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‘Subjective Symptomatology During

"Work and l'atigue

ROBERT A. KINSMAN and PIILIE ¢, WEISER

Tm‘. conciry of this chapter centers around what has heen cabled “sub-
jective fatigne'—Lthe leeling stales experienced duving the performanee
of work, Changes in these Teeling states often may be relaed ta work ol-
erance aud performance. For example, individuals engaged in sports or ay
type of physical activity involving prolonged, sticnuous exercise must coit-
tinually determine their Tevel of encrgy expenditure and the length ol time

they are willing to continue work, In general, the poi

nt at which a persem

quits may carrespond 1o when he “fecls very tired” or "worn out.”

Wellord (1965), however; has noted that the syniptoms commonly asso-
ciated with subjective fatigoe have been viewed as dillicnit o measure atle-
quately. Consequently, until recently they have been neglected by most -
vestigators in [avor of more divectly obsernable physialogical, neurological,
or hehaviora! events. Indeed, a search of the literature in ris area quickly re-
veals many inadequacies in methodology and a pancity of well directed and
systematic investigations of subjeclive symptomatology during work. Forto-
nately, ns will be seen. there are alsy some promising experimental ap-

proaches which have recently appeared in the literature.

1t is certaindy true that sulijective symptoms caniol

be measured divectly.

By definition, a sympom is a privately expericnced event made public only

when the experience is reporied toau abserver,
symipLoms is. therefore, necessarily inclirect,
port 1echniques. Furthermare, it is important to re
syniptoms most of ns usually associate
lack of energy, or feeling worn out, probably encomy
many types of subjective symplons that
performance. Other subjective quatitics s diverse
tions, or horedom ol
between these subjective qualitics
yecent years, there has heen reneweed ¢

“The measurement of these
depending on reliable self-re-
alize that the subjective
with fatigue per se, such as Liredness,

sass only a lew of the

might be reported during work
as pain, thenual sensi-
n oceur during work, Ui important o dilferentiate
a5 Wellord  (14965) Ias pointed ont. In
flovt w elevelop sellreport technigues

1o measure such subjective qualities accompatyy ing work performance.

It has frequently been assumed tht subjective sym
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be related o work performance under any task conditibn. Smnpe authors -

have suggested that the oppuosite is true, that is, that subjective symptoms
are not related 10 work performance (e.g. Pierson, 1063%a). As with many
extreme positions in science, both statements are uvergeneralizations. Fre-
quently there have Leen work situations where 1o relationship between
symptomatology and performance have heen reported or would be expect-
ed. While this Taek of relationship could result from the selection of the
method of measurement or the specilic quality measured, it may adequate-
ly reflect the real situation.

The objectives of this chapter are first to review and evaluate studies of
the various subjective qualities repo ted during work, and second, to pro-
pose a model permitling & more appropriate conceptualization of subjective
fatigue. The review section, comprising roughly the first three-fonrths of
the chapter, is not exhaustive bnt serves o exemplily the methods of mea-
corement used and the subjective qualities studied. The reader is fore-
warned that the review aften involves detailed discussion of individual
studies since an adeguate, critical overview of this area does not appear
to exist. We hope the persistence of the interested reader will be rewarded
by the novel conceptual organization of the avea provided in the last quar-
ter of the chapter.

THE MEASUREMENT OF SUBJECTIVE QUALLTIES

Subjective symptoms yepresent ouc level of measurement during work
performance in i matrix (the organism) which consists of a diversity of
arganiztional levels, Questions shonld e asked about relationships within
as well as between levels of biolagical areanization during work petrlorm-
ance: Whatt gre the sabjective symploms experienced during worky How do
7 Tlow do these change during the course ol work?

these difler hetween tae
What are their relationships to physiological. and especially neurological,
levels of organization? When are they velated 1o work performance and
work tolerance? When are they not relaed? None of these questions pre-
sume a specific answer, but the answers are bound to be informationally
rich. 1F the lirst order of husiness in studies of subjective symptoms during
work—measurement—is handied ;ulcqlmlcl\-. the answers 1o such qucstiuus
as these will be interesting in their own vight.

Scaling Techniques

‘Ihere are a variety of solutions to the prablem of adequate measurc:
iment that are available from the areas of psychophysics {e.g. see 8. S. Stevens.
1957), psychological assessiment {ean see Juckson and Messick, 1967y, and,
in particnlar. psychometric sealing {e.g. Guilford, 1054). Recent develop-
ments in seading technigques have been reviewed by CHiE (1978) in an ar-

]




T

e A LI 4 N1t
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ticle containing over 200 references Tor the period 1968 to 1972 adone. The
available scaling techniques have been wsed only recently in o systematic
program of research in the area of work perforance.

8. 8. Stevens (1960) has discussed the numerical properties of varions types
of scales. Before proceeding lurther, it may be useful to review the char-
acteristics of scales, A scale simply refers w the assignment of numbers to
objects or events in order to differentiate between them. Nominal scales are
the simplest means of nwmnerical assignment providing only a substitute
name for the purposes of identification. Social Security numbers, automo-
Jile license plates, and the numbers given o foothall players are all exam-
ples of nominal scaling. No infornmtion is provided abont the magnitude
of some quality ol the objects to which numbers are assigned. The antomo-
bile with a license plute AL-4516 may either he a Volkswagen sedan or a
Cadillac Eldorado according to nominal scating,

In an ordinal scale, numbers are assigned according w the order of mag-
nitude for some attribute which objects or events possess. For example, a
compulsive psychometrician may ask his wile to rate how lungry she is on
a S-point scale Lelove deciding em the restaurant Tor dinner. e mary say
“suppose a # is the hungrest you've ever been amd 1 s the least bungry
you've ever been. How hungry are vou onoa seale of 1o 527 11 she's willing
to put up with this nonsense, she may veply | indicating that she's very han-
gry, but not as “lungry as she's ever been.” “The scale thus allows a rough
quantitication of a subjective quality, hunger, and the psychomerricim can
use this information in making his choice of vestaurants for dinner. In
such an ovdinal seile, however, there is no e zevo point representing the
complete absence of hunger, nov are the inervals on the seale necessarily
cquidistant. "Yhe difference between -1 and 5 or T amd 2 on the “hunger
scale™ may both be 1 seale poing bt may not represent equal differences in
the magnitude of the subjective qualite measured. Nevertheless, most appli-
cations of scaling techniques 1o measure subjective {eelings during work
As we will see.

performance hive used rating seales with ovdinal propetties

the shortcomings of ordinal seales. absence ol a “true” sero point and
cqual intervals, can largely be overcome inmostapplications.

Intevval scales possess all the attribnees of ordinal seales, but the intersals
Detween adieent categonies ave equal. A thermometer is the most fanidiar

interval seale with degrees indicating the ngnitde of the difference be-
tween paints on the saale. However, like ordinal seales. the interval seale
lacks a true zevo poiut. The sero on o Contigrade or Fahrenheit thermome
ter daes nof correspond w the “absence of heat,”™ Intaval seales can be con-
structed 1o measure subjective qualitivs. but vequive the use ol vather
lengthy psychometric technigues soeh as the methoed of equal appearing in-
tervals (Phurstone and Chave, 1929; also see Niven, 1953 Guilford, 1050,
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19543, In the measurement of subjective qualities during work perform-
anee, intersal sealing is best exemplified by the studies 6f Pearson and
Byars (1056G) and of MceNelly (1957), both of which will be discussed in
some detail.

Only the ratio seales have a wrue zero point representing the absence of
ihe attribute measured while also providing magnitude measurement by
equal intervals in the units ol measurement. Psychophysical techniques are
used to olwain ratio scales for subjective qualities.

Most awempts o quantify subjective qualities during work have used
ordintal vating scales. “The inherent shorcomings of the ordinal scales can
largely e overcome in most applications. “The intervals between ordinal
scale points olten can be made o0 appear equidistant by carelul selection
of the verbal deseriptions accompanying each seale potul, physically repre-
senting the verbal deseriptious at equal intervals, and by indicating equal
intervals in the nombering ol scale points, e vilues ol 0, I, R
Furthennure, o seve point can be provided Iy anchoring the lirse category
with “not present™ indicating contplere almence ol the subljective quality.
Such ordin! stales have olen been weatat stanstically as il thes were trme
equal-interal scales. Overall aned Rletr (4972) have nated that equal-ap-
pearing interval seales “have Ireqoently been demomstiated o e linearly
velated) o "Uhurstone type equal-interyal seales exeept in the extreme cite-
gories.” Such scabes are among the simplest o construct and Lo use; there.
fore, they have enjoyed the widest application in studies of subjective fa-
tigue (o be discussed.

TYPES OF MEASUREMENT OF SUBJECTIVE QUALITIES

ta this section the techniques available o measure subjective qualities
during work pedormance will be reviewed and evaluated, Measuvement
has velied primarily on owo general nethodologics: (1) psychophysical weh-
niques and (2) rating svales. Psychophysicad wechnigoes prodnee ratio svales
which although wove precise in describing velationships between stimuolus
levels and pereeptions. are Jess wseful in most waork situations,  Rating
scales have enjuyed a0 wider applicatdon Lirgely beciuse of the ease with
which the ordinal or interval scales may be ased. Most recently, a third gen-
eral methodology invelving mualtivariate statistical  procedures has Leen
used o identily categories or dimensions ol symptomatology related to
work perlormanee,

Psychophysical Studies
There has been venewed interest in the application ol psychophysical
techniques to relate subjective qualities 1o certain parameters of work per-
formance (see Table H-1), These technigues provide a ratio sealing that
relates stimulus level 1o the perception of the stimulns. Application of psy-
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340 Psychological Aspects of Work and Fatigne

chiophysics to the area of work perfornence provides rther precise inswers
Lo questions regincding how the peveeption of cllort increases as physical ac.
tivity incresses,

Classical psychophysics has a long history exwending back to the 19th cen-
tury and the work of Weber (1834), Fechner (1877), and Platcau (1872).
Detailed discussions of the development of psychophysics have been pre-
sented by 8. 8. Stevens (1957, 1940). Psychophysics invalves the description of
the relationship between perecived change in a physical stimulus, the psy-
chological dimension, and change in the objective intensity or quality of
the stimulus measuved i physical units, the physical dimension. For many
years, it was assumed that Fechner lhad ace wately described the relationship
between perception and levels of a physical stimualus as a logavichimic fune-
tion:

ook doga (1
where ¥ is the subjective unic of the psyehological scale, k is o constant and
ais the level of the physical stimulus,

Since the M3, however, under the influence of modem psychoplysi-
cists such s 5. 8. Stevens and Ekman, this velationship is generally agreed to
be better approxinated by a power Tunetion:

¥k {m 2y
where mis an exponent delining the power function fitting the shape of
the curve,

The value of the constant threshold, i the minimum stimalus level
which the individual can perceive miny also be included in the power fune-
ton as i constatid;

¥k b ayw (3)
where a s an additive constant ineluded w bring the zero point of the
physical scale i line with te sero ol tie psyehological seile. Inclusion of
this constant in the equation will generally vesodt in a vescaling ol stin-
lus values corresponding o the vange ol perception. According 1o 8, 8.
Stevens (1960, iv was Luce (1958 who toted that “the use of an additive
constant o bring the sero ol the physical saale into coincidence with the
sete ol the psychological svale is i proper generalizstion of the power law.”

This power Tunction has been toand e be applicable o subjective judy-
ments covering @ wide range of stimulus modalities including brightnes.
pitch, Towdness, taste, odor, and hanines (5. 5. Stevens, 1O957) as well as

the perception of Torce exerted during work performance  (Borg,  1962;
Schmale, Schmidike, and Vokovich, 1962 and Bermer, 1067), and fatigne
(Bujas, Pavlina, Svemec, Vidadek, mud Vodanoyic, 166). An example ol
a power [unction relating pereeption of exertion (" Anstrengong™) 1o ol
Tevel expressed as percentage ol maximem load is shown in Figure F-1.
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Varions psychophysical methods are vsed i derive the poner lindtions.
These have been desoribed in detail i numerons sources (eg. sce Stevens,
1967, 1060; and Ekman. 1858, 19589). It is beyond the scope ol this chapter
to discuss in detail the many issues ad methads in the area of psychophys-
its. However, it may be worthiwhile to deseribe two of the more aselul psy-
chophysical methends of ritio scaling: the estimation and produciion meth-
ads, hoth of which have been applied w the perception of loree exerted

during work.

In general, estimaiion methods vequire e subject cither w estimale the
relative magnitude (magnitude estimationy of physical stimuli by assigning
numerical values (e 105, 120, cwc} 1o a series of comparative stimuli in
reference o standard stimuelus of 4 given nomerical magnitude  (eg.
100); or, o estimate the pereentage magnitade (ratio estimation) of the
comparative stimuli in reliniom te the standavd. The pmdurfr‘un methods,
in connast, require the subject to produce 2 stimulus tu is cither a mul-
tiple of (vatio production) or a specified maghitude  (uagnitude produec-
tion} of a stndard stimulus of given inensity, In work situations, the
stiminlus dimestsion i a psye hophssical stady might pically be work load
e kpmfmin. on ergometer tshsy weight liled, and grade or walking
specd ona eadmibl, By these psychophysical methods, vatio mitits of per-
ceptual values may be obtained based on the judgments associated with the
sequienice of comparative stimuli presented i velatkon (o the standard stim-
wli used. Tlhe psychophysical velationship between pereeptual vadoes aned
values of the physicil stimuli can frequently be described by equation 2 or
% above, When this function is ploted on log-log coordinates, the exponent
of the power fuietion () debines the slope ol a staight line, permitting
direct comparisons between peveeption-stinmlus relationships Tor different
stinulus modalities. In general, a high exponent indicates that the percep-
tion ol the stimulus changes vapidly with respect to changes in the pleysical
stimulus: in contrast, a low exponent indicates that the perception changes
relatively more slowly with vespect o the physical dimension. For example,
exponents of the power function for loudness bave been found o be
about .6 indicating tan the perceprion of Toudness grows slowly velative w
changes in soind intensities. T convast, the exponent for electric shock
has been observed o be 3.5, indicating thi perception changes rapidly with
respeet o shock intensity,

Table FI-D presents a summary ol specific psychophysical sticies relating
1o physical work, indicating the task and psychophysical method used. the
subject population stwlied, the subjective quality measureed, and the ex-
pouent of the power Tunetion obtained. o indtial study, Borg and Dahl-
strom (L9 investigated pereeption of foree exerted  {pedal resistance)
on it hicycle ergometer using Tonr subjects, The ratio estimation techuigue
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was used with power levels measured in kpm/ntin. "This study resulted in

& = ‘
é%gg;i _ “"§ the power Tunction with an exponent of 1.6 and having: a high test-retest
, HEEE] = Pé____, 2 5 §§§ reliability (r = .95). In subsequent pilot work, Borg (1962) determined
% e E= g-.," EEE S ‘g- Z T82< that length of the work pertod, varied systematically between 5 and 100
! R £e = 3z 'g‘.-:f '3;5 ] ; f:; z sec, allected the pereeption of force exerted: longer work periods resulted
. 222 . 8 g 2 Bk S .
} 3zg 2 2% T'% 227§ ég : in higher perceived lorce exerted for the same task.
FaAs W Aahgdhs=s FWER Subsequently, twelve male subjects weve studied wsing the ratio produc-
*; ~°_,§ tion method, Five standard load levels. presented lor live seconds, were
; 2 % o . used: 50O, 700, 900, 1,000, and L300 kpm/min, On each trial, the subject
i §§ 222 2z E 2 2 was required to establish (i.e. produce) a load level equal o one half of 5
: &5 - the standard. The devived power Tunction had an exponent identical to
! o the earlier preliminary study, An estimate ol test-retest reliability for this
i s ot 5 oz data was exceptionally high: r = 06, Perceived lurce exerted was also
_.. T E F B sidied in a group of twenty-two male subjects using the ratio production
. ‘;’Tﬁ _‘5 ;" :: ;’ :: = method wherein one power level (800 kpm/min was halsed 10 times by
! E|lzzE® & £ E E asceteling (5 wials) or descending (5 trials) to the pereeived mid-point.
i . R % T z - Caleulations indicated that the resnlting power Tanction had an exponent
S5 Ex E_ = ? g hetween 199 ml 1.73.
. £ Using ratio estimation, as opposed to the production method deseribed
; = above, Borg (1962} derived the power Tunction for pereeived force exert-

ed using twelve male subjects between 20 and 30 years of age. In this
study, load-levels of 300, 600, 900, and 1,200 kpm/min. were presented in
pairs, one inmmediately after another, for 20 seconds cach. ‘The task for the

SOmeLeY

v Toor pedal

v pressing levers

TABLE 141
PSYCHOPHYSICAL STUDIES DURING WORK FPERFORMANCE

g E =

: E] é’ £ w = E': subject was 1o estimate the intensity of the lower load level of each pair as
; = & = ;‘ 3 a percentage of the higher. Each wrial was separated by a 30-second rest
i zzs ER- = 3 period. Six of the wtwelve pairs were in ascending order, and six in descend-
LI - £ -E- f ing ovder; order of presentation was random. After completion of this ex-
s5= ==~ Z = perimental sequence, the same sobjects were revun with the pairs presented
i - . 5 in ascending order, so tlat within cach pair and across wials, higher stim-
| £ : 2 g g L ulus intensities followed lower stimulus intensities. This Jatter condition
: i £ 2 8 g - g B was designed to correspond with the stimulus sequence often used in work
{ z < A Z z é Z ? tests. The olmained power functions had exponents of 1.8 and 1.2 for the
‘ § E ::- ! S % random and ascending series, vespectively. An ascending series thus appears
£ 2 oz = x % i ; E to lead to a higher absolute threshold for fovee exerted (300 vs. 200 kpm/
s g £ £ 2 Z 8 H min) and to a less rapid inerease in perceived force exerted relative to Joad
o level. This elfect upon the exponent of the power lunction las been labeled

