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Scand J Work En viron Health 1990;16(suppl 1):55-- 8

Psychophysical scaling with applications in physical work and
the perception of exertion
by Gunnar Borg 1

BORG G. Psychophysical scaling with applications in physical work and the perception of exertion. Scand
J Work Environ Health 1990;16(suppl 1):55- 8. In studies on work it is important to assess various sub
jective symptoms, complaints, and annoyances. To measure such symptoms, psychophysical ratio scales
may be used, as along with simpler category rating scales. In this paper some of the basic concepts and
methods of psychophysics have been described. In the field of heavy physical work and the perception
of effort and exertion, one of the most popular methods is the rating of perceived exertion. This scale
has been presented together with a new category ratio scale, commonly referred to as the CR-IOscale.
Some situations in which it is important to obtain measurements of perceived exertion have also been
described in the paper.

Key terms: physical effort , psychophysics, ratings of exertion , rating of perceived exertion, scales, sub
jective symptoms, work load.

To be in good health, happy, and satisfied is a very
desirable goa l. No wadays people know that by im
pro ving their " life-style," they ca n improve their well
being. Th ey are not vict ims of destiny. Befor e th eir
situa tion in work and leisur e-time acti vities can be im
proved, it is o f pr imary importance that they perceive
th e situa tio n co rrectly. They mu st listen to the " sig
nals of th e body."

What is psychophysics?

The information obtained about th e surrounding world
and about bodily or environmental disturbances comes
from one's senso ry perception . A scientific subject that
de als with th ese problems is psychophysics. It studies
the detection and ident ification of objects and events,
the discr imination of stimuli, and scaling, ie, studies
o f the relations between perceptual and physical in
ten sitie s.

Why scaling?

There are severa l reasons why it is important to scale
subjective aspects of such ph ysical stress as the per
ceptio n o f exertion and discomfort. On e reason is
genera l scientific interest. Th is interest refers to human
cur iosity and th e need to better understand the sur 
rounding world . Another reason is that sensory organs
and conscio us per ceptions reveal important distur
bances in the en vironment. In thi s way a per son ma y
get important inf ormation about disturbances that are
not so easy to measure physically or by physiological
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reactions. Still another fundamental rea son is that per
ceptions reveal d isturban ces within a person by sub
jec tive symptoms that re fer to early signs of diseases.

Units in measurements

Th e main problem in psychophysics is the lack of fun
damental units for mea suring perceptual intensities.
" Obje ctive" physical scales have units that are well
defined, constant, and public. When the term "sub
jective" is used. it o ften means that there is both un 
certainty and pr ivateness. One challenge in psy
chophysi cal scaling is then to improve th e methods so
th at th ey come clo ser to the requirements of a good
sca le, ie, so that the uncertainty and the variability of
th e unit is diminished and so that it becomes "semi
public" to permit interindividual compari sons.

Ano ther requirement of the unit sho uld be added,
namely, it sho uld be " meaningful. " Before modern
standa rdiza tions, units were chosen from everyday life ,
eg, "foot" and "horsepower." They were lacking in
precision and constancy, but they had a "surplus
meaning" to people . (It is an irony o f fat e that Watt
him self proposed hor sepower as th e un it for power.)
Th e units o f psychophysical rat io scales also lack mean
ing fo r direct " level" estimates. Th is is a significa nt
d rawback that ha s not been recognized as it should .

Psychophysical ratio scaling methods

In psychophysical ratio scaling the scientist ' s goal is
to use methods that have the same metric qualities as
methods used in physics and physiology , ie, methods
with an absolute zero and with the same distances be
tween the sca le values. Some of these techniques are
estima tion methods according to which the subjects
are as ked to estimate given stimuli and assign them
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Figure 2. Illustration of the fact that physiological and percep
tual responses should be used as indicators of both physical
and mental work load .

Figure 1. Manner in which the perception (R) of loudness (L)
and exertion (E) grows with the physical intensity (S) [S in a
relative (REL) scale] and what happens when the intensity is
halved . See the text.

Most psychophysical relations may be mathemati
cally described by power functions. In the preceding
example, a power function with an exponent of about
two describes how the subjective speed grows to the
approximate square of the physical speed (2). In the
scaling of visual brightness an exponent of 0.3 has been
found, and for loudness the exponent is about 0.6.

Perception of exertion in physical work

Ratings of perceived exertion (or "effort and exer
tion") are important complements to physiological
measurements. Of all single indicators of the degree
of physical strain, perceived exertion is one of the most
informative. It integrates a great amount of informa
tion, with cues from the peripheral muscles and joints,
cardiovascular and respiratory functions, and the cen
tral nervous system.

