ference pomt for ratings 1 Ry,
s and Ry, which in this speciai case

N 3

2 by T corresponds to one and the same
2 power jevel 3, and 5y,

PULSE WKTI®g

One possibility to anchor the subjective values seems to be to combine
the ratio scaling with some form of determination of the levels according
to a rating scale. The physical working capacity during work on the bieycle
ergometer can thus be determined both from the pulse rates and from
the complex and “motivation-loaded” perception of exerton.

Fig. 6 gives a graphical description of how the working capacity mught
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be determuned on the basis of the subject’s pulse values (P), or perceived
values (R) expressed m physical power (§) for work on the bicycle ergo-
meter. The working capaaity for two subjects A and B are shown m
the figure according to the pulse rates with continuous lines and according
to the rating with broken lines. These hypothetical cases show how two
different values of the physical working capacity, Sa and Sk, according
to the pulse rates, might give cne and the same indicator of worlung
capacity according to the ratings, Su and Sv.. These two measures of the
physical working capacity should correlate with each ather, although the
correlation figures might not be higher than allowing these two measures
to complete each other as indicators of physical working capacity.

In a pilot-study of perceived exertion and physical working capacity by
Bonc & DanrstroM (1062} these ideas or hypotheses have been tested
empirically. A slight correlation was thus found both between the physical
working capacity determined from pulse rates, and from subjective ratings
hetween these variables and an independent criterion in the form of eg.
a skiing race. The validity of the two measurements of working capacity
was about the same.

A simple rating scale for use in physieal weorlk tests

In a paper by Beng, VI, {1g62] an account is given of a study on the
method for determining physical working capacity from subjective ratings.
The subjective rating scale applied in the above-mentioned pilot-study by
Borc & Daurstaém (1962) has been closely studied m a more extensive
investigation of physical working capacity. The scale consists of 21 grades
where all the odd scale values from 3 to 19 have been anchored with the
aid of verbal expressions. The latter were so chosen that the scale should
receive a good mterindividual validity, ie. enly well-defined terms with
a comparatively good intersubjective, constant meaning were chosen. The
scale was presented to the subjects in quarto format with equal distances
between the figures and in the following terms:

3 Extremely light, 5 Very light. 7 Light, o Rather light, 11 Neither light
nor laboricus, 13 Rather laborious, 15 Laborious, 17 Very Iaborious, rg
Extremely laborious.

The individuais were subjected to the physical work test mentioned m
the Introduction with 2 gradually increasing load from 300 kpm/mm., and
with a 300 kpm/min. increase between each level. The working time for
each fevel was 6 minutes. During the work test an ECG was taken to
check any possible pathologic signs and to record the pulse frequency.
The subject had to give the rating during the last minute of each level.
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A fairly normal sample of 73 subjects teok part n the test. Their ages
ranged from 20 to 30 years m two-thirds of them, the rest from 30 to 4o
years. The resuits showed that the ratings grow according to a curve some-
what negatively accelerating with the physical power. The physical work-
ing capacity was calculated both according to the power level at pulse
170/min., PW Cizo 2nd to the level at the rating value that corresponded to
puise 170, which was R=16.5, PWCr. The coefficient of the product-
moement correlation between the two measures of working capacity was
r=61. The correlation between the pulse values and the ratings for each
of the submaximal power levels was about r=.40, and for the whole werk
test, including all power fevels, the correlation with ratings and pulse
rates was r==.85. This may be considered a very high validity ccefficient
and also shows that the reliability of the scale 15 good. It mught, therefore,
be very useful as a supplement in estimations of physical performance
capacity.

A validation study of the subjective raring scale as an instrument for
estimating physical working capaciry

As there is great need for instruments mn evaluating physical working
capacity we have chosen to test the suitability of the rating scale m a pre-
dictive connection. Seeing that fumber worle constitutes a field m which
physical working capacity is an important vector of the field perlormance,
we decided upon an nvestigation with a group of normal lumber workers.
The aim was to ascertain how the physical working capacity, determined
by the pulse reaction during work on the cycle ergometer, PW Ciz, and
the working capacity deterrmned by the subjective rating, PW Cy, cor-
related with an external criterion of the performance capacity in the form
of wages.

In the above-mentioned investigation on the use of the rating scale we
started from the rating 16.5 in order to deterrnme the level. In the present
case we started from the rating 17 as a more simpfe pomnt of reference cor-
responding to the ar-graded rating scale’s expression “Very laberiaus”

The investigation was carried out simultaneously with the one reported
on page 26. The correlation matrix presented there also showed correla-
tions with the working capacity according to PW Cyqe and PW Ca together
with other variables, e.z. wages, as a criterion. The different test measures
here showed a number of correlations of great mterest. Thus there was a
correlation of working capacity according to PW Cr with physical strength
according to CST circa r==.50 and with working capacity according to
PWC,z0, r=.24. The correlation between PWCr and the average wage
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per day 1g6o-1961 was as high as r= 54, while PW i vafues only
correlated r=.24 with the corresponding field criterion of the working
performance.

As several of the experimental ndividuals did not reach & puls exceed-
Ing 150 beats per minute during the physical work test, the PW Cizo-values
should be considered less reliable. According to this methad extrapolation
from lower pulse levels implies a considerable degree of uncertainty. Con-
sequently a group was chosen from the matenal that attained a pulse
exceeding 150 beats per minute. This group consisted of 33 individuals
whose PW C,;o-values gave a correlation with wages of r=+.44, while the
PW Ca-values did not now correlate as high, but gave the correlation
r=.37. The CS-test still gave a high correlation: r=4g. (At r=134 i
P< .05 and at r=.43 15 P=.01.)

