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Summary and Conclusions

Ten Bantu mine workers were selected so as to match
as much as possible in respect of abilities, socio-economic
background and work capacity, the latter measured by the
individual's maximal oxygen intake. These workers were
subjected to repeated testing, according to a random time
table, on the Tramming and the Ball Lift and Step Tests.
Tramming was carried out at a constant speed, 24 miles per
hour, and with 5 different loads in a one-ton mine car on
a level circular track. The Ball Lift and Step Test was
carried out a2t constant speed and at one constant work load.

Very significant differences between subjects were
found, in performance (duration for which the subject
continued with a given task) as well as in oxygen intake.
Both measures were uncorrelated with each other when work
load was kept constant. Performance in one task and load
was, however, correlated with performance in any other task;
the same held for oxygen intake scores. The rank order of
subjects, in respect of performance as well as oxygen intake
scores, tended to remain the same with low and high work
loads on tramming and on the Ball Lift and Step Test; those
subjects who did well in one task did well also in others.

Differences in performance between individuals were
attributed to differences in drive level, a personal
motivational characteristic. Differences in oxygen intake
were attributed, tentatively, to function fluctuations, i.e.
to the fact that, normally, men do not work at constant
rates in continuous work. When confronted with tasks which
are to be done at constant speed and work rate, they vary at
least in their mode of work which, in turn produces temporary
changes in the difficulty of the task and thus changes in the
cost of work. It appears that there are individual differences
not only in the average drive level, but also in respect of
drive level fluctuations which exhibit characteristically

different patterns.
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THE EFFECT OF MOTIVATION ON
OUTPUT IN WORKERS OF EQUAL
PHYSICAL #ORK CAPACITY UNDER CONDITIONS
OF NEUTRAL INCENTIVE

PROBLEM

Up to date, no satisfactory measure of motivation exists.
The Problem with which we are confronted is to develop

methods by which motivation to work, in the prescnt con-

text motivation to do heavy physical work (shovelling rock,
pushing mine cars, ctc.), can be measured or assessecd.

Thce terms "motivation" and "motivation to work" need
clarification. The latter refers, vecry generally, to any
condition which makes a man work. There are mainly two
classes of such causecs or conditions, namely

(a) external "incentives", i.e. rewards or punish-

ment of some kind, such as pay, achievement or
status, social pressure, regulations, etc.: and

(b) internal "drives", i.e. frequency and/or the

intensity of impulses within a man which prompt

him to be active rathecr than passive and which

keep his activity directed towards an cnd.
In the present investigation, we are concerned with the
latter class of motivating factors, namcly those that ecxist
in a human being more or less independently of any incentive
that may be offered to him. Some incentives, positive or
negative, are never entirely absent under normal working
conditions. These give direction to a man's activity and
causc him to select one (or some) of the many possible
activities which are open to him, namely that which appcars
most rewarding under the given circumstances. Once a
choice has been made, the incentive often scems to have
relatively little effect on the intensity with which the
chosen activity is pursued (ecxcept in the case of an in-
centive which is systematically varicd with thc amount or
quality of work donc, c¢.g. a bonus system). This inten-
sity is then a function of (i) the individual's "energy

resources" (his "drive", "vitality", "will power"); and
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(ii) the number of incentives which are effective at
any given time, and between which the available energy
is to be divided.

In a simplified diagram, we can depict the general
motivational situation of =2 person by = system of vectors,
originating from the individual and each aiming at =2
certain incentive or "go2l" (figure 1). The length of
each vector indicates the intensity of activity (or #%2an-
dency to be active) in the direction of this vector.

If the end points of vectors 2re connected by straight
lines, these include an area which corresponds to the
individual's '"energy resources'. The greater this =rea,

-+,

irrespective of its shape, i.e. the greater The energy
or vitality of the individual concerned, the longer may
be the vectors, i.e. the more activity can be mzintained
in the various directions. ith 2 given amount of
energy (constant area), the length of a particular vector
will to some extent depend on the number and length of
other vectors. This means that the amount of activity
that can be devoted to a certain goal, will depend not
only on the total energy 2available, but 2lso on how this
is distributed over various activities and how many
incentives are effective and strong enough to initiate
activity. ;

This model is an over—simplﬁéation in a number of
relevant aspects. (1) The existence of negative incen-
tives (avoidance of certain nctivities) is neglected.

(2) The interrelations Dbetween different goals and the
corresponding vectors arc more complex than can be shown
in a2 two-dimensional diagram. (%) Although severnal in-
centives can be effective simultancecously, they =are not all

effective continuously; specific goals come into focus aznd
go out of focus periodically. This is particularly true
for basic (physiological) needs (hunger, thirst, desirc
for sleep, etc.), the satisfaction of which 2cts =2s a
strong incentive at times, overshadowing all others.

(4) Goals arc not permanent and may be changed for ncw

ones after some time; and some goals may be intcrmediase
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in that they provide merely stepping stones for subsequent,
usually more important goals. (5) Some activities (e.g.
play, exploration or the satisfaction of curiosity) are in

themselves rewarding and do not require the existence of an
incentive for their initiaticn, although they do require a

certain amount of energy to be maintained.

The above model shculd be sufficient, however, to
show the complexity of the motivation problem. It should
be clear that, in order to estimate the effect of an incen-
tive, we have to know which other incentives are effective
at a given time and what the energy resources of the
individual are. In order to estimate the individual's
energy resources, his "drive", correctly, we have to know
the relative strength of all or at least of the main incen-
tives which are effective at the time of measurement. And
we can measure individual differences in drive only if we
can say that other aspects of the total motivation situation
are the same for all individuals, are kept constant or, at
least, are measured and taken into account.

Furthermore, since no direct measure of drive (or any
other aspect of motivation) is as yet available, we shall
have to infer the level of drive of an individual from his
performance in a standard work or test situation, against
the background of his motivation as a whole. Performance
in a given task depends on (a) the ability or capacity to
do this task (strength, skill, experience, traininz, etc.)
and (b) on motivation in all its aspects. This will make
it necessary to keep abilities and work capacity censtant or
at least to reduce differences in capacity to a minimum, in
order to demonstrate clearly any differences in level of
drive between individuals.

We can now state our problem more precisaly. It is
the question:-

Do persons of equal work capacity differ in the

'Drive' aspect of their motivation to work if fney are

exposed to the same incentives, in particular the same

incentive to work?

If the answer to this question is affirmative, we may

proceed to the next step, the development of measurements
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for these kinds of motivational differences. If the answer
is negative, we will have to shift the emphasis to the other
aspect of the motivation problem, namely that of incentives.

The following expecriment was designed and conducted in

order to find an answer to the above question.

METHOD

oelection of Subjects

Ten mine workers were selcected, from a larger number of
recruits, to match as much as possible in demographic, social,

psychological and physiological criteria, as follows:-

Tribe: Nyachusa (Tanganyika)

Age:s + 20 years

School Education: Nil

Ability: Low scores on Gen.Adapt.Test
Battery (Dudec 10-12

Mining Experience: Nil

Work Capacity: 2 1/min maximum oxygen consumption

Incentive: Normal pay

Low scorers on the General Adaptability Tests were seclected
because these are normally assigned to non-mechanical, un-
skilled jobs, such as tramming and lashing. The work
capacity, in terms of maximum oxygen consumption, was detcr-
mined by the method developed by the Applied Physiology
Laboratory and described by Maritz et al. (2).

These 10 workers were placed under the supervision of a
Boss Boy specially selected for this task. They were
houscd in a compound at Crown Mines, in the vicinity of the
Applicd Physiology Laboratory and the tramming track, where
the tcsts were carried out. The Boss Boy was also from
Tanganyika and able to speak the home language of the sub-
jeets. He saw the men not only at work, but also in the
compound, during their leisure time, participating in their
conversation, and soO O.l. In this way, information on othcr
activitics of the subjects, their attitudes towards work and
their intcrests, was obtained. The Boss Boy tried to make
notcs on any remarks madc by the subjects rclating to their
ability and willingness to work or containing any criticism

of the working conditions.
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Tests and Apparatus

The tests employed werc:-

1. Tramming at a constant spced, using 5 diffcrent
work loads.

2. Ball Lift and Step Test, at a constant speed and

constant work load.

2.2.1. The Tramming Test requirces the testece to push a

mine car, with a ccrtain load, around a level circular track
(314 yards circumfercnce) at a fixed specd of 2% milcs per
hour, for as long as hc can. Whilc he 1s doing this, hc is
accompanicd by a "monitor", onc of thc Bantu Scientific
Assistants of thc NIPR. This monitor has (i) to assist in
taking physiological measurcmcnts (by sampling of c¢xpircd
air during thc 4th to 6th minutes of the work period; con-
trolling thc corrcct position of clectrodes; switching on
and of the transmittcr for hcart beat counts at rcgular in-
tervals via a transmission sct); (ii) to guide thc subject
in maintaining a constant specd of tramming; and (iii) to
help push the car out of the track when the tcstee says that
he is unable to continue with his work.

Thc onc—-ton mine cars uscd in this experiment were fit-
tcd with speedometers, the disls of which were visible to
the testee whilc pushing the car. The required specd was
markcd on the spccedometir and an additional signal system
was provided to facilitate the maintcnance of a constant
specd., A bell rang as soon as tht specd dropped below the
requircd speed and a buzzer sounded as soon as this was ¢x-
ccedod. Subjects werce familiarizced with this systom and
tramming at a constant spccd was practiced 2 days before the
actual experiment was startced.

The different loads uscd and the number of trials
carried out per subject with cach load werc as follows:-

Car chassis without pan (-460 1bs)

Empty car O 1bs

Car loaded with 600 1bs

Car loaded with 900 lbs

Car loaded with 1500 1lbs 6 trials

These loads were sclected, on the basis of preliminary tcests

‘J 10 trials cach

with different subjccts, in such a manncr that a sufficiently
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wide range of oxygen intakes below the subject's maximum
oxygen intake was covered. Note that these loads are
additional to the weight of the empty car which is 1000
1bs.
2O RO The Ball Lift and Step (B & St ) fest rcquires
thce testee to pick up a cricket ball from a ball trap on

the floor and carry it four steps up to a platform, 40
inches high (about 18" dcep). Here he has to drop the
ball into the middle one of thrce apertures in a box
mountcd at a convenicnt height at the recar of the plat-
form (%3 ft. above it). The ball returns through a chutc
to the starting point, the ball trap, from wherce it is to
pickcd up ageain. This cyclc has to be compicted in 9.7
scconds. In order to facilitate keecping up a constant
work spced, the three apertures of the box on the platform
open and close in a certain rhythm, the middle one being
open at the right time, thosc lcft and right of it when the
subjcct arrives too carly or too latec on thc platform. If
this happens, the tester tells the testce to slow down or
spced up, as the case may bc. During this activity, the
subjcct carries a load of 30 1lbs fixed to a belt and sup-
portcd by shoulder straps. After some practice, this task
was performed by cach subject for 10 trials, on diffecrent
days.