In many studies on work, interest has been focused
too much on mere performance. However, "the costs"
behind the performances in the form of physiological
and perceptual measurements must, of course, also be
taken into account before men and women can be bet
ter understood at work. Thus it is necessary to inte
grate the information obtained from the three different
kinds of " effort variables," ie, performances, physi
ological measurements, and perceptual responses.

Figure 2 shows that perceptual estimations of phys
ical and mental load complement the physiological
measurements . ' Physical load is often studied with
physiological responses and mental load with percep
tual ones . In many studies of mentally stressing situa
tions it is common to use physiological indicators of
the degree of strain. It is, however, equally important
to use perceptual indicators of physical strain.

Ratio scaling of perceived exertion

The first psychophysical studies on perceived exertion
in heavy physical work were done by Dahlstrom and
myself. [See reference 2.] Both short-term work (less
than I-min) and work of longer duration (several
minutes) were studied for exercise on the bicycle er
gometer. Ratio scaling methods were applied and
showed that the perception of exertion grows accord
ing to positively accelerating functions with the physi
cal work load (power). Mathematically these functions
could be described by power functions with an expo
nent of about 1.6. In one of the most recent studies
(3), positively accelerating functions of about the same
appearance were found for running and biking (both
leg work and arm cranking), while walking showed a
stronger positively accelerating function. The relations
between estimations of perceived exertion according
to two different methods and heart rates and blood
lactate concentrations were the same, however, in
dependent of the kind of work performed. The increase
in perceived exertion could very well be predicted from
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numbers. Others are adjustment methods according
to which the subjects have to set a certain stimulus in
tensity so it is perceived to be, eg, half or twice as
intense as a certain standard stimulus. One of the most
popular ratio scaling methods is "magnitude estima
tion" (I). The subjects are asked to assign numbers
to stimuli of different intensities in such a way that
the numbers given match the perceived intensities and
vary directly in proportion to them.

To demonstrate how a ratio scaling method may
function, consider ratio production and the perception
of speed while driving a car. The subject drives 100
km/h and is instructed to decrease the speed until it
is perceived to be half as fast. The actual speed is really
about 70 km/h, which is very much above the physi
cal half. Several different intensity levels must be used
in the experiment, and the results must show the same
relation between intensities, ie, 50 km /h should be de
creased to 35 to be subjectively half.

The perception of effort and exertion follows the
same positively accelerating function as the perception
of speed. When the physical work load is decreased
until it is perceived to be half as hea vy "subjective
ly," it is really still more than half as intense "objec
tively." The opposite is the case with the perception
of loudness and noise . See figure 1.
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Borg's CR-10 scale

Figure 3. The RPE scale, le, the 15-grade scale for ratings (R)
of perceived (P) exertion (E) (4, 5).

Borg's APE scale

6 No exertion at all
7

Extremely light
8
9 Very light

10
11 Light
12
13 Somewhat hard
14
15 Hard
16
17 Very hard

18
19 Extremely hard
20 Maximal exertion

3 Moderate

4

(light)

(just noticeable)

Weak2

o Nothing at all

0.5 Extremely weak

1 Very weak

where R is the intensity of the response, S is the stimu
lus intensity, a and b are const ant s showing the starl
ing point of the function (or the absolute threshold ),
c is the measure constant, and n is the exponent (2).

The RPE scale

Th e aforementioned ratio scaling methods are very
good method s when one wants to describe how the sub
jective intensity varies with the physical intensity. They
do not, however, give any valid intensity levels for
differential use. To say that one weight is twice as
heavy as another does not say if it is heavy or not. For
practical purposes a simple category rating scale (the
RPE scale, ie, the scale for rating of perceived exer
tion, see figure 3) was therefore constructed (4, 5). The
scale was designed to grow linearl y with exercise in
tensity and heart rate for work on the bicycle ergome
ter. If one does not know exactly how to construct a
rating scale, th is is a meanin gful way to do so, even
if it violates the true growth of perceived exertion . The
scale has been translated into many different languages
and has become internationally popular for the evalu
ation and monitoring of exercise intensities.

a combination of the increases in heart rate and blood
lactate concentrations.