The mvestigation has thus shown that a rating scale can be of great
help in the assessment of physical working capacity for work on the cycle
ergometer. This appears to be the case particularly during work with a
group that is not only heterogeneous in respect of the results of the -
vestigated variables, but also heterogeneous in some intervening variable
coinciding with the investigated variable jtself. If, for example, an in-
vestigation with regard to the pulse reaction and its upper “ceifing” is
carried out on a heterogenous group, the method appears to be an im-
portant supplement to the assessments according to PW Cir. If no cor-
rection is made e.g. for the maximal pulse level, the latter method implies
that the reference point, pulse 170, 15 really of absolute mterindividual
significance.

As previously shown, correction for attenuation may appreciably in-
creace the correlation when the refiability of the criterion is relatively low.
If the eriterion reliability is r<{80 the PW Cp-values' validity will be
fhigher than r=.60 after correction.

A PHYSICAL WORK CURVE FROM INTERMITTENT CYCLING
STRENGTH ASSESSMENTS, CS-TESTS

Inrroduction

We have previously described a method to assess physical performance
capacity for short-time work on the bicycle ergometer, viz. the CS-test.
The nature of the test was such that the performance capacity would be
chiefly dependent upon muscularity and motivation. We will now show
how this test may be extended to a work curve so that a more general
measurement of physical warking capacity may be obtained.
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Worle curves have been studied ever since the days of Mosso and Krae-
pelin. According to Woopsworth & Scurossserc (1954) these curves have
of late fallen mto obscurity as, among other difficulties, 1t 15 hard to ob-
tam ergograms that are comparable from time to time and from one ex-
perimental subject to another. The authors also state that the work curve
may be highly dependent upon personality factors.

Serial anaiysis of the performance of more complicated and conflicting
tasks, such as those of the colour-word test, have been performed by
Swrrn & Nyman {195g) and have proved to provide important ctues to the
operational definition of clinical personality syndromes.

Among other workers, Seasttore {(2951) and RADJASERAHARAN (1g61)
have given summaries of their own and other mvestigations into worlang
performance and work curves, ete. A method for assessing physical work-
ing capacity with a continuous 1ncrease of the work load during a period
of 5 to ro minutes is described by Leumann and MicHAELS (142} and
also used by Rowce {1948). Crwmstensen, Astrawo et al. {1g60] have
made investigation on e.g. intermittent muscular worl. Criterion-directed
problems of working performances i the field, worlung-analysis, workers'
analysis, and similar questions have been presented in detail by Guisere
and Brown (1952). A study by Lunpcren {195g) deals with "The prac-
tical use of physiological research methods in work study”

Many muscularity tests have dealt with relatively limited groups of
muscles. Tt would be of interest to plan a test in which muscle performance
including greater muscle groups could be measured. By repeating such a
test intermittently with short pauses between the assessments it may be
possible to obtain a work curve where the adaptability of the organs of
circulation is of great importance for the level and form of the curve, m
addition to the influence of motivation and muscularity.

Experiment

An mvestigation was carried out i which the working capacity from
intermittent short-time work on the bicycle ergometer was assessed. For
every individual a work curve was obtained consisting of maximal thresh-
olds according to the method described in Chapter 11

The same cycle ergometer, and an apparatus for the vanation of speed,
piving linear power variation with time were used as in previous expert
ments. The power was increased by so kpm/min. per second, and the
subject worked for a period of 45 seconds and then rested for 15 seconds.
The choice of working time and pause was based on previous preliminary
experiments and on the perception of exertion of the subjects.
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The investigation was performed on the same matenial of 57 lumber
workers as described m Chapter II, and was a direct continuation of the
experiments described there. An ECG was taken simultaneously with the
assessment of the maxmmal thresholds and the pulse-rate determined from
the ECG sheet at these upper levels. Twenty {20} assessments were made
for every subject. Two mdividuals were unable to carry through the whele
test, the one retiring after 10 and the other after 13 assessments, each stat-
ing that they could endure no more. However, the final values of these two
persons have been included with those of the rest. The experimental
subject was not allowed to kmow how many assessments were to be made,
but was given to understand that the test would be repeated several times.
However, just before the last assessment notice was given that only one
more remained.

The resuits of the investigation are presented i Figure 7 and Table 6.
In the Figure there is a work curve describing the means of 20 assess-
ments for the whole group. As will be seen the curves descend rather
abruptly at the beginning from 2,6oc kpm/min, to a stabilized fevel of
circa 2,150 kpm/min. Already after 10 assessments the curve has reached
a fairly stabilized level. A curve corresponding to one standard deviation
beiow the means has also been plotted. These pulse values which corres-
pond to the maximal values are also seen in the Figure. Already after the
first assessment the pulse was relatively high, or 150 beats per minute.
After some assessmments it increased to a refatively constant level of about
157 to 188 beats per muinute. It appears that the dispersion of the maximal
thresholds war fairly great. One drawback of our cycle ergometer in this
conmexion was that the power could not be increased beyond 3,577 kpm/
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TABLEG