Test Administration and Timc Table

The scquence of 56 test trials ( 46 tramming and 10
B & St trials) for cach subject was administercd in a pre-
determined random order, with the restriction that no sub-
ject should do more than onc test trial on any cxpcrimental
day. There was one cxception, enforced by circumstances;
onc testee did the tramming 900 lbs in the¢ morning and the
B & St in the afternoon of one day in the second last week
of thc experiment; however, without any obvious effect on
pcrformance level. Sce also below, treatment of missing
scores. The experiment extended over 17 wecks, testing
being done from Monday to Friday of cach week. Test
trials on tramming 1500 1lbs started 7 weecks later than the
others tasks, when the subjects had had some practice on

the casicr tasks.
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On the tramming track, up to thrce subjeccts could be
tested simultancously. In these cases different starting
times and different work loads werc employed. in order to
minimizce the possibility that onc subject might be influcn-
ced by the performance of another.

Subjects to be tested on a particular day waited before
their test trial, ncar the tramming track. Beforec a sutject
started any test trial, hc was told to rest, in a sitting
position without talking, for 15 minutes aftcr which his
rcsting heart rate was taken. Thercafter, tcst instruc-
tions were given, his car was put on the track and his test
trial started. Subjects who had donc¢ their test were cm-
ployed as helpers for other tests or were kept occupicd wi'th
other light work (e.g. gardening) for the remainder of the
day. On the average, 6 to 7 test trials werc carried out
per day, so that only 2 to 4 subjects per day were not en-—
gaged in being tested. The tramming trials lasted on the
average from 50 to about 110 minutecs, including the time
rcquired for the determination of resting hcart rates and
other preparatory work. The trials on the B & St test
lasted about 50 minutes on the avoerage.

For the determination of heart rates, electrodes were
placed on the subject's chest, hcld in position by an ad-
justable rubber belt, and connccted to a transmission set
mounted on the side of the mine car. The rcceilver was
placed in a corrugatcd iron hut just outside the tramming
circlc; in this hut 2ll recordingswere made of heart rates,
performances, conditions, <tc. In the case of the B & St
test, chest elecctrodes were dircctly connccted to a heart
rate countcr, the tester taking care that the lcads did not
disturb the movements of the subject and did not get entang-
led with the platform structure or the pipes and Douglas dvag
used for the sampling of expired air. For air sampling
during tramming, Douglas bags were carried on thc¢ mine car.
Mask and bag were removed by the monitor after the measuring
period.

Instructions to Subjects

English cquivalents of the test instructions, given to

the subjects in their home language, are reproduced in the
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Appcndix. These instructions were given before the first
test trial and then, in abbreviated form, at the beginning
of each week. '

Scoring of Observations and Statistical
Analysis of Data

1. Performance

Since both tests were done at fixed and constant work
rates, (@n expcrimental condition required for the control of
energy c¢xpenditure and physiological cos* of work) the pos-
sibility of individual differences in performance occurring
was limited to the duration of performance. In the present
experiment, thc mecasure of performance was the time for which
a subject continued work on =2 given ivask. Thus, perfor-
mance reflects "endurance of work output" and not the more
conventional aspects of quantity and quality of work output.
Performance was measurcd in minutes and seconds for the B &
St and for the first four trials of the four easicr tramming
tasks; for the later six trials of all tramming tasks, the
times were rounded to the nearcest full minute.

Frequency distributions of all time scores were made,
separately for thc two tests and five different loads. For
cach test and load, the distribution of scores is positively
skew, as can be seen in thc two examples (figurcs 2a and 32)
showing the¢ distribution of scores on the Tramming, '"load O"
(empty car) and on the B & St test. Low scores are rcla-
tively frequent, very high scores relatively rarc. It was
found, howcver, that a transformation of the tim¢ scores
into "log tim¢" scores would remove the skewness of the
distributions vecry well and change these into reasonably
symmetric normal distributions. The c¢ffect of this trans-
formation can be scen in figures 2b and 3b.

Since the statistical methods to be appliied to the date,
analysis of variance and corrclations, arc vascd on the
assumption that scores arc normally distributed, the trans-
formed scores "log time" were used for these analyses
throughout, as we¢ll as for most of the graphicsl representa-
tions of rcsults. It may seem tha} suck a transformation
would make the observed data less readily interpretable in

terms of "actual performance. However, the following



-9- NIPR 3349
should bec considered in this context: A period of work, say,
five minutes, may have different psychological significance
compared with an equally long period, 1f the work load is
different; 5 minutes of heavy work are more severc than 5
minutes of light work. Or, to put it differently, if a
task can be pcrformed on the average for about 10 minutes,
it will require a considerablc effort to continuc for anothcr
5 minutes. If, on the other hand, 2 task can be performed
for as long as 100 minutcs, another 5 minutes will nct matter
very much. This is exactly what the log transformation
takes into zaccount by givirg 2 lesser woight to differcnces
between long periods of time compared with the same diffe-
rences between short periods of time.

Measuring pcerformarnce in terms of "log time" has the
additional advantage that the relationship betwecn energy
requiremcnts (oxygen intakc) and performance takes the form
of a straight line with the range of tasks used for the
tramming tests, as shown in figure 6. Furthermorc, "log
time" and "1/min" scores are of a similar order and range
which facilitates the investigntion of certain combinations
of thcse scores.

255 02 Oxygen Intake

The determination of individual oxygen intake scores,
in terms of litres per minute, was carried out by the staff
of the Applied Physiology Laboratory, using the Douglas bag
and Haldanc gas analysis methods. The distributions of
oxygen consumption scores closely rescmble normal oncs
(except for some uncxpectsdly high 2nd low scorcs which may
be due to measurement crrors). An example of this is the
distribution of oxygen intakc mcasurcments during the tram-
ming of O 1lbs and the B & St test, shown in figures 4 and 5.

2.6 Treatment of iissing Scores

In 2 few cases, single trials werc not done by the onec
or other individual, nor could thcy be fitted into the test-
ing programmc on another day, so that the corresponding
scores were not known. In thcse cases, the missing scores
were replaced by the individual's 2sverage score on that
particular task, in order to kcep thc computational proce-

dures as simple as possible, avoiding uncqusl numbers of
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scores. The more comrlex estimation of missing scores

by means of Snedecor's formula (4) was not employed because
of individual differences in trends over trials. It did
not seem advisable to assume that one individual's practice
trend was the same as that of the whole group (cf. below,
3.6.).

In onc casc (subjcct B, bottom part of table III) two
measurcs 0f oxygen consumption seemcd to be entirely out of
stcp with the other scores of that column in which, in addi-
tion, one score was missing. In this case, the two ques-
tionablc scores and the missing onc werce cstimatcecd by means
of thc average of the three remaining scores and the indivi-
dual's trend over all tramming tasks. The replaced scores
(1.62 and 1.56), although somcwhat arbitrary, scem to be
more reasonable than the original ones (2.45 and 2.86) which
far exceed this individunal's oxygen intakc cven on the
heaviest tasks.

In our tablcs, estimated scores are in brackets, scores
which possibly contain mcasurement ¢rrors are marked by a
question mark. Altogether 7 missing pcrformance scorcs
and 15 missing or doubtful scores of oxygen consumption,
cach out of 560, werc rcplaced by estimates.

Statistical procedurcs

As a first step of the analysis, data wecre plotted on
graph paper; graphical analysis of trcnds and bivariate dis-
tributions of scores supplementcd the computations at all
stages (sce figures).

The significance of wvariations in both performance and
exygen intake Dbetwecen individuals (individual differences)
and between trials (gencral group trends, e.g. practice
cffects) was e¢stablishcd by two-way analysis of variance.
Pirstly, 12 such analyses, 6 of performance scorecs and 6 of
oxygen intake scores, were done scparately for e¢ach of the
different tests and loads. Secondly, 20 similar variance
analyses, 10 of performancce scorcs and 10 of oxygen intake
scores, were carried out to test the significonce of indi-
vidual trends, i.e. changes common to an individual's
sequences of trials on diffcrent tasks, separately for cach
of the 10 tcstees.
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Correlations betweecn performance, oxygen intakce and
certain combination socres, ¢ach on the various tasks,
served to detcrminc the reliability of scores and to study
to what extent diffcerences between subjects could be duce to
"individual characteristics".

Performance scores werce 2lso converted into standard
measurcs in order to determine unusual performances and to
study their relationship if =2ny to the subject's personal
condition on that particular day. as obscrved by the boss
boy.

Sincec 1t was cxpected that training cffects would be
marked during the first wecks of the ¢xperiment, and since
the 1500 los tramming was started later than the other,
easier tramming tasks, the first 4 trials on ewch of the
latter were separated 2s a "training period" from the "main
expcriment". The variance analyscs and intcercorrclations
of tramming scorecs were restricted to those of the main
¢xperiment. In the B211 Lift and Step test no training or
practice effects were obscrved; all tricls of this test were

therefore analysed together.

RESULTS

A1l obscrvations, performance in terms of log time and
oxygen intakes in terms of litres/minute, 2re tabulated in
tables I to VI, (a) and (b). respectively. The body of
these tables contains scores obtaincd from single trials of
on¢ individual on onc particular task. Thc right hand
marginal columns, headed "Mcan'", contain the mcan scores of
10 individu=zls on =211 first, sc¢cond, c¢tc., trials with onc
particular test and work lo=ad. The rows "Average, Training!
and "Avcrage, Main Experiment" contain the average scores of
onc individual tcstee on a scquence of trials with the samc
test and load. The grand totals, to thce right and at the
bottom of each set of data are the arithmetic mcans of all
data (40, 60 or 100) in that part of the tablc.

Relationships botween Performance, Oxygen
Intake and Work Load

3.1.1. (1) With varying lo=ds

As cxpected, performance decreascs and oxygen intake
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increasecs significantly with increasing work load. This
is shown in figure 7 in which the grand totals of the main
experiments on tramming (i.c. cxcluding the training part
of the tests), table I - VI, are plotted against *the cor-
rcsponding work loads. Work 1nad "O" designates the
tramming of the cmpty minc car, work load "-460" that of
the car chassis without the pan. The confidence bclts an
¢ithcr side of cach curve (not shown in the “graph) arc
rclatively wide. The standa>»d deviations, bas d on the
total variance (betwwen individuals, between trials. crror)
of cach sc¢t of »0 scores, rangce frem 170 to .266 for per-
formance (log timec) and from .170 to .261 for oxygen intakc
(l/min), the latter after correction of some cxhtreme scores
which contained mcasurcmcnt crrors.

