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TNTRODUCTION. .. | | !

There are two ordinary things in man s life that makes
his heart beat faster .

l. Walking up the stairs and
2. Watching pretty giel

w

The former reaction is mainly due to physical exertion
while the later one due to psychological stress. QOur
interest here, however is solely focussing on psycholo-
gical factors in the study of physical work such as
nroblems concerning subjective estimatesof force
perceived exertion and fatigue.

BEfore going for studv1ng the uSe of scaling methods it
in Psychophysiological Fatigue , it was felt necessary
to know the concept of Fatlgue,

Fatigue:

Physiologist often consider fatigue simply as a decrease
inphysical performance. Psychologist try to consider it
as a condition affecting the mental process including
factors such as feeling of fatigue, motivation and
resulting deterioration of performance. Ergonomist and
physicians lay stress on conseguence ef fatigue. In short

it is redustion iv the ability to do work because of
previous work.
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oweve

i~

faticue may be viewed quite brondlv

~ o

a?alog us to psychological activation theory i.e. that
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people perform best at some optimum level of activation
or difficulty.

Concept of Fatigue

oaded he suffers from an exhaustive
atigue, If he is insufficiently loaded he
suffers from a type of fatigue known as Boredom or
monetary. Fig. 1 indicates the concept of Fatigue.

Physiological measures aithough frequently used and
relatively precise have not been systematically
corelated with other behavioural measures. This is
because the former one ccncerns’primarily with physio-
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o] uscl 1 ter one with
subjective consideration which are a

a
so known to
contribute to Fatigue. ( KOlnicker/Tol

cott 1962)

The subjective definition of Fatigue ...
T ced self evaluatlona... the ave
activity.... the individual s assesment of

-

Z
with reference to immediate work.

)

This is because the perception of exertion is an
L



Andicator of degree of physicle strain and also an
indirect indicator of physicle worki capacity,

Measurement of Physicle Strain,
Quantification of physicle strain/Fatigue can be ac
achieved as...

l. Physicle Measurements- such as Torque offer some
information about physicle strain.

2. Physiological Measurements—- such as heart rate,
blood and muscle lactate, blaod~pressﬁre, oxygen
consumption, energy expenditure.

3. Psychological Variables-

a. Perceptual.. working subjects’ perceived exertion
is often a measure ags reliable as heart rate.
b. Behavioural.. Heavy br:athing, bodily movements

-sweating moaning.

In this paper we would be discussin
Psychophysiclogical assessment

In that context the emphasis is given on that partie=-;
cular concept of fatigue.

In understanding of what happens in Central Nervous
System when we are tired, one r3lates it to electrical
rhythems or patterns from brain that can be observed
on Electrocephalogram. The electrical Simulation of
certain parts of brainscould make the person lethargic
and sleepy ( Hess,1927 )
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This inhibitory system in brain however is matched bf

what one might call an activating system based on reticular

formation. ' A person's ability to perform is dependent

on the degree of activity of these two systems. If the

inhibitory system dominates the organism is in a stage

of fatigue while if the activating system has the

upper hand organism is ready to step up performance.

this tends to explain the situation that are familiar

to all of us,such a d

in monotonous or bo
e

intoeroctin
roeroes sy

is

’h

Thus the problem of fatigue is equally of psychological
and physiological interest. It is a subjective state of
a person with both of psychological and physiological

()
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Physiological”
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Perceptive
\\t::>>95ychslogy
~Performance

S - Stimulus situation
Q0 - Observer.



Thus performance 1is classified as both physiological =
and psychological.