Correlation marrix showing corrvefarions benween the resuits of the nve work rests on
rhe bicycle ergomerer, and means of wages per day from rwo vears. Werk (W)} curve, 1.
denores the three wmitial values per individual (=CST. Chaprer 1.}, M for means of
the three middle vaiues (g, to and 11], and ¥ for means of the three final valees {18,
g and =0j. PWC, 15 the working capaciry according ta pulse 170, and PWCy rhe
working capacity according te the rared exertion “very strenuons”

Variables : 2 M 4 5 a

. W, curve 1 (=CST)

2, o, M .B3

R w F 75 .01

4 PWC,, 24 27 .32

5. PWC, 49 .53 48 22

G. M, wages o0z .Bo 61 B2 .23 54

9. M, w. curve (I4+F} or G5
?‘Jlﬁt

At P<.o5 r=.26 and at P<{.or re.33.

run. In the first assessments this level was reached by 5 subjects. Two
subjects' "initial levels” (se below) was also equal to 3,577 kpm/mm. Only
one person, however, succeeded in reaching the power ceiling during the
20 assessments.

Table 6 shows correlation between the results of the work curve ex-
periment and those of the work test previously described. The initial {evel
{1) from means of the first three determinations re. the CST-values, the
middle level (M) consisting of means of the three medium values (g, 10
and 11}, and the final level (F) of means of the three final values (18, 19
and 20) of the worlt curve, have been correlated with the working capacity
according to pulse 170, PWC)v, and according to the rated exertion “very
strenuous”, PW Cn, and with the means of wages per dag in the years
196o and 1961.

The correlation matrix in Table 6 shows the reliability and validity of
the test to be very good. A reliability coefficient has also been calculated
on the split-half values so that the means of all the odd assessments are
correlated with the even ones. Thus a highest reliability coefficzent of
r=.gg7 is obtained.

The correlation between the final level and the middle level of the
work curve 15 r==.ga, which s i conformity with the result that the indi-
viduals have reached a fairly stabilized level of the curve. The middle
fevel and the initial fevel correlate r=83, and the initial level and final
level, r==_75. The decrease in the correlation seen here may be the result
of the influence of other factors than muscularity determining the level of
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the curve, viz. adaptability to circulauon and motivation for long-time
work. The increase n the correlation between working capacity according
ta PW Cyse and the different levels of the worle curve from r=24 to r=32
support the fact that the adaptability to crculation 15 of increasmgly
greater importance for the results,

As pointed cut m an earlier chapter, the correlation with PW C,;, should
not be taken too literally in this connection as the group was very hetero-
geneous in pulse reactions. Furthermore, many experimental subjects did
not reach a pulse rate of 150 beats per minute.

The different levels of the work curve also show high correlations with
the working capacity when based on the subjective rating of exertion,
PW Cr. Here the correfations are about r= 0.

As an externsl and independent criterion of the phystcal working
capacity, use was made of the mean income per day durmg the years 196c—
1961, As will be seen, the different levels of the work curve give very
high correlations with this criterion or r=.00. As the correlation between
the initial and final levels 1s not higher than .75, a high correlation may be
anticipated if the test results are based on the means of the mitial and
final levels or on all the values. This is i fact the case and the very high
correlation of r==65 is thus obtamed. If this 15 corrected for attenuation,
with the criterion reliability 7<C.80, a correlation between the test and
the griterian of #>> .70 is obtained.

Discussion

The method with mtermittent assessments of maximal thresholds in
short-time work on the cycle ergometer. yielding a work curve, has given
mteresting results. As this mvestigation forms part of a research pro-
gramme concerning the working capacity of Jumber workers and planned
in collaboration with a psychiatrist and a clinical physiologist and carried
out with clinical, psychometric and personality-diagnostic tests, the resuits
will be further examined from the pomts of view of personality diagnosis
and physiology. The method, however, has proved to be very reliable and
has good validity. It should therefore be very useful as an instrument for
selection and prediction. Naturally, other groups of experimental subjects
should be subjected to Follow-up investigations and validation. It would
also be of interest to test the suitability of the method on different groups
of pathological cases, psychasthenics, “Insurance neurotics”, psychopaths,
depressive patients etc,

The periods chosen for intermittent work — cycling for 45 seconds and
resting for 15 - should obviously be considered preliminary. A closer
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physiological analysis may perhaps show that a different distribunion of
work and rest periods gives better resufts.

As is seen from the results, the pulse very soon reaches a relatively
high level. If we desire a quickly obtained mdicator of the maximal pulse,
the method appears to be useful for this purpose as well.

Already when planning this work test we considered the surtability of
atlowsng variables of importance for physical performance in the field
{muscularity, adaptation to circulation, and motivation) to play a decisive
part. Qur mtention has not been to determine in detail the extent to which
these variables influence the performance. There seem to be excellent
possibilities for a more detailed psychological and physiological analysis.
The results of the worl curve should then be put i relation to other work
tests, PWCizp and PWCn and others. In contradistinction to the other
tests, waorking capacity determined by pulse reaction PW C,:o is not m this
way charged with motivation. A person with good motivation and mus-
cularity, but in poor condition with regard to the circulatory adaptation
for long-time worlk, should achieve an abruptly falling work curve. If he
were in good physical condition the work curve would, on the other hand,
have a flatter form. A relatively flat work curve may also possibly be ob-
tained with a group of aggravating experimental subjects. In this case,
however, the level should be considerably lower than that for the well-
motivated groups with good adaptation fo circulation. For instance, n
conscious Or UNConscious aggravation 1t appears to be easy for the patient
to attain a low level. It should, however, be more difficuit for an aggravat-
g subject to achieve a work curve congruous in form to that of a normal
person. It seems to be very difficult for the aggravating subject fo foresee
that an initiaf force effort. due to stress on the organs of circulation, should
give a characteristic form to the regression of the curve.