It may bec of interest to comparc the oxygen intakce
curve of figure 7 withn the diagrams prescnted in A.P.L.
Report 12/63 (54), dealing with thc e¢ffcect of lubrication
on energy rcquircments of tramming various loads, at a
speed of 2 miles/hour. It will be seen that the curve
obtained from thc prescnt data, tramming at 2% miles/hour,
extrapolated to the left would cut the ordinate at a higher
point, =t about .8 to .9 1/:nin, compared with .4 to .7. The
ordinate in tac graphs is placed at an abscissa valuc of
"zero total weight" (= weight of car plus load), i. . a
work load corre¢sponding to walking at the given spced with-
out pushing anything. Comparcd with oxygen intakc figurcs
for plain walking (.74 to .77; cf. Passmore and Durnin (BL
p.806), our oxygcn intake valucs secm to be slightly on
the high side, and c¢ven more so whcn we considcr that our
subjccts are of rclatively low body wcight. This rela-
tively high cnergy cxpenditure can not be due to bad lub-
rication, which would increcasc the slope of tThe curve and
thus give a lowcr ordinate cutting point. It could be due
to roughress of the surface between tracks and to a certain
amount of enecrgy being required for spced regulatioun. The
slopc of our curves scems to be intermediate between those
of the extreme lubrication conditionsof A.P.L. Report 12/-
6%, figure 1 (a). Lubrication in the present cxpceriment

was donc as rcquired and detcrmined by freguent inspections
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of the car bearings, but not at rcgular intervals, some-
times more, sometimes less frequent than once a day. It
is possible that lubrication defects introduced some
proportion of e¢rror into our obscrvations.

The performance curve is more or less a mirror
image of the oxygen intake curve, perhaps slightly
more curved than the lattor, Extrapolating to the
right, a load of 2000 1lbs would be pushed under thc
conditions of this e¢xperiment for about 16 minutcs
and at an oxygen intakc somcwhat above 2 1/min, the
initial maximum oxygen consumption of thesc men.
Extrapolating to the 1left, the curve would indicate
that, on the average, cur subjects would continue
walking without any load for about 100 minutes. This
is certainly less than they are capable of and indi-
cates the presence of some limiting motivational
factor.

With constant load

If we consider the relationship between perfor-

mance and oxygen consumption within one constant load
condition, we find that there is no consistent corre-
lation between these two measures. That is to say
that men who have a higher average oxygen intake do
not perform consistently or on the average better

(or consistently poorer) than men having a lower
average oxygen inta2ke on a given task. This is
exemplified in figures 8 a, b and 9a, bivariate
distributions of scores on tramming 1500 1lbs, the

B & St test and an avecrage of all tests. The same
fact is shown, more comprehensively, in tables IX
and X which give the product-moment correlation co-
efficients between performance and oxygen intake
scores (see below, 3.4). Therc is no pattern in

the relevant coefficicents of table IX, in other
words, the size of these cocfficients is not related
to the type or difficulty level of the task. We

can state from these findings that oxygen intake and
performance in a constant task, such as each of those
under investigation, and under the conditions of this

experiment are c¢ssentially uncorrelated.
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Analysis of Variances, "Between Subjects"
and "Between Trials"

Each set of scores obtained in the main experiments
on tramming and in the whole Ball Lift and Step experi-
ment was subjected to the same kind of variance analysis.

The results are compiled in tables VIIa, performance
scores, and VIIb, oxygen intakce scores.

Table VIIa shows that, in each of the test tasks,

the variance between subjects is significant, relative

to the interaction subjects x trials which serves as an
estimate of error variance. Individual diffcrences in
performance are most marked in tramming 600 1lbs, 900
1bs and in the B & St test: they are less marked, but
still significant at least beyond the 5% level,; in the
two casiest and the one heavicst tramming tasks. The
variance between trials, indicating 2 trend common to
all subjects, from trial to triazl, is not significant
for the c¢asy tramming tasks, -460 1lbs, 0 1lbs and 600
lbs, and also not for the B & St test. The variance
between trials is significant in tramming 900 1lbs and
very much so in tramming 1500 lbs.

Table VIIb shows a slightly less regular pattecrn as
far as the variance of oxygen intake scores are concerned.
The variance between subjccts in oxygen intake during the
tests i1s most markcd for the B & St test and is also very
significant for tramming 1500 lbs. For some of the
easicr tramming tasks, viz. - 460 1lbs and 600 1lbs.,it is
significant, for others, O 1lbs and 900 lbs, it is not
significant. The variance between trials is very sig-
nificant in tramming 1500 lbs, even more so in tramming
600 1lbs; it is also significant in tramming - 460 1lbs.

No significant variance between trials was found for
tramming O 1bs, 900 1lbs and in the B & St test.

The square root of the ratio: variance between sub-
jects to error variance can be regarded as an indicator
of the discriminative power of a test measure. Taking
the square roots of the entrics in the column "F ratio"
of tables VIIa and VIIb and plotting them against load,

we obtain the diagram shown in figure 10. (The
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position of B & St or the abscissa is ¢stimated on
the basis of the average oxygen intake in this test).
This indicates that, for casy tramming tasks, the
performance scores give a better discrimination be-
tween individuals than oxygen intzke. The reverse
holds, however, for the heavicst tramming load and
the B & St test. The latter test scems to be better,
as a measure of individu2al di fferences, than most of
the tramming tasks.

Estimates of Test Reliability

The reliability of each of the test tasks was

determined from the correlntion between threce odd

(sum of trials 1,3%,5) and three even (sum of trials
2,456) trials (5 odd and 5 even trials in the case of
the B & St test). The correlation coefficients, here
considered as equivalent to relisbility coefficients,
are given in table VIII and are plotted in figure 11.
This graph is vcry similar to that of figure 10, except
that performance scores in tramming -460 lbs yield un-
usually high, tramming O 1lbs unusually low odd-cven
correlations. For performances in tramming, -460 to
900 1bs, correlations between average training and
average main scorcs are also given. These, based on 4
early and 6 later observations, give slightly higher
estimates of reliability.

It should be noted that no corrections, by means
of the Spearman-Brown formula, wcre made, since the
corrclations are bascd on pairs of at lecast 3 test
trials, which is more than is normally available for
purposcs of prediction.

All correlations indic~tc a satisfactory level of
reliability. A sct of three trials of a given task,
such as tramming or B & St test, measures individual
differences in performance and oxygen intakce reasonably
well and, from one sct of thrce trials to another on
the same task, the order of subjects from best to

poorecst remains more or less the same.
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Intercorrelations of Performance and

Oxygen Intake Scores Measured by
Differcnt Tasks
The results so far have shown that (2) signi-

ficant individual differences in performance on all
and in oxygen intake on some tasks occur (signifi-
cant "between subjects" variances); and (b) the

tests employed secm to be sufficiently reliable as
measures of individual differencecs (correlations
between odd and cven trials). It should now be
investigated whether these differcnces go beyond

the particular task in which they are obscrved, i.e.,
whether they can be regarded as characteristics of
the individual, stablc cnough to have an effect at
least on tasks of the same type varying in difficulty
or on similar tasks. Rclevant information is ob-
tained from corrclating avcecrage performance, oxygen
intake and some combinations of these ¢n onc task
with the corresponding averages on another. (The
basic data are pairs of scorcs from any two tables

(I to VI), c¢.g. row "Avcrage, Main Exp.", table Ia,
scores for individu=als A, B, etc., with the corrcs-
ponding scores of table IIa, IIIa, etc., or IIb,
IIIb, ctc.)

In addition to the straightforward performance
and oxygen consumption scorcs, two scts of c:mbi-
nation scores were used, viz. thc sum and the
difference of thesc two measurecs. This transfor-
mation of the original scores into combinztion
scores does not, of coursec, add anything new to our
observations. It mercly means looking at the same
data from 2 new angle.

The sum of performance and oxygen intake(both
measured on comparable, more or less linear scales,
see above, 2.5) would indicate that a subjcct
performed well a2t high energy expenditure If this
sum score was high; and that he performed poorly at
low energy expenditure if the sum score was low.

In the former case, it was felt, he put up a good
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effort and in the latter case a poor effors. It is
proposed to call this combination score, tentatively,
"effort". An example of "effort" scores in tramming
-460 1bs for subject A would be P + O = 2.31+1.00=3%,01
(table Ia and Ib, row "Average, Main Exp."); for subject
B, P+ 0 =1.71+41.06=2.77; and so on.

A large difference, performance minus oxygen intake,
would indicate a good performance which was done at low
cost (energy expenditure); a small difference, occurring
with low work loads, rr a negative difference, with high
work loads, would indicate a poor performance in spite
of relatively high energy expenditure. The larger this
difference, P - O, the easier, the smaller or the more
negative the difference, the harder, 1t secems, is the
task for the subject. One might regard this difference
as a measure of work economy relative to the level of
difficulty of the task. It is proposed to lable the
difference, P - O, for the purpose of this investigation
as "Reserves", a large positive difference indicating a
high amount of untapped resources or energy reserves. An
example of scores "Rescrves" in tramming -460 1lbs for
subject A would be P - 0 = 2.01 - 1.00 = 1.01 (table Ia
and Ib, row "Average, Main Exp."); for subject B, P - 0 =
1.71 - 1.06 = .65; in tramming 1500 1bs, subjects A and
B would have the following "Reserves" scores: 1.44 -
1.60 = -.163; and 1.08 - 1.95 = -.87 (table Va and Vb,
last rows). It can be seen that the score "Resecrves"
is a relative measure and becomes negative in the case
of heavy work load. (Negative scores of "Reserves"
could be avoided by adding a constant to all scores; in
some cases it might be uscful to add the subject's maxi-
mum oxygen intake to the difference P - 0. Maximum
oxygen intake is constant in our subjects.)

A1l possible intercorrelations between performance,
oxygen intake, "Effort" and "Reserves" scores are com-
piled in table IX. This table is subdivided into
blocks, each block dealing with one type of score and
containing the 5 different tramming tasks and the B &

St test. A summary of table IX is provided in table
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X which gives the avcrage correlation within each block
of table IX, based on 15 correlation cocfficients in
the diagonal blocks and on 36 coefficients in the case
of the other blocks. The diagonal cells, from top
left to bottom right hand corner, within the second
block in the first column of blocks contain the corre-
lations between performance and oxygen intake measured
on the same task. The corresponding diagonal cells of
211l other blocks to the left and below the diagonal
blocks contain a part-whole correl~tion, i.e. the size
of the correlation cocfficient is influenced by the
common element in both variables,; such as P correlated
with P + O. In general thesc coefficients tend to be
higher, in absolute value, than the other coefficients
of the same block which are free from part-whole compo-
nents.

