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Z. Bujas, B. Petz, A. Krković and B. Sorokin 

ANALYSIS OF FACTORS IN INTELLECTUAL PERFORMANCE 
UNDER FATIGUE AND WITHOUT FATIGUE 

I Introduction 

Working several years on the problems of fatigue and the tests 
of fatigue (1), we have become more and more inclined to assume that 
under fatigue there occurs a certain disintegration of the structures that 
are best adapted to the task and then a new integration at another level. 
As is well known, the majority of the tests meant to be applied as the 
tests of fatigue have given no satisfactory results, since it has been pro
ved that a subject under fatigue is also able to perform the test success
fully. However, some of the experiments by various authors, though in
terpreted by these authors in some other ways, suggest that the perfor
mance of work under fatigue is produced by the mechanisms somehow 
different from those which are in action when the subject is not tired. 
For instance, if a subject is asked to hold a certain load at a constant 
height, he will at first perform this task by the isometric contraction of 
the muscles which are best adapted to this task, but after a certain time 
some other groups of muscles, which at the beginning were not engaged, 
will gradually be included into action. Finally, towards the end of the 
work, contraction will affect a great number of muscles which at the 
beginning were out of function. All this happens without any change 
in the work output, i. e. the subject is still able to maintain the load. 

In the course of prolonged mental work, for instance in the case of 
mental calculation going on for several hours, the »immediate« insight 
into the results gradually gives way to the attempts to decompose the 
task into simpler components to finish up with a mechanical operation 
with figures. After that, the subject regains his ability of mental insight 
for a certain time, since such changes in the structures do not seem 
definite. It appears that in the state of fatigue ever new disintegrations 
and integrations of the structures occur. Bill's blocks in mental work 
may be considered an instance of temporary disintegration occurring 
before the subject succeeds in producing a new integration at another 
level. 
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All these changes need not necessarily affect the work output, and 
this is why the changes in the work output have not proved a satisfac
tory criterion of fatigue. 

Finally, that under fatigue a certain disintegration of the originally 
integrated functions does occur is shown by the results of some experi
ments with perceptive illusions. For instance, the Charpentier's illusion* 
based on the integration of perception and the subject's experience is 
less pronounced under fatigue than without it. This is probably because 
under fatigue perception and experience are no longer closely integrated, 
and muscular sensation by itself makes the evaluation of weight more 
accurate. 

II Problem 

The hypothesis of the disintegration of functions cannot be proved 
in a direct way very easily, since introspective observations of the possi
ble changes in the pattern by which the work is performed are not 
reliable, and objective manifestations of disintegration and integration 
do not manifest themselves - for the reasons already mentioned - in 
a uniform way. However, besides introspection and »fatigue tests«, there 
is one more possibility of finding out whether under fatigue certain 
changes in the complex structures that are the basis of the present acti
vity do or do not occur. This possibility lies in factor analysis, i. e. in the 
analysis of correlation profiles as a simpler form of factor analysis. 

The main problems of this preliminary study were as follows: (l) 
to use factor analysis and the analysis of profiles in order to see whether 
the working hypothesis of disintegration and the changes of the mecha
nisms that underlie the activity under fatigue is justifiable, and (2) to 
investigate whether factor analysis, and the analysis of correlation pro
files respectively, can be used as the method suitable and sensitive enough 
to register the changes that are supposed to occur in the complex struc
tures underlying the intellectual activity of a subject performing work 
under fatigue or without it. 

Since factor analysis and the analysis of correlation profiles were 
designed to be carried out with the results obtained in the intellectual 
tests, and the state of fatigue was to be provoked by physical strain and 
loss of sleep, an additional assumption consisted in that »fatigue« could 
be regarded as a general state of the organism, i. e. a state that did 
not relate only to the organs previously forced to intensive or prolonged 
activity. 