Apart from the differences between individuals in level and regression,
it right also be of interest to study the size of the variance. As shown by
St & Nyman (1gsp) the size of the residual vamance, in conflict--
charged performance, 15 combined with primitive-hysteroid personality
traits. Perhaps a vegetative [ability may be revealed in a serial analysis
of these normally slightly conflict-charged physical performances and show
that they coincide with diagnostically important personslity traits. The
ordinary course of performance in the colour-word test with a relatively
high "secondary” regression and variance in psychopaths (Nyman & Swrs,
1p50) may alse in certam cases comcide with an analogous course
physical work.



IV. SOME PSYCHOPHYSIOLOGICAL RELATIONS

Introduction

Qur mvestigations have concerned the psychophysics of muscular worl
from the point of view of general psychology and differential psychology.
It is of interest to compare the psychophysical relations to the physiological
ones. The physiological and psychological reactions caused by the same
stimuli are obviously different aspects of the same change in behaviour.
Both the subjective perception of the exertion and the physiological re-
action to physical work may be considered indicators of physical strain.
Theoretically it should be possible to explain the psychophysical function
with the aid of different physielogical functions.

Only a few psychophysiological investigations of this kind have been
carried out. One of the best known of these mvestigations is that of
Stevens & Wourmann {1940) on the subjective pitch and the maximum of
sensitivity along the bacillar membrane.

The constants and exponent of the general psychophysical equation
should be related to the corresponding variables in certain general physio-
logical equations of importance and relevance for the perception. Even the
individual deviations from these general relations are naturally of great
interest both in normal and in pathoicgical cases. Every mndividual's psy-
chophysical equation for a definite, limited perceptive continuum should
be studied in connection with certain relevant physiological functiens sa
that an "explanation” of the deviations from the general psychophysical
tendency may be obtamed. From a clinical viewpoint such an abnormal
psychophysical curve gives rise to a suspected physiclogical disorder.

At this juncture only two of the more important physiological para-
meters in connection with the psychophysiology of muscular work will
be discussed, viz. the concentration of lactic acid in the blood and the
pulse reaction during work.

Perception of exertion and pulse rate

As the pulse reaction during physical work is a very good indicator
of working capacity and the degree of exertion, it is of interest to study
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the psychephysical function m refation to the pulse varation durmg work
on the cycle. As shown e.g. by CrmsTensen (1931, 1955) and by SrosTrann
{1960) the number of pulse-beats/mmn. grows linearly with the power for
long-time work on the cycle ergometer during which the pulse reaction
shows the mdividual’s aerobic adaptability, This linear relation was also
found m our investigations. In an experiment reported by Bone, Vi, {1g962)
on subjective rating and puise reaction, the following pulse averages were
found 1 a group of s4 mdividuals, at 300 kpm/min.: ¢3.8 pulse-beats/mmn.,
at oo: 117, at goo: 141.7 and at 1,200 kpm/min.. 165.7 pulse-beats/mim.
As is seen the pulse increases lincarly with the power and may be described
with the following general equation: P=b-+cX5, where I' is the pulse
at a certain power level, & the basic puise level, ¢ a measure constant and
§ the physical power. In thus case the equation is: —

P=70+8X1072XS, where 5 s measured in kpm/min.

Our psychophysical function for the perception of exertion during a
worl test increases according to a positively accelerating curve with the
exponent #~1.6. There is some covariation between the pulse and the
perception curves but the positive acceleration of the latter cannot be "ex-
plained” with the aid of the pulse reaction.

The above discussion applies to general psychophysiological relations.
It ts naturally of interest to compare the individual's deviations in percewved
exertion from the average tendency with those of the pulse reaction. In
the aforementioned investigation of subjective rating and pulse reaction
by Borg, VI, {1962) a strong correlation {.83) was found between sub-
jective ratings according to the 21-graded rating scale and the number of
pulse beats per minute during a work test. Thus the variaticn of individual
ratings could to a great extent be based on or “explained by” the pulse
variations.

Perceprion of exertion and blood lactate concentrarion

It is an old belief that the concentration of lactic acid n the blood 15 a
poison of fatigue and that consequently the perception of exertion and
fatigue is to a great extent dependent upon concentration of lactic acid in
the blood. In normal persons this concentration can vary from 10 to 15
mg/1oe ml to 110—130 mg/roo mi (Howmoren & StroM, 1958). As
pointed out by them “the blood lactic acid concentration reflects the
degree of anaerobic metabolism in the working muscles, and may thus be
used as an index of how adequate the blood flow and oxygen transport
to the muscles are in relation to the need”. Characteristic deviations from
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the average changes in the lactic acid m connection with the physical load
are obtained in various pathological cases or in well-trained sportsmen.