So to know the exact nature of physical stress both of
it's indicators-~ Physiological and perceptual should
be studied and analysed. Of these two, physiological
indicators have got established way of analysing while
psychological indicators such as perceived egertion is
being studied with the help of psychophysical ratio
scaling methods or category scales.

obtaining ratios between intensities
but they do not allo. possibili£§ of direct comparison
between individuals unless some sort of cross modality
is used. The Category scale on the other hand offers
this possibility of interindividual comparison.

method of subjective assessment which is
ensively used in both osycholoaical and
® il 7
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judgement of stimulus ualltles. Typlcally in this
dimension alongwhich stimulus attributes is to,be
assessed is defined by means of suitable adjectives or
phrases and assessor is required to indicate how far

along the dimension stimulus should be placed.
i :
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2oditterents forms of Rating scales exicst il ergonomics
resesrch, 1) Fir:t type has a scele which prerents to
the accessor a straight line of fixed length with the
aefining ad jectives or phrases placed at each end of the
line. Ihis type of scale normally called as ’Numerical’

or linear. Anagur Rater have indicates how much along the

line he consicers the stimulus could fall with the distance
of rating from one end.

N

) 'second type - (category ratio scale) rater is reguired

T

o
Bh of

o make his Judgement by indicating which 2 séries of
(usually 5/7) ordinally positioned adjectives best describes

the stimulus gqualifies under investigation.

Although simple to use and simple to analyse, both types of
rating scales have their drawbacks.
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1lnd Type: Category rating scale of céourse does not suffer
from this problem. Withinithe limitsiof scale 'one ce2n be
ble to obtain from the rating, a2 description of the sub-
jects assessment of the stimulus attribute. Its drawback

however, less in the fact that the scale is only ordinal
in character. Unless the scale has been carefully designed
with the position of the categories being statisti ally

determined, it would not be possible.

0t S AN -v i~ 1 ' % il - e T oy
In addition the category scale does not allow the rater
the a2bility to make any more than a2 cause aszsessment of

the stimulus attribute

The credit of studies and experiments which have gone
into developing the psychophysical methods mainiy goes to
the G. Borg Jam

y G
's 8kinner Stevens et al. and first studies
G

ai
of subjective force arid percived exertiom and mere done
with the aid of psychophysical ratio scaling methods.
I'hese methods functioned very well and enabled to des-
cribe the subjective force during short work periods (less
than one min.) on a bycycle ergometer and slso the perceived

exertion or fatigue during most of longer duration (g
utes) with power function with an exponentiof 116

For adopting the work intensity to a subject this non-
linearity must be kept in mind. Heart rate increases
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linearly with work load but the perceived exertion similar
to lactic acid concentration rises according to a posi-
tively accelerating function, which could be described by
the following expression '

R = it Cok)

where,

[

= subjective force
a = basic perceptual nocise
C = measure constant
S = power in kgm/min

n = power exponent found to be 1.6.

in many different areas of physical work the subjective
intensity grows according to a positively accelerated
function with the physical working load
E.f. | handerip force —n = 1.7

B ol L, P 3 Vel

L SUMELLLL VY 2UICE =il O

weight lifting n=21.45
This ratio scaling method yielded enly ratios between

percepts and no direct levels for inter individual
comparisons. - To solve this problem G. Borg used the
range of work intensities perceived as a frame of refe-
rence for interindividual comparlsons.



To solve for the measurement constant ’C’ for each individual
it was assumed that the subjective range from a,basic per-
ceptual noise level to a maximum intensity level is a
stimulus range (the performance range) from zero to a

maximal intensity is different.

ﬁt—a

gn
t

t stamds for terminal (maximal) values.

studies wvalid
the form of h

AL S TTVRI R RATTNG SCALE .
A SIMPLE RATING oCALL:

Tho Aol Ffoar
s LA Ve A&S N S wda e W A

help much 1 d studies. A very simple method
e

n
was needed that c used by nearly every one.

After some trial and error Borg devised a twenty one point
graded category scale,

The ratings ccording to the scale gave high co-relati
e

1eart rate e.g. in groups of healthy people correlation

e

%
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VERY VERY (1GHT.

VERY .LJﬁﬁT
FAIRLY LGHT
HARD
HARD

VERY HARD

VERY VERY HARD

sl

between 0,8 and C.9 if the work intensity was varied from
light to heavy work.

Scale was from very very hightto very very hard work.