* As is known, the illusion consists in that by comparing the weight 
of two boxes, which are of the same weight but of different size, the smaller 
box appears heavier. 
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III M e t h o d s 

One more point why factor analysis and the analysi~ of correlat~on 
profiles appeared suitable is that they are-based on the mt~rc~r~elatwn 
of different tests and that correlation as a measure of co-vanab1hty does 
not directly depend on the average results of the tests. and the st~ndard 
deviation. This fact was·considered important, since a great m_any I~vest
igations by various authors had shown that the results obta:ned In t~e 
study of various intellectual functions performed under or. Wl~~out fah
gue had differed very little, either in average resul:s or vanab1h:y. _ 

In this preliminary work the Thurstone mulhfactor analysiS .of the 
centroid type was used. Its advantage as regards other metho~s lS ~hat 
it involves no additional hypothesis of the number of factors m actwn. 
The second procedure used was Tryon's cluster analysis. . . 

The study of the changes that are suppcised to occur m the fa?tonal 
structure underlying the performance of intellectual tests requir.es a 
very careful selection of tests. Since it was not possible to foresee e1t~er 
the extent or the kind of the changes supposed to occur i~ t~1e factonal 
structure, it was considered most appropriate for the prehmmary e:cpe
riment to use such a test battery as was composed ?f bot~ factonally 
comparatively »pure« tests, i. e. the tests saturated w1th a smgle fact~r, 
and other less »pure« tests which included a reasonable number of dif-
ferent factors. 

A battery of 12 intellectual ability tests was chosen, i. e.: 

Test l. Perception test (number identification) 
Test 2. Reasoning test (verbal problems) 
Test 3: Numerical test . . 
Test 4. Reasoning test (analogy test, verbal form) _ . 
Test 5. Reasoning test- (finding two essential characteristics of ~ ~hm~) 
Test 6. Reasoning test (understanding of the principle of composition m 

a series of words) 
Test 7. Spatial test (Thurstone's »flag test«) 
Test 8. Spatial test PP 
Test 9. Verbal test (after Thurstone) 
Test 10. Perception test (identification of printing errors) . 
Test 11. Identification speed test (recognition _?f a given s1lhouette) 
Test 12. Reasoning test (»Domino<< D 48) 

Since it appeared probable that retesting would produce significant 
changes in the factorial structure*, it was decided to use the· control 
group. For this purpose the first-year psyhology students, who w~re 
mean t to take ·part in the experiment, were divided by random samplmg 
into two groups, the control group numbering 25 and the experimental 
group 24 subjects. 

* This was -experimentally proved ):>y Fleishman -and Hempel _(2) who 
applied the same tests to the same subjects several times in turn, and then 
determined the factorial structure.-
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Fatigue was provoked in the following way. In the evening, the ex
perimental group was gathered in the lecture-room and spent the night 
without sleeping but discussing, reading, listening to music, dancing, etc. 
At 6 o'clock in the morning they went for a lO-kilometre-long quick 
walk. After that the whole group was tested for 2 hours. The control 
group was tested by the same tests after a normal night sleep. 

On a scale ranging from 0-4 each subject, both in the control and 
the experimental group, was asked before being tested to indicate the 
degree of his fatigue. The number of the subjects declaring fatigue was 
higher in the experimental group. In this group there was no answer 
stating »no fatigue« or »slight« fatigue, whereas the control group had 
28% answers of that kind. Furthermore, in the experimental group 
there were 87.5°/o of the subjects feeling »very tired« or »exhausted«, 
while in the control group only 12% of the subjects felt »very tired« 
and none was »exhausted«. 

IV Results 

In accordance with previously known results, the two groups used in 
the experiment, though small in number, showed very similar average 
results in the tests perfomed, so that no difference in the means was sta
tistically significant. There was no significant difference between the 
standard deviations in the two groups either. Table l shows the 
arithemtic means (M) and standard deviations (cr) as obtained in different 
tests in the experimental and the control group. 