In the above-mentioned work by Howmcren & StréM an account is
given of the variation of the lactic acid content in relation to the physical
power durmg work on the cycle ergometer. Different groups of experr-
mental subjects were studied, for example a group of 52 voung male la-
boratory assistants, doctors and patients without any ailment of relevance
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in this connection, and also a group of competitive male cyclists. As re-
gards age these groups correspond fairly with ours. The experimentees
were subjected to the same work test as previousty described and the
lactic acid content was determined in blood samples taken during 5 or 6
minutes at every power level by arterialized finger prick or thmﬁgh an
indwelling arterial catheter.

In .order to compare our psychophysical functions with the function
described by the lactic acid concentration in relation to the power, we have
made a rough mterpretation of Homanren & Strowm's results in t;.:rms of a
biophysical equation. In Figure B we have given the curves for hath groups
of experimental subjects presented by the authors in Figure 2. We have
p{ott_ed the curves in a diagram with logarithmic coordinates so that the
biophysical function is clearly seen. The horizontal axis represents the
power and the vertical one the lactic acid values,

As 1s seen in the Figure the points are well adapted to a straight line
which proves that a power function may be obtained. The folIowm‘
biepdussicel equation describes the function: — :

L=b+4cS5" or L=b+e {§—8§,)°
where L is the lactic acid concentration at a certain power level, b the
basic lactic acid level, ¢ a measure-constant, § the power, 5, a pewe‘r value

4

)
where the curve begins to acceferate and n the exponent that describes
the form of the curve. Further L=0 for §=5..

For the “normal group” the followng equation 1s ohtained: —

L=13t7X10"6x522
The group of racing cyclists 15 on a jower basic evel with & about equi-
yaient with 1o, with about the same exponent, but with an Se-value ap-
proximately equal to 300 kpm/min.

The positively accelerating psychophysical function that we found both
in short- and long-time work on the cycle ergometer, may thus be con-
nected to the variation of the lactic acid concentration in the blood. The
question how strong this connection s and to what extent mdividual dif-
ferences in the mtensity of the perception of exertion may be explamed
with the aid of variatuon 1 the lactic acid centent. is naturally beyond
the scope of this work. The great group differences reported by HoLMoren
% Sriom seem to offer good possibilities of differential investigations and
comparisons of subjective exertion and the lactic acid content m the

bicod.

Discussion

In order to illuminate an important field, viz. the psychophysical one,
the discussion will be limited to two different physiological parameters
only. As botl these parameters are considered extremely important for
the perception of fatigue and exertion during work on the cycle ergomefer,
e found relations should also be borne in mind as they are of factual m-
terest.

The variation in the intensity of the perception appears to follow a
curve between the pulse and lactic acid curves. A closer nvestigation of
the psychophysiclogical connection with physical work may perhaps ex-
plain the differences in psychophysical relations, in work periods of vary-
mg length, or for different individuals. The physiological parameters,
(saded with different weights, constitute the “gestalting” of the intensity
of the perception according to the type of work and to the individual's spe-
cial way of reacting. Naturally, other physwological parameters should be
studied influencing the total perception of exertion and fatigue, and atten-
tion should also be paid to thewr interaction.

Of the two equations mentioned above. the latter, proposed by the
present author, gives the most general expression of the power function. It
may be applicable to several tuophysical reiations including psychophysical

ones. In symbals of parameters we write:
=yt {(P—D)",
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where w s the mtensity of the physiological or psychological reaction, e
a corresponding basic mtensity level, k2 a measure censtant, @ the intensity
of the stimulus and P, a basic intensity level, where the curve starts to
accelerate.

In Chapter II we propesed a method for makimg interindividual com-
parisons by using the range from an "absolute” to a "termmal” threshold as
a frame of reference. A corresponding method may also be useful when
evaluating the significance of a puise value for physical work. The pulse
rate scale 15 of course no ratic scale. Interindividually spealang it is not
even an ordinal scale but may be used as such for rough comparisons. From
an mterindividual point of view the pulse-scale may, however, be con-
sidered an interval scale, so the possibifities for interindividual comparisons
according to the above-mentioned principles should be good.

v THE PSYCHOPHYSICS OF MUSCULAR WORK
AND ADJACENT FIELDS

Introduction

These investigations have dealt chiefly with the more general psycho-
fogical or differential psychological relations in normal individuals. The
psychophysical functions in refation to pathological reactions are also of
mterest. To this group belong e.g. important medical cases such as per-
formance and perception disturbances in individuals suffering from various
disorders, such as heart or mental diseases.

Reiated to the psychophysics of muscular work are such odonto-psycho-
logical problems as are integrated with the perception of bite-force or
bite-pressure, and the adaptation to new chewing conditions.

The interindividual comparisons presuppose good agreement between
individuals in the use of quantitative linguistic expressions and mathe-
matical concepts. Thus psychophysics enters the field of semantics.

The above fields appear to be important psychophysical bordeareas and
investigations nto relevant problems are at present being carried out in
collaboration with psychiatrists, clinical physiologists and odontological
researchers.

Psychophysics and heart disedses

The perception of subjective exertion in a physical work test, which m
normal cases appears interindividually to consist of fairly similarly inte-
grated experiences from the skin, muscles, jonts, and organs of arcufation,
may in pathological cases be domunted e.g. by certamn special experiences
of pain. Both qualitatively and quantitatively a combination of experiences
may arise so that the total perception “gestalts” itself in a particularly
characteristic way for certain pathological cases.