A very useful mathematical expression that makes
it possible to describe both psychophysical and physi
ological intensity variations in the same way is the fol
lowing general power function :

R = a+c(S-b)n,

Figure 4. The CR-10 scale, ie, the category (C)scal e with ratio
(R) prop erties (6).

gree of "sameness" for different individuals, a good
point of reference is obtained. One can then use this
value or part of it as a " semi-public" unit for many
different kinds of interindividual and intermodal com
parisons, such as between noise, vibration, pain, taste,
and exertion for different groups of people .
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The category ratio scale

In recent years a new category ratio (CR) scale has been
developed to meet the twofold demands of rat io scal
ing and level estimations. In the CR scale, the verbal
expressions are anchored to the correct positions on
a ratio scale according to their quantitative meaning
(6). In the simplest version of this scale, numbers from
oto 10 are used (figure 4). The number 10 implies an
extremely strong perceptual inten sity, as in the per
ceived inten sity in extremely heavy physical exercise
like running for some minutes as fast as possible or
lifting and carr ying extremel y heavy weights. Ten is
defined as the strongest effort and exertion a person
has ever experienced. Since he or she, however, may
imagine an inten sity that is even stronger, the " abso
lute" maximum is placed somewhat higher. The sub
ject may thu s use 12, 13 or an even higher number.
This is specially true for the perception of aches and
pain, where "maximal" normally lies above the stron
gest perception of exertion.

One very special and important property of the CR
scale is that , by anchoring the highest number in a very
well-defined perceived effort and exertion with a de-
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Applied studies

That it is important in many work situations to ob
tain estimations of the degree of physical strain and
discomfort and complaints is fairly self-evident. In a
recent document of the International Organization for
Standardization, it is also stated that: "Account shall
be taken of objectively measurable phenomena and of
subjective assessments [See paragraph 4.2]" (7). This
statement shows how important it is to use "stan
dardized" methods for evaluating subjective symp
toms.

Many studies have been performed with the use of
the RPE scale. Other methods for studying the per
ception of physical strain and fatigue have also been
used. Among these are various rating methods and
methods of adjustment to obtain "acceptable work
loads" in manual materials handling. These studies
have, however, been treated in another paper (8).

In differential studies of perceived exertion high
correlations have been found not only with heart rates
and blood lactate concentrations but also with many
other physiological variables both in reference to pe
ripheral and central cues. One of the most common
uses of the RPE scale is the clinical diagnosis of heart
patients and patients with respiratory disturbances. The
normal growth pattern and the level of exertion
changes dramatically in different clinical populations.
The RPE scale is also used in rehabilitation and for
the prescription and regulation of exercise intensities
or as a means to evaluate a certain training situation.
A similar use is also found in epidemiologic studies
for intensity evaluations of different work tasks and
leisure-time activities, as a complement to the intensi
ty evaluations that can be performed from kind of
work tasks and from duration and frequency measure
ments.

In ergonomic investigations of work tasks perceived
exertion has been used in studies of heavy aerobic
work. The value of subjective estimations is also evi
dent in job situations where the work tasks consist of
short-term static work for which valid physiological
measurements are difficult to obtain.

One of the first investigations in which different
kinds of work operations were studied was performed
by Gamberale (9). The investigation showed that, for
work on a bicycle ergometer, a weight-lifting task, and
a task consisting of pushing a wheelbarrow, the sub
jects could very well discriminate between the overall
perceived exertion, exertion in the legs, and exertion
in the arms. The study also showed that these percep
tual differences could be partially "explained" by the
differences in oxygen consumption, heart rate, and
blood lactate concentrations. Work tasks in many
different kinds of work have been studied, eg, in oper
ations performed by people in various industrial oc
cupations, by cleaners, truck drivers, etc.

For further studies the reader is referred to the
proceedings from a symposium on the perception of
exertion in physical work (10).
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Concluding remarks

The interest in attending to and interpreting subjec
tive symptoms for different people and different work
tasks has increased during recent years. Psychophysi
cal methods developed to measure sensory perceptions
can be used to determine most kinds of subjective
responses referring to disturbances in the environment
or in the body itself. One important class of symptoms
is the somatosensory perceptions of effort and exer
tion in heavy physical work. When ratio scaling
methods are used to measure perceived exertion, func
tions for various work loads are obtained which can
be compared with physiological responses, such as
heart rate and blood lactate concentration. However,
when direct intensity levels of the degree of perceived
exertion is wanted, simple category rating methods are
more informative than the ratio scaling methods. Of
special interest is the new category ratio scale that per
mits determinations of psychophysical growth func
tions and allows direct level estimations to be obtained
for the evaluation of ergonomic work tasks.
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