Table l 

Means and standard deviations of the control and the experimental group 

l Test l 
Control group 

l 
Experimental group 

M l a M l a 

l 24,60 

l 
4,90 l 23,58 5,05 

2 8,28 3,05 7,83 3,72 l 
3 19,28 5,04 19,13 6,22 

4 6,28 2,87 6,17 3,01 

5 9,44 1,80 
l 

8,54 2,01 

l 6 7,88 2,80 8,21 2,07 

7 8,20 4,12 

l 
8,00 3,58 

8 20,56 5,92 17,54 7,97 

9 22,32 6,57 l 24,38 6,99 

l 
10 16,08 3,55 l 15,71 5,40 

ll 

l 
45,52 2,50 

l 
45,17 2,62 

12 22,08 6,61 20,96 5,68 ~ 
H 

No significant difference existed in the distribution of the results 
of the whole battery either (Fig. 1). 

f -
10 

8 

6 

2 

113,5 145,5 177,5 209,5 2'+1,5 273,5 

Fig. 1. Distribution oj results of the whole battery. Full line: control group. 
Dotted line: experimental group. 

The intercorrelations between all the tests are shown in Tables 2 
and 3. 

Although the results of multifactor analysis were similar to those 
obtained by the analysis of correlation profiles, these results were not 
taken into account, because first, the number of both the subjects and 
the tests was unfortunately too small to secure reliable results, and 
secondly, owing to the shortage of good calculation machines only two 
rotations of the reference axis in the factor analysis were made, whereas 
for a full analysis at least as many rotations as was the number of tests 
would have been necessary. 

Table 2 

The intercorrelations between all the tests in the control group 

l 2 3 4 5 6 7 8 9 10 ll 12 

l 0,26 0,18 0,53 0,19 0,39 0,22 0,03 0,38 0,30 0,03 0,43 
2 0,42 0,54 0,42 0,50 0,29 0,29 0,31 0,51 0,30 0,49 
3 0,28 0,10 0,22 0,13 0,24 0,02 0,43 0,05 0,39 
4 0,60 0,79 0,44 0,43 0,44 0,53 0,03 0,69 
5 0,49 0,21 0,14 0,16 0,22 -0,36 0,40 
6 0,48 0,29 0,29 0,53 0,04 0,73 
7 0,71 0,43 0,13 0,25 0,45 
8 0,22 0,05 0,13 0,27 

.9 0,12 0,08 0,42 
10 0,25 0,49 
ll 0,18 
12 
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l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 

Table 3 

The inercorrelations between all the tests in the experimental group 

l 2 

0,11 

3 4 5 6 7 8 

0,38 -0,15 -0,22 -0,07 -0,07 -0,10 
0,38 0,37 0,42 0,47 . 0,29 0,33 

0,44 0,14 0,52 -0,04 0,34 
0,48· 0,67 -0,14 0,36 

0,27 0,24 0,19 
0,21 . 0,41 

0,56 

9 10 

0,08 0,42 
0,48 0,18 
0,56 0,15 
0,39 -0,01 
0,39 -0,23 
0,45 0,32 
0,23 O,Q7 
0,44 0,20 
--0,02 

ll 12 

0,19 0,34 
0,28 0,25 
0,26 0,53 
0,36 0,34 
0,06 -0,12 
0,36 0,52 
0,10 0,08 
0,18 0,42 
0,48 0,40 
0,10 0,23 

0,38 

In Tryon's cluster analysis we started with the assumption that the 
group tested without fatigue should show a certain logic in the factorial 
structure, and that this structure in the group tested under fatigue, might 
be deranged, if fatigue produced disintegration. Of course, what one 
could expect from such a fairly insensitive method was only .an orienta
tion es tima te, but this was the". very. thitig at whiCh. this preliminary 
study was aiming. 

·· Comparing the interccirrelation profiles of the control group, it was 
found that they formed l o g i e a ll y j. u s t if i a b l e e l u s t e rs : the 
intercorrelation profiles of all five reasoning tests comprised one cluster, 
both spatial tests one,cluster,· and both perception tests one cluster. The 
numerical test, the test of the speed cif identification, and the verbal test 
formed no clusters with any other tests, since there were no factorially 
.similar tests in the battery. 