1n a lecture delivered before the Swedish Medical Assocation 1gfo a
report was given of the investigations by Bore & LinwperHoim mto the
perception of physical work in relation to working capacity in certain
groups of patients. Patients and healthy persons had been examined dur-



53

ing work on the cycle ergometer with a gradually increased load, after
which their subjective perception of exertion was assessed according to a
ar-graded rating scale, At the same time the pulse frequency, the breath-
ing frequency and the ECG were recorded. It appeared that certain groups
of patients, such as those with arterial hypertension and coronary disease,
generally rated the exertion of the wark in relation to the pulse frequency
more highly than those in a reference group.

Constant use of the patient’s subjective assessment of the work load
seems to provide valuable wnformation suppiementing other data in the
assessment of the reaction to the work load. A continuation of the study
includes further differentiation of certain groups of patients and is also
performed with other psycliophysical methods.

A case study that also shows how a simple rating scale can be very
helpful i the assessment of the physical working capacity of a person
suffering from an abnormal heart reaction, has been reported by Borc &
Dantstnom (V- 1962). A 47-year-old farmer suffered from hypertension
and auricular fibrillation. During a routine examination required for ob-
taining a driver’s license he went through a physical work test. If cal-
culated on the basis of the rated exertion the working capacity as kpm/
min. was almost four times as great as that calculated on the basis of the
pulse-rate. That n this case the former method of calculation gave a
better measure of the patient’s working capacity was demonstrated by lus
everyday working performance.

Psychophysics and psychiatry

I certain conditions of mental disease the ability to perceive a per-
formance or performance capacity in an adequate and ebjective manner,
or a change in the latter, may be subject to different disturbances. Mamnic,
depressive, hysteric or psychastenic conditions appear to call for a closer
study with the aid of psychophysical worl tests. That change m the per-
ception of exertion which normally seems to accompany changes in the
performance capacity — according to the medel described in Chapter II
with interindividual or intraindividual comparisons - may in different
conditions of mental disease be disordered in a typical way. If the per-
farmance capacity is still the same in the mental patient the subjective
relations may deviate in a characteristic manner as a result of a changed
subjective assessment or other frame of reference, level of aspiration etc,
At the time of writing investigations are i progress including e.g. studies
of depressions. Judging from preliminary results the psychophysics of
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muscular work provide mformauon of diagnostic interest and ynportance
for the evaluation of the elfect of the therapy.

Psychophysics and odonrology

Psychophysical mnvestigations of percerved force and subjective exertion
approach an important odontological field that concerns the relations be-
tween the subjectively perceived and the physically recorded bite-pressure.
Investigations of bite-pressure, chewing force and chewing capacity are
atso of psychological interest. The mouth is an extremely important re-
ceptar area and an integrated part of the body's conscious area of stimuli
which, in cases of radical changes, e.g. loss of teeth or adaptation of den-
ture, may give rise to serious mental disorders, even of a psychotic nature.

Psychophysical nvestigations into bite-force are now being carred out
i collaboration with the Dental School and the Psychological Laboratory
of the Umed Medical Scheol. In works by Boac & Wennstrom (to be
published) methods have been worked out for the assessment of the
subjective bite-force or bite-pressure and its physical correlates. Rauo
methods as well as sumple rating methods afford good possibilities for inter-
or intraindividual comparisons. Judging from preliminary results the sub-
jective perception of bite-pressure does not seem to follow a positively ac-
celerating function as in muscular force, but instead a slight negatively
accelerating one.

Psychophysics and semantics

Problems of fundamental importance for psychophysical research are
those concerned with the semantic premisses for quantitative assessments.
The linguistic responses given by experimental subjects following physical
stimuli may be regarded as revealing an intervening perceptive reality. It
15 a problem of extreme importance in the interpretation of psychophysical
results to what extent the expressions of everyday language and the formu-
lation of mathematical ratios correspond to relevant facts and should be
considered indicators of the intervening experience-variable which we aim
to study.

A good general agreement between individuals m the use of different
guantitative expressions of characterization s naturally a prerequisite for
possible interindividual comparisons. This also holds good for the use of
numerical symbols as well as for those expressions of charactermzation
which may be used as a basis for a subjective rating scale.

It seems to the present author that a most fascinating field of research
viz. psychophysical semantics may be opened up thanks to modern psycho-
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phiysical methods. As relations between intensities of perceptions can be
assessed mathematically and the perceptions characterized with everyday
expressions of mtensity a possibility for guantitarive serantics arises. The
different quantitative linguistic expressions can be fitted into a subjecuive
catio scale so that exact mathematical relations between them are ob-
tained.

Simultaneocusly with the ratio scaling experiments m our psychophysical
investigations of subjective exertion m cycle work, the subjects had to
assess the degree of exertion according to a rating scale. The linguistic
expressions corresponding to the different values in the rating scale were
then placed in the psychophysical scale for corresponding physical levels,
so that absolute relations were obtained between the expressions. The
ratio between “light” and "laborious” in the sbove experiment was==1:3.
“Neither light nor laborious” was about 3 of the distance from “light” to
"laborious”

The study of quantitative semantics that we have sketched should be
extended to the majority of different sense modalities. The corresponding
guantitative semantic relations may be employed even in the case of a
more general experience, memory, or conceptual continuum.