Of special interest for our problim are the four
diagonal blocks, performance on one task correlated with
performance on another, oxygcn intake in one correlated
with oxygen intake in another task, and so on.

It can be seen from table IX that these four blocks
contain only positive corrclation cocfficients and that
these coefficients are more similar in size,i.e., they
vary over a smaller range, than those in othcr blocks.
The fact that all correlations are positive is in 1t-
self significant. The average correlations within each
of the four diagonal blocks are significant at the 5%
level (the one-tailed significance test is appropriate
here, because only positive correlations are expected
and, in fact, obscrved). The numbcr of individual
correlation cocfficients which reach this level of
significance is (reading from top lecft to bottom right,
from the diagonal blocks) 12/15, 7/15, 9/15 =2nd 13/15,
respectively, i.e. 68% compared with the chance expec-—
tation of 5%. In other words, those subjects who
perform well on one task tend to perform well also on
another, easier or heavier, task or on a task of a
somewhat different nature (tramming vs. B & St).

Similarly, those subjects who have 2 high oxygen intake
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in one task tend to have a high oxygen intake also in
other tasks. And, looking at our data from thec point
of view of "Effort" and energy '"Rcserves", those who
make a strong effort in one task tend to make a strong
effort in other tasks, and vice versa; those who have
rclatively more energy to spare in one task tend to have
greater resecrves in othcr tasks as well.

Of the other correlations in tablesIX and X, those
between performance measures on the one hand and oxygen
intake measures on the other are of intercst. In table
IX, second block first column, the majority of thesc
corrclations is small and negative, only one (out of 36)
reaching the 5% level of significance. (The two-tailed
test is applicable, because no prcdiction of the direc-
tion, positive or negative, of the correlations could be
made. ) The average correl-tion between performance in
one task a2and oxygen intakc in the same or anothcr task
is -.086. As stated above, there is no consistent cor-
relation between performance and oxygen intake. The

correlations betweecn "Effort" and "Rescrves" arc on the

average positive, but insignificant, only four (one-tailed

test) or none (two-tailed tcst) out of 36 being signi-
ficant at the 57 level. The average correlotion in
this block of t=2ble IX is .165.

The correlations between performance and oxygen
intake on the one and "Effort" and "Reserves'" on the
other hand nced not be considered here, becrause of
their part-whole relationship and the influence of
"spurious" corrclation. Sincc the scores "Effort"
and "Rescrves" are combinations of the other two
measures, it is obvious that they must be corrclated
with these, their components.

Group Trends

It was found that the variance betwcen trials
was significant in some¢ cases of tramming (table VII),
especially with the heavier loads, 900 lbs and 1500
1bs. This indicatcs changes, which arc common to =zll
subjects, in performance and/or oxygen intake, from one

trial to another. If we plot th¢ group means of trinls



-20- NIPR 3349

(right hand marginal valucs, tables I - VI) in the
order from the first to the last trial, scparstely
for each task, we obtain the picture shown in figure
12, a - f. Each point of thise curves (performance

= full line; oxygen intake = broken line) is the mean
of ten subjects' scores on one trinl and one type of
task. (The right hand part of each curve, covering
the main cexperiment, trials 5 - 10, can be regorded as
an elaboration of one corrc¢sponding point in figure 7.
The ordinate of 2 point in figure 7 is cqual to the
avcrage ordinate value of the corresponding curve in
figurc 12, a-f.)

Some curves of performance, viz. 122, 12b and
perhaps 12¢ show 3 rising tendency from carly to later
trials. Similarly, some curves of oxygen intake, viz.
12a 12b and perhaps 12d, show a falling tendency from
the first to the last trial. The trends, upwards for
performance and downwards for oxygen intake, are espe-
cially clear in the curves of the two hecavy tramming
tasks, 900 1lbs =nd 1500 1lbs. They a2arc probably the
effecets of practice and incrcasing fitness which
enables the average subject to do a certain task,
especially some heavy tasks, increnasingly bettcr or
with grecater case over subsequent trials. In some
cases, viz. tramming O 1lbs, 600 1lbs 2nd B & St test,
clecar trends do not appear or are disturbed by mnarked
irregular fluctuations. An cxplanation for thcsc
fluctuations cannot be offered. They may be causcd
partly by unintcnded changes in the testing conditions
(¢.g. bad lubrication of the car in tramming). In
the case of oxygen intake scores, ¢.g. during tramming
600 1lbs, fluctuations may reflcct, to some extent,
fallible measurements.

If, instcad of performance 2nd oxygen intzke,
combination scores are plotted (figure 13, a - f), it
is seen that the difference score (P - O, "Rescrves")
shows more clearly an upward trcnd in all tasks but
tramming 0 1lbs and B & S%. Again, this is shown more

clearly in the hesvier tramming tasks, 900 1bs and
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1500 1lbs, than in other cases.

On the other hand, the sum score ( P + C, "Effort™)
remains more or less constant over the sequence of suc-
cessive trials, apart from minor fluctuations (figure
14, a - f). As the experiment progresses, the tests
seem to become more and more easy for the group of
subjects, but these do not seem to step up their efforts.

Variance Analysis within Individuals.

Individual Trends
By regrouping the data of table I -~ VI, separately

3

for individuals instead of loads, we obtain a set of 20
smaller tables, 10 of performance and 10 of oxygen intake,
of which the rows contain all first, second, etc., trials
of a subject, the columns his triais on differsnt loads

of tramming.

These tables (not reproduced here) were sub-ected ho
variance analysis in order to test the significence of
individual trends, i.e. an individual’s tendency to =m-
prove or otherwise change his performance and orygen
intake, now averaged over tasks, from the irst tc thne
last trial. This variance analysis (teble XI =, ©)
shows at the same time the signific:nce of differences
between scores obtained from different loads. These,
we would expect to be highly significant, because of the
variations in load, i.e. in the difficuity of the tasks.

In general, the F ratios for variancesdue to load
differences are very large and highly significant.

An exception is found in tkhe performarnce scores of

subject D whose rather large fluctuations (see Fig. 15)
increase the error variance so much that neither the
variance between loads nor that bvetween trials 1s significan

As far as the variance between trials is concerned,
we find significance at the 5% level in the sequences of
performance scores of 2 subjects (out of 10), viz. subjects
C and J; in oxygen consumption scores, 2 subjectis, viz. B
and I, show variances between trials which are of borderline

significance, Pp < 10%

+
9]

o
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There are two =zaspects of the experimental design
employed in this investigetion which must counteract
the appearance of significant individual trends, namely
(1) the variations in work load and (2) the randomi-
zation of the sequence of tasks with its variation in
time intervals between trials. If nevertheless some
significant trends occur, it scems justified to inspect
these more closely. This was done by graphical ana-
lysis and by correlating the trends over trials of the
performance scores on the 1500 1lbs and 900 1lbs tramming.
These two heavy tasks were singled out because it was
felt that heavy and easy taks might evoke different
types of trend; the former might, for instance, involve
more "learning" than the latter.

Figure 15 shows sets of 5 performance curves for
each individual. The two upper curves represent the
sequence of trials for tramming 1500 1bs and 900 1bs,
the three lower curves represent the corresponding
sequences for the other tramming tasks. Only the six
trials of the Mzin Experiment are plotted. It should
be noted that the abscissa reflects the serizl numbers
of trials, not time intervals which are unequal and may
well be responsible for some of the irregularity in the
curves. In spite of this, some striking similarities
of pattern exist in some pairs (or triples and even
quadruries) of curves. Examples are found in the
assemblies of curves of subjects A,B,C and H for the
heavy tasks (upper curves); and of subjects C,F,H and
J for the easier tasks. The correslation coefficients
are entered on the graphs for the pairs of 1500 1lbs and
900 1lbs curves. The majority of these co:fficients is
positive, two of them significantly so (sunjects A and B),
and the average correlation is positive. The general
pattern of the trends over trials exhibited in these
groups of curves is different from individual to indi-
vidual; and it has in most cases hardly any similarity
to a "learning curve".

The oxygen intake curves, for the two hecavy tramming

tasks only, are plotted in figure 16. The picture is
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similar to that presentcd by the performance curves.
Again some striking pattern similarities occur, e.g.
those of subjects C,D and J. The samc holds for

curves of the combination scores, "Effort" and
"Reserves". However, because of missing scores of
oxygen intake, this analysis i1s not carried any further.

Unusual Performances

The observations on the subjects' state of
health, mood, willingness to work, c¢tc., as made and
rccorded by the Boss-Boy of the group, werc compared
with any unusunlly good or unusually poor performance.
The latter were determined by means of control charts,
one¢ for cach individual, in which perform=ncecs of the

main cxperiment were entcred in standard measurcs
SD
X

programme. The standardization was done separately ‘for

afver the completion of the whole testing

each load and test.
The Boss-Boy's diary contained relatively few
observations relevant to the work situation. The

following are examples:-

(1) Before work. Subject D "dreamt evil spirits
last night, he could not sleep very well and today
he feels drowsy."

The actual pecrformance, tramming 600 1bs,
following the bad night was 1.7%, the subject's
best performance during the training period. His

averages are: training 1.54, main exp. 1.70.

(i) After work. Subject B "says that the work of
tramming is t»o uiard when there are weights in
(the car)".
The performance on this day, tramming 1500 lbs
for the first time, was .90, corresponding to a
stardard measure of z = -1.92. His sccond
performance on the same task was also .90.
G Before work. Subject H "feels peain in his
right ecar." His performance on this day is his
poorest on the B & St test, 1.02, z = -1.89,



(iv)

(v)

(vi)

(vii)
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Before work. Subject F "says his work of the
tramming track is too hard for him, when we put
1500 1bs (into the car). So he says he will be
doing just (a) few minutes when we load 1500 1lbs."

The actual performaznce of this subject on this
day, tramming 1500 lbs, was slightly above average,
1.46, z = +.26.

Before work. Subject H "is too happy to-day
because of women who pass near the road; he likes
to escort them."

Performance on this day, tramming 900 1lbs, was

1.65, z = +.32, slightly above averagc.

After work. Subjcct F "Received a letter from
home ... At home they are all right ... is happy
to-day."

Performance on the following day, B & St test,
was his best performance on any test, 1.61, z = +2.18§
the third best performance observed on the B & St
test.

After work. Subjccts By E and I "said one of

the trucks is too hard to push."

On this day, performance of B, tramming 600 lbs,
was .90, z = -2.74; performance of E, tramming 1500
lbs, was .70, z = -2.70; performance of I, tramming
600 1bs, was 1.08, z = -2.07. The oxygen intake
scorecs were very high for B and I; that of E could
not be measured becausc of the short duration (5
minutes) of his work.