£ ;f “hysteresis” (8. 8. Stevens, 1957). '
é, < Borg's studies snggest thad the exponent Tor perecived force exerted dur-
T 2 T T T 3 3 4 ing cyeling is 1.1 wo 1.8, corresponcling quite well 1o that obtained for other
§ tiZ £ £ % % é z z work modalities. For example, perceived foree of handgrip was found o
5 :' f‘ : -" ﬁ 5 : 5 L B havean exponent of 17 (. G Stevens and Mack, 1950, pereeived heaviness of
- § g g 2 § g g g % g lifted weights Tas Deen found to have an exponent ol approximately 145
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using both praduction and estinution techniques (8. 8. Stevens and Galaner,
1957). and the perception of respivatory sensations—pressure, lung volume,
and ventilatory volume-—have been found to have exponents of 1.5, 1.3,
and LY, respectively (Bakers and ‘Tenncey, 1970).,

Fisler (1962) derived a ratio scaling of subjective force exerted for a
mixed group of nen and women using magnitude production and estima-
tion techniques. The principal interest of this study was to evaluate the ex-
ponent of the power lunction for force exerted when large muscle groups
were used. Additiomlly, Fisler inquired about the correspondence hetween
the exponent [or work involving Lo
in a horizontal divection against a foou pedal, and work involving small
mustie groups, ie. squeezing a handgrip. For the Toot pedal sk, the ex-
ponent ol the power Tunction Tor force exerted was found to be approxi-
mately LG, in excellent agreement with the findings of Borg (1962) who
had used the bicycle evgometer. To compare the exponents ol the two work
tasks, Fisler vsed wwo matching tasks:  (a) the subject was required to
squeere & hand grip to match the foree previously exerted against the foot
pedal, and (I} vice versa, 11 the perception of Toree exerted changed with
the physical force exerted in the same way Tor both hand grip and Tool
pedal tasks, the slope of a plot of furce exerted for the hand grip vs. oot
pedal matching tasks would eqaal unity, Results conlivmed dud, i Taet,
the slope of bath Tines (e grip vs. fout pedal and oot pedal vs. hand
grip) were unity. Thus, these vesults suggest that the pereeption al Torce
exerted changes with the actnl physical Toree exerted similarly For both
farge and sl muscle groups, with power functions having exponents af
approximately LG,

Schmale, Schimidike, and Vukovich {(1963) have summarized theiy own
substittinl psychophysical studies of work, reporting on a variety of tasks
ranging from dymamic work o and Tew bicyele crzometer tasks, and
wrist curling) 1o static work  (holding up a weight). For cach of the dy-
uamic work tisks, the production method was wsed 1o derive the power
fanction. For the bicyele ergometer tsks. a linear relationship was Tound
between “Ansirengung”  (pereeived exertion) for both leg and arm work.
This Tinear relationship permined devivation of 2 common power Fune-
tion for both arm and Jeg work relating “Anstrengung™ (o load level de-
i 20 The exponent

¢ miuscle groups, Le. exerting a loree

fired in pereent ol maximom boad (P @ -

agrees with that reporied sulnequertdy In Bing (1962 Tor dynamic wark
on the bicvele ergometer, For static wonk involving holding up weights sus-
pended from the wrist, the power function velating “Ansirengung’
weight expressed as o percent ol imasinnnn weight that conld be held (P
was: & = 000008 (I - 12170 A wraph ol this power Tunction is presented
in Figure 14-1. Tn summary, the exponent of the power fyction for dymamic

o
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Figure L Power luntion yelating “Anstrengung” (elfor) o weight as a pereentage
ol muximum sieengeh, (Frowm B Scluaales T Schmideke, and A Vakovich, “Unter-
swchngen diber den Grud der subjekiiv gegebenen Beansprochung bei - Rérperlicher
Arbeit Forschungstreviehet edes Landes Novdihein Westfalen, Nr 1261, 15033).

wark was between 11 to L% whether the work involved avins, legs, or wrist
curling, However, the expoitent ohtained For static work, 3.1, was consid-
erably higher, .

Bermyer (1867) has demonstvared thar prodoction methods (e, the
method ol bisections) may result in different mathematical Tunctions loy
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perceived heaviness of lified weights depending on whether the test serics
presented was in ascending or descending orvder. For ascending order, a pow-
er function with exponents ranging from 1.8 10 2.5 describes the positively
accelerated perception-stimulus relationship adequately; for a descending
series, a negatively accelerated function is praduced, apparently described
more adequately by a Fechaerian Jog function, shown in equation 1 above,
The actual relationship derived by psychuphysical techniques has beea
shown to be substantially influenced by sk requirements. Among the lac-
tors affecting the obtained psychophysical relationships are. as previously
noted, the direction of the sevies presented (e ascending or descending)
and time-order ervors related to order of presentation of the stinli in a
series (8. S. Stevens, 1957).

Hosman (1167} studied the time-course Tor the “leeling of exhaustion™
in 5 subjects during three prolonged static work tasks. Using crossamodality
matching against white noise, 9 of the 15 otal responses showed a linear
growth function. In 2 prials the inerease was negatively accelerated, while
in only 4 trials did the time-course show a positive acceleration. [However,
since the subjective vespouse was veported as an average of 10 se
cach task, the Tinear response might partinlly represent a timing bias tha
could Iinve developed alter several sessions (see po 3703 More detailed and
sophisticated pevehophysical analysis of the time course for adgue duing
prefonged static wonk bas beew reported by | € Sievens and Cain,

SIS Gt

Jo G Stevens and Cain (1970 explored the mare complex interaction
that the elleds of loree and duration line upon perceived foree ol hand-
grip using 18 made subjects. Inan initial study, magnitoede estimarion was
used to oltain o vatio scaling ol perceived Torce relative to hang arip squecses
at forees between 22 ad 220 newtons (5 ta 5 sy for darations of || w0
60 sees. Power functions were derived sepanittely Tor force and durinion.
For {orce, the expinent was 1, However., they noted that bhecanse of e
tendency for subjects to attenuate (he range of numbers vsed in magoitnde
estimation {i.e., regression bias: see 8. 8. Stevens wnd Greenbaum, 1966), the
vitlue of the exponent was depressed and actually closer to L7, The latter
is also the exponent founed experimentally in the eartier stody I J. C
Stevens auml Mok (1950, Perceived ellent also increased  with daration.
having an expwanent ol 057 e, 070 when aljusted lor vegiession hiasy.

Che eqqaiatron cauld then desonbe the cornbimation ol force o duration
which “produces the sane tevminal pereeived tonee, W do= Kb PRCT where
¥orepresents loree in newiotts, this thne i secotds, and K ois the constant
level ol pereetved loree ar the Timie of endmance, Rearrangement of this
equation yiclds a simplilied, one-exponent equation: w, = Ko 250 which is
independent of regression bias, being obtainalde from either the bissed or
unbiased independent estimates lor force and dovadion. Based on these
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findings, they suggested that subjects instructed 1o maintain a constant per-
cetved effort would demonstrate diminishing lforee exerted over time, a re-
sult oblained earlier by Fason (1959,

In a subsequent study, Cain and J. G. Stevens (1971) explored these im-
plications using &t unigue constant cffore task. First, for a group ol 12 male
subjects, the cavlier magnitnde estiimation sty was replicated for phasic
squeeres at seven Torees between 88 wd 4129 newions (19.8 to 96.4 1bs).
The obtaiued power lunction had an exponent within the expected range.
Next, Tor cach ol the lorees, the subjects weve asked o maintain their
effert on the handgrip vk constant Tor 25 min. Resuls indicated that
actual Toree exerted typically dropped off sapidly Tor the first 20 secs, with
a nmch slower decline in foree thereadier. A single exception to this gener-
ality was for the lowest force squeese, 88 newtons (19.8 ths) lor which a
consistent, slow decline was observed throughout the 2.5 min duration. A
two-exponent equation ecould deseribe the initially vapid, then slower
decline in force across time. On the hasis of these vesults, it was predicted
that “two diffevent constant-cifort contractions may arouse the same desvee
under their respective foree versus duration curves
are equatl,” A sebsequent stiely impressively supported this prediction.

Since two components were involuved in the lorce«durition curses ol Cain
ared ]G Stevens (1971 §or the consant-ellort contractions, a Tast then
slow decline, in was snggested thae two separvate physiologival processes may
be imvolved in the perception ol elfore: " (the Fasty one-—representing -
tivity of mechanoreceptorsy in tie tendons or the shin, and the (slow) term
the activity o receptors sensitive to noxious metabolites produced by mus-
cubi activity” A deast one alwernadive explanation may be proposed: the
fast decline in fovce may have heen doe t devecruinment of glycolytic, Tase
twitch fibers in Gvor of less vapidly Fatigning oxidative, slow twitch fibers.

Therr subsequent stiedics ol sirface electromyography (Cain and J. G,
Stevens, 1073) indicated the EMG activity in the forearm initially did
decrease vapidly similar o Toree in constant-clfort inelgrip tasks but tended
to asymptote ab a point where force was still declining. "Their two-process
model could alse be explirined by the alternative explanation noted above.
[t sunmnary, inaseries of elegant psychophysical studies on constant-elfort
JooGl Stevens and Cain attempred o velate perceived ellort to physio-
logical provesses and acknowledged that pereeived elfort is founded on more
thint a single underlying physiological process,

In the psychaphysical studies deseribed above, perception of [orce exert-
ed or " Anstrengong™ (exertion) was related 1o stimulus inensity for fixed,
briel work periods. Bufas, Panling, Sremer, Vidacek, and  Vodanovic
(1966) nowed Uk the reseirch of LCL Stevens and Mack (1959 aned Borg
(1962), and preswnably Schmale, ecal. (1963) and Bernyer (1967}, do uot

ol fatigue when the ar
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present psychophysical power Tunctions relating the pereeption of “la-
tigue” (o duretion of effort. They pointed out that briel eflort or momern-
tary exertion, used in the above stadies, may not lead to “fatigue” although
l!lt: effort expended may be relatively high. Bujas, et al, present iuforma-
tion about the psychophysical relationship for the fecling of fatigue Jrer se
during periods differing in the duration of static work. Using \\:zll-u'ained
subjects a steady tension was exerted by holding a 7.17 kg weight with the
arm upright aid the elbow supported. Durations of 30, 60, 90, 120, 150
and 180 sec. were used andl the psychophysical Tunction relating the percep:
tion of fatigue 10 duration of cffore was derived using the llT;lWlliLutlc s
lilll.ﬂti(lll method, Fatigue vatings were obiained 30 and 60 see. :Tt'tcr terini-
nadon of each trial. "The subjects werve told (o inchide feelings of “tight-
fiess, numnbness, increase in noscle sensitivity througl |nin, \\'c‘iﬂ‘ht" anel s
on in their judgments of “latigue,” The obtained power fun(‘l?un for the
overall group was % = 0048 (b — 307 for Lhe mid-range of the curve re-
!:lting perception of [atigue to task duraion. Tna suhquuc‘nl experiment. the
ideandical procedure was repeated while integrated EMG aniplitude from
l'(:fn' musele groups of the arm was recorded. A power function for the
mid-range of the curve relating integrated EMG Ievels o tsk doraton was
(:lllll.tlsl identical to the psychophysicat funetion: SENG = .005] (o - jorrypm
?Iltll('illl.l-llg' IRy ely high correspondence hetween the growth of Tadguge
i statie work and EMG activity. Tt is abso ol interest that the :-xpnncnrul'
the power Tunction For hoth fatigue aind EMG activity in this study Talls
within the vange of exponents observed for lorce exerted in the sulriilcx' de-
scribed above, | l

'I‘I_lcsc psychophysieal studics provide importae information abouwt the
relationships hetween pereeption of effort and load levels during various
types of work perlormance. In gencrval, for positive (e, concentric) work,
the exponents ol the power functions for Torce exerted s latigue in a
variety of siteations lall within o limited vange (L4 o L9, indiciting
that the pereeptions increase at i moderte e relative 1o changes in lh::
physic'n! work stimulos. An interesting conwast existed Tor the exponent
(1) of the weight-holding sk of Schmale, ot 2l (1963) which may he
related to the negative (eecenwriey mature of e Gask., However, psycho-
physical teehrigques are enrrently limited in veard o application o the
C.\';:Iu;lliun of subjective latigue on a longitading! basis. With the exeep:
{.Inll of Bujas, et al, {1966), inost of these stieios relate o subjective qual-
iy (eq. pereeption of intensity) to the actoal inteusity of an external
physical stimulus. Subjective Iatigue can be conceived as arisine Tremn o
('lilferunt souvee: specifically, the cues defining suhjective Bnigoe n:n tlerive
from the internal physiological processes activated Iy work, There is thus
no easy way to identily intewsity of the “plysical™ stimulus when in fact
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precise origing of these physiological cues are not well nnderstomd. Present-
ly, there is no clear way to derive the power function describing such refa-
tionships. Furthermore, none of the available psychophysical techniques
are veadily applicable to measurement of subjective qualities during work
performance on an ongoing basis, Futare applications of psyclophysical
methads may prove to overcome these difficulties, but changes in methodol-
agy will be vequired.

Alternative scaling techuiques discussed in the Tollowing sections have
heen applied more requently to the measurement of subjective qualities
e ol their applicability to pro-

or symptoms during work primavily bee
longed work sitwations, These techniques may be roughly grouped into (1)
nondimensional, single point measwres, (2) unidimensional rating scale
techniepues, and (3) muelddimensional rating scale echnigues.

Nondimensional, Single Point Mceasures

In Table 11, stidies using notdimensional, single point measurement
af subjective qualitivs in work are shown, "FThese stadies have emplayed the
simeplest methods of measiement which genervaly require a single verbal
veport during wok pevlovinue, Mont often an attempt is inde 1o identi-
fy factons displicing the “latigue”™ point wnard or away bom e initia-
tiem of work, Inspection of the table reveals Hiee consistency hetween the
studies in regard to the subjective qualitics measured {tivedness and undii-
ferentinted Gitigue), tasks used, or subject populations sclected. It is worth
noting that just such inconsistency has hampered the development of a
meminglul syerview ol research concerning subjective fatigue.

In a study by MeGrath, Wittkower. and Cleghorn (14954), the undifter-
entinted e global) fecling of Tatigue was regavded as an allornone
event, charcteristic of single paint measurement. Specifically, rotings ol
various factors which were resarded as “eausing Tatigue™ during long dis-
tance fhights were obtained Irom aiverade crews, "Uhe crews studied consist-
el of Canadinn pilots, co-pilots, manigators, and vadio officers who flew no
ti's in the Tokyo Ailifc The three Teps of the Hight were 10 1w 18 hours
cach separated by J8-howr Tavorers. Group disoissions anel individual bmter-
views were wsed 1o identifly Factors which the crewmen believed Lo cause
fatigue. “The specific factors chosen Tor fnelusion in a questionnaive were
identified during these prelimimary gronp discussions and interyviews. Fach

-

of the thirty-four factors were arranged on a -kpoint ordinal scale 10 per.
mit rating from "o importance™ (1) in cansing Ftigue o “great himpor
tance” (4). However. the quantitative data available from the question-
naire was not summmarized in the report. Conelusions were based principally
on the nenquantitative information devived from the interviews wied group

discussions.

T
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Members ol the aews wikded 1o vepont baredons, bt emy mininal fa-
tigue, during the fivst six hours of & Hight, Fron sis o 10 hours, the crew-

z men reported bhecomning tired, steepy. and britable. Canses of latigue were
= grouped into three categories: (1) General Factors, such as length of Right,
3 delayed llights and false starts. details prior o takeoff, reliability of radio

]
=
“
3
=
=]
=
o
H
=
£
=
=

commumsications and navigational aids, bad weather, monotony and bore-
dom of Goniliar routes, number of inwermediate stops, and drinking the
night before the Might; (2) Specific Factors, associated with problems pe-
culiar to the Y G aireralt (inchuling noise and vibwation, design of the
flight deck and instrument paels, and  uncondortably  fiving  oxygen
masks), and problems peculiar o the route (iucluding post-flight condi-
tions, recreational facilities al stoporer points, and ircegular hours): and
(1) Personal Factors, such as inexperience and tension within the orew,
relative burden of vespensibility, velationships with higher authorities, and

Studies

i}

Pierson (1%G3) , Pierson and Lockhart (19G4)

McGrath, Wittkower. and Cleghorn (1954)

Giifith. Kevr, Mavo, and To

domestic worries.

I this study, ne inlormation was abrained o quantify fitigue or per-
formmance during the conese of Hights, T he authors were well aware ol this
Jaasie Hmitation in thei study, They note thae the “method vsed in this in-

161y
=)
1)

in =

vestigation might be eritivized on the grounds g information: gathered
wias of 1 purely sibjective munre and wis given in retrospect,” Continuing
to discuss these limittions, they clearly indicate the twe ingredients mini-
weh evahaating the role of subjective [a-

amel oflue workers

Subjects
it crews

paehiatric pai

mally necessiry 1o conduct ves
tigue longitudimatly dorving work performance: (1) An adequate sieastere
of subjective fatine Tov which “no satislactory objective tests [had] as yet
heen designed” and (2) Performance metsares to evaluate “the subject’s
performance under normal operating lor working] conditions,”
Pierson (19G5a) awenpred to relae the occurrence ol “lTatigue
y-six male medical students to performinee on & reaction time task using
an apparatus deseribed by Pierson and Rasch (1959). Onceach wial, an an-
ditory preparatory sighal was given approxinuely one second before pre-
h subject was re-

v
¢
=

in twen-

sentation of a light stimelus which cued the response. B
guired 1o release a telegraph key and move their himd 11 i forward
twongh a light heam when the light stimalus appeared. Reaction time
! (1) was measured as the lateney between presentation of the light and

the release of the key, while movement time (M) was measured from the
release of tie key o the breaking of the Tight beam. Tvials were presented
at intervals of approximately 10 secotls with the task continuing untl the
subject indicated that he could no longer proceed. During the task, the sub-
jeer was required o indicate when he “believed his 1esponses were becom-
‘ ing slower.”” "The trial on which this report was given was defined as the
“fatigue” point. Subjects were also asked o indicate the point at which

Task

TABLE 14-11
NONDTAMENSTONAL MEASUREMENT OF SUBJECTIVE FATIGUE

ric weight lifting

=<
=
o
g
<
=
=
E
-

Reuction time task

Aiphine fighe

7

Subjective Qiality Meaviond

they hecame bored with the task,

Tirvdnes
Tiivdness
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A significant relationship (r = A7) was found between RT lateney and the
trial on which the “fatigue” report was given, "I'his relationship means that
slower R'Ts tended to be associated with Jater fatigue points, while early
latigue points were more often concomitant with faster R'T's. Move im-
portantly, no dillerences in RT or MT were found between five baseline
trials, selected near the heginning of the sk, live trials following the la.
tigize point, and the last five trials preceding voluntary termination. Fur-
thermore, no relationship (= .02) was fowd between the “fatigue” wwial
and total trials performed before volinary termination. Pierson (1963h)
reported that measures of unspecified isometric strength for these same
suhjects were found 1o be unrelated cither (0 R'T and MT decrement or
the wrial defined as the fatigie point. He concluded that “subjective impres-
sions of performance bear liule relationship to actual perfornance” and
that the “subjective experience of latigue is not a valid criterion for the
ability to perform speed or enduranee type mmseular work.”