To increase the linearity between the ratinges and the

vork load (and the heart rate) the scale was later changed
to 15 point graded category scale and is as follow from
Gotoi2U; Thioe 2

The RPL vzlues follow the heart rate very closely for
healthy middleaged man doing moderate hard work on a
bycycle ergometer or treademill the heart rate should
be about 40 times the KPZ valu

is founded on Borg’s proposed range theory.
states that all healthy individuals

7
ceive roughly the same cegree of exertion while per-

me p rcentase of their respectlve maximal physical

=
canacity
capacltly

This scale is constructed to obtain the linear relation
between ratings and work loads and since pulse rate rises
linearly with work load also between rating and pulse
ratel Tnhe coreelation between pulse rate and rating of
0.80 to 0.90 have been found out. (Berg Skinner et al.).
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The relation between ratings of perceived exertion and heart
rate changes with age and also with pathological conditicns.
rig. 4 pulserate - rating relation for four diffe-

rent age groups.

shows

The older subjects rate the degree of exertion to be higher
in relation to heart rate than do the younger subjects,
his age change with age seems mainly to depend upon tre

decrease of the maximal heart rate with age.
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In a study of patients with wvaso reg* eni
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In patients

tory a
in rels

heart rate than a healthy contrpl group.

u
was found that they gave lower rating
with coronary heart desease there is cooos ite Peaction
Ilowever in all patients the increase oi ratings of per-
ceiwed exertion is greater in relation to the increase

of heart . rate.

Category ratio scale CR-12 (Borg 1982) F'G- S

scale is also founded on Borg’s proposed ’rang
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al expression *Nothing at a2ll’ and
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no. 'O’ and at the top by the verbal label Maxima
no number is designated for this label.

: hough
According to the

instructions the exertion as strong as ever experienced
before corresponds to extremely strong i.e. the number

12. If however, by chance an even stronger exertion than

ever before is experienced, the subject can useé a COrres-



pondingly still higher number. [his is why the top 1ébel
has no number designated but should correspond to an inaci-
vidually chosen number. This free choice of numbers is
also indicated by the gap below the label ’Maximal’. The
subject is free to use decimals ' through.out the scale.

The scale is constructed in order to obtain ratings largly
on the ’ratio level’ i.e. with absolute U point and egui-
distant scale steps.

Some more rating methods:

1) A line Scale:

&~ s s : 2 / & i i i s

MO EXERTION MAX. EXERTION,

s A ¥
AT ALL

e

t is a 11 point scale to the left of which is written

-«

o exertion at all’ and to the write Maximal exertion at

110

)

The subject mark the intensity of perception of exertion
on the above line,

2) A 9 point graded seal:-

The number 2 in above scale is anchored with the expression



’not at all stressful’, znd number @ with the expression

’. very very stressful’.

QY
<

A 5 point graded scale (Grandjean)
1 - No discomfort

5 -~ Very severe discomfort.

4) A 7 point graded scale (Shwartz 1980)

1l - extreme discomnfrot
7 - extreme comfort.

5) 3 point scale : (Grandjean)

Uncomfortable
Medium
Comfortable.

Comparison of some rating methods:

G. Borg carried out 2 experiments where either the time
r

Sy

duration or work load was changed. In both the experiments
the rating -methods used were

1) ' RPE scale

2) 014 21 pt graded scale
%53 11 pt. scale

). el ok spnle.
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‘that RPR scale should be used in most of the cases.

o

These experiments indicated good correlation between heart

rate and perceived exertion'rating independent of scale

used. There exists obviously a fundamental relationship

between a physiological indicator of physical strecs such
1

L
0n

heart rate and a psychelogical indicator suech as rating

ofiper exertion.

oince the RPR scale pives the walues that grow linearly
with workload/heartrate etc. and since no otter ccale seems
0

to give better correlation with heart rate. It

n
Kes it simple to use and makes if

fet
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xtrapolations. The true variation of p.e. follows however

e
a positively accelerated function with an exponent about
= =
.LG OO

In some instances it is thus better to mwse a ratio =e

ealing
method for e.g. as a magnitude estimation. This is nece-
ssary when we went to study function forms, how the pr grows

with physical intensity and when we want to compare such
functions with those obtained for other modal

.

we want to compare such functions with those obtained for
1 o

1

physical fuhctions by looking et corresponding physiolo-

i
R
other modalities or when we want to expl
s

gical ones.
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In most applied situations however, when we want to make
simple level comparisons between various work tasks or
between individuals the category methods are very useful
and better than ratio scaling methods.



o

 APPLICATIONS OF SCALING METHODS: :

In evaluating physiological stress perceived by the subject
during brocming activities in a Indian kiteben 2 different

-

scales were used. Different scales to rate physical or

e

psychological parameters and were as follows.