Performance of I on the day before, tramming
1500 1bs, was .90, z = -1.92, but with an oxygen
intake below avecrage, i1.e. the task being experien-

ced as not uvnusually difficult.

Many more examples could be given of diary

entries referring to minor health complaints (headache,

cold, upset stomach, etc.); to spontancous cxprecssions

on the part of subjects of "happiness", slcepiness,

lack of strength; about mecting fricnds; 2bout quarrels
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with fellow subjects, and about gcneral complaints or
conversations. Only very few of these arce made at the
time, shortly before or after outstanding performances
and are relevant to work.

If we regard as "unusual performances" those that
occur with a probability of 5% or less, we can expect
about 28 such unusual performances for our set of 560
test performances done by the whole group, or about 3
unusual performances per sudject. We have counted on
the control charts 29 outstanding pcrformances (inclu-
ding a few which come near the required level of 5%
probability). Of these, 6 c2an be regarded as related
to relevant observations, i.e. entries in the Boss Boy's
diary. In some cases, the relation is contrary to
cxpectation (see examples (i) =2nd €v) above). There is
no indication that unusual performances must be attri-

buted to extraneous factors.

4, DISCUSSION

The experimental design of this investigation
provided for subjects of equal work capacity and
abilities to do certain simple tasks. These were
selected so that they required no specific skill or
training beyond the natural physical abilities of =2
normal man, viz. the ability to walk and push a car
on a level surface; to walk up steps; and 2 certain
amount of body control for picking up an object from
the floor, turning, walking at a constant speced, ctc.
Measuring performance in terms of duration of activity
in a given task set at a fixed level of difficulty,
was 2 further means of minimizing the effect of skill
differences. It was expected that men of equsl werk
capacity working on such simple tasks would verform
equally, if they were equally motivated. If they
were working under the same external inccntive condi-
tion and matchced for e¢thnic and socio-cconomic back-
ground, their performances should not diffcr very much

except by virtue of somc internal motivational
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differences. The purpose of this investigation is
to demonstrate, by carefully controlled experimentation,
whether such internal motivation diffecrences, which we

propose¢ to call differences in drive level, exist or

not; and whether these, if they exist, can be regarded
as personal characteristics of individuals.

We do not know exactly how efficient our selection
and matching procedure was, and how strictly our condi-
tion, of equal capability and equal attitude to work,
was met. However, it is unlikely that, in a noranal
wor£ Situation or in any othcer experimental situation,
we would find workers more =2like in these rcespects than
our group of subjccts. We can assume that our subjccts
were as equal as we can possibly find them in respect of
their capability of doing and attitude towards moderately
hard physical work.

In each of the six different test tasks we find very
significant differences in performance between these
relatively equal men. These differences are large
indeed: the poorest performaznce of the best performcr
is better than the best performance of one or two of the
poorly performing subjects; this holds without exception
for all tasks. wWe find, furthermorc, that these dif-
ferences are not sjystematically related to the smount of
energy required for carrying out the tasks, as measured
by oxygen intake during work. The correlation between
performance and oxygen consumption is only very slightly
negative. This makes it unlikely that marked diffe-
rences in skill are involved, because these, in a physical
task, should be reflected in energy requirements. And,
although significant differences in oxygen intake are
found between subjects of our group, these cannot,
because of the negligible correlation with performance,
be responsible for the obscrved performance diffecrences.
We have to conclude that a major portion of the per-
formance differences between our subjects Is due to
differences in drive level.

Corroborative evidence is found in the Tfact that
performance in one task is always positively correlated,

el

significantly on the average, with performance in any of
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the other tasks. The average correlation between
performance in any two tasks is about .65. The
square of the correlation coefficient is equivalent

to the proportion of variance which two scores have

in common; (.65)2 = .42, Thus, the proportion of
common variance between tasks such as those used in
the present experiment would be about 42%. If, on
the basis of above and below average pcrformance in
one task, predictions had to be made 2bout above or
below average performance in another task, we could
expect to be correct in 70% to 75% of the cases.

It should be remembered that we are dealing with
scores determined by the length of time for which

the subject continues working. Such scores, although
they have the advantage of being relatively insensitive
to skill differences, are usually not as reliable =as
scores detcrmined by the amount of.work doae in a given
period of time. There are probably a number of minor
factors which can influence the timing of the decision
to 'give up" and thus the duration of an activity,
especially if the task is well within the capacity of
the subject. But even so, with scores of relatively
low reliability, the intcrcorrelations found between
tasks are substantial. They indicate that the dif-
ferences in performance betwecen subjects are due to
fairly stable individual characteristics. The rank
order of performance in our group of subjccts tcnds to
remain the same, from one test, tramming, to another,
the Ball Lift and Step test; and within the tramming
situation, from one Ievel of difficulty (about 50% of
the individual's maximum work capacity) to another (70%
to 90% of the maximum capacity).

Performance differences between subjects appear to
be most marked on moderately difficult tasks (see
figure 10), such =2s tramming 600 lbs, 900 1lbs 2and B &
St test, At a high level of difficulty (tramming
1500 1bs) physical limitations secm to restrics the
range of individual differences, because all subjects

work close to their maximum capacity. Individual
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differcnces in oxygen intake, on thc other hand. arc
rost noticeable in the heaviest tramming taslk and,

very pronounced, in the b & St test. The latter,

@]
o
=
(@]
(o2
}a
(@]

work at spced and against gravity, involves anc
wuscuiar activity.

1t is not possiblie to g2y definitely why on the
casier tasks (Yramming the cumpty car and the chassiz),
in wkich physical limitations must be unimporant,
individual differences in pecrformance are not revoaled
more ~2learly. The »eason 1ies probably in the fach
that performance in these tasks, not representing a
rcal challenge to the subjects. is reduced to a kind
cf "token perfermance". The subjcct stops working
not bscause he is exhausted, but because he feels Mthis
is enough to show I c~n do it". With procductive work,
this mzsnt be diflerent: but our tests are ~bvicusly
non-productive and artificial. The mean performance
at the low level tasks is much lowecr than vhat is
physically possible; working at an oxygen ntake level
of 50% of the maximum oxygen consumption for a full work
shift (8 hours) should be no serious problcm. Our
subjccts, in a kind of trade unionist attitude, appa--
rently agrec, tacitly, that they must not do too much
lest they have to do it cvery day. They sct themselves
an acceptable norm according to which they work, rcla-
tively homogeneously, but maintaining a rank order
similar to those in other tasks. It is noteworthy that
the lowest variability, bcetween subjects and betwecen
trials, is found in tramming O lbs, i.c. the empty car.

The large indiviaual differencces in oxygen intaie
arec surprizing in view of the fact that all tests were
done =2t constant work rates. The coefficicnt of

variability of individual averages (of 6 trials) s

€

20.4% for +he tramming tasks (ranging from 18.%% to

2L.1%)and 27.2% Tor the B & S+ test (averages 0° 10

trials). Within subjecte variability, 1.¢. botveen
trials. i1s of the szme order, on the average 27 9%
(ranging Zrom 15.G7%# %o 54.8%), in the tramming tocks;:

it is Jower. 9%. in “he B & 35t tost. For the tramming
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tests, 1t does not sceem plausible to assume that
differences in oxygen intakce on the same task have

to do with mechanical c¢fficiency. If this were so,

the variations betwzcn trials should be much less than
those between subjects, at least in those easier tasks
in which no consistent trends, improvement with practice,
occur. However, individual differences in mechanical
efficiency appear to exist in the B & St test. In this
test, the ratio of variance between subjects to that
between trials (9.2) as well as to the error variance
(16.9, see table VII) is extremely high. A small pro-
portion of the differences in oxygen intake could be due
to fallible measurements (like those indicated by
question marks in table I to VI). However, measurement
errors as well as uncontrolled changes in testing con-
ditions (procedural defects, such as lack of lubrication)
should inflate the error variance and thus reduce the
significance of variance between subjects and between
trials. This is not the case, error variance for the
different tramming tasks are smnll and cover but a small
range (from .022, load -460, to .054, load 900).

Thus, the results show that significant individual
differences between subjects occur not only in respect
of performance, indicating characteristic differences
in drive level, but also in a second factor, measured
by oxygen intake, which is independent of the first and
yet equally characteristic of the individual. This
two-factor situation does not change when the original
performance and oxygen intake scores are transformed,
by combining them, into a sum and a difference scorc.
(This transformation is analogous to the use of a height/
weight ratio plus some measure of body size, e.g. volume
or surface, instead of the primary measures of heignt
and weight.) With transformed scores, again two
essentially uncorrelated factors are necessary to
account for the observed individual differences.

For these, the interpretations suggested arc (i)
"Effort", perhaps even more a recflection of drive

level than performance; and (ii) "Reserves", i.e.
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an aspect of work economy. Whereas both original
scores show practice effects over the sequences of
trials, the transformed score "Effort" remains more
or less constant; and the score "Reserves'" shows
practice effects more clearly than performance and
oxygen intake.

There is evidence that individual differences
occur in a further aspect, namely periodic fluctua-
tions in both performance and oxygen intake. Besides
the slight practice trends, common to all subjects,

characteristic dindividual trends appear, linking two

or more of the tramming tasks by a similarity of
pattern in the sequences of six trials during the main
experiment. The statistical significance of these
individual trends could only be demonstrated for some
of our subjects, due to restrictions of the experimental
design, in particular because of the randomized time
table of trials, However, the similarity between some
pairs of sequences appearing in figures 15 and 16 can
hardly be attributed to chance. And these trends, if
characteristic for individuals, might provide an answer
to the question why significant differences in oxygen
intake occurred between individuals, and within indivi-
duals from one trial to another, in spite of constant
work rates.

Normally, human beings working at a self-determined
pace do not maintain constant rates in continuous work
of any kind. There are fluctuations in continuous work,
the intensity (amplitude) and periodicity (wave length)
of which varies from one person to another. But fluc-
tuations are never absent and, in continuous work of a
suitable kind, can be measured readily. It cen also
be shown that apparently irregular fluctuations are
usually compounded of a number of rhythmic and more
regular changes of varying wave length ( 1 ). It is
2 common experience that all basic drives in human
oeings (hunger, thirst, the need for sleep, etc.) are
subject to rhythmic changes. We cannot assume that

motivation to work, i.e, drive level, makes ani exception.
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Our experimental psychological work with continuous
test activities has produced cvidence that some of the
rhythmic components of such activitics have temperamental
inplications. For example, in one experiment with
students, tested in a continuous addition test before
undergoing =2 strenuous acclimatization course in the
hot climetic chamber, it was found that a ccrtain
rhythmic component of about 18 minutes wave length was
significantly correlated with motivation sclf-ratings
of these subjects.