In regavel 1o Pierson’s conclusions, it should be noted first that a study
subsequently veported by Pierson and Rich (1467) found a steady (» con-
sumption duving this task. Performance of the task required only slighly
ereater (3. uptake than baseline measures oluained while the subjeets were
sitting quictly (330 wl/min. vs. 280 ml/min.). Therelore, generalization ol
these resulits to “speed or endurance tpe nmscular work™ appears unjusti-
fiee. As best the results may be generalized 1o sedentary type tasks. Addi-
tiomally, R'T and M1 pevformance decrement was measured as the slowest
block of five wrials within a sequence averaging 174 wials for the aroup of
subjects. In tasks of this kind, random variatons in perfornumes across
trials wonld be expected due to momentary hrctnations in motivation, con-
centration, and so on. As the measure of pevformance decrement, selection
of the slowest block of five trials nray therelove reflect nothing mare chan
random changes in performance, In lact, since there was no systematic
trendd toward deteriorating performance acrss wrials, as the data indicates,
it is burdly conceivable that “the subjective experience of Tatigue” wonld
he velated (o R o M decrements in this study, i o word, Pierson's con-
clusions seem unlounded,

Asubsequent sty (Pierson and Lockhart, 1461) did qualily the earlier
- lifteen Temale physical edueation

conclusions ol Pierson (13a). i
nijors with a mean age of 16 sears, an atteapt to replicate the eavfier
study was made, "Uhis tine, the pincipal nding was o siguifreant relation-
ship (r = 5th between the vial on which “Batigue’™ was reported ad the to-
tal number of trials performed. "The “lasue” peint fen male medical sto-
dents had been found to he dearly unrelated 10 endurance {r .02 One
might suggest that these conflicting lndings neay be explained by ditfevences
in metivation and cooperation with task requirements. For example, those
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medical stadents who repoted o edom™ (7 ol 26) did so at a mean trial
of 70,4 while those Temale subjects reporting boredom: (4 of 15) did not
do so uniil trial 1024 even though females quit earlier (an average of 171
total trials for the males vs. 151 for the lenales). The male subjects evi-
dently quit performing lor reasons unrelated to “latigue,” while the fe-
male subjects seemed 1o be more highly motivated, quitiing for reasons
more related to “latigne.” All other findings in this stidy were generally
consistent with Picrson (1963a). Obviously, there are problems related to
repticability as the contrasting principal findings between the studies indi-
cate, and sperilically reguire qualification of the earlier conclustons con-
cerning the relationship between subjective report of latigue adl perform-
anece factors,

Astudy by Grillith, Kevr, Mayo, and ‘Topal {1850) is another example of
a single poine measurement 1echnique. They employed a simple “tear hal-
lot” used previously by Kerr (1%18) o determine the hour during each
hall of an eight-haur shift when mammal workers, {foremen, and oflice
workers reported feeling “most rested”™ or “most tred.” To indicate the
hoar of cach half-shift, the subjects situply wore the appropriate corner off
the ballot, Data for the study were veduced 1o percentages vreporting “most
tived™ aud “most rested” during cach Tour-honr period. Findings were re-
markably uniform o all types of work and are schematized in Figure
L2 There was atendency for workers 1o report feeling “most ived” di-
ing the lirse and Tourth honr of the morring and the last hour of the al-
ternoon. Manual workers move than 36 years old reported feeling “most
tired” move often during the Tast hour of the moring and afternoon peri-
ads than did younger mmmal workers. Information about the consistency
ol this technique is sketchy, althongh it is reported that “vepeat-test relia-
hility coeflicients for smadl groups maaged from 69 10 99" No informa-
tion wis available concerning validity of the selb-report since ne other mea-
sures of work performiinee were oblained. Talormation provided by this
study is limited, since only asingle point of “most tved” was reported, it
gue on an hourly basis

was impossible (o evaluate relative Jevels of [a
acvoss the work shifts, By locusing an pereentages of workers reporting
“most tired,” an ervoneous conclusion was also drawn, e “Older workers
repore significantly greater variation of such leelings (‘most tived’ and
‘most rested”) than do employees under the age of 36, This conelusion
may be correet Tor workers 25 a4 whole, but sitee the relative degree of
tireduess was not measured, no conclusion can be inade concerning the vari-
ability in tiveduess veported by workers in dilferen age groups,

Hemphill, Thall, and Crookes (1952) also used a single point mea-
surement eehnique within a simple weight holding sk, Using the middle
finger of the right hand, lematle psychiaric patients classilied as endoge-

T
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Manual Workers
Office Workers
Supervisors

% Reporting "Most Fatigued™

NN
o s o ORNBEESE
E |

1 2 3 4 5 6 7 8
Hour of Shift

Figure FLZ Percentage of workers reponti

Tecling “most Baigued™ duriag the morning
(o alterneon (ma) balves ol e cight-honr shile (Frome |0 W Grillah, el il
Chanpes in Sabjeative Fatigone god Remliness lor Waok Duing the Tighe-Hewe Shile”
Jownmal of Jdpplied Pydialogy, 31063, 1930),

nows cddepressives and anxiety nearotics were instructed o il a small weight
2 kg) lor as long as possible. They were asked o repore when they “he-
gm Loy Teel tived.” A'l hie vesults indicated tha the “endogenouns depressive”
!)ﬂllcnt\' reported Tecling tired more vapidly and quic sooner alter report-
g tiveduess than patients clssified as anxicly newvoties, "The results sug-
gest that endogenous depressive patients, who are characteristically "1:;

tigued™ and with minbimal energy 1eserves, becime tived more readily dur-
ing static work. Anxicty nenvoics, o the other hand, are frequently ehar-

acterized by an agitated, arowsed kind of depression which may acuadly

serve Lo reduce the degree of tivedness during activity or statie work.,

. _Su.lg!c”ptllllll. nondimensional measures of fatigue are open to eriticiso
Fatigue” is conceptualized in these sundies as an all-ornone even: either

the individnal is experiencing a cevtain “degree™ of Fatigue, or he is not.
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It is hard to defend such i notion, either conceptually or psychometrically.
Fivst, experience supgests that, in general, one cao report a variery of imen-
sities of subjective qualities—one has, at different times, felt [resh, some-
what tired oy extrenicly worn out. Tt would seem mare logical that the
symploms woukl inerease quanditatively, in some Fashion, the longer one
performs work. Measuvement should be designed to quantily at least or-
dinal levels of the subjective experience.

Second, from the standpoint of measurement, good psychometrics also
suggests that seme arvangement be made to measure quantitative levels of
fatigne. Without this possibility, the relationship between subjective fa-
tigue and work decrement or endhnimee cnno he elewrly specified. Tt takes
at et three points to define a function, and theoveticafly a subjective
event varying in intensity sueh as subjective Tatigue, eau e measured on
wore than three points. Additionally, veliability is known o increase, up to
some limit, as the range of scores inereases, Single point measures can thus
he expected 10 be Tess reliable than mlti-point, or dimensional, measures
ol subjective fatigue.

Unidimensional Rating Scales

Studies iving unidimensional raring scales to evaluate subjective qualitics
during work ave summarized in Table T11L An example of an early sty
attempting to dimensionally quantily a singfe subjective quality, ie. “feel-
ing tone” is provided by Foltz, Jung, and Gister (1910, They had seven
male subjects vide a bicyele ergometer at 1285 kpi/min. while pedalling
at 51 rpis until unable o mainain the required fevel of performance.
“This work of about 2.8 I, min. Vo. woukd he ;tpprnxiumu.-l_y KA percent max
Vo of nearly 3.3 1oming Tor an “average”™ young iwale. All subjects rode
twice ¢laily with the vides separated by a 10.aninute rest period umil a total
of 378 rides were obined over 27 diys, Ratings ol “feeling tone” were oh-
tained before each ride using a Dh-peint vating scale mmging ront “the
worse | lave ever Felt in my life” (1) to “the best T have ever lelt in my
life” (15) while the midpoint (8) vegnived the response “the way 1 usual-
Iy feed.” Ride duration was the measure al performance and ranged from
9 1o 92 min. The study was designed o test the Iy pothesis that work per-
[ormance is influenced by how anindividual feels hefore Leginuing work,
Results indicated tiat the relationship between vide duration and prework
“Teeling tone” was negligible and, in slightly upposite from predict-
ed. "The authors sugested that work perfornsmee wis unrclated o prework

subjective leeling states.

I'he approach wsedd by Folt, el al. represents one of the early systematic
eiforts o rekie 3 subjective quality {prework “Teeling 1one”) to perform-
ance in i lnboratory work sitation. asvever, this sty again exemplifies
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the caution requirved in desigie interpretation of research in this area,
First, no attenpt was madle to cquite work levels Tor the individual suly-
jects. While inforantion was not presented cegarding individual differences
in such factors as max Voo or heart rale response to specific work Tevels, al-
most surely there were differences in working capacity between the individ-
ual subjects. These individual differences in working citpacity, while not
well known ac that time (Simonson and Fnzer, 19412), would greatly infiy-
ence ride durtion. Failure to equate work levels during exercise, however,
would leird to a substantial atenuation of the relationship between “feel.
ing tone” belore wark and subsequent work performance.

Second, it would appear that performance data for all 378 rides andd sub-
jective ratings for the seven subjects were.grouped across subjects to obtain
the correlation benween ride duration aned prework “feeling tone.” Group-
ing data in this way violates an msumption of independence of e pairs
of observations for correlational analysis and could Murther attenuate any
potential refationship in the daa, Therelore, on the basis ol this sy,
little can be eonclided regarding the relationship between pre-work “feel-
ing tone” and subsequent work owput due w these jnherent design and
methodological probilems. In addition, since subjective symptomatology due
ing work, or produced by work,

i not messured, the implications for the
area of subjective Tatigue are limited. Mowever, studies of this sort could
lead the unsuspecting reviewer o conclude ture “research has indicaed”
that subjective symiptonrs are mwelited (o work perfornice,

I contrast o Folty, et al., the remaining studies described in tiis section
measure subjective quralities during work pevformance, ‘These have focused
upon five types of subjective qualities diving work: nndifferentiated [y-
tigue, tiveduess, ellory, Pain, mxd thermal discomiont,

Undifferentinted Fatigue

Astudy by Gross and Bartley (151 provides an example of the use of
a simple vating scaale o menstre ondiferentiated fatigue, A four-poim
rating scale (Great, Moderate, (iule, None) was employed. A group of
twenty women rated their level of fatigoae at 30 minate intervals ac the be-
gimiing and throughom a (wo-hour period ol housework. Records were
miittained concerning the quality atrel querntiny of work performed. Those
repovting e most latigue cletned fewer rooms than those moderately fa-
tigued, bt imove than those repentiong little or no Btigue. The women re-
porting the most Tatigue also veceived the lowest vatings lor quality of
housework performed. Additionally, it was fonnd that the rating of fa-
tigne for sonte women 1ended to peak at the middle of the work period
even though there was no intervening rest. The later ohbservition wis re-
garded as support Tor the notion that subjective fatiguee is not consistently
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related 1o the amount of enevay expended. l':x:llllillillilnll. ol the imlividua.l
protovols stggests that some subjects may llal\'(:' been timing the work peri-
od, repurting less Ertigue as the end ol U pt'.l'l()(l neared, 11: cuntra.‘:'t-, .must
reported increased fatigue oward lhc.cud ol l]l.(: worl, pr:rwd: This is an
occasional observation when work periods are ol a fixed (Im'nuon,-and ap-
pears related to expectations about the length of i dull, m-)nrt.?w_ar(lmg task:
Walster and Aronson (1067; see p. 365} l'cmm_l an |m'rc:|sc‘||| |illlgllfi ‘reimrls
toward completion of @ monotonous task ol ﬁ)fc(.l (.lurn.unu'. A([dltl.onully,
Gross aud Bartley noted that there was a “lack ol (ll:illlllcll(ln in the mmdis of
the subjects bewween locilized musele :lixcomlu-rl |I'('JI.11 su;‘n[{mg, ”(:I.t'., ‘dnd
the overall personal experimental {sic) staie we identily as qugue._ lv_lm:en‘z_-
ly, a task specific category of subjective (]ll:ll!llt‘.‘i L'.Xp(.‘l'lf.‘ll('(_'(l (Iurl‘ug \\'(:_r.{
including those related o localized muscle discomlort, Irm‘\c I)L‘f‘fl T‘lt.-n“.lul
statistically within a larger set ol fatigue symptoms (Weiser, Kinsman
ti v, 1973). o

™ lIi:]l}:lL:l::)i'JZIglli:i) used @ nine-poiat ating 5(';'111: o evaluate subju.uul: 1‘1-
tigue in eighty male college studens, The testing program uu(,mlumsa_ci m?
test sessions ol five i given on alternate days. [he subjects were divided

into Iive groups: .\ control gronp; two groups who hicscled on an crgmm:'-
ter, either with no load or a seven-lb load; and two 1:;1uups \\'hurmn un 1‘
weachnill at 6 mph, cidher on & U percent v on @ 25 pereent %;m'dc.l l!u_
rating scale ranged from No Fatigue (1) w Extreme I'nuguc. ] .131:.‘\\.:15
given Ih sce. alter cessation ol work, Pulse rate was lllc;ls.ulf_'(l belore, at
‘tjllc end of the work wsk, mnd alter 10 min of recovery. IT the mean lcl.\st-
ing pulse rate was 80 bpm (the ;uztuulv vitlue was not |.cpu:'lcld‘),- .I.Il“'li ::E
mean pulse rate was 91 and 137 bpm for the 0 and S‘L':L'Il-l.). )IL)L.C' l\ )-“
tasks and 4] al 181 hpm for the 0 percent and .Zu. percent treadai

work. This indicates that the work loads were progressively heavier, with
the wo middle tasks nearly the sime and the beaviest nearly I‘UU pereetit
ik Voo We note thit Nunney, similan to Foliz, e al. .{l!l-l 1y dhieh 1o u_m-
trol Tor individual differences in the abiling w do aerobic work as mcasmc(:
by max Vou. The fatigue scale scores at the end ol work \\'c.u' l !ll .url(
G for the respective work loads, The gronfr means for ])l'llhc l.fl(. S “"EES
and Iatigue scale scores corvelated highly (v - .‘JU‘), suguesting ll}.il..f::)l I.l .b
demanding a larger circulatery :|(|:|pl:tlin.n. there s a cnrrc.-fpum'llljg n‘u 1.(::1:(:
in subjective latigue. Intratask \'arininh_ty was  large {or ’.lllgu(:‘ scale
scores, but these scores were not sighilicantly correlated 1o l‘.".lf": ralle
changes. Considering the relationships between pulse ralc_:uul hlll|1-lJL;.|.I\:Fe l.xs
tigue ratings for a single work load on a task, l.|‘|L’ currcluulmlls‘\.\ef(.: ‘(;\\ 'lfeu
ranging from —.03 to -+.37), Uhese low ('urrc}uuml.s \\.‘ould‘ u. -ufl.n.'uc‘c \\‘ e
the range of work loads relative to max Vo within tasks as -.Ill:(llll.; )
relative to the range represented across all tisks and work loads. While
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Nunney concludes “that physivlogical changes are not directly related 10 fa-
tigne,” his data actuafly suppore a diveet relationship between latigue mea-
sures anel work as indicated by heart vine changes when there is a suificiently
high range in work loads.

Tiredness

As early as 1928, Pollenberger reported the use of a simple rating scale
to cvaluate the Tecling of tireduess during prolonged mental work. Fen
subjects performed up 1o fourteen consecntive trials on each of four tasks:
continuous addition, sentence completion, judging of written compusitions
and varions independent forms of a rather lengthy intelligence st In the
case of the composition judging, 10 specimen compaositions were rated on
each trial. For the other tasks, each trial required 20 to 30 minutes of con-
tinuous performance. Perlormance was measured an each trial, and ratings
of tiredness were obtained using a seven-point ordinal scale, given immedi-
ately hefore the first trial and after each wrial of a task. The rating scale
ranged [rom “extremely good” (1) to “extremely tired” (7) witlh a niid-
point defined as “medium™ (4). Results indieated that the mean rating of
tiredness increased across wials in o faivly linewr manmer Tor all tasks, al-
though overall performance renmined (1) unchanged-—lor sentence con-
pletion or composition judging, (2) improved--for intelligence testing, or
() deteriorated—tor addition. Due o improvement in the tasks resulting
from practice, the relationship between mental work and the lecling ol
tivedniess may lave beeae niasked for all of the tasks except addition. Pre-
sinmably, addition is o highly learned wsk. the performance of which
would not be expected to improve with wdditional practice. Thus, the rela-
tionship between the subjective quality “tivedness” and perlornmnce would
be most cleavly manilest for the addition sk, Subjects showing the great-
st performance decrement for each task veported a large incvease in tired-
1res:

those showing the least perforinance decrentent reported substantinlly
less tiredness across trials. Pollenberger's vesults thus indicate a Gaivly clear
relatiouship between “tivedness” and performance in prolonged mental
work,

Pearson and Byars ¢ 1956) and Pearson (1457) veported the developument
al a F0-itene inidimensional seale wessuring the subjective quality of tired-
ness. Lhein fnderral sale vepresents the most thorough ellore o devise o
measine of subjective Faigne as o vnidimensionl Feeling of tiredness.
Provedures for scale construction vecommended by Fdwards and Kilpatrick
{1948) were lollowed. The problem was o select 2 set of adjectives that
could be arranged in @ continuum, with equidistent adjacent items, so
that the suliject could report his level of tiredne

ss by pinpointing a position

along this contimum. An initial set ol 500 adjectives were seleeted, All am-

Setfepechiee My tefercaine byl R

higuous itens were chiminated, and the tenmmimg rimetvowo dtems nere
scaled usitg Thistone’s methoed of equal appearing inteyvals (\.('t‘ Guil-
ford, 1451y, Bricfly, independent judges sovted each item .in.r.n nine cate-
gories ranging lrom extreme well being (1) to extreme In.ug.uc (!l).’ z-\ll
forty-cight items showing low interjudge agreement were ellmm:flcd. l.hc
forty-Tonr remaining items were wrrimged ina checklist and |11'(:\:|(le_:l.\\'ll|1
choices of “better than,” “smne as,” or "worse than”” allowing an individual
to place himsell on a continmm ol sebjective lirc:ln.cst;. A :l_cw:lnpmcnu,l
study involving a lengthy psychomotor task (Multul_m!unsmmll l’l}l'sllll
Test; 1hty and Payne, 1066) was used to [urther eliminate those items
with low validity and internal consistency. Finably, two L‘(llli\::l!(:lll l’frl’lﬂﬁ
(A i BY of the checklist were constructed. "Fhe item compasition ol one
form (Form A} of the checklist is shown below:

Hiem ()relm:,Nu.