However, the tests forming clusters in the control group d i d n o t 
any longer formed clusters in the experimental 
gr o u p. While in the control group .(K) the intercorrelation profiles of 
all reasoning tests gave the cluster as seen in Fig. 2, in the experimental 
group (E) the same tests gave evidence that the factorial structure 
engaged: in the solution of the problems under normal conditions disap
peared in the state of fatigue. Fig. 3 shows a cluster formed from two 
perception tests in the cont~ol group (K), while in the experimental group 
(E) there·· was no cluster at all. Even in, the relatively high-loaded spatial 
tests (Fig. 4), which in the control group (K) gave similar intercorrelation 
profiles, irr the experimental group (E) this similarity was decomposed. 

In the experimental group .there appeared some other intercorrela·· 
tiori profiles which were all similar in shape, but we have not as yet been 
able to explain them. For instance, we could identify a cluster composed 
of a reasoning test and a spatial test (Fig. 5), a cluster composed of a 
numerical, a perception, and a reasoning test (Fig. 6), and a clustei 

.16' 

o • 

w 

-·-· ... --.:.· ····· ., .. ··· ..... 
"-.../ ······· 
':·-~ ..... ---~·· 

" ,-"· ""__...:6 • ... .;..., ::z. 
j··:.::::-:-.:::.'--• 
/ . 

® e 

\D . 

2 Acta Ins•tituti .psychoiogLci 

o 

C\1 

l 

(\J . 
l 

.... . 
l 

..,. 
l 

17 



ii
 H
 

.....
. 

co
 

.....
. 
~
 

.6
 

.4
 

.2
 

.o
 

-.
2

 

K
 

E
 

l 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
ll

 
12

 

F
ig

. 
3.

 I
n

te
rc

o
rr

e
la

ti
o

n
 p

ro
fi

le
s
 o

f 
p

e
rc

e
p

ti
o

n
 t

e
st

s.
 
O

n
 t

h
e 

le
ft

: 
co

n
tr

o
l 

g
ro

u
p

 
(K

).
 

O
n

 
th

e 
ri

g
h

t:
 

ex
p

er
im

en
ta

l 
g

ro
u

p
 

(E
).

 
A

s 
is

 
se

en
, 

in
 

th
e 

ex
p

er
im

en
ta

l 
g

ro
u

p
 

th
e 

tw
o

 
p

er
ce

p
ti

o
n

 
te

st
s 

do
 

n
o

t 
fo

rm
 

a 
u

n
if

o
rm

 
pr

of
il

e.
 

K
 l l l l 

(j
) 

E
 l 

l 
l 

l 

.6
 

.4
 

.2
 

.o
 

lO
 

l
l
 

1
2

 

-.
2

 

-.
4

 

.6
 

l 

\\. 
,~

-~
 .. 

l l 

l 
' 

.....
._ 

l 
/®

 
l 

l 

l l l l l 
l 

l 
l 

l 
l 

l 
-

,-
l 

-
l 

l 
2 

3 
4-

5 
6 

7 
8 

9 
lO

 
ll

 
12

 

F
ig

. 
4.

 
In

te
rc

o
rr

e
la

ti
o

n
 

p
ro

fi
le

s
 

o
f 

s
p

a
ti

a
l 

te
st

s.
 

O
n

 
th

e 
le

ft
: 

co
n

tr
o

l 
g

ro
u

p
 

(K
).

 O
n

 t
h

e 
ri

g
h

t:
 e

x
p

er
im

en
ta

l 
g

ro
u

p
 (

E
).

 T
h

e 
si

m
il

ar
it

y
 o

f 
pr

of
il

es
 i

s 
re

d
u

ce
d

 
ir

i 
th

e 
ex

p
er

im
en

ta
l 

g
ro

u
p

 . 