In the present experiment in which subjects were
not allowed to change their rate of work, thcy could
only vary in overall performance and in their mode or
technique of work. The former kind of variation is
demonstrated by the results reported above. The latter
type of variation, if it occurs, might well cause
changes in the difficulty of a task and thus bring ~bout
the fluctuations in oxygen intake observed in the
present experiment. At one stage during similar tram-
ming expcriments, observations were made on the numbcr
of steps taken by the subject while circling the tram-
ming track. The number of steps made between twu
points of the circle were counted and recorded each time
a subject passed this part of the track. Not only did
the subjects differ greatly in their average nunmber of
steps, or its reciprocal average step length (104 tn 131
steps per unit distance were observed in a small group
of subjects), but it was also found that within one
trial the step length varied as much as about 10% of
the avecrage step length, from one round to the next on
the circular track, althougn a constant speed was main-
tained. Some subjects tended to decrease, others to
increase their step length from the beginning to the
end of the counting period (z2bout 40 minutes); again
others increased and decreased step length once or more
times during one trial. These observations merely
serve to indicate that considerable variations (probably
not only in step length) may takc place within tasks

which are done, outwardly, at constant ratec. In which
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way these variations are related to the difficulty of

the task, to drive level and other functions will have

to be investigated by further research. Information

in this respcct is nceded because it is likely that the
reliability at least of some of our measurcments in this
field will be influenced by such fluctuations. The
analysis of physiological observations (pulse rates taken
at regular intervals) during work at constant rates, and
experiments similar to the present one, but arranged with
systematic (not randomized) time-tables and regular in-
tervals between corresponding trials, appear to be fruit-
ful in this respect.
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Figure 1. Schematic representation of an individual's motivation.

G etc., represent incentives or goals. The vectors

11G21
(arrows) 1, 2, etc., of varying length represent activities
of varying intensity in the direction of the goals. The
area between the vectors corresponds to the individual's

energy resources'.
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(a) Performance, log time,

Tramoing ~460 1bs
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P —

Subject A B C D E F G H I Jd Mean
Trial 1 2.2L 1.92 1.¢2 1.75 1.6% 1.69 1.46 1.66 1.56 1.67 1.74%
2 1.81 1.66 1.81 1.99 1.85 1.5C 1.66 1.87 1.55 1.76 1.75
3 1.79 1.66 2.66 1. 89 2,02 1.46 1.84 1.83 1.47 1.81 1.78
4 1.95 1.56 1.86 1.61 1.93 1.62 1.73 1.77 1.65 1.72 1.74
Average, 7
Training 1.94 1.70 1.8¢ 1.81 1.86 1.57 1.67 1.78 1.56 1.74 1.752
Trial 5 1.90 1.99 2.56 2.24 2,02 1.73 1.48 2,44 1.65 1.97 1,97
6 1.86 1.85 1.89 1.61 2.08 1.87 1.92 2.27 1.48 1.73 1.86
Vi 2.00 1.60 2.G9 1.0 2.05 1.81 1.85 1.69 1.77 1.72 1.80
8 2.09 1.56 1,78 1.96 2.01 1.62 1.87 2.17 2.02 1.98 1.91
9 2.15 1.52 1.94 1.66 2.16 1.80 1.85 1.88 1.79 1.98 1.87
10 2.07 1.73 1.94 1.92 2,00 1.76  (1.79) 1.78 1.63 1.90 1.85
Average, |
Main Exp. 2.01 1.71 1.98 1.80 2.05 1,76 +79 2.04 1.72 1.88 1.876
(b) Oxygen consumption, liter/minute, Tramming -460 lbs.
Subject A B¢ D E F G B 1 J Mean
Trial 3 1.04 1.05 .OL 1.07 1.26 1.09 1.08 1.16 1,02 1.13 1.08
2 1.20 1.20 1.24 1.06 1.35 1.26 1.20 1.08 g6 1.14 1.17
3 .95 1.00 1,10 .93 1.05 .89 1.1i7 1.13 .86 1.06 1.01
4 »98 1.03 1.17 .93 1.01 .95 1.14 1.13 1.17 1.04 1.06
Average,
Training 1.04 1,07 1.11 1.00 3,17 1,05 1.15 1.12 1.00 1.09 1.080%
Trial 5 .58 2 1.11 99 293 299 1.03 1.27 1.16 .95 .93 1.00
6 <93 1.02 2t .88 1.1k .57 .55 1.23. 1,05 .90 1.00
7 1.50? 1.15 1.19 1.372 1.06 1.13 1,08 1.10 1l.24 .97 1.18
8 .94 1.10 1.07 «39 .98 .83 1.06 1.20 .95 .97 1.00
9 1.01 .95  (1.05) .93 1.54 .84 1.1k 1.32 .89 .96 1.06
10 1,04 1.0+ 1,03 -84 1.03 .577 (1.,10) 1.15 .89 «99 .97
Average,
Main Exp. 1.00 1.06 1.CH .98 1.12 .90 1,10 1,19 1.00 95 11.03%.
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TABLE II

(a) Performance, log time, Tramming empty car ( O 1bs)

Subject A B C D E F G H I J Mean

Trial 1 2.09 1.86 2.22 1.94 2.19 1.63 2.01 2.11 1.56 1.81 1.94
2 1.94 1.75 1.89 1.76 1.83 1.39 1.46 1.84 1.39 1.81 1.71
3 1,94 1.76 1.75 1.87 1.73 1.62 1.51 1.81 1.74 1.72 1.7k
L 1.99 1.75 1.68 1.46 2.01 1.50 1.45 1.39 (1.56) 1.64 1.64

Average

Training 1.99 1.78 1.88 1.76 1.94 1.54 1.61 1.79 1.56 1.74 1.759

Trial 5 1.99 1.45 1.90 1.51 1.88 1.70 1.79 2.02 1.76 1.68 1.77
6 2.00 1.51 1.51 1.66 1.81 1.79 1.61 1.91 1.72 1.82 1.73
7 2,04 1.69 1.94 2.02 1.79 1.65 1.56 1.56 1.77 1.62 1.76
8 2.18 1.74 1.88 1.62 2,02 1.94 1.71 1.65 1.80 1.74 1.83
9 1.85 1.62 1.88 1.99 2.02 1.71 1.85 1.86 1.73 1.70 1.82

10 1.88 1.84 1. 94 1.38 2.10 1.68 (1.70) 1.57 1.71 1.88 1.77

Average

Main Exp. 1.99 1.64 1.84 1.70 1.94 1.74 1.70 1.76 1.75 1.74 1.7805

(b) Oxygen consumption, liter/minute, Tramming O lbs.

Subject A B c D E F G H I J Mean
Trial 1 1.38 1.30 1.20 1.01 1.45 .73 1.39 1.28 1.49 1.24 1.25
2 1.731 1. 20 1.32 1.11 1.30 1.27 1.56 1.26 1.12 1.31 1.28
3 1.30 1.30 1.28 1.08 1.27 1.05 1.37 1.16 1.13 1.26 1.22
i 1.22 1.26 1.65 1.36 1.16 1.22 1.90 1.54 1.12 1.21 1.36
Average
Training 1.30 1.26 1.36 1.14 1.30 1.07 1.56 1.31 1.22 1.26 1.277
Trial 5 1.09 1.34 1.19 1.08 1.17 1.47 1.36 1.33 1.24 1.17 1.24
6 1.32 1.29 .75 1.07 1.24 1.16 1.35 1.23 1.05 1.10 1.16
7 1.12 1.17 1.19 1.01 1.1 1.12 1.15 1.902 1.18 1.17 1.24
8 1.00 1.09 1.18 1.12 1.14 .98 1.22 1.27 1.12 .88 1.10
9 1.07 1.07 1.22 1.47 1.10 .95 1.23 (1.27) 1.02 1.42 1.18
10 1.03 1Tlu 1.18 1.05 1.20 91 (1.26) 1.26 1.08 1.17 1.13
Average

Main Exp. 1.10 1.18 1.12 1.13 1l.21 1.10 1.26 1.38 1.12 1.15 1.175
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TABLE TIT
(a) Performance, log time, Tremming 600 lbs

Subject A 2 C D F G H I J Mean

Trial 1 1.72 1.65 1. 76 1.23 2.12 1.81 1.46 1.57 1. 39 1.81 1.65
2 1.78 1.61 .76 1.73 1.79 1.39 1,66 1.75 1.4 1.78 1.67
3 1,64 1.29 1.80 1.66 1.79 1.49 1.52 1.69 1.46 1.69 1.60
L 1.90 1.62 (1.77) 1.52 1.84 1.46 1.51 1.65 1.46 1.56 1.63

Average,

Training 1.76 1.54 1. 77 1.54 1.88 1.54 1.54 1.66 1.43 1.71 1.638

Trial 5 1.79 1.56 1.71 1.22 2.14 1.61 1.40 1.72 1.51 1. 56 1.63
6 2.25 .90 1.85 2,00 2.22 1.65 1.40 2.06 1.64 1.38 1.74
7 1.61 1.08 1.85 1.62 1.98 1.52 1.46 1.69 1.08 1.38 1.53
8 1,73 1.30 1.69 1.73 1.92 1.70 1.20 1.88 1.57 1.70 1.64
9 1.76 1.70 1.66 1.66 1.93 1.46 1.48 1.76 1.20 1.61 1.62
10 1.91 1.66 1.62 1.86 1.82 1.69 1.66 1.87 1.66 1.82 1.76

Average,

Main Exp. 1.84 1.37 1.73 1,70 2.00 1.60 1.43 1.83 1.44 1.58 1.6525

(b) Oxygen consumption, liter/minute, Tramming 600 lbs

Sub ject A B C D F G H I J Mean

Trial 1 1.55 1.60 1.74 1.57 1.49 1.52 1.51 1.60 1. 74 1.70 1.60
2 1.42 1.27 1.57 1.53 1.49 1l.41 1.49 l.41 1.48 1.48 1.46
3 1.57 1.66 1.56 1.36 1.53 1.93 1.30 1.39 1.35 1.45 1.51
L 1.29 1.16 (1.62) 1.32 1.55 1.25 1.39 1.29 1.33 1l.42 1.36

Average,

Training 1.46 1,42 1.62 1.44 1.52 1.53 1l.42 1l.42 1.48 1.51 1.482

Trial 5 1.16 1.28 1.29 1.20 1.18 1.12 1.09 1.26 1.25 1.29 1.21
6 1.06 (1.62)? 1.12 1.23 1.53 1.05 1.60 1.23 1.19 1.70 1.33
7 1.26 2.02 1,57 1.27 1.46 1.39 1.96 1.65 1.95 1.81 1.62
8 1.39 (1.56)? 1L.56 1.26 1.3C 1.50 2.08 1.67 1.50 1.36 1.52
9 1.39 (1.42) 1.38 1.78 1.15 1.33 1.50 1,35 1.47 1.45 1l.42
10 (1.25) 1.35 1.29 1.22 1.37 1.17 1.49 1.34 1.14 l.22 | 1.28