Fatigue:

U. Nothing what socever

1.  Paintly tired

24 Fairly tired

“. ildren

4., Very tired |
5., &xtremely tired (Maximal)

Joint/Body Pain and Ache:

Q.0 TNl

el sntly M
2. Fairly light

%. MNeither light nor strong

4, Strong

e Yery nrohounesed.

1. Nery J1ight
2. Fairly light
%2. DModerately heavy



4, Heavy

5. MNery heavy.

The experiments were carried out on 2 different subjects
with differents kinds of brooms, and were conducted by
(Dr. Ray, Mrs. Chaterjee et al:].

Hindustan Brown Bovery:

basically the 2CBS and transformers:

asks in PCE assembling.
e In the group of either of thece the boards are
»
L put on the table (ALl in the group are same).
3
The parts to be mounted on them are
1) Resistances
chfapapibore. o el nnae D
= O e
w2 2 LI B LI TD
4) Capacitances
5) Transistors

i
i

o At 2 o by - PN +‘
S LNl nog i1 Ke na
il LIl llE o AL AT Lildvs

'he assembling goes as follows:

1) Observing the standard circuit on the paper, the opera-
tor selects a point from where to start. Then from there
either up or sidewards 'he/she progresses. In thece cases



he wants the piece selected on all boards. The patce}n of

progressing from one board to another and so on also gets

somewhat settled or standardised ror that particular person.
Activities in sequence would be:

1) Identify the where to mount.
25 What Eo: mount
Z Crosscheck from paper to board
4) Identifying the right piece from the table storage
5) Mounting this piece for the board.
1

Q.2 e 2 e~ =

£ + 3 5 Ao
O/ S O e A S < o 4 i

3

O
s
(44}
(e
O
4]
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£
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=
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While mounting on the other boards, the operator tends to
rest his elbows on the front boards.

e

Areas of pain-ache in the body would be

N
N N
Cl
5
(&)
&
).l
(e
[¢)) g
2
C
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s
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~
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Lol
(3]
L42]

There would be physiological fatigue in the case of fingers
and shoulder experienced by operator. .

Ry
wIl

le in the case of eyes the fatigue goes more towards

¢t

9

i
he psychological aspect of it. The reason would be because
)5 1

all the analysing and observing is controlled by menta
condition and because of repetitite work/monetory (visual

fatigue).



Iransformer Wwinding - Involves the winding

of different sizes depending on the capacity

The operation is carried

1) Manual 2) Automatic.

wire are counted by operator and then scc
n

jis controlled. While in

out ‘on coldiwindi

1
In the manual the t
i

automatic one th

counts and gets controlled.

Parts -~ ON THE M/C

AdJjust the turns
Count them

Apply the brakes
Off the machine

.1
e

ﬂ’

~
L

o
M

The body parts involved

2, Eoot- Lo apply brakes
2) Finger/wrist
4) Palm/elbow forearm -

N
19)]

In both of these tLasi

.

#

in the sctivity aore

1) Eyes - to count/cbserve with displc y the

Q)

)

— on/off machine

of the wires

of transformer.

controlling the wire.

b s i 3
the worklcad

o
B3
O

2

i
e o

contribute to physilogical fatigue. But the

work is such that it gives the operator the great amount

of psychological fatigue.



S0 the exertion which operator perceives is greater even
though the physioclogical exertion would be le:zss.

In this regard the scaling methods would play important
role since they would contribute to psychophysiological
assessment of fatigue.
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