.2
 

.o
 

-.
2

 

-.
4

 

l '-" 



.6 
.6 , 

l , 
_.4 

l 
l 

.4 l 
l 

l l 
\ 

"' 
l 

.2 \ l 
.... _.J .2 

,o 
.o 

2 3 4 5 6 7 8 9 lO ll 12 

-.2 

Fig. 5. Intercorrelation profiles of a reasoning test and a spatial test in the 
experimental group. 

E 

Fig. 6. Intercorrelation profiles obtained in the experimental group from a 
numerical test, an identification speed test, and a reasoning test. 
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Fig. 7. Intercorrelation profiles of a verbal and a reasoning test in the 
experimental group. 

composed of a verbal and a reasoning test (Fig. 7), but all these clusters 
were less pronounced than those in the control group. 

V Discussion 

We are not going to analyse and interpret the results of the ex
perimental group in detail, since the material available in these preli
minary experiments does not allow us to do so. This could only be done 
on the basis of a complete factor analysis. Nevertheless, even on the 
basis of the results obtained so far, it seems justifiable to answer the 
question of whether in fatigue there occur some changes in the factorial 
structure of mental functions. In the control group we obtained a struc
ture logically corresponding to what could be expected on the basis 
of the tests applied. However, in the experimental group we found a 
quite different structure, in which we could no longer trace the same 
logical link between the intercorrelations as was found in the control 
group. It seems, therefore, that under fatigue a change did occur in the 
structures that were originally best adjusted to the task, and that some 
new structures were formed by which the subjects, at least for a while, 
were able to perform the work as successfully as they did without fatigue. 

As has already been mentioned, some preliminary work is being done 
for the preparation of a larger experiment of this kind, under the 
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a;s'u~~tion that a ~omplete factor analysis carried out on a great number 
o s~ Je.cts and w1th well chosen tests might throw more li ht on the 
qualitative and quantitative changes occurring under fatigue. g 
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CONFIDENCE IN JUDGMENTS OF VARIOUS PSYCHOLOGICAL 
STRUCTURE 

I Introduction 

It has been emphasized already in the first experimental investiga
tions of thought that confidence was an important point of the judgment. 
K. M ar b e (1901), defining the judgment as a thought which can be 
said to be either right or wrong, points out confidence as a constituent 
part of the judgment. R. S. Wo o d wort h (1938), though he stated some 
justified objections to Marbe's definition of the judgment, also brings 
in relief the fact that the forming of judgments consists in fact in the 
progressive increase of confidence. D. M. J o h n s o n (1955), definig the 
judgment as the conclusive part of the process of thinking, stresses the 
importance of confidence as a variable of the judgment. The importance 
of confidence not only for the judgment but also for the action following 
the judgment has been observed in examining the attitudes. If we wish 
to predict the behaviour, it is not sufficient to know only the contents 
of attitudes, but it is necessary to learn strength and importance of 
atti tudes, as emphasized by D. Kr e e h andR. S. er u t e hf i e l d (1948) 
and strength and importance of attitudes manifest themselves in the 
intensity of confidence in the attitude. 

Though confidence has been experimentally investigated in an indi
rect way in the first psycho-physical researches already, made by G. S. 
Fuller t o n and J. M e k e a t t e ll (1892), and periodically has been 
also object of special study (as for instance in the work of H. L. H o l
l i n g w o rt h (1913), a little more investigated in the fortieth of the 
present century (D. M. J o h n s o n, 1939, 1940, 1943; D. e ar t wright, 
1941; L. Fes t i nger, 1943 and others), confidence remained, according 
to J. S. Br u n er, J. G o o d n o w and G. A. A u s t i n (1956), a neglected 
variable of the process of thinking and judging. 

II Problem 

Among the problems which may be taken into consideration for 
being examined in connection with confidence in judging, we chose as 
the object of our researches the investigation of the influence of the 
structure of the judgment upon the degree of confidence in judging. 
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