Average, i

Main Exp. 1.25 1.54 1.37 1.33 1.33 1.24 1.62 1.42 1.42 1.47 i 1.399
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TABLE TV
(a) Performance, log time, Tramming 90071bs
Sub ject A B C D E F G H I J Mean
Trial 1 1.3%32 .93 1.47 1.99 1.65 1.39 1.40 1.49 1.05 1.09 1.38
2 1.38 1.08 1.71 1.40 1.73 1.51 1.19 1.37 1.11 1.39 1.39
3 1.44 1.19 1.65 (1.62) 1.97 1.29 1.44 1.37 1.09 1.44 1.45
L 1.59 1.21 1.81 1.46 1.66 1.29 1.51 1.45 1.36 1.37 1.47
Average,
Training 1.43 1.10 1.66 1.62 1.75 1.37 1.38 1.42 1.15 1.35 1l.42
Trial 5 1.72 1.28 1.57 1.46 1.84 1.20 1.46 1.57 1.43 1.69 1.52
6 1.63 1.18 1.76 1.40 1.85 1.08 1.28 1.65 1.57 .95 1l.44
7 1.67 1.62 1.85 1.38 1.82 1.46 1.53 1.52 1.56 1.75 1.62
8 1.83 1.38 1.46 1.72 2.00 1.57 1.57 1.08 1.30 1.49 1.54
9 1.89 1.51 1.57 1.94 1.94 1.53 1.46 1.80 1.57 1.72 1.69
10 1.77 1.49 1.46 1.94 1.88 1.66 1.32 1.61 1.52 1.76 1.64
Average,
Main Exp. 1.75 l.41 1.61 1.64 1.89 1l.42 1.44 1.54 1.49 1.56 1.5745
(b) Oxygen consumption, liter/minute, Trammimg 900 1lbs
Subject A B c D B F G H I J Mean
Trial 1 2.23 2.24 1.74 1.43 1.66 1.57 2.11 1.85 1.93 1.78 1.85
2 1.97 1.44 1.83 1.65 1.74 1.65 1.28 1.92 1.59 1.64 1.67
3 1.80 2.00 1.54 1.48 1.81 1.73 1.79 1.87 1.71 1.68 1.74
L 1.81 1.65 1.53 1.44 1.77 1.61 1.61 1.61 1.71 1.68 1.64
Average,
Training 1.95 1.83 1.66 1.50 1.74 1.64 1.70 1.81 1.74 1.70 1.727
Trial 5 1.28 1.92 1.65 1.37 1.50 1.41 1.61 1.87 1.74 1.55 1.59
6 1.50 1.85 1.34 1.33 1.40 1.76 1.93 1.39 1.43 1.84 1.58
7 1.1 1.51 1.40 1.48 1.92 1.47 1.03 1.46 (1.43) 1.55 1.47
8 1.3 1.39 1.26 1.19 1.33 1.40 1.43 2.5092 1l.25 1.70 1.48
9 1.60 1.39 1.28 (1.32) 91 1.37 1.37 1.56 1.27 (1.54) 1.36
10 1.32 1.36 1.28 l.22 1.38 1.34 1l.41 1.72 (1.42) 1.06 1.35
Average, 1.40 1.57 1.37 1.32 l.41 1.46 1.46 1.75 1l.42 1.54 1.470
Main Exp. :
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TABLE V

(a) Performance, log time, Tramming 1500 1lbs

(Main experiment only)

Subject A B C D E F G H I J Mean

Trial 1 1.08 .90 1.57 1.36 1.20 1.30 1.32 1.20 1.61 1.40 1.29
2 1.08. .90  1.30  1.52 .70 1.6 1.38  1.56 .90  1.30 | 1.21
3 1.45 1.34 1.85 1.62 1.56 1.30 1.81 1.38 1.08 1.38 1.48
L 1.75 .95 1.38 1.40 1.43 1.38 1.20 1.28 1.20 1.52 1.35
5 1.69 1.30 1.40 1.57 1.65 1.32 1.62 1.73 1.20 1.62 1.51
6 1.60 1.11 1.56 1.48 1.88 1.20 (1.47) 1.97 1.40 1.65 1.53

Average,

Main Exp. 1,44 1.08 1.51 1.49 1.40 1.33 1.47 1.52 1.23 1.48 1.395

(b) Oxygen consumption, liter/minute, Tramming 1500 lbs

(Main experiment only)

Subject A B C D E F G H I J Mean

Trial 1 1.83 2.43 2.10 1.72 2.11 1.96 1.83 1.69 1.26 1.78 1.87
2 1.84 1.92 1.99 1.63 (1.82) 1.68 2.05 1.93 1.47 1.82 1.82
3 l.22 1.92 1.88 1.78 1.86 1.65 1.90 2.08 1.96 1.67 1.79
L 1.64 2.07 1.75 1.59 2.16 2.32 2.47 2.25 1.70 1.61 1.96
5 1.66 1.73 1.58 1.34 1.51 1.91 1.74 1.66 1.60 1.76 1.65
6 1.44 1.64 1.60 1.38 1.46 1.7 (2.00) 1.66 1.56 1.64 1.61

Average,

Main Exp. ' 1.60 1.95 1.82 1.57 1.82 1.87 2.00 1.88 1.59 1.71 1,782
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TABLE VI
(a) Performance, log time, Ball Lift and Step Test
(Trairing and Main Experiment combined)
Subject A B c D E F G H I J Mean
Trial 1 1l.41 1.37 1.3 1.33 1,51 1.32 1.51 1.18 .93 1.68 1.%6
2 1.54 1.29 1.32 1.05 1.68 1.34 1.22 1.02 1.16 1.36 1.30
3 1.18 1.16 1.26 1.48 1.46 1.29 1.10 1.29 .93 1.37 1.25
L 1.19 1.25 1.42 1.33 1.42 1.25 1.18 1.26 1.18 1.31 1.28
5 1.27 1.06 1.26 1.21 1.48 1.23 1.55 1.09 1.34 1.45 1.29
6 1.26 1.16 1.46 1.27 1. 56 1.61 1.37 1.17 1.21 1.36 1.34
Vi 1.31 1.29 1.35 1.1 1.39 1.20 1.34 1.25 1.21 1.37 1.28
8 1.30 1.31 1.26 1.29 1.49 1.08 1.39 1.30 1.24 1.29 1.30
9 1.44 1.30 .39 1.26 1.50 1.12 1.12 1.32 1.04 1.31 1.28
10 1.30 1,15 1.13 1.28 1.45 1.13  (1.21)  1.36 1.26 1.25 1.26
Average 1,32 1.23 1.32 1.26 1.49 1.26 1.31 1.22 1.15 1.38 1.294
(b) Oxygen consumption, liter/minute, B & St. Test
(Training and Main Experiment combined)
Subject | A B C D E F G H I J Mean |
Trial 1 || 1.44% 1.52 1.83 1.49 1.59 1.45 1.80 1.67 1.64 1.56 1.60
2 | 1.49 1.61 1.67 1.49 1.57 1.57 1.64 1.56 1.68 1.51 1.58
3 1,44 1.64 1.66 1.47 1.54 1.46 1.83 1.6k 1.51 1.50 1.57
L 1.36 1.63 1.80 1.45 1.60 1.60 1.62 1.51 1.46 1.49 1.55
5 1.56 1.58 1,47 1.40 1.53% 1.38 1.96 1.65 1.36 1.39 1.55
6 1.64 1.61 1.66 1.47 1.49 1.35 1.85 1.56 1.46 1.38 1.55
7 1.40 1.62 1.65 1.40 1.53 1.46 1.89 1,67 1.34 1.49 1.54
8 1.18 1.49 1.63 1.08 1.60 1.07 1.76 1.72 1.57 1.43 1.45
9 1.17 1,30 1.6€ 1.42 1.30 1.43 1.85 1.68 1.46 1.53 1.50
10 1.36 1.65 1.69 1.4 1.56 1.3 (1.80) 1.90 1.64 1.59 1.60
Average | 1.40  1.58  1.69 1.4l 1.53 1.4 1.80  1.66  1.51  1.49 | 1.5489




- 55 - N.X.P.R. 3349
TABLE VII
(a) Variance analyses, Performance, (b) Variance analyses, Oxygen Intake,
log time. liter/minute

Test Source of sums of Signi-~ sums of Signi-
task Variance df squares |Variance | F ratio PF ficance squares [Variance | F ratio PF ficance
Tramming ;Subjects 9 .9827 .1092 | 3.2024 .005 Ves.* L4198 1 L0466 | 2.1311 .05 s.*
-460 1bs |Trials 5 .1639 .0328 .9615 .30 n.s. 2949 | ,0590 | 2.6946 .05 Se
(chassis |error L5 1.5344 0341 .9850 .0219
only) Total 59 2.6811 L0454 1.6997 .0288
Tramming |Subjects 9 .6514 0724 | 3.2106 .005 V.S L4161 L0462 | 1.5958 .10 n.s.
0 1bs Trials 5 .0664 .0133 5894 .3C n.s 1749 .0350 | 1.2077 .30 ne.s.
(empty error 4s 1.0144 .0225 1.3036 .0290
car) Total 59 1.7323 0294 1.894 .0321
Tramming |Subjects 9 2.2744 .2527 7.2581 .0005 V.S «7936 .0882 2.7080 .025 Se
600 1bs Trials 5 3494 .0699 | 2.0069 .10 n.s. 1.1858 2372 7.2837 .0005 VeS.

error ) 1.5668 .0348 l.46§§ .0326

Total 59 4,1905 .0710 3. 7 0584
Tramming {Subjects 9 1.2894 1433 | 4,5589 .0005 V.S. 8247 .0916 | 1.6844 .10 n.s.
900 1lbs |[Trials 5 .4359 .0872 2.7744 .05 S. .5194 .1039 | 1.9095 10 Ne.S.

error ) 1.4141 L0314 2.4482 <0544

Total 59 3.1395 .05%2 3.7923 0643
Tramming |Subjects 9 1.0860 .1207 | 2.7210 025 S. 1.2715 JAU13 | 3.3724 001 VeS.
1500 1lbs |Trials 5 .8526 .1705 | 3.8450 .01 V.S .8700 1740 | 4.1536 «005 VeSe

error 45 1.9957 L0443 1.8852 .0419

Total 59 | 3.9343 0667 4.0228 .0683
Ball Lift|Subjects 9 .7978 .0886 5.9936 .0005 V.S. 1.5988 1776 [16.8853 .0005 VeSs
and Step |Trials 9 .0987 .0110 L7412 .30 n.s. 1747 .0194 | 1.8452 .05 n.s.
Test error 81 1.1980 0148 ! 4 .8522 .0105

Total T 99 | 2.0945 .0212 1 | 2.6257 .0265

* Abbreviations:

NeSe.