1. Like I'm biesting with eneves [
4. Exnemcly poppy Coas E,E;
3 Ve diveh ( :.')
A Nery efushed - ( jl)
B {ite [iesh .. 1
G Somewhat hesh PP | ;:
7. Slightly tivexl s 5
K. Slightly puaped |-;)
W laily well poogual { .
189, Peteveed aut . [H)
T Yery pineed - . PR { :;’
1 Exoemely tined .. .. :[h;
I Rewdy e dhoge . . .

[n application, the iteins were arvanged in a random ovder us_imli('atc:l in
the right-hand colunm. "The colloguial content ol the checklist ('peterved
out,” “ready to drop,” “laivly well pooped™) is apparent. .
A validiion study using the sime psychomotor task showed that equiv-
alent Torms of the checklist intereorrelated highly (v = .92} both [or 100 ex-
perimentally fatigued and for 100 conwol subjects. "The scores Tor experi-
mentally fatigued subjects were signilicantly increased from pre- o post-
task. Additionally, the cheeklist clearty dilferentized hetween experimental-
Iy fatiguedd and control subjects. Submsequentdy, the t‘]lt't'kli..‘il wits shown o
dillerentiate bewween subjects given amaleptic (5 nyg of (I(:xlrn-mnpll'el—
antine sullate) and depressant (65 mg hyoscine hydrobromide m'ixcd with
50 my of diphenhydramine hydrochlovide) drugs in a singlc-hlm‘d study.
As a unidimensional measure of tiredness, Pearson’s interval scale is unsur-
passed since it was constructed systematically according w sound psycho-

metric principles, . )
Unfortunately, application of the checklist beyond the original validat-

ing studies has heen limited although the authors suguest that its applica-

bility should be general. Tts widest applivation: has been to evaluate changes




162 Psycliofugicel Aspects of Work and Fatigue

in Lutigue during acromedical studies by Hartman aud his coworkers. Tn
astuiely by Buekley and Flavtman (1969), Pemson’s checklist was used (o
evaluate changes i subjective tivedness durving a 32-hour transatlantic heli-
copter Hlight. "Uhe ilight was accompitnied Dy liss of usual sleeping patterns,
decreased lowd itake, continuous vibration, and flicker illumination com-
mon to retary wing aiveraft. Ratings on dredness showed an almost linear
increase throughout the flight, with @ interesting recovery spurt duving
lly-by in a "aris aivshow even though no rest periods intervened. Duriog this
fly-by, which occurred w the end of tae flight, tivedness vatings decreased to
a paint reported I to 16 howrs carlier. Such a recovery phenomenon niy
accur in tasks of fixed duration in which there is high expectation of per-
sonal reward ppon successful completion. Such a phenomenon may be refated
to the Ttullian goal-gradient (FLabl, 19135 1952), Stnilar appli
scale lve been made o the study of the indl

ition ol his
sht fatigne of FB-111 crews
(Hartman, Hale and Johnson, 1070y and G5 jet transport erews (Iartin,
Hale, 1ris, and Stanlord, 1971},
- . ih ] ol 10 . el i 4

{\I(_hcl.l) (195 1) QInn wsed Thurstone sealing techniques to develop a -
point ratiug scale ol tivedness, Again, an attempt was made o construct an
fnterval scale with adjucent seade points of equidistince. One Torm of Me-
Nelly's scale is shown helow:

11640 Mean Serde Poing
Ao o dall ovn Ll
gzl

Let alomn

v Dl ained :;
venape Al
Fairh well Al
In pear . .0
Very good T4
Tewilie . 8B

Prelmivary “Thurstene sealivg was performed on 123 adjective items or
phrases by 10 judyes

: . The judges sorted cach item into cregories according
lo.nlrn-;uuug degree ol tivedness, establishing o preliminary mean scale
point vitdne for cacl item. Siaty (60) adjective items or plirases witle the
least variabiling were retined, o vesealed by the sane judges. 'The second
sealing Dl s high convelation a0 450 with e fint s il“‘]l;_‘". OF these 60
tens, tes groups of nine iens e sere seleced on the bisis of (1) haa-
mg b vaniabrhie ana o e apposineiels one sotle pointapare. The
et seaele sabues oo set ol nee teins dre shown ghove.

The salidity of the soale was tested on eighies nale and fetale uneder-
graduates wsing a block woming tsk with heany (11 aunces) ar light (1
viinieesy blocks either with massed practice (without vesty or spoced prac-
tice (rest after each eial), Faeh teial consisted of wirning twenty Ilocks as
rapidly as possible. ‘Uhe interval seale was administered before and after
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100U trials. As exproted, spicced practice produced Both dess work decrement
and lower "tivedness” scores than did massed practice. Ratings of tiredness
showeed a sipnilicant change pre- to post-work, althongh the relationship be-
tween the subjective ratings and work decrement was quite low (r = _50).
While MeNelly's setle has frequently been cited, to the best of our knowl-
edge it has nol been used in any other studies reported in the liceratore. Tts
validity in other work situations is essentially unknown. Similar to the
Pearson ancd Byars” scale (1956: Pearson, 1957} the composition of MeNel-
ly's scale includes colloguial items (eg. Tagged, in gear, ete.) which appear
10 be unigque in regare o cultare, tme, and geographic location.

Bujas, Sremeg, and Vidachek (1965) comprehensively investigated the re-
lationships between the subjective quality of tivedness and other variables
in 115 butchers rom the same Factory alter an eight-onr work shife. A
five-point scale was nsed o obtain ratings of tredness. The seitle ranged
from “Genevally 1 am not tived”™ (1) to T Teel very tived” {5). Only 4.4
percent of the workers reported that they were generally nof tired alter
work, while 26.5, 406, 120, ane 7.1 percent reported Feeling “slightly,”
“maderately,” “quite,” or “very” tired. respectively. Ratings ol tiredness
were independent ol estimates of the workers productivity made by the
Toremen and plant supervisors, However, the aathors note that productiv-
ity rtings tenced to be unilormly high for all workers so that no discrim-
ination in produciivitee was achieved by the supervisors” ratings. Tt s inter-
esting 0 note that the tived workers reported having less satislaction with
their work. sleeping less well s night. Tess appetite. generally feeling less
healthy, aned more often being in a worse mood at and away from work
than (heir Jess tired co-workers, This study is similar in many ways o thin
of MeGratl, et al, (195 1) in that the emphasis was upon identilication of fac-
ate that ou-

Lors rontribading o the subjective Teelings of tredness or fa
car during occuparional activities,

Stranss and Carlock (1966) measured subjective tivedness during povtages
with various loads using a1 1-point rating scale developed by Psychometric
Albliates (195, "This vating scale mnged rom “worn out, oo tived 1o do
amything™ (13 1o "ot tved at all. fresh enough to start a Mall day™ (3).
Ten mitle subjects ranging in age from 18 10 35 yeirs carried weights of 10
1o 3 Ibs during three walks over a two-mile course pevformed al two-hour
intervals. Two portage modalities were used for cach weight condition:
comforiable, ie. weights carried on the back, and uncomfortable, i

weights carried by hand. Performanee on a battery of perceptual and psy-
chomotor. tests and ratings of tivedness were obtained before and after
cach portage. Walking time did riot diller between light and heavy portages
and was Townd 1o be unrelated o tireduess scores. However, the moest un-
comfortable portage modality was associated with reports of more tired-
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ness. Task performance was significantly related to ratings of tiredness lor
each of the tests administered, with correlations ranging from —.62 (for per-
ceptual speed and accuracy) to —.89 (for locating and marking identical
pairs of names within a list).

Hewing and Sarphati {1966) noted that subjective ratings obtained dur-
ing work performance could he subject to Tichener's “stimulus error.” Spe-
cilically, the load levels on an ergometer inay be presented in such a way as
to provide the subjects with external information capable of altering their
judgments about subjective tiredness. Thus, a subject given information
about the load level at which he is performing will be apt to base his sub-
jective rating of tiredness, in part, on that external information. Fleuting
and Sarphati had their subjects perform on a bicycle ergometer for 11 min-
utes on 13 successive days. The terminal load level for each daily session
was selected as one of seven equal increments hetween 1050 and 1950 kpan/
min. Yor each session, the witial work load was 45 kpm/min: it was in-
creased by 10 percent of the linal Joad level for each minute therealter,
Previous stndies (FHleuting, 1964; Heuting and Visser, 1960} indicated that
the work load appeared to inerease equally Tor eacl of these graded work
schedules, Thus, estimates of tiredness could be obtained that were less al-
fected by external infornmtion. Tiredness was rvated in three ways: (1)
during each minute of work the subjects positioned a potentiometer point-
er along a blank scale to a location hetween horirontal and vertical corve-
sponding to their level of tirediess: (2) Dmmediately post-work the subjects
adjusted the volume of a white noise source to mateh their fevel of tived-
ness; and (3 immediawely post-work, the subjects indicated their Tevel of
tiredness on a seven-point scale vanging frome “leeling iy, rested” (1) o
“feeling extremely tived, exhausted™ (7).

Average correlations between the terminal work Joad and post-work uired-
ness ratings vanged from 71, for the pointer, to A9 for both the white
noise and seven-point vating scale. Individual corvelations generally ranged
from .54 to .83, The regression lines hetween work load and individual
post-work ratings of tiredness were clerly linear. The study indicates the
leasibility ol measuring subjective stawns during work performance by
rating scale techniques. Additionally, the potentiometer method showed the
highest post-work relationship to work level, "This result may have been due
to the subjects’ familiavity with this riing technique sinee it was used more
frequently than the other two methads, "Uhus, there is the suggestion that
experience with the vating welmique may improve the relationship between
subjective status and work laad.

Janssen and Docter (1973) explored the change i latigne during static
work mud recovery using lenting’s methaed (1968) ab “latigue” assessment.
They had six well-rained male subjects exert pulls with the Tovearm at

25, 45, and 45 percent of their voluntivy maximal capacity for intervals
of 2.5 min., followed by 2 min. of recovery. Faligue measures were olxtained
at rest and at 30 sec, intervals throughout the static work task and recovery.
An essentially linear growth of [atigue was observed, more rapid for the
higher work loads, with the expected steeper decline during recovery. Re-
producibility was very high, and similar results were obtained for the left
and right arm. Predictably, heart rate changes in this static work task were
less impressively related to the course of work and recovery than the fa-
tigue ratings (see Chap. 11 "Physiology of Work Capacity and Fatigue™).
The impressive lintearity may have heen partially a result of timing during
this relatively brief, lixed duration task.

While Heuting and Sarphati  {1966) noted that external information
about the work load level during exercise could influence reports of sub-
jective tivedness, they did not directly test the effects of snch external infor-
mation on subjective reports. A mare direct test of the cifects of task infor-
mation on subjective report was made by Walster and Aronson  (1967).
They reasoned that reports of tiredness would depend on time perceived
to be remaining in the task: after the same duration on a task, a report of
“very tired” would be incompatible with information that considerably
more time is required. In contrast, such a report would be more compatible
with information that te wask is near connpletion. Two groups of 10 sub-
jects were told that they would be required to complete either three (short
expectancy) or five {long expectancy) wials during the study. Fach wial in-
volved two tasks: (1) marking X's on graph paper squares at the vate of
one/second for 10 minutes, and (2) obtaining the visual threshold to
white Hight which requived approximately 10 additional minutes. Ratings
of tiredness were obtained an each wial alter the N-marking task, A rating
scale ranging rom “as fresh as [ have ever been” (1) to “as tired as T have
ever been” (13.5) was used. Only data from the first three trials were used
in making the comparison between groups, Results indicated that the sub-
jects in the three-trial condition reported u sudden increase in tiredness on
trial three, while subjects in the five-trial condition did not report a corre-
spondding incrense. “I'hese results support the notion that infornmation about
task doration can influence subjective report. As yet, there have been no
sticlies testing this elfect for tasks involving physical work, This could be
done by mumipulating external information about such variables as load
level and task duration. It would also be of interest to explore the possi-
bility tlat motivational factors would dilferentially affect the subjective re-
ports near the end of the ask.

Subjective reports of Fatigue may well be affected by the relationship he-
vween external {e.g. apparent task daradion) and internal physiological cues
as descriled by Snyder, Schuly, and Jones (1974). Briclly, their hypothesis

it}
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was that when an internal standard of subjective fatigue is lacking, indi-
viduals believing that they have worked longer durations demoustrate more
behavioral fatigue than those believing they have worked shorter duvations,
even though both groups work equally long. However, when clear, physio-
logical cues are present, the elfect ol apperent duration may well be reverseil
since it conflicts with the predominane internal standard. A study using
brief psychomaotor tasks appeared to support this hypothesis, Studies such as
these deriving [rom attribution theory (see Jones, Kanouse, Kelley, Nisbett,
Valins, and Weiner, 1972) could contribute substautively to subjective [a-
tigne and its behavioral correlates. Unlortunately, very little has yet been
accomplished in this regard, and more adequate subjective rating tech-
niques need to be employed Logether with improved physiological mea-
sures and work performance tasks.

Exertion

During work performance, viting scale techniques bave been used to
evaluate percetved effort by Borg (1962) and his co-workers while frer
ceived effort expended has been stadied by Lloyd and McClaskey (1971).
Both will be discusseel below.

Errowrr. In a recent review, Borg (I1973) has traced the development of
a rating scale of perceived ellovt (RPE) spevifically designed for use dur-
ing bicycle ergometer work, Initially (Borg. 1962) the scale consisted of 21
points with add points, 3 through 19, anchored by verbal phrases: 3, ex-
tremely light; 5, very bighe 7, light; 9, fairly light; 11, neither light nor la-
borious; 18, fairly laborious; 15, laborious; 17, very laborious; and 19, ex-
tremely laborious. On the basis of several initial stadies, the scale was re-
vised to include 15 points, G throagh 20, as follows:

G
T Very, very light
8
9 Very light
11 Fuivly light
13 Somewhat haed
15 Fid
17 Very hant
19 Very, very hasd
The scale was presented in quarto fashion, with equal intervals between
adjacent scale puints, so that the [ull seale coukl be seen by the subject

when making his ratings ol pereeived ellort. The RPF scale is coarrently “so
constructed that the heart rate {HR) of a normal, healthy middle-aged
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man cait be predicted if the RPE value is multiplied by 10; thus RPE x 10
= HR" (Borg, 1471). Borg cautions, however, that this equation should not
be taken too literally since deviations from the equation result from *dif-
ficulties In rating, lack of motivation, and disease.” $pecilic circumstances
in which the relationship between HR and RPLE can be altered will be dis-
cussed below.

The load level giving a heart rate of 170 beats/min. can be cbtained to
define the Physical Workimy Gapacityyzo (PWCiza: Wahlung, 1948). At a
work level t'm'respunding to PWChz, an RPE of 16.5 was obtained and de-
fined as PWCy {Borg, 1962a). The correlation between PWCiw and PWC,
was .61 indicating that, in general, the higher the work load for PWCiq0,
the higher the PWCy. For an overall work test, RPE tended to grow as a
negatively accelerated function of the work load. The corrclation between
HR and RPE across several work loads was 85, indicating exceplionally
high validity. ‘The high validity suggests that the reliability ol the rating
scale would also be higl since, as a general rule, validity cannot exceed the
square root of reliubility (Cronbach, 1960). This s to be expected since
the linear work load-heart rate relationship for individuals has been shown
1o he highly reliable {Rowell, 1969).

In a validation stady, PWC, and PWCiz, were compared to wage rates
among lorestry workers (Borg, 1962a). The PWCin correlated at a low lev-
el (r=.24) 1o wage rates, while PW(,, the subjective estimate, was consid-
erably higher (r = .54). Borg sugyests that the PWCy takes into account mo-
tivational companents not inherent Lo PWCiry but which affect on-the-job
performance considerably.

Gamberale (1972) has compared RPE on other tasks with that obtained
during bicycling. Me noted that the RPL scale was constructed to reflect
heart rate (FR) increments of 10 buats hetween successive scale points. Ac-
covditig o this basis, a rating of seven on the RPE scale ("Very, very
light') would correspond approximately to a heart rate of 70 beats/min.
Twelve male subjects {20 to 85 years of age) performed three tasks: (W)
bicyeling at work loads of 300, 600, and 900 kpm/min; (2} repeticive lifting
of 1.35, 3.85, and 5.35 kg weights 25 cm above a shoulder height starting
point; and (3) pushing a wheel barrow loaded with 36, 66, and 96 kg at
100 m/min. In general, these tasks have different muscle mass require-
ments. "The bicycle ergometer task may be characterized as dynamic work
requiring a large muscle mass, while the weightlilting involved work using
a small musele mass, The wheel barrow task was 1 comhination of statie
work (load on the arms) and dynamic work {walking).