VI SUMMARY

I, This investigation deals mamly with problems concerning physical
performance and performance capacity in relation to different measures of
the subjective perception of exertion. It is partly a general psychophysical
study, but differentiai problems are also investigated in order to suggest
a method winch malkes possible direct interindividual comparisons of per-
ceptions and to obtain a basis in the construction of methods for determin-
ing physical workmg capacity from psychological variables,

In arder to obtain a concise definition the perception of exeruon for
work on the bicycle ergometer 15 defined operationally in accordance
with the given psychophysical method and the instruction: “how heavy
it feels to pedal, how great the pedal resistance is” for short-time work,
and for work of longer duration: “how laborious it fells to work”

II. The psychophysical experiment started with short-time work (less
than one minute) on the bicycle ergometer. The psychophysical power
function given by Stevens and by Exman was also found to be valid for
the perceptive continuum of force or effort. In the generzl function:
Re==¢ (S+a) (Exman 1959}, R 1s the mtensity of the perception, ¢ a con-
stant related to the unit of measurement, 5 the intensity of the stimulus
and a a constant related to the absolute threshold. A positively accelerating
function was found with an exponent about n=1.6 and an a-value of about
150 t0 200 units.

The psychophysical ratio functions do not make possible immediate -
terindividual comparisons of the intensity of perception. A methad for
mterindividual sealing has been proposed here, that may serve as a reliable
and valid guide. Qur solution is based inrer alia on the assumption that the
intensity of an individual's perception is evaluated 1n relation to hus present
and previous experiences, i.e. to the whole range of intensities as a frame
of reference. The perceptive range and the mtensity of the perception at
the terminal threshold is put equal for all individuais. The psychophysical
functions for two different individuals may then be represented in the same
diagram and direct interindividual comparisons be made.

For validation of the method an experiment was carried out where
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terminal thresholds for muscle strength were determined and where the
subjects also had to rate the degree of subjectuve effort for one and the
same submaxmmal level. The correlation between the ratings for the sub-
maximnal level and the terminal thresholds was strongly negative.

A medium intensity level called the “preference [evel”, by which we
mean a level that is perceived by the mdividuals as bemg just about right
or comfertable, appears to be assessable for a number of sense medalities
e.g. preferred reading light or car-driving speed. In connection with inves-
tigations concerning the working capacity of lumber workers, they had to
perform preference level adjustmments when working on the bicycie ergo-
meter. The physical intensity corresponding to a preferred level in heavy
forest work gave significant correlations with the maximal performance
for short-time work on the cycle ergometer, CST, with r= 42, and with
the mean-wage for two years with r= 35

A methad has been worked out for assessing maximal strength thres-
holds in short-time work on the cycle ergometer. The subject has to start
from a low power level, e.g. 500 kpm/min., and the power is then in-
creased continuously with so kpm/min. per second until the subject can
no longer pedal or maintain the stipnlated speed, The assessments are re-
peated three (3] times in such a way that the subject has to pedal for
about 45 seconds, to pause for 15 seconds, then again to cycle for 4% se-
conds etc, This “cycling strength test”, "CST", is mainly intended to give
an mdicator of muscle strength and motivation for short-time effort.

An experiment was carried out with the CS-test on a group of 57 lum-
ber workers. The resuits of the test showed a high reliability coefficient,
r=.96. The validity of the test expressed as the correlation with wages
was also very high with r=_.6o. As the test only takes a few minutes
to perform it is also very time-saving.

HI. A study of the refiability and validity of an often used work test
on the bicycle ergometer has been made. By correlating physiological
measures obtained during the course of the test, intratest correlation have
been obtamed, e.g. for pulse rate as high as r=.98 and for breathing fre-
quency r==.gs. Retest-correlations about 8 months later also showed high
values, r=.76 and r=_.84 respectively. To get an expression of the validity
of the test, results from a skiing competition were correlated with the work
test. A validity correlation of r=.54 was thus found.

Psychophysical experiments with the methods of ratio estimation and
magnitude estirnation have been performed in connection with the above
mentioned work test. The obtained results showed that the psychaphysical
function was positively accelerating and that the general power function
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could be adopted to the results. The exponent of the function was about
n==1.6 for an a-value of 200-250¢ kpm/min. The power function was also
expressed i the following way: R==a+4 ¢S5 The exponent 1s of the same
size and a=14-1/3 of the R-value for the lowest level, 300 kpm/min. taken
as the unit.

A subjective rating scale has been worked out making possible inter-
individual compansons. In an expermment with 73 male subjects, they
went through a work test and at the same time rated the degree of exer-
tion according to the rating scale. The correlation between the pulse values
and the ratings for each of the submaximal power levels was about r=.40
and for the whole test, including all power levels, the correlation was
r==8s5. The physical working capacity was calculated both according to
the power level at pulse 170/mun., and to the level at the rating value that
corresponded to pulse 170. The coelficient of correlation between the two
measures of worlung capacity was r==.61. We have chosen to test the
usability of the rating scale on a group of lumber workers. The results
of the investipation showed that for a group of 57 lumber workers the
wages correlated with the working capacity according to the ratings,
PW R, r="_54 and with the working capacity according to the pulse rate,
PW Cim, r==.24. As several subjects did not reach pulse rates exceeding
150 beats per munute the latter value should be considered less realiable.
Consequently a group was chosen from the materaf that attamed a pulse
exceeding 150 beats per minute. This group consisted of 33 individuals
whaose PW C,r-values gave a correlation with wages of r=.44, while the
PW Cg-values did not now correlate as high, but gave the correlation
r=.37.