VeSe

Se

n

very significant

significant

not significant
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TABLE VIII

RELIABILITY COEFFICIENTS

Performance 1 Oxygen Intake

Test and Load odd - even training ! odd - even
correlation vs. main !correlation

i

¢
t

Tramming -460 1bs. .791 760 664
n O lbs. b3 .709 | 543
" 600 1bs. 702 .837 521
" 900 1lbs. L7 .718 541
" 1500 1lbs. .659 - 674
Ball Lift & Step Test : 811 - .903
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TABLE IX
INTERCORRELATIONS
Performance Oxygen Intake P+0O P-0
1500 900 600 0 -460 B&St| 1500 900 600 0 -460 B&St| 1500 900 600 0 -460 B&St| 1500 900 600 0 -460 B&St
1 2 3 L 5 6 7 8 9 10 11 12 | 13 14 15 16 17 18 19 20 21 22 23 24
1500 1! -
90 | 2 ! w0 -
600 3 57 86 -
Performance 0 L 35 8L 79 _
-460 5 64 76 90 78 -
B&St 6 39 70 58 56 58 -
1500 7 | -1+ -42 =23 =33 =05 1 | -
900 8 |-07 -38 -08 -31 14 =24 49 -
Oxygen 600 9 |-19 =-51 -64 -1 =36 -14 52 28 -
Intake 0 |10 25 =08 15 -18 34 210 55 76 L8 -
-460 |11 17 20 30 11 50 11 47 48 41 86 -
B&St | 12 17 =29 =22 =24 09 00 70 33 74 63 70 -
1500 | 13 62 =03 24 -01 Lz 38 69 3L 28 62 50 68 -
900 | 14 34 68 78 58 85 51 | -02 L2 =20 52 58 =02 23 -
P+0O 600 | 15 60 74 81 56 89 65 11 18 -07 57 71 28 52 87 -
"Effort" 0 |16 L7 66 78 74 90 L7 09 25 =19 53 68 22 L2 85 87 -
=460 | 17 53 62 76 59 92 L6 18 31 =07 62 80 28 52 85 oL 93 -
B&St | 18 36 17 15 12 41 57 n 13 52 51 64 82 78 27 60 L6 57 -
1500 | 19 73 Sk 52 Ls Ll 17 |-78 =38 48 22 22 -38 |-08 23 31 23 21 -21 -
900 | 20 31 87 62 72 43 60 |-54 =79 -54 L6 -12 =37 |-20 2L 39 31 25 04 57 -
P-0 600 | 21 L7 80 95 79 76 b6 |-37 =212 -85 -09 Ok =45 05 62 58 62 55 =11 55 65 -
"Reserves" 0 |22 11 65 L8 82 36 b1 |-55 =66 =71 =70 =41 =54 |-36 12 07 22 07 =20 45 78 62 -
-460 | 23 61 71 80 80 78 58 |=39 =20 =71 =24 <16 =40 13 Sh 50 52 Ny o1 66 58 84 71 -
B&St | 24 08 64 52 52 26 58 1-15 =41 -68 -52 -50 =82 |-34 31 14 09 =05 =34 Lo 64 63 67 66 -

Decimal points are omitted.
N =10

HKB BHR

vVv VYV

.632
0765

549
.716

af = 8

significant 5%,1 i
significant 1%, | e-tailed

significeat 5%,

. 1-tailed
significant I%,}
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TABLE X

AVERAGE INTERCORRELATIONS

{ !

Performance 2 Oxygen Intake l P+0 P-20 i

' i

Ferformance +e647 -.086 +.536 +.565 3

Cxygen Intake -.086 +.567 +.368 -.453 ;
P+ 0 | ’

"Effort" Q +.536 +.368 +.645 1 4,165 :

"Reserves" i +.565 ; -.453 b +.165 % +.627 :

[
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TABLE XTI

VARIANCE _ANALYSIS| WITHIN

INDIVIDUALS

N.I.P.R.

3349

(a) Trends in Performance, log time (b) Trends in Oxygen Intake, liter/minute
|
Subject Source of daf sums of Variance | F ratio PF Signi- sums of Variance| F ratio PF Signi-
Variance squares ! } ficance squares ficance
, !
| Trials 5 171 . .03k 971 | > .30 n.s.* .101 .020 476 | > .50 n.s.*
A Loads L 1.279 « 320 9,099 < 0005 VeSe 1.383 <346 8.150 < ,0005 VeSe
error 20 .703 .035 ; _.848 OL2
Total 29 2.152 ! 2,332
| Trials 5 .282 .056 1.306 > .30 n.s. L27 .085 2.381 < .10 Se?
B Loads 4L 1.482 « 371 8.575 < ,0005 VeSa 2.974 o 7hl 20.709 < ,0005 VeSe
error 20 864 0432 .718 .036
Total 29 2.629 4,120
Trials 5 .275 .055 2.94L 1 <.,05 S. .199 .0LkO 1.659 > .10 n.s.
c Loads L .833 .208 11.159 < .0005 VeSe 2.178 . 5Shh 22.732 < ,0005 VeSe.
error 20 373 .019 479 024
Total 29 1.482 ! 2.855
Trials 5 .122 . 024 <369 > .50 N.Se .219 <Ol 1.511 > .10 NeSe
D Loads L ~303 .076 1.147 £24,30 NeSe 1.190 .298 10.257 < .0005 VeSe
error ‘ 20 1.322 | .066 . 580 .029
i Total 29 | 1.748 1 _ ‘ _ 1.990
Trials 5 155 | .03l 669  1>.50 | n.s. .280 .056 1.044 > .10 n.s.
E Loads [k 1.636 409 8.804 <.0005 & Ves. 1.748 437 8.158 < 40005 | v.s.
error | 20 .929 .0L6 g % 1,072 . 054
Total 29 2,720 i 4 ____{} 3.100 o - - | R S ——
Trials 5 .052 .010 537  1>.50 ., n.s. .237 047 1.259 |> .30 n.s.
F Loads i .916 «229 11.922 | < .0005 . Ves. 34355 .839 22.289 < ,0005 | Vvese
error 20 . 384 019 | ,, <753 .038
Total 29 1.351 | : T ,344
Trials 5 24 .025 1.039 1> .30 i n.s. .260 .052 8h2 > .50 n.s.
G Loads L .688 .172 7.190 i <.001 . VeSe. 2.874 .718 11.641 < .0005 VeSe
error 20 479 .024 ; 1.234 .062
Total 29 1.291 | : il 4,368
Trials 5 .378 .076 1.409 > .10 { n.s. .572 114 2.042 > .10 NeSe
. | Loads L 1.120 .280 5.212 <,005 . V.s. 1.915 479 8.551 < ,0005 | v.s.
error 20 1.074 054 L 1.120 .056
:Total 29 2,572 : 3.606
Trials 5 .10k .021 567  1>.50 ! n.s. .382 .076 2.465  |< .10 5.7
I Loads i 1.098 275 7.499 . <,001 ! v.s. 1.445 . 361 11.669 < .005 VeS.
error | 20 . 732 .037 | . _.619 .031
Total i 29 1.934 ! ) . 2.445
[ ; , ;
Trials i 5 L12 .C82 2.600 | <.025 } Se 251 046 1.592 > .10 NeSe
J Loads Lok .625 156 | 6.824  1<.005 | w.s. 2.270 .567 | 19.521 < .0005 | V.s.
error : 20 458 ,023%3 ¢ ; t .581 .029
'Total 1 20 [ 1.495 | _ L 3.083
* Abbreviations ¢ v.s. = very significant
Sa = significant
5.7 = Dborderline significance
n.s. = not significant
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APPENDIX

INSTRUCTIONS. TRAMMING

"You arc all men. We have here a man's work to do.

I a2m going to tell you and show you how to do it. This

is very simple. I know you will all do it well. Listen
very carefully.

These are the tracks. This is the ngolovan. I
want you to push the ngolovan along these tracks. The

clerk will tell you when to béﬁng the job.

Once you begin you must not stop; kecp on pushing the
ngolovan, and go round and round, until you feel so tired
that you cannot work any more. Then tell the 1lerk, a2nd
he will let you stop. Do not push the ngolovan too fast
or too slow; keep the s=2me speed all the time.

I will show you how to do the job. Hold the ngolovan
here (demonstration) when you push it.

This is a clock (pointing to specedometer). It tells
you how fast you must push thc ngolovan. When you push
it at the right specd this nee¢dle will point here (demon-
stration). Try and kecp the needle at this point all
the time. When you are too fast, the buzzer will sound
(demonstration). When you are too slow, the bell will
ring (demonstration).

Do not pay attention to the other men who are working;
they are not doing the samc work as you.

Now remember:

(i) Do not stop, keep on pushing the ngolovan.

(ii) Keep thc same specd.
(1i1i) Te¢ll the clerk when you are too tired to go on.

We want to sce how long you can work. Try and work like men'
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APPENDIX CONTINUED

INSTRUCTIONS. BALL LIFT AND STEP TEST

"You are all men. We have herc a man's work to do.

I am going to tell you and show you how to do it. This job
is very simple. I know you will all do it well. Listen
very carefully.

This is a ball. This is the ball's box. These =z2re
the steps. These 2arc the three holcs. These are the
lids; they opcn and close at diffcrent times 1ike this
(demonstration).

Your work is to take the ball from the box, walk up
the steps, and drop the ball in this wmiddle opcning. Then
go dcwn the steps; take the ball agnin from the box, 2nd
drop 1t into the same middle opening. You must work so
that, when you rench the top, the middle opening is
opened. If you are too fast you will hnve to wait a bit
before the middle opening opens. If you are too sliow you
will find the middle opening closed; in that case drop the
ball in this hole (pointing) 2nd quickly go down and bring
the ball in time to find the middle opening opened before
it closes again. S0 you sce, you must always be in time
to find the middle opening opened. If you do this, you
are doing your work properly.

(Demonstration by tester,

(i) Reaching the top when middle opening opencd.
(ii) Reaching the top when middle opening alreandy

closed).

Once you start you must not stop. Keep on working’
until you are very tired and you cannot work any more.
Then tell the clerk and he will let you stop.

Watch the clerk; he will tell you when to start.

We want to sec¢ how long you can work. Try to

work like men."