The range in heart rates and RPE ratings was greatest for the bicycle
ergometer task (approximately from 100 to 185 bLeats/min}, and least [or
the wheel barrow task (from 100 to 130 beats/min). The weight lifting pro-
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duced an intermediate heart rate response {(from 110 to 140 beaws/min).
Mean RPE and HR values were lincarly related for all wasks with de RPE
close to 1/10 of HR. However, RPL correlated most highly with 1R for
the bicycle ergometer task (r = .94), least for the wheel barrow task (r= 42),
and at an intermediate level for the weight lifting task (r = .64). In general,
instructions to rate the overall perception of eflort, as opposed to rate speci-
fically the perception of efforts in arms or legs, resulted in a higher relation-
ship between the mean HR and RPL. Nevertheless, differences were ol
served in the relationships between RPE and HR with specilic and overall
instructions. As might be expected, for the weight lifung rtask, specific in-
structions resulted in a closer relationship between RPE and HR. This sug-
gests Lhat caution should be observed when instructing subjects to employ
the RPE scale for different tasks.

Gamberale noted that “it proved beyond the scope and the possibility of
the present imvestigation to provide a satisfactory estimate of the level of
correlation between heart vate and RPE” On a statistical basis, assuining
equivalent vartability in the measure ol RPE and heart rate, it ¢ould be ex-
pected that a reduction in range of heart rate, as in the wheel barrow and
weight lilting sk, would lead 10 an attentuation of the correlation
between heart rate and ratings on the RPFE scale. It would be worthwhile
o evaluine the velationship between RPE and heart rate on asks differing
in the degree of dyiamic work and musele misss invelvement while employ-
ing cquivadendy sizeable ranges v heart vates produced across levels of
cach task.

As will be discussed (see po 391), within the past decade a substantial in-
ternational literature has become aviilable concerning the systematic mea-
surement ol aspecific subjective quality, perceived effort, in carelully con-
trolled work conditions (also see Table 14-111),

Errorr Exvesnep, Another aspect of subjective effort is the perceived
amount of total available effort expended during work performance. In a
study by Lloyd and MoClaskey (1471), eighteen male subjects with an aver-
age age of approximately 21 years rated perceived effore expended during
perlormanee on a motor-driven treadmill using a unique live-point scale.
The vading wedhnigue had been developed eartier by Caldwell (1967} Tor
use otan bomettic handarip task Gee po 27010 Fach subject was asked to re-
spoid when he perceived that succesive 1/ 35 ol bis ttal available elfort lad
been expended. "The trst response duting work {1y was delined as the point
where 15 of his totd available ellort bivl been expended; the response {5)
defined tie point at which he had expended aff ol his effort. Thus, the rating
procedure can be described as a self-paced wechnique in that ratings were
volunteered by the subject rather than requested at selected points by the
experimenter. By prior agreement, performance terminated when the sub-
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ject called out “5”. Duving the task, all subjects walked on the treadmill at
0 percent grade at 75 percent of their maximum walking speed. Maximum
walking speed was determined by noting the points at which the subject
broke into a jog during three preliminary trials with increasing treadmill
speed and the point at which he started walking after jogging during stah-
sequent deceleration. Eight daily walks at 75 percent maximum wnlk.mg
speed were obtained for each subject during which he called out the points
indicating when successive 1/5% of his total available effort had been ex-
pended. All subjects were instructed to continue walking as long as possible.
As shown in Fignre 14-3, results indicated a highly linear relationship be-
Lween subjective judgments of the amount of effort expended and mean
time on the task. Fadurance times tended to increase through the third ses-
sion, and showed a slight decrease on subsequent sessions. This increase in
walk duration may have been due to the effects of practice. The degree of
linearity between subjective ratings and mean task time generally increased
across the eight sessions, with the last five sessions showing remarkable
linearity, In view of these results, Lloyd and McClaskey suggest l!lﬂt s.ub-
jects “have both the capacity Lo atteml to psychological and physwlnglFal
cues and to report, on a psychological contintuum, their judgments ol in-
creasing dilliculty of the task or their diminishing capacity w perform.”
While the desree of linearity in the relationship hetween perceived el-
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fort expended and task time is impressive, the stady raises several jnterest-
ing questions. First, considerable variability was represented in the data.
Standard deviations shown in Figure 14-3 indicate a very broad range of en-
durance times. In addition, average endurance times (approximately 13 o
19 min.} seem short for such a treadmill 1ask, Were the subjects really per-
forming ncar the limits of their endurance capacities? In fact, Lloyd ad
McClaskey note that on session three, which had the greatest variability,
two subjects were able to walk 41 and 69 minutes. This raises the possilil-
ity that having suljects perform at a given percentage of maximum walk-
ing speed might not effectively place each subject at the sanie relative work
load. Tn ether words, 75 percent maximum walking speed may be a physio-
logically “empty” variable {or normalizing endurance capacity compared
to maximuwm aerobic power or other physiological variables such as heart
rate. Unfortunately, no data is available in the literature examining the re-
lationship between percent maximum walking speed and measures of en-
durance capacity. Second, to what degree would the observed linearity
found for the subjects as a group exist for individual subjecist No data is
presented in this regard. Third, to what degree does this task represent an
exercise in timing? The possibility of o timing artifact can be raised almost
everytime the self-paced rating technique is used. While the authors clearly
regard the data as a demonstration that perceived clfort expended is being
measured, it is quite possible that each subject was simply fiming successive
fifths ol the ol duration he was willing 10 spend on the task. Stevens
(1957) has discussed categorical and magiitude estimation of time dura-
tions which hmans can dearn o do quite well. No doubt perceived effort
expencled was being measured in some way, but it is diflicult to separate the
degree to which eflort expended conwibuted 1o these results apart [rom
judgments of clapsed time, Additional comment will be offered in the lol-
lowing section regarding timing arvtifacts in the sell-paced rating tech-
niques.
Pain

Pain is another subjective quality experienced during work performance.
Caldwell {1967) and Caldwell and Smith (F967) have found a linewr rela-
tienship between time on an isometric task and ratings of both pain inen-
sity and perecived effort expended. In both of these studies, the subject was
recuived o hold a hatud dynamometer ac submaximal levels until it hecame
necessary, in the subject’s own judgment, w stop. Subjects were required to
indicate when pain intensity attained values of | to 5 in the same seli-
paced lashion as that used by Lloyd and McClaskey (1971 for vatings of
perceived ellort expended. Under these conditions, ratings ol pain inten-
sity could be influenced by the subjects’ ability to time successive intervals,
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as has been discussed. If, with practice, a subject could call out successive
ratings of pain intensity at intervals matched on the time dimension, the
relationship between ratings of pain intensity and time on the isometric
task wounld attain a spurious linearity. As noted above, this is a problem also
relevant to the interpretation of the Lloyd and McClaskey (1971) study.

Menzer, Smith, and Caldwell {1969) addressed the problem of the pos-
sible timing artifzct directly. In this study, using the same isometric task,
pain ratings by the sell-paced technique were compared to those obtained
by an irregular report technique adapted Irom Beecher (1966) and Smith,
Fgbert, Markowitz, Mosteller, and Beecher (1966). As in previous studies,
the subjects were required to sustain a subinaximal handgrip, cither 25 or
40 percent of maximuny, until they judged it necessary to stop. One group
of subjects used the self-paced technique calling out the numbers 17
through 5" as these subjective intensities were reached, terminating per-
forinance at the highest rating of pain intensity, “5.” A second group ol
subjects were required to select a rating of from 17 to 757 at the request
of the experimenter made at randomn, irregular intervals during the task.
All subjects were practiced on both rating procedures before the experi-
ment began. Their notion was straightforward: il timing of the intervals
accounted for the linearity observed in previous studies, the irregular re-
port ratings would be expected to be less linear than the sell-paced tech-
nique. The results, however, clearly indicated that [or subjects practiced on
both techniques, the selfpaced and ivregular vatings produced equally
linear relationships with time on the isometric task for average values ol
perceived pain for the group as a whole.

Nevertheless, these results do not eliminate the possibility that self-paced
ratings of perceived effort expended used by Lloyd and McClaskey (1971)
contained a timing artifact. In the latter study. each rating scale point re-
ferved to the estimated proportion ol total available effort expended. This
miay be worthwhile reviewing in some detail. A rating of “1"" meant that 1/5
of the subject’s totad elfort was expended; when the subject called out 57 this
meant, by definition, that all his available effort was expended and he
stopped performing the treadmill task. Such a procedure is virtvally iden-
tical Lo having the subject state when he is one-lifth through the task, two-
filths through the task, and so on, making the successive ratings highly de-
pendent on the subject’s ability to estimate and match successive intervals.

In an excellent study by Lloyd, Voor, and Thieman (1970) ratings of
pain were obtained during an isometric hand dynaimometer task of e‘ither 25
or 50 percent of maximum grip strength. During each of two trials, the
forty male subjects reported their ratings of pain intensity .usmg‘the se'if-
paced technique, The two trials were separated by a rest peviod of 15 min-
utes. The results of the study are depicted in Figure 144, showing the re-
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1oy TRIAL 1 lationship between pain intensity ratings and average time on the isometric
A-25% LOAD @—imem—-a TRIAL 2 le task. From the figure, it can be seen that ratings of pain inereased regular-

ly across time on the task, in a generally quadratic fashion, particularly for
the 25 percent load level. Ratings for the 50 percent load level were much
more linear for both trials. Tr is interesting that Trial 2 was more linear in
appearance than Trial 1 for both load levels, although the decrease in av-
erage task duration Jor the 25 percent load level on Trial 2 was more pro-
nounced. A decrease in the average task duration for the 25 percent load
level may reflect 2 lemrned timing effect inherent to the self-paced ratings
of pain. This effect due to timing of successive intervals, was not observed
by Menzer, Smith, and Caldwell {1969}, an apparent paradox which may =
be resolved by the [act that the latter’s subjects were already well practiced
before the experimental trials began.

Thus, even for self-paced ratings of pain, the issue of a timing avtifact
does not appear resolved. Examining the two lunctions for the 25 percent
load level, the successive intervals in Trial 1 were approximately 16, 18, 24,
27, and 105 sec. while for Trial 2 the intervals between ratings were some-
what more equal, approximately 13, 19, 21, 21, and 50 sec. Since Menezer,
Smith, and Caldwell (1969 note that their subjects were given practice on
both self-paced and irregular rating procedures before the experimental
trials were initiated, interval timing may have been learned during practice
with the self-paced procedure and fransferred to the irregular rating proce-
dure during the experimental sessions. Whether this transfer phenomesnon
does happen or not is an empirical guestion which should be resolved by
Further research. Also, the Menzer, et al. subjects had a much lower average
task duration than Lloyd, et al. (approximately 6596 sec. vs. 120-190 sec.)
for the same 25 percent load level, "This suggests that, in general, the briet-
er the task duration, the more equal the intervals will be between successive
seti-paced ratings of pain. Perlaps this difference exists since it is easier to
divide a short interval into equal subdivisions than a longer one. While
these comments have been olfered critically to evaluate the sell-paced rating
technique, the ability o time work duration could turn out to be an actual
phenomenon representing an importane parameter used to “pace” work per-
formance,
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Thermal Discomfort

Gagge, Stolwijk, and Saliin (1969) uscd rating seales to relate thermal
(-] 1 2 ) 4 s sensation aud discomiort 1o the level of work being performed. Four male
subjects rode at work loads ol 25, 50, and 75 percent max Vo. on a bicycle
ergometer under conditions of dilferent ambient temperature {10°, 20°, and
30°C). A four-poine scale of discomfort was used ranging from “comfort-
able” (1} o “very uncomiortable” (4). "Uhermal sensation was measured

SUBJECTIVE LEVELS OF PAIN
Figure 1-i Subjective estiniues o pain velated 1o endurinee tine during isometric
hiaed dymumomerer tasks (From AL . Lloyd. ]. H. Voor, and "T. J. ‘Thienum, “Subjective
and Electromyographic Assessmeant of Isometric Muscle Comractions,” Ergonomics, 13:
Gg5, 1970).
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on a seven-point scale ranging from cold (1) o hot (7). Physiological mea-
surerents including rectal, muscle (quadriceps), and average skin tempera-
ture were also obttined along with measures of sweat loss and heat conduct-
ance. Each subject rode for periods of 40 min, at each work level and am-
bient temperature. Results indicated that at the start of exercise changes in
both thermal and comlort sensations were related to the rise in mean hody
temperature. However, after 30 w 40 min. ol exercise, the sensation of
“warm discomfort” {obtained by deleting ratings of slightly cool or below)
related most highly to skin sweating (r = .66}, although relatively high rela-
tionships were also [ound for skin conductance (¢ = .56), rectal temperature
(r=.55), and metabolic rate (r = .58). When one highly trained subject was
excluded from the data, the correlation between skin sweating increased
substantially (to r=.84). Thermal sensations, from cold to hot (as cpposed
to “warm discomflort”) were principally related o ambient air temperacre
(r =.72) and skin temperature (r = .73). The lower boundary for a comfort
zone during steady exercise appeared to be determined by exercise levels
and ambient temperaturves at which there was no sweating. The upper
houndary lor die comlort zone during steady exercise was found to be as-
sociated with “skin sweat rate equivalent to an evaporative heat loss of 150
keal/m®/hour or approximately 65 percent wetness ol the skin®™ provided
“the percentage of maximum oxygen uptike [does not] exceed 50 percent.”
This study illustrates the power of subjective qualities, combined with mea-
surement of appropriate physiological parmmeters, in adding to an under
standing of the adaptive responses to work performance.

By confining attention to one subjective quality, many of the above
studies have yielded considerable valuable insights regarding the nature of
individual subjective symptoms during work performance, However, sub-
jective symptomatology during work, as Bartley and Chute (1947 have
noted, is probably more coniplex than a single subjective quality is able to
encompass. During work performance a variety of categories of subjective
symptoms may be experienced, each of which may be related to work per-
formance in some way. By locusing on only one subjective quality, the cs-
sential complexity of the range in subjective qualities is ignoved. Attempts
to dimensionally quantify a number of subjective qualities during work
will be described in the lollowing section.

Multidimensional Analysis of Subjective Qualities

By now it should be clear that a variety of subjective qualities have heen
measured preceding or during work performance. These have included
“feeling tone” (TFolly, et al., 19H4), undilferentiated latigne (Nunney,
1963; Pierson, 1963a; Bujas, et al., 1966), tivedness (Pollenberger, 1928;
Griffith, et al., 1950; Pearson and Byars, 1956; McNelly, 1957), perceived
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force exerted  (Borg and  Dablstrom, 1960; Fisler, 1962; Schmale,
Schmidtke, and Vukovich, 1968; Bernyer, 1967), perceived effort (Borg,
1962a; Gamberale, 1972), perceived effort expended (Caldwell, 1967; Lioyd
and McClaskey, 1971), pain intensity (Caldwell and Smith, 1967; Caldwell,
1967; Menzer, et al, 1969; Lloyd, et al, 1970), and thermal discomflort
(Gagge, et al,, 1969) [See Tables 14-1 through 14-111]. Since a variety of
subjective qualities occur and can be measured during work performance,
another approach might begin by first inquiring what the categories of sub-
jective symptoms are and how they are intervelated during work perform-
ance. Studies such as these may also aid in the conceptual organization of
the melange of different subjective qualities measured during work.

The rationale for the application of multidimensional techniques to
work performance derives from the reasoning that work produces changes
in a variety of subjective qualities (symptoms). As noted by Bartley and
Chute (1947), certain of these subjective symptons ocourring during work
shiould be considered conceptually discrete from others. Prolonged exercise
may produce subjective symptoms such as horedom or an aversion to the
physical activity which may also be significantly related wo work tolerance.
Therefore, subjective symptomatology may be conceived as a set of con-
ceptually clear, discrete symptoms which ingrease together during work per-
formance (Kinsman, Weiser, and Stamper, 1973). Multidimensional analy-
sis, such as [actor analysis or key cluster analysis, provide means wo identify
sets of symproms that group together to form such symptom categories. Ta-
hle 14-1V presents an outline of studies relevant Lo the multidimensional
analysis of subjective symptomatology during work performance and fa-
Ligue.

Although Wotzka and Grandjean (1968) did not specifically use multidi-
mensional techuiques, they did give a battery of ten 7-point rating scales as
well as measured eritical flicker fusion (CFF) and two tapping tests to sixty-
eight air traflic controllers throughout their work day. They found a com-
nmon trend between the mean values of the sell-rating of “relreshed-tired”
and CFF, grid tapping, and ordinary tapping tests. The ratings and per-
lormanees were high during the day and low during the night. Regardless of
the actual starting hour, the mean values of the self-rating scales, “strong-
weak,” “refreshed-tired,” “'vigorous-exhausted,” and “awake-sleep” gradually
changed concurrently toward the divection of latigue. Alter the time that
these vatings exceeded the neutral point {4), between the 5th and 7th hour
of work, there was also a rapid drop in the mean values for CFVF, tapping,
and grid tapping. Since there are significant correlations {from r = .26 to
323 between the changes in “relveshed-tired” scoves, CFF, and grid tapping,
Waotzka wand Grandjean suggested that subjects with a marked decrease of
CFF or grid tapping perfortance alse had a greater deviation toward being
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present, indeterminate, or absent, He noted that some of the subjects who
reported a leeling ol increased effort also reported higher post-task scores
on the three fatigue categories. On this basis, he suggested that “fatigue is
a product of motivation, not task” [anthor’s ialics]. This assumes that the
categories are sufliciently generalizable to alternative work situations; how-
ever, the tasks on which he based his conclusions, as noted albove, appeared
inadequate to incluce fatigue. In addition, it was also assumed that reports
of effort are indicative of motivational level. Subjective effort has already
been discussed above as one subjective quality commonly experienced dur-
ing work, and having relationships to work eapacity and endurance. Suhjec-
tive elfort should not be assumed also to be a measure of motivational level,
The value of Woll's study lies largely in the identification ol subjective
qualities reported to be experienced during imaginary [atiguing situations
which group on & connolative hasis (i.c. share a connnon meaning).