By repeating the cycling strength test described above, mtermuttently
with short pauses between the assessments, it may be possible to obtain
a work curve where the adaptability of the organs of circulation is of great
maportance for the level and the form of the curve, in addition to the
influence of motivation and muscularity. An experiment has been con-
ducted on the same material of 57 lumber workers previously mentioned,
The power was increased with so kpm/min. per second, and the subject
worked intermittently with 45 seconds’ work and 15 seconds’ pause be-
tween the assessments. 2o assessments were made and pulse rates checked
at the end of each assessment. The results of the investigation showed that
the mean work curve descends rather abruptly at the beginning from
2,600 power units to an established fevel of about 2,150 units, After 1o
assessments the curve had reached a farly stabilized level. Already after
the first assessments the pulse rate was relatively high or 150 beats per
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minute. After some assessments 1t increased to a refatively constant leval
of about 157-—158 units for the mean of the group. A reliability coefficient
was calculated on the split-half values which gave a very high coefficient,
r==047. The validity of the work curve assessments in the form of correla-
tions between wages and mean values was r=.65. As we know that the
criterion reliability 1s rather low, it may be of interest to correct for at-
tenuztion. With the criterion reliability 7<<.80 a correfation hetween the
test and the criterian of 1> .70 15 obtained.

This study together with the one mentioned above concerning the sub-
jective ratings show that the perception of exertion experienced by a
forest worlker seems to influence the field performance as much as the
working capacity estimated from physiological variables. Beyond the phy-~
sical working capacity, the resources of “mental energy”. the motivation
and the ability to tolerate heavy physical strain and stress aiso seem to be
of great smportance,

iV, To compare the psychophysical relations to biophysical ones we
have made a study of the vartation of the pulse rate and the blood lactate
concentration. In several investigations it has been found that the pulse
rate increases linearly with the power. The following equation may de-
scribe the function: P=H4¢ XS, where P 15 the pulse at a certain power
level, b the basic pulse level, ¢ a measure constant and § the physical
power. In one of our experiments the following equation was found:
Pr=vyo4+8X10"2X 35, where § 15 measured in kpm/msn.

In the afore-mentioned investigation of subjective rating and puise re-
action, a strong correlation, r=_83, was found between subjective ratings
and pulse rate during a work test. The variation of individuaf ratings could
thus, to a great extent, be “explained by” the pulse reaction.

In a work by Howvoren & StréM an account is given of the variation
of the factic acid concentration in the blood in relation to the physical
power during work on the cycle ergometer. In order to compare our
psychophysical functions with that function which the lactic zcid con-
centration describes in relation to the power, we made a rough interpreta-
tion of the results in terms of a biophysical equation, For a rather “normal
group” the following equation was obtamned: La=1347X 107X 822, where
L is the lactic acid concentration at a certain power level, and S the physi-
cal power in kpm/min. For a group of racing cyclists we had to add an
Se-value, e, a power vafue where the curve begins to accelerate. This
leads to the following most general expression of a power function:

we=yntl (D D)",
where w 15 the intensity of the physiological or psychological reaction, .
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a corresponding bas:ic intensity level, 2 a measure constant, € the mtensity
of the stimulus and P, a2 basic mtensity fevel, where the curve starts to
accelerate. This general expression may be applicable to several biophysical
relations on the whole including psychophysical ones.

V. Investigations carried out and still in progress by Borg & Linpernonm
on the perception of physical work in relation to working capacity m cer-
tain groups of patients, have shown that those with hypertonia and coro-
nary diseases generally rate the exertion of the work n relation to the
pulse frequency greater than those in a reference group. A case study by
Borc & Danistatu 15 also reported, where a 47-year old farmer with
hypertension and auricular fibrillation went through a physical work test.
If calculated on the basis of the rated exertion the working capacity as
kpm/min. was almeost four times as great as that calculated on the basis
of the pulse rate. That 1n this case the former method of calculation gave
a better measure of the patient’s working capacity was demonstrated by
his every-day working performance.

Problems of fundamental mnportance to psychophysical research are
those concerning the semantic premises for quantitative assessments. To
what extend the expressions of everyday language and the formulation of
mathematical ratios correspond to relevant facts and should be considered
mdicators of the intervening experience variable, which we am to study,
are problems of extreme smportance when interpreting psychophysical
results. Thanks to modern psychophysical methods it seems to the present
author that a mest fascinating field of research may be apened up, viz.
psychophysical semantics. As relations between mtensities of perceptions
can be assessed mathematically, and the perceptions also characterized by
every-day expressions of intensity, a possibility for quantitative semantics
arise,

In one psychophysical mvestigation of subjective exertion in cycle wark,
simultaneously with the ratio scaling experiments, the subjects had to as-
sess the depree of exertion according to a rating scale. The linguistic ex-
pressions that corresponded to the different values in the rating scale, were
then for corresponding physical levels placed in the psychophysical scale
so that mathematical relations were obtained between the expressions.
The ratio between “light” and “laborious” in the above experiment was:
1: 3. "Neither light nor [aberious” lay about Y3 of the distance from “light”
to "laborious”. It seems that tins study into quantitative semantics may be
extended to the majority of different sense modalities.
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