In a subsequent study by Wijting, Wollack and Smith (1470), Woll's
findings were substantiated and extended in regard w the factorial organi-
zation of subjective qualities: three hundred and fifteen subjects were
asked to indicate which ol 132 selected subjective qualities printed on a
checklist were experienced during imaginal states of “high activation” (e.g.
“heing awakened by a loud noise”), “moderate activation” (e “playing
a card game™), or “low activation” (eg. “sunbathing”). Varimax factor
amalysis of the checklist protocols identified twelve, nine, and live subjective
factors for the high, mederate, and low imaginal states of activation, re-
spectively, For imaginal “high activation,” Woll's £xhaistion factor was
essentially replicated, while his Nevvous and Drowsy [actors emerged in the
“low activation” condition. More interestingly, a General Faligue Tactor,
consisting of twenty-Tour subjective items, emerged for the imaginal “maod-
erate activation” condition. The General Fatigue lactor consisted ol sub-
jective items such as “drowsy,” “tired,” “dull.” “slow,” “physically tired,”
“sluggish,” *no energy,” and so on, No validition data is presented in which
measures of subjective symptoms were obtained in actual situations. Nei-
ther Woll' (1967) nor Wijting, et al. {I970) have used their subjective
symptom factors to measure [atigue in real or adequately fatiguing work
situations.

As early as 1949, Kirihara urged that subjective lactors be studied in in-
vestigations directly dealing with industeial (atigue in Japan. Subsequently,
under the auspices of the Japanese Industrial Fitigue Rescarch Committee
(1954), 30 symptoms of subjective fatigue were listed in an “Inventory lor
the Subjective Symptoms of Fatigue.” The initial inventory included three
symptom categorics labeled Physical, Mental, and Nenrosensory Fatigue ar-
ranged in a checklist so that an individual could indicate the presence or
absence of each sympton. The initial inventory was formulated on a con-
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ceptual, rather than empirical grouping. of items widhin the symptom cate-
gories. During the period 1965 to 1967, the items of this inventory were
used to develop a Fatigue Scale by factor analytic technigues (Kogi, et al.,
1970). This Fatigue Scale is shown in Table 14-V. It consists of three fac-
wrs: Drowsiness, Difficulty in Goncentration, and Projection of Physical
Disintegration, the latter similar to the Nervous lactor ol Wolf (1967), A
deseription of the empirical approach leading to the dervivation of the
1967 Fatigue Scale is presented by Saito, Kogi, and Kashiwagi {1970). They
empirically derived the factorial structure using protocols of 9,575 workers
occupied in eighteen different industrial jobs, Scores for the three [atigue
lactors showed incrensing frequency of report during the course of work
for most occupations, although certain differences occurred between occu-
pations in the manner with which the symptoms grouped empirically.

Kogi, Saito, and Mitsuibashi (1970) validated the fatigue scale shown in
Table 14-V using protacols for railway yird workers (n = 30%), iron foundry
workers (11 = 181), and railroad engine drivers (it = 365) helove, during, and
after an eight-hour work shift. The lacorial structure ol the inventory
clanged pre- o post-work, and differed between industrial jobs, suggesting
that the appropriate Tadigue scale o be used might be wilored o the char-
acteristics of each joby situation, For example, clerical workers may not com-
plain of the sene physical symproms as workers in an ivon Toundry who are
engaged b1 a more highly physical occupation. There were clear differences
in the frequeney ol reported symploms Tor the jobs in the Kogi, el al.
study: most iron workers reported feeling thirsty post work (8297), having

TABLE L4-V

1967 FATIGUE SCALE OF ‘1 HE INDUSTRIAL FAUIGUE RESEARCH COMMIPTTER
OF JAPAN

Boglily Complainds

Lroinsineas

21 Headarhe®

el hweavy in the head®

2 Feel tived in the whole 14, Become weary while 29, Stillness in the shoudders
bty * talking

il legs® Low back putin

4 Yawnd 1L Ueable e eomeenrante® . Comstuained i breahing

A, Frel voblused® 13, No imerest in things S Thirsty

G, Beromie drowsy® 16, Apr ao forget 1hi i Thisky voice®

7. Eye striin® 17. Apt o make mist . Direy

8, Become vigid or clunsy 18, Auxious about things 28, Eyelin] spasmis®
when moving

4, Feel instealy while 19, Unable o maintein a U, Liseh 1retmors®
stunding L ulit posture®

10, Wamt 1w Lie down® 2. No enewppy* s Feel il

validated  within 1he symptom citegories of the B3 Fatigoe Sale by
K. Kagi, et zul, iy of ‘Three Components of Suljective Fuipae Feelings,” Journal of
nee of Lebour, 51, 197 sl YL o, et ak, “Fuctns Undedying Subjective Fecelings of
wtigine,” fowowal of Science of Labonn 0205, 1970,

¢ Sympton iteos
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heavy legs {919, and being generally tived (679); In contrast, engine driv-
ers, engaged in a physically less demanding job, reported only infrequent-
ly experiencing these symptoms post work (2797, 289, and 249, for thirsty,
heavy legs, and general tiredness, respectively). Such differences affect the
derived factorial structure of the latigue scale, Thus, specific symptoms
and symptom categorics may not apply in the evaluation of “fatigne” in
certain work sitnations.

Additionally, the derivation of the symptom factors of this fatigue
scale has been based on the frequency with which groups of workers check
the occurrence of the symptoms during or post work. Yoshitake (1969,
1971) has found that the reported frequency of symploms on the 1967
Tatigue Scale have a “high correlation” Dhelween vatings of severity of un-
differentiated fatigue [or ollice workers,

Recently, the multidimensional analysis of subjective symptomatology
has been applied to a standard work situation on the bicycle ergometer in
cantrolled laboratory conditions (Kinsman, Weiser, and Stamper, 1973). In
this study, lour stages were involved in the development ol a Physical Ac-
tivity Questionuaire (PAQ) designed to describe cafegories of subjective
symptoms experienced as a result of prolonged bicycle riding. First, a wide
range of adjective items, poteatially descriptive ol subjective changes ex-
perienced from rest to the end of prolonged physical work were selected
lor inclusion in an Initial Adjective Checklise (1AC). These items, shown

TABLE LE-VI
INTED IN THE INTTIAL ADJECTUIVE LIST®

1IEMS PRES

L. Perspiring . Derermined 44 Tappy

2. Short of Breath 25, Comforiable H. Headadie
3. Muscle Tremors laeg Cramps 45,
EN

Test Attenticon Waorking sl lis.
Weuk Hard to Breathe 47, el ‘Tigleening

6. 1 Think asy (o Concentile Navseaed
7. feally Tiyedl . Loy Twitching Meter Attention

. Drive
. e Pounding
Relfreshed

g leg Adhes
9. Bively
L Weary

Jumpy
1irey
Listless

11, Out ol Gars Fired

12, Rintlser Quit Weak Legs . Deprre

L5 Mhiny Mosdes Dhined Ahdmminal Cramps
LE Lan - Do Something Tlwe 1 isse

13, Buoicd 5. Shahy Lops Tvritable

tehadhe

165, Sove fram Sitting T 1L 10 heegr Loing,

17, Heasy legs . Vigarous Angiy
16, Numb , Ly Mowh Ficlgery
asygoing A4, Pantiug il Adive
4 Worn Om A1 Swoewting Woarrjed
21, Thirsty 42, Fed Up G3, Drowsy

*Leems 1 10 41 inchiive were vetained for the Maodilicd Adljective List (From Kinsman,
Weiser, anel Stamper, 1973},

TABLE 14-VII
PHYSICAL ACTIVITY QUESTIONNAIRE DERIVED BY KEY CLUSTER ANALYSIS®

Symptom
Calegory

Item
Not

iring at all

Not at all short of breath

Nat pers

Perspiring a little
A little short of

Terspiring some

badly

Perspiring
Quite short of breath

erspiring severcly

P

c2

Some shorness of

Severely shovt of
breath

™

Dreath
Less lively than usual

Trreath
About as lively as

Not at all lively

ttle lively

Al

Very lively

C3

usuat
Muscles aching some

No aching muscles at all

Muscles aching a Jinle

g muscles

Badly ackin

Severely aching

Cl

13

muscles

Not at all worn out

Warn out some A litede worn out

Badly woem cut

Severely worn ouz
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else less chan usual thing clse at ail

nch as

else a liule

thing clse very

much

Scverely shaky legs

No leg shakiness at all

A little leg shakiness

Less vigorous than

¢ Iey shakiness

P
i
P

Z
=4

"R
2

El

o

36
38

Not at abl vigorous

figor

Ahout ustal v

w
g
g
=
=
-

igorotis

Very v

Cc3

usual
A Nule drvness in

the mouth

€55 1N

at ail
Not panting ac all

Ne dryn

the mouth
Panting a litle

A badly dry mouth Seme drvness in Lhe

A severely dry

Cl

39

motth

Panting seme

mouth
Panting severcly

Panting badly

[841

40
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in Table 14-VI, were assembled from previously reported measures of fa-
tigue (Pearson and Byars, 1056: Wolf, 1967), the General High Altitude
Questiomlaire (Evans, 1066; Stamper, Kinsman, and Faans, 1970 Stamper,
Sterner, and Kinsman, 1971), as well as additional items suggested by the
research team. Second, each descriptive item was arranged along & five-point
ordinal scale of severity by using appropritte madiliers according Lo pro-
cedures adapted from Nowlis and Nowlis (1956). Examples of the scaled
items as they appeared in the six-page IAG are shown in Table 14-VIL In
practice, the subject could rate the level of his subjective experience by
circling the applicable descriptive phrase defining a point along the five-
point scale for each item. “Third, sixty-four subjects, on two accasions at
least three days apart, rode the bicycle ergometer at i work load approxi-
mating 56 percent max Voo Before each ride, subjects were given explicit
instructions to continue pedalling until they became so discomlorted that
it was necessary 10 stop. Immediately before Ride 1, the TAG was completed
Lwice to provide expericnce with the use of the instrument. The end-ol-
ride 1AC was completed while sitting on the bicycle ergometer, with in-
structions to deseribe the subjective experiences while riding just hefore
terminating the ride. Identical pre- and end-olride TAC administrations
wete given Tor Ride 2, Fourth, those items that were cither redundint in
meaning or showed less than a 10 peteent anen change from pre- to the
end-ol-ride Tor both rides were chiminated, For the remaining forty-one
items which comprised the Modilied Adjective Checklist (MACG), the mean
pre- to end-ol-ride increase ranged from W o 84 percent.

Key cluster analysis (Fryon and Bailey, 1970) was then perlormed on
the end-olride MAC protocols o empirically identity nonredundant cate-
gories of items describing unique aspeuts of subjective clhange. In briel,
these categories were empirically arouped by key cluster analysis according
io the Tollowing three criteria: (1) high collinearity between items within
a category, e, the items within i citegory shared o similar pattern ol cor-
relation across all other items of the MACG, (2) maximum independence
between all categories, and (3} maximun avcountability by the smallest
number ol categories of the wotal variability within the score space. These
empirically derived catesories iy be remmded as subscales whose seores e

obtained by adding jndividual member iteny values.

Accordingly, it was msured that only those itens reasonably expected Lo
show change were studied, Furthermore, key cluster analysis was performed
on only those itens actually showing change onan empivical basis, thereby
building validity iuto the selection procedure. Finally, analyses were per-
formed on the end-al-ride seores, therchy identitying symptom ciategories
that group together near the end-point ol work olerance.

Three symptom categories commaon Lo both rides, were identified and la-
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beled on a conceptual basis: Faligue (panting, short ol breath, worn out,
drained, legs weak, heart pounding, dillicult 1o breathe, shaky legs, aching
muscles, and dry mouth); Task Aversion  (sweating, perspiring, uncom-
fortable, want to do something else); aud AMotivation {drive, vigorous, de-
termined, lively). In Figure 14-5, the geometrical organization of these cate-
gories is shown on 2 Spherical Analysis (SPAN) diagram for the Ride 2
data. In the SPAN diagram, the Joci of the categories (clusters) arc shaded
aud located on the surface ol 4 three-dimensional sphere. The boxes la-
beled 1, 11 and 11T are the termini of erthogonal, i.e independent, axes
which are located by the factoring process and pass through the origin of
the sphere to form the orthogonal factor structure. Similar to coordinates
on a map, the orthogonal structure primm'ily serves as a frame of refer-
cnce to locate the obligue categories, the shaded areas labeled Cl, C2 and
;3. The obligue structure represented in the diagram depicts the actual re-
Tationships between the categories, For a detailed discussion of the SPAN
diagram, see Tryon and Bailey (1970}

While all symptom categories form distinct groupings, Yatigue appears
(o be the most dense and tightly packed, indicating that the relationships
between items within this category are ligh. In fact, internal consistency re-
linbilitjes were generally high for all categories rauging from .94 for Fa-
tigue to 77 for Motivation. The symptom calegories were quite indepen-
dent from one another: intercorrelations among the category sCores ranged
from .34 1o 17 for Ride 2. Since 1wo rides were performed, it was possible
10 evaluate stability of the amount ol change from pre- to end-of-ride for
the categories, Stability measurces were respectably high for Fatigue and
Task Aversion (r = 8% and 65) hewever, the Moiivation category had a low
stubility of change (r= .38). Individual calegory scores changed significantly
from pre- to endobride For both rides: 95, 58, and 11 percent for Ride 1
and 105, 80, and 21 pereent for Ride 2 for Fatigue, Task Aversion and
Motivation.

The Faligne vategory appears to be composed of those subjective symp-
toms describing bodily feeling stales assaciated with prolonged exercise
{Kinsman, Weiser, and Stamper, 1974%). o a subsequent study (Weiser,
et al., 1973) wwo subcategories ol Faligue were identificd and labeled Gen-
eral Fatigue (worn otit, weny, tived, out of energy) and Leg Vatigue (leg
aches, leg cramps, muscle aches, muscle wemors, leg twitch, leavy legs,
shaky legs). Only a moderate relationship existed between these two sub-
categories (r= .5) indicating a maximum of 84 percent overlap in the com-
mon variability ol both Fatigue components. “T'he symptom items ol Gen-
eral Fatigue group krgely ona connotative hasts and agree in composition
with the comparable categories previously identified by Woll (1967) atud
Wijting, et al. (1970} as discussed above. The compuosition also agrees with
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29-drive

38-vigorous

22-determined
9- lively

7

40-panting
2-short of breath
20-worn out W
34-drained
33-legs weak
30-heart pounding
26-difficult to breath
36-shaky legs
13-aching muscles
39-dry mouth

41-sweatin
1-perspiring
23-comfortable

\_/ 35-do something
else

Figure 14-5. Sphericil Analysis (SPAN) diugram showing the organization ud structare
of three symptom  galegorics identificd av the emd of Dbigyele ergometry work. Tor
L'.\‘plun:llinn. see text (From RoAL Kinsnsan, N G Weiser, and I AL Stnuper, “Alulti-
dimensional Analysis of Subjective Sympatomatology Duwing Prolonged Strenuous Ixer-

Cise"t Ergonomio. Jo:2110 1978)

comprnable catesutivs ddentibed by Kimnsan. Luparello. et al. (1973) in
staelies of stlina ssmptenmatofogy, andl Stamper, et ale (1071 1971) in
studies of the symptamaology ol acate mountain sickuess, Thus, it seems
10 represent i truly general type ol subjective fatigue, common 1o cliflerent
tasks, envirommentad conditions, and pathology. On the other hand, Leg Fa-
tigue is a sympton subcategeory apparently specifie o tasks that are highly
leg dependent such as bicycle riding. A variety of physiological changes oc-
corring during bicycling {e. inereased inpue from mauscle spindles and
Golgi tendon organs) feed Dack to higher nervous ceniers as internal physi-
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ological cues which may contribute to the seli-report of the Leg Fatigue
ary symptoms within the overall Ta-

symptoms, A group of cardiopulmon
tigue symptom cluster (short of breath, pmlting, difficult to breathe, and

heart pounding) also appeared as a distinguishable subcategory more close-
ly associated with lLeg Fatigue than with General Fatigue (Weiser, et al,
1973).

Task Aversion, the second sympton cluster, appears to measure a general
level of discomfori and a disinclination Lo continue the task (Kinsman,
Weiser and Stamper, 1978). The inclusion of the doublet symptom set,
“perspiring” and “sweating” in conjunction with the level of discomlort
{““comiort’”) appears reasonable in view of the study by Gagge, et al.
(1969) which indicated that the sensation of thermal discomfoit during
hicycling was principally related to sweating.

Motivation, although congeptually clear, has a low stability as noted
aliove and shows a relatively minimal change during exercise as compared
to Fatigne (and its subcategories) or to “Pusk Aversion. This does not neces-
sarily minimize the value of the Motivation category but suggests that mo-
tivational level may luctuate on a daily DLasis, while being relatively con-
stant throughout a single work session.

Finally, it should be noted that vide durations varied substantially in this
study, rnging from 114 min. o 98 min. In spite of this extraordinary
rantge, the test-retest reliability between Rides 1 and 2 was high: r = 80, This
range oceurred even though sulieets performed at 55.6 = 2.8 percent estimat-
ed max Vos Thus, other factors in addition to aerobic capacity are ob-
viously required to account sor differences in work tolerance during strenu-
ous exercise. One of these may be Ure relative heart rate increment during
1w o high heart vate increment early in the

exercise. It general, subjects havit
riding sooner than subjects with lower

exercise perind chose to discontinue
heart rate increments (Weiser, Stamper, Kinsman, and Hannon, 1971). Mo-
tivational [actors, personality differences and performance expectations de-
yviving from priov athletic or work history, may also be importantly iu-
volved. ‘There needs w be more inlormation in this vegard since these fac-
tors may also influence subjective report.

In summary, resubts of these studies indicate that a complex set of symp-
toms are experienced during physical work. Nonetheless, these symptons
may be organized menningfully (ie. empirically and conceptnally) into
categories. Dimensional analysis of suhjective symptmnamlogy during work
may clarily the meaning of terms such as subjective fatigue. This ap-
proach also implies that differences may exist hetween identifiable types of
individuals in regard to theiv pattern of changes acruss vavious categories
al subjective symptonatology. For example, during a given task, one type
of individual may tend to Lerminate work i1 response Lo an increase i the
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subjective symptoms labeled Fatigue, while another type may quit becaose
of Hagging motivation together with it rising aversion Lo the task associated
with increased discomfort. 1t is alse likely that the relevant symptom cele-
govies may differ between tasks, just as the patterns of symptomatology may
differ between individuals. Thus, these studies suggest that while the use of
simple unidimensional scales of a single subjective quality may provide use-
ful information, they may well be liniited in regard ro the representative
richness of the subjective experience during work. Without adequate cau-
tion, complex patterning of subjective changes could obscure any direct re-
lationships between a single subjective quality, work tolerance, and the un-
derlying substrata ol physiological factors.

OBSERYATIONS ON THE ROLE OF SYMPTOMATOLOGY
DURING WORK AND FATIGUE

Subjective Tatigue has often been discussed as il it were a simple sell-
explanatory concept. However, the vesearch applications reviewed have fre-
quently either avoided the use of a global report of nndifferentiated fa-
tigue in favor of discrete, objectively definable subjective qualities, or have
usec reports of undifferentiated fatigue 1o relatively little advantage.

In our estimation only one study (Bujas, et al, 1966) has used reports of
undifferentiated fatigue in which clear relationships have been shown be-
tween the subjective rating and physiological parameters, Le. EMG activity
during work. In this study the subjects were clearly informed about the
compusite, diserete subjective qualities that should enter into their judg-
ments of fatigue doring an isometric weight-holding task. Specilically, they
were told to attend o feclings of “tightiess, numbness,” and to an “in-
crease in muscle seusitivity to pain, weight, and so on” in their judgments
of fatigue.

Herein lies a clue that may help o deline what is meant by a report of
undifferentiated fatiwue. Specifically, undiflerentiated fatigue might best
be regarded as a superordinate fecling state into which is focnsed a set of
discrete subjective qualities arising during work. The compasite subjective
qualitics forused into such a supevordinate repore will depend on a variety
of factors such as the nature of the sk, This is why a persou doing pro-
longed mentel arithinetic can linally deseribe himsell as feeling fatigued,
just as a bicycle rider, performing strenuous plivsical work, can do likewise.
But the meaning of the veport of “fatigue” in terms of the underlying dis-
crete symptoms and physiological factors invalved is necessarily quite dif-
ferent for the two tasks. Thus, the report ol undifferentiated fatigue
might best be regarded as a superordinate subjective state into which is
funneled discrete subjective symploms.

The above provides a starting point for a conveptualization of subjective
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fatigue. The following will serve as a sunmiary statement for this chapter.

Specifically, three ingredients will he involved in this conceptualization:

(1) the report of subjective symptomatology, including undliferentiated

fatigue, categories ol symptoms, and discrete symptoms;  (2) the physio-

fogical substrata which is importanty altered during work; and (8) the re-

Jationship Detween physiclagical factors and symptomatology during work,
Subjective Symptomatology

“T'he tull range of individual subjective qualities studied during work is

extensive enough to provide some difficulty in developing an organizational
schema, In the order presented earlier in this chapter, these include force
exerted, undiiferentiated latigue, tiredness, perceived effort and effort ex-
pended, pain Intensity, thermal discomfort, and thermal sensations. Al
least one study (Foltz, Jung. and Cisler, 1944) obtained pre-work reports of
a vague state called “feeling tone.™ At this tine, the available multidimen-
sional studies of subjective qualities are lew but demonstrate that wide
ranges of discrete symptoms can e organized meaningfully into more lim-
fted, but concepually clear categories. Of these multidimensional studies,
at the time ol this writing. oaly two have identilied categories ol symptoms
using a controlled laboratory situation and @ standavd work wisk, e the
bicycle ergometer (Kinsman, Weiser, and Stamper, 1973, Weiser, Kinsman,
and Stamper, 1978). These studies provide an opportunity for some com-
parisons hetween unidimensional and multidimensional studies employing
bicyele ergometry. Additionally, as natedd carlier, they help to clarily the
meaning of subjective latigue.

lu general, the connotittively similar subjective qualities ol “weak,”
“worn out,” “no energy,” “tived,” Uweary,” “exhausted,” and “latigued”
tend o cluster in a wide variety of situations including imaginal sates of
activation or fatigue (Woli, 1967; Wijting, et al., 1970), exposure to high
terrestial altitude (Stamper et al., 19707 Stamper, ¢t al,, 1971), acute asth-
matic atacks (Kinsman, Luparello, eval, 1073; Kinsnan, (Baniow, et al.,
1978) and during bicycle work (Kinsman, Weiser, and Stamper, 1973 Wei-
ser, Kinsman, and Stamper, 1973). Together. they can be described as com-
pasite items ol a subordinate category which we have labeled General Fa-
tigue (Weiser, Kinsnian, and Stamper, 1975).

But what is meant by such a category labeled General Fatigue? One way
of auswering this question is to locate its pusition within the larger set of
subjective symptonis experienced during work, Figure 146 presents a pyram-
idal schema, including General Fatigue, which comprises several levels of
subjective report during bicycle viding. This schiema is in outgrowth ol the
multidimensional studies o symptomatology during prolonged bicycle rid-
ing {Kinsmat, Weiser., and Stamper, 1975 Woeiser, Kinsman, and Stamper,
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Levels of Subjective Report

UNDIFFERENTIATID

«s Superordinate

ser QOrdinate
&-——T— mwmn LEa GEMERAL
l |  rariovn FATIOUR FATIGUE +++ Subordinate

Swanting Swoct of ieealh Loy aches (Wern oul) Drlvel
Ps ring  Puniing [ (Tired) {Vigorous)
"Wdl e Dlllkmhl:“h ::n. muscles  (Weury) d) nd " "

‘:nm““ 1 el Lo |:':“nmh"rl (Owt of snrergy) lt'll]: ymp

== Honvy hogs
. Shaly legs

Figure -6 Pyrimidal schema describing levels of subjective Teport during  bicycle
crgometer work. For explanation, see ext.

1478). The basic framework would be applicable to the performance of
any task although the specific symptoms and symptom categories may
changes substantially between tasks.

In Figure 146, the levels ol subjective report are labeled in the right
hand margin. At the most hasic level, the assumption is made that discrete
symptoms have their genesis in known or as yet unidentified physiological
changes occurring during work, i.e, within the Physiological Substrata,! On
a statistical basis, these discrete symptoms Dave Leen shown to organize into
meaninglul groups. At the lowest level of organization, these groupings of
discrete symptoms lave heen labeled Subordinate. The Subordinate level
of organization includes three component subcategories; i.e. Cardiopulmo-
nary, Leg, and General Fatigue, ol a Bicycling Fatigue category shown in
the middle level labeled Ovdinate, Also at the Ordinate level are two addi-
tional categories ol symptoms labeled "Task Aversion and Motivation each
comprised of a sct of discrete symptoms. Tn turn, the symptom categorics
at the Ordinate level funnel into the highest level of subjective report. At

I. In Figure 146, the discrete symptoms indicated in pareniheses are not clearly a simple,
direct function of changes In the physiological sulstrati.
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this superordinate level orcur such global reports as Undifterentiated Fa-
tigue.

In geueral, the arrows hetween and within levels represent relationships
hetween symptem categories which may be defined empirically. First, the
verlical arrows indicate that subjective report at a higher level is assuimed
to be dependent upon physivlogical events and/or subjective report occur-
ring at a lower level. Second, the horizontal arrows indicate that relation-
ships are asswmed 10 exist between the subjective report occurring within
any level.

Within this schema, a single superordinate veport of Undifferentiated
Fatigue is composed of discrete symptoms occurring at lower levels. There-
fore, this level of subjective report is the most remote from the physio-
logical events that serve 1o generate discrete symptems during work, Ob-
viously, the relationships hetween such a superordinate report and a par-
ticular physiological event can be expected to be very difficult to define ade-
quately since mediating symptoms and physiological events intercede.

This pyramidal schema should serve fwo important functions: fivst, it
provides a way of analyzing what is meant by subjective report during
work. By indicating that discrete symptoms may organize into related yet
unique categories, and at different levels, it should encourage more precise
deflinition of what is meant by ternis such as subjective [atigue: what are
people heing asked Lo rate in studies involving subjective fatigue and how
can other subjective events affect the ratings obtained? Second, it suggests
that the relationships between subjective ratings and specific physiological
events during work can be most precisely defined at the level of the discrete
symptoms and most imprecisely at the level of Undifferentiated Fatigue,
i.c. the Superordinate level.

In sunumary, progress in the area ol the psy(:hopl|ysiulogical aspects of
fatigue involving subjective symptomatology can best be achicved iF the de-
gree ol “differentiation,” i.c. discreteness, of the subjecti\'e report used can
be specified clearly.

Psychophysiological Aspects of Subjective Symptomatology

A number of studies, somne already reviewed, also have examined changes
in subjective qualities during work together with changes in certain physi-
ological parameters, including heart rate, skin and body temperature and
heat conductance, sweating, heat loss from the skin, electromyographic
(EMG) activity and catecholamine excretion. All of the studies provide
some information about the physiological substrata affected during work
performance and about the relationship of physiological Factors to the
genesis of subjective changes experienced.
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Fatigue

Several studies have investigated the changes of heart rate and EMG in
relation to reports ol several forms ol latigue as illustrated in the schema
described above (Fig. 14-6). Nunney (1963) obtained global reports of un-
differentiated Tatigue during physical work, Heare rate was significandly re-
latedd o the work load and to a global report of undifferentiated Fatigue,
The most obvious, and also the most probeble, conclusion would he the
more work that one is doing, the wmore fatigue in a global sense one will re-
port. This relationship hetween MR and ratings ol undifferentiated fa-
tigue is dillicult to explain in more detail. An explanation of this is suggest-
el in the above schenw: undifferentiated fatigue is distane from the on-
soing cardiovascular functioning and bntegrates maay intervening, and as
yet unspecified, discrete symptom qualities,

A psychophysical study of Bujas, et al. (1966), relating undifterentiated
fatigue to isometric work has already been reviewed. They reporied a re-
markable similarity between the psychophysical power functions for both
the perception of undiflerentiated latigue aud the integrated FMG ampli-
e recorded midway through the task. One should note that the subjects
were instrocted o attend to specific subjective qualities and to give their
estinmates of latigue so that the reports were closer o physiological evenus
than the undifferentiated global report utiliced by Nunney (1963). Conse-
quently, it wonld he ol interest w explove the reliation between the growth
of muscle electrieal activity and the wrowth ol fatigne reported as a conse-
quelce ol ismuetric work,

Symptomatology categories representing more differentiated  aspects of
subjective Tatigue belong to the ordinate and subordinate levels of subjec
tive report (e, those deseribed by Kinsman, Weiser, and Stanper, 1673 and
Weiser, et al., 1973) and have not yet been velated o changes in the physio-
logical substrata. Changes in motor wnif EMG activity could become syn-
chromized during prolonged exercise with s increased amplitude as has
heen observed by Lloyd and his co-workers who studied the relationship be-
vween reports of pain mudi EMG activity during tsometric work, Lloyd
(1971} has shown that EMG changes ave associsted with a shift to higher
amplitude, lower [requency motor unit eetivity. Since impulse frequency
is proportional to matoncoron size (Ruch atd Patton, 1967) this wonld
correspund to i change Irom motor anits hiving larger motoneurons, e
white musele [hers (see Chap. 13, 10 lew liiguable red muscle motor units
with sialler moteneurons, Within the musele hbers, y alered sodium-po-
tassimn balance could produce musele cell membrane hyperpolavization,
while central nervous influences could inerease instoneoron inhibition (see
Kstrand and Rodahl, 1970).
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In acddition, Kozi and Hakamada (according to Astrand and Rodahl,
1970) have reported decreased proprioceptive afferent impulses from mus-
cle spindles during isometric-isotomic contractions. This suggests that me-
chanoeepiors such as muscle spindles and Golgi tendon organs must he con-
sidered in any physiological explanations of changes in the Leg Fatigue
symptom category. Moreover, joint pain receptors have been suggested by
Basmajian (1967) w play a role in the local Tatigue reported by subjects
passively holding weights, This suggests that pain receptors in leg articular
capsules and ligaments may be responsible lor certain discrete symptoms of
Leg Fatigue, e.g. Aching Legs. Also, compression of muscle blood vessels
during exercise could lead to the velease of potassium or hradykinin (Ruch
and Patton, 1967), thereby activating leg chemoreceplors. Such changes are
also associated with reports of an aching pain. Further research could pro-
ceed to evaluate the relationship (s) of symptomatology changes o the un-
derlying physiological processes such as those mentioned above.

Perceived Effort

Scales of perceived effort are the best studied of the scales used for
rating subjective qualities during work. By now, there has been sufficient re-
search to demonstrate the validity, reliabiliey, and replicability of the find-
ings relating Borg's RPE scales, in particular, to various work levels and
physiolagical parameters during standard work situations to recommend ap-
plication in appropriate studies, Evidenee suggests thaw the RPE scale may
he more uselul than physiological indices of working capacity in reallife
situations {c.g, Borg, 1962) since it may merge hoth motivational factovs
and physiological cnes in a single udex. Additionally, its clinical applica-
tion shaws promise in some areas (¢g. Borg and Linderholm, 1970). For
the fivst tine, an active international research interest in the application of
a single rating technique w a specilic subjective quality has developed

which has already begun to demonsirate utility.

The development of the RPE scale has heen described in detail. Briefly,
RPE was shown by Borg (1962) to increase generaliy in a linear fashion
with an increase in work load on a bicycle ergometer. This observation has
consistently been confirmed by others {Borg and Linderbalm, 1967; Frank-
enhacuser, et al., 1969; Skinmer, et al, 1964; Kay and Shepherd, 1969; Ek-
blom and Goldbarg, 1971; Edwards. ew al., 1972; Pandoll, et al., 1972; Bar-
Or, et al, 1972 Gamberale, 1972; Henriksson, et al., 1972; Gerben, et al,,
1972; Skinner, et al., 1973a, b; Noble, ct al. 1973; Pandoli and Noble,
174 Moraan, 1975; Weiser, et al.. unpublished observations),

Alter fonr to six min. of work on a bieyele ergometer, RPE was also
found by Borg (1962) to be elevated along with an increase in heart rate.
In fact, as wits reviewed earlier, RPE and FIR were showt to be highly cor-
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related. Borg (1973) has pointed out in a recent review that the scaling of
RPE has been changed so that a new relationship, RPE = HR/10, could be
obtained during standard bicycle work. He has suggested the RPL “can be
of great help in the assessment of physical working capacity lfor work on
the bicycle evgometer” (Borg, 1962, p. 41). Again, many reports have con-
firmed the RPE-HR relationship (see the references cited above). It is im-
poriant to note that Borg limits this relationship to work on a bicycle er-
gometer in a thermoneutral environment (i.e. 24°C).

The question now arises concerning whether the RPE-HR relatiouship
is true in general over all tasks and work situations. In the following dis-
cussion, this relationship will be shown to be highly dependent upon the
task being performed. First FIR during work in heat is increased about 1
pbm for every 1°C increase in environmental temperature (Kamon and
Belding, 1969) and should be associated with a higher RPE. Skinner, et al.
{1973b) found that for “lean” men walking on a treadmill in a progres-
sively increasing work task at 82°C, the RPE scores were greater than the
values obtained at 24°C. HR was elevated about 10 hpm in the heat. In
contrast, Pandolf, et al. (1972) stndied the effects of heat on the RPE-HR
relationship during a prolonged bicycling task at about 40 percent max
Vi, but in an environment having aiv moving past the subject ac 30 me-
ters per min They T ne differences between the RPE values obtained
at 21 % or 5100, TR was elevated about 20 bpon and 30 bhpm at 47° and
S0 C. In this situation, consequently, they concluded that “under the stvess
of hert, [HRT may not be the stimulus milized for arciving at rated per-
ceived exertion,”

Second, working continuously on a bicycle ergometer at the same power,
e.g. 1000 kpm/min., but at different pedalling rates praduces the same HR
response aud should give similar RPF values. Henriksson, et al. (1972),
however, found that pedalling at 30 rpm rvesulted in higher RPE scores
than at 60 rpm, and Pandolf and Noble (1973) have reported higher val-
ues at 40 rpm than at 60 or 80 rpm. Both fouwnd similar heart rates at the
equivalent power outputs, and both concluded that sensory input from
mecharareceptors niay be another source of cues, in addition to HR, inte-
arated via leedback Toops ino the report of perceived cffort.

Finalls, FRldom and Goldbavg (1971 used autonemic Iocking drugs
clegantly to dissociate RPE Trom the HR response o bicyeling, To block
the symipathetic contral of HR increase, propranclol was injected, while
atropine was injected to Dlock parassmpathetic control. Neither drug al-
tered ntax Vi, but propranolol decreased and atropine clevated HR at a
given submaximal work load, However, weither drug changed the report of
RPFE at any given workload. Fkblom and Goldbary conclude that “ic is
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quite clear that tachycardia as such is not a primary factor for the [report]
of RPE during work.” They propose, furthermore, that a “local factor,”
i.e. the leeling of strain in the working muscles “is an important factor in
[the report of] RPE.” ’

RPE also does not seem to arise per se¢ from the work load expressed in
absolute terms or in terms of percent max Vi, That is, in the studies that
investigated the influence of pedalling speed (Henriksson, et al., 1972; Pan-
dolf and Noble, 1973), the higher RPE scores at Jower rpm’s were associat-
ed with oxygen uptakes that did not differ from the other pedalling rates.
Also, Edwards, et al. (1971) compared an intermittent bicycle work task
with continuous work at an equivalent power output and found higher
RPE values for intermittent work that had the same oxygen uptake as a
continuous work task. These observations suggest that RPE would be the
result of motor system feedback and, consequently, might be highly de-
pendent upon the task heing performed.

That the RPE report is strongly affected by the work task becomes quite
evident when one compares running or walking to cycling, arm to leg work,
and eccentric {negative) to concentric (positive) work. Many studies have
compared running to cycling (Ekblom and Goldbarg, 1971; Bar-Or, et al.,
1972; Skinner, et al., 1972h). and all have found that at a given oxygen up-
take, RPT. was greater for bicycle work. However, Ekblom and Goldbarg
(19713, $kinner, et al. (1927D), and others have found that max Ve, was
reduced when the work task was switched from running to cycling. Ex-
pressed in relative terms. ie. as percent max Vay, RPE reports become sim-
ilar for the two tasks (Fkblom and Goldbarg, 1971 and Skinner, et al.,
1973b). Fkblom and Goldbarg (1971) have suggested that since there is
more pronounced static work in cycling “the higher RPE scoring for a
given submaximal work on the bicycle may be caused by the higher local
muscular strain [associated with a] higher bload lactate concentration.”

For walking, Neble, et al. (1973) observed that HR was less than run-
ning at velocities below 4.9 mph. At 4.9 mph, the HR values for walking
and running intersected, i.e. were equal. Above 4.9 mph, walking gave HR's
greater than vunning. RPE followed the same pattern, but the point at
which RPE and velocity values for running and walking intersected was sig-
nificantly lower (4.3 mph). Also at the sume HR. RPE was higher for walk-
ing than lor running. Nable, et al. concluded that the difference appeared
to be due to the differing influence of the “local factor” proposed by k-
blom and Goldbarg (1971, i.e. strain in the working muscles.

Second, arm work is similar to cycling in that it gives higher RPE scores
at the same HR (Gamberale, 1972: Fkblom and Goldbarg, 1971). RPE is
also higher for armwork at the same oxygen uptake. TTowever, changes in
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RPE. were associated with similar increases in blood lactate concentration.
Gamberale (1972) suggested the lollowing hypothesis: “the higher the
blood lactate concentration an excercise praduces as compared to oxygen up-
take, the higher will be the level ol the overall perception of exertion. . ..
Ikblom and Gotdbarg (1971} further emphasized that "RPE . . . seems Lo
be related 1o the size of the muscle mass mvolved.

Finally, Henriksson, et al. (1972) have shown that negative work done
eccentrically on a bicycle ergumeter is associated with higher RPE scoves
than positive concentric work at the same HR or oxygen uptake. They
poiit out “that different types of information or sensory input are being
integrated in various combinations or under different weightings in the two
exercise comditions. In additon, the forced streteh placed on the musele in
eccentric exercise might result in an increase in Golgi tendon organ activity
anel. thereby, in an inhibition upon metor neuvons [and could result iu],
greater numbers of motor impulses . . . w recruit the appropriate pumber
of [motor units]. This may vesult in [an] increased exertion perception and
would help explain the greater exertion perception in eccentric exercise al
similar levels ol metabolism and civeulatory and ventilawory stress.™

Additional evidence for motor systems fecdback as dhe basis Tor per-
ceived effort comes from studies on waining, hypoxia, and prolonged work.
Docktor and Shavkey (1971 Tound that training on a treadmill task (walk-
ing at 3.5 mph with the grade vaised 19, per ming showed no change in
RPE Tor a work load that gave a HR of 150 bpm. although this workload
hael inereased durving wraining. Ekblom and Goldbarg {1971} tested men on
a hicycle ergometer before and alter cight weeks of cross-country running.
Max Vo, increased [rom 280 1o 3.35 L/min, yet RPE scores were the smne
for relative workloads expressed as & percentage ol max Vi, However, [or
the same absoline work load, RPE was decreased alter training. Fkblom
and Goldbarg suggested that the explanation “ean he foud in both the
lesser strain on the cardiorespiratory systems and in the improved function
of the working muscles, whicl is reflected in the lower oxygen deficit and
blood lactate concentration.” Chapter 2 points out that the adaptation to
training results in muscle hypertvophy and enhancenent of the capacity of

the muscle to produce energy for contrpction, dong with an increase in
capillarvies especially around high-oxidative slow-twitch fibers. Thus after
training, work at a given load level could be die vesult ol fewer mowor
units conracting with the decreased motor units” recruitment, IF so, this re-
duction in recruitment, via leedback pathways, would vesult in a lower per-
ception of eflore.

Hypoxia produces an effect opposite o thin of waining. Max Vi, is de-
creasedd some 20 1o 25 percent at FLOOD T (see Chaprers 13 and 14, Vol
). Gerben, et al. (1972} Found that an hypoxic envitonment ol 12 per-
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cent () (approx. 15,000 ft altitude) signilicantly increased RPE for a
given work lask. Weiser, et al. (unpublished observations) studied six men
working at about 30, 60, and 100 percent max V., in Denver, Colorado
(5,300 fc altitude) and on Pikes Peak (14,110 It altitude). They observed
that RPL was the same ar both locations although the workloads were de-
ereased at high altitude to mawh the Denver percent max Vi, load levels.
1L is tempting o speculate that due to the altered oxygen gradient between
muscle fibers wed capillarvies in the working muscles, more motor units were
recruited to do the same relative work. Hence, motor activity would be in-
ereased and would be vellecied by the hiereased RPLE.

With prolonged work, Pandoll, et al. (F972), Movgan  (1978), and
Weiser, et al. {unpublished observations) have observed a gradual increase
of RPE from the fifth min. of work to the end ol the sk, A speculation
similar to that offered for hypoxia, ie. increased recruitment of motor
units, could be a partial explanation for these observations.

Thus, RPE has become widely accepted as o valid and reliable scaling
tool {for measuring perceived effort. I tevms ol the proposed model, RPE
probably belongs to the superordinate level of subjective symptoms, aud
consequently is the result of the integration of many discrete cues having
dillerent weights, its Henriksson. et al, (1972) have suggested. 11 RPE is a
superovdinate quality, then it is not “close o™ the physiological substrata,
OF all the symptoms reported in this veview, Borg’s RPE has been best
charactevized, and 1wo conclusions can now be drnwn, First, as emphasized
in Chapter | {see Figs. 1-] and 1-6), pereeived effort Torms part of the
averall Teedback system that enitbles ws to perlorm work. Much evidence
now suggests that the inlormation concerning perceived effort feeds back
from the motor system. However, the divect nearonal linkage from the mo-
tor centers and e role of peripheral proprioceptive leedback Toops are
not known. Second, the relationship hetween RPE has been shown i the
studies discussed above to he directly velated o HR only under standard
conditions, as Borg (1962) emphasized, Specifically, deviations fvom cycling
in i thermoneutral envivonment and dhe wse of atononiic nervous system
hlocking agents clearly demonstrine that RPE can be dissociated from car-
diae frequerncy,

Puin

In a study reviewed previously, Lloyd, Voor, and Thieman (1970) also
measured EMG changes along with pain vatings in an sometric and dy-
namometer sk using either 25, or 50 percent of maiximum grip strength.
“This task involved the sell-paced rating echmigue in which each subject was
required o call out "E? when he first noticed perceptible pain, and so on
while a final ¢all of “5” was defined as inwlerable pain corresponding to
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task termination, In general, average EMG amplitude of the Dbiceps in-
creased with time and with successively higher pain ratings. One of the
more intriguing observations made by Lloyd, et al. (1970} was that EMG
amplitude tended to increase rather abruptly toward the Iatter part of the
task, closely associated with the onset of muscle tremors. It is interesting to
note that Weiser, et al. (1973} also found a subjective symptom, Muscie
Tremors, that was significantly increased during prolonged bicycle work.
This increase in EMG amplitude was interpreted as the time corresponding
to muscle fatigue, while the additional time that the subject persisted be-
yond this point was suggested o be due to psychological factors associated
with motivational level.

Also, Lloyd {1971) had ten male subjects perform an isometric task in-
volving sustained contraction of the elbow flexors at 30, 50, and 70 percent
of their maximum level, EMG activity in the biceps, triceps, deltoid, and
contralateral triceps were monitored throughout (he task. As in previous
studies by Lloyd, subjects were instructed to continue for as long as possi-
ble and to rate the level of pain inteusity on a five-point scale using the
sell.paced technique. All subjects were run three times at each load level
during nine sessions. Ratings of pain intensity were related quadratically
with time on the task for the 30 and 70 percent foad levels and linerally
for the 50 percent load level. There were striking differences in the rate in
which subjective pain intensity increased between load levels, increasing
much more rapidly for the higher load levels (also see Menzer, Smith, and
Caldwell, 1969; Lloyd and McClaskey, 1971; Lloyd, Voor, and Thieman,
1970). Mean EMG amplitude for the biceps at cach of the ratings ol sul>-
jective pain showed a clear increase Tor all Toad levels as ratings ol pain in-
tensity increased. Increases in EMG activiey in the triceps, deltoid, and con-
tralateral triceps alse increased with pain ratings, although the contralateral
wriceps increased only for the high ratings of pain intensity (4 and 5) for
the 70 percent load only. One of the outstanding leatures of this study in-
valved frequency analysis of the EMG for each ol the ratings of pain in-
tensity. For each load level, but more so for the two higher load levels, as
the rating of pain intensity increased there was a marked inerease in ampli-
tude in EMG amplitude for the lower Irequencies and a lesser decrease in
amplitude lor the higher EMG frequencies. Lloyd suggested that with in-
creasing pain intensity during isometric tasks, there is a recruitment of
higher threshold motor units liring at a low Irequency. An alternative cou-
cept specifying an increased rafe ol firing during increased fatigue re-
ceived no support from Lloyd's data. "This stady stands as an excellent dem-
onstration of the payolF potential in relating subjective report during work
performance to physiological variables.

Lloyd (1972) has subsequently demonstrated that when an auditory bio-
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electric feedback signal (bicleedback) propertional to EMG amplitude
was provided to subjects doing isometric tasks similar to that used by
Lloyd (1971), the level of muscle activity (mean EMG amplitude) re-
quired to maintain contraction was significantly reduced across all ratings
of pain intensity. These differences were obtained in spite of the fact that
mean endurance times and average times lor successive self-paced ratings
was not different for subjects provided and not provided EMG feedback.
These results indicate that bioleedback improves efficiency of isumetric
performance without affecting total endurance time or the points at which
various ratings ol pain intensity are given. Since it may require a number
of training sessions before significant hmprovement in performance is
noted using biofeedback, it would be interesting to determine how biofeed-
back would affect endurance time and sell-paced ratings of pain intensity
across repetitive training trials during isometric work.

Thermal Discomfort

Changes in both the subjective qualities, "Thermal Sensation and Discom-
lort, have been related by Gagge, et al. (1969) to physiclogical variables as-
saciated with thermoregulation; this study has been reviewed in detatl.
Brielly, the sensation of “warn discomiort” after 30 to 40 min. of work
was refated to metabolic rate, vectal temperature, skin conductance, and
most highly to sweating rate (v =.066). In contrast, perception of thermal
sensations were principally related to the ambient aiv temperature and to
the skin temperature.

SUMMARY AND CONCLUSIONS

Many different subjective qualities lave heen measured during work rep-
resenting  different aspects of muldidimensionally organized subjective
symptomatology. These qualities have been measured either by using psy-
chophysical methods (see Table 14-1) or rating scales (sce Tables 14-11
through 14-1V). A model has been proposed in this veview (see Fig. 14-6)
that stratifies these qualities into different levels of subjective report begin-
ning with the discrete symptoms, forming categories of symptoms at inter-
mediate levels, and finally converging into a global, superordinate level of
report typified by Undifferentiated Fatigue, All levels of sympromatology
are presumed to he linked by leedback loops to the underlying physiolog-
ical substrata. Cues from changes in the physiological substrata duving
work give rise to the reported symptoms. In turn, the symptonatology ex-
perienced can affect work performance.

in the model, the concept of the ordinate and subordinate levels of sub-
jective report also emphasizes that the significant subjective qualities experi-
enced are highly dependent on the work task performed. First. the amount
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of muscle mass utilized, eg arm or leg work, will alter the discrete subjec-
tive qualities and the manner in which they group au the ordinate or sub-
ordinate levels. Second, the intensity of work relative to the maximal aero-
bic power obtainable For any task will determine the intensity of subjective
symploms experienced.

Viewed according to a classic division, work can he divided roughly into
categories according to the predominant energy requirements of the task:
mental, sedentary, and strenuous, In tasks studied 10 dite wherein subjee-
tive latigue has been neasured, these divisions have nou always been clear
cut, Nevertheless, the object of the hriel summary which lollows is simply
to show that the subjective qualities composing whut is termed subjective
{ntigue dilfer according wo task requirements,

A, As early as 1928, Pollenberger showed that a global report of undiffer-
entiated latigue increased in association with the amount of mental work
performed and was related to performance decrement. The patern of dis-
erete symptom qualities involved in mental work and sedentary, light sub-
maximal work appears to dilfer Irom those tasks that require a higher en-
ergy expenditure. Specifically, Kogi. et al. (1970) have tound that individ-
wals such as hospital pharmacists generally report experiencing infrequent
discrete symptoms although ibout 25 10 37 percent of these complained of
eye strain, shoulder stillness, aned heavy legs at the end of work. Fngine
drivers, engaged in a form ol sedentary. light submaximal work, also com-
plained of these symproms most often. In conuast Lo Bctory workers en-
waged in heavy physical work, all symptoms reported were infrequent for
the pharmacists and engine diivers while lactor analysis indicated that the
organization ol the same set ol symptoms into cafegories differed widely be-
tween these occupations. Any global vating of Undifferentiated Fatigue
used would likely integrate mumnercus such discrete symptom qualities. In
lact, it has been demonstrated that global reports of Undillerentiated Fa-
tigue change, as expected, durityy honsework (Gross and Bartley, 1951), op-
cration of aircraft  (Pearson and Byars, 1956; Buckley and Hartman,
1969), and formal psychomotor tasks (MeNelley, 1957). The difliculty in
interpretiug all of these latter studies has simply been due to Undifferen-
tiated Fatigue heing a composite of discrete symploms, The specification of
the discrete symptom qualities inolved in fatigoe doving mental and
light submaximal work and the manner in which they group, is a useful
aren lav further research.

B. Subjective symptomatology observed during muderate or heavy work
tasks can be grouped inte two major categories: perceived latigue and per-
ceived effort, Ouher symptoms stucdied have been perceived eflort expended,
pain, discomfort, and thermal sensations.

1. During these types of tasks, a delinite grouping of discrete symptoms
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has been identilied (\Woll, 1967; Kinsman, Weiser and Stamper, 1073}

and labeled simply Fatigue.

a. Reported qualities compostig the Fatigue category are clearly de-
pendent on the types of tasks being performed. Weiser, et al.
(1973) have found that a distinet Leg Fatigue grouping of itens
could be separated from itens descriptive of General Fatigue lor
subjects performing prolonged strenuous bicyele work, Again, Kogi,
et al. (14970) have Found that persons employed on differing phys-
ical tasks, such as fron [oumdry workers, report diiferent {requen-
cies of symptoms experienced and, in wirn, demonstrate dilferent
organizational groupings of symptom qualities 10 form symptom
categories.

L. As the work load is increased on the bicycle ergometer, scores in-
crease for Leg Vatigne, Cardiopulmonary, and General Fatigue cat-
egories reported alter five min, of work (Weiser, unpublished ob-
servation), Nounney (1863} has Tound that the report for a global
measure of latigne increased with increasing work along with the
expected increase ol HR. Heuting and Savphati (1966) also ob-
served a greater rating of undilferentiated ladgue for a bicycle
sk that finished in a higher work load.

c. Finally, throughout the duration of a prolonged work task, Weiser,
et al. (unpublished observations) have observed increased scores
for the Fatigne, Cardiopulmonary Fatigue, and General Tatigue
categories. Buekley and Hartman  (1969) found that the rating of
global fatigue (Pearson ane Byars, 1956) increased throughout
transatlantic helicopter {light, but decreased during the “fiyhy™
staged in Paris at the end of the flight,

2, Borg's Rating of Perceived Effort {RPE) has become recognized as a
valid and reliable seale, although the discrete symptoms integrated by
RPF remain to be defined more completely.

a. RPF scores are highly dependent upon the work task. Running pro-
duces a different RPF score when compared to cycling at a given
heart rate {Ekblom and Goldbarg, 1971; Bar-Or, et al, 1972; Skin-
ner, et al,, 1973h) or to walking (Noble, et al,, 1978). Arm work
gives a higher RPE at a given heart rate than does cycling (EkDblom
and Goldbarg, 1971; Gamberale, 1972}, Negative, eccentric work
also produces a higher RPE score at a given heart rate than does
positive, concentric work (Flenriksson, et al, 1972). Tn fact, for
equivalent power outputs, subjects pedatling at G0 vpm have report-
ed lower RI'E scores than when pedalling at 30 vpm {Henriksson,
etal, 1972y orac 40 rpm (Pandoll mud Noble, 1973).

h. When work is expressed as being a percent of maximal perform-
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ance, the variability in RPE becomes markedly reduced. For exam-
ple, the differences between cycling and running (Ekblom and
Goldbarg, 1971; Bar-Or, et al,, 1972; Skinner, et al., 1973b), cycling
during normoxic and hypoxic environment {Gerben, et al,, 1972;
Weiser, et al., unpublished observations), and cycling before and
after training (Ekblom and Goldbarg, 1971) can be explained by
the changes in maximal aerobic power produced by these situations.
Also, Schmale, et al. {1963) have observed that the effort involved
in holding a weight measured by a psychophysical technique was
similar for men and women if perceived effort was related to rela-
tive weight held, i.e. weight held divided by maximal weight that
could be held.

¢. RPE increases throughout the course of bicycle work at a fixed load
level (Pandolf, et al., 1972; Morgan, 1973; Weiser, et al, unpub-
lished observations).

. In view of the observations presented, RPE appears to reflect the
state of activity of the motor system. RPE is correlated to cardio-
pulmonary responses when different work loads are compared under
standard work conditions, e.g. on a bicycle ergometer, a point clear-
ly emphasized by Borg (1962).

3. A rating of perceived effort expended was found by Lloyd and Me-
Claskey (1971) to increase linearly throughout a prolonged walking
task, with the most pronounced linearity occwring only alter several
trials on the task.
Likewise, with practiced subjects ratings of pain and perceived effort
expended have been shown to increase linearly during exhausting pro-
longed isometric work (Caldwell and Smith, 1967; Lloyd, et al., 1970).
5. The sensation of “warm discomfort” after 30 to 40 min. of work was
found by Gagge, et al. (1969) w be related to metabolic rate, rectal
temperature, skin conductance, and most highly 10 sweating rate. In
contrast, they observed that the perception of thermal sensations were
principally related to the ambient air temperature and to the skin
temperature,

-
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