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From the factorial  analysis of a bat tery of  nineteen individual 
tests seven factors were obtained, six of  them ,being interpreted. 
Some of these factors are probably related to similar ones isolated 
in different batteries and by different authors. The test P~ogressive 
Matrices here analyzed is loaded in some of the factors, as was ex- 
pected according to the nature of its problems and to previous ex- 
perience with the test. The loadings of the tests and of the factors in 
the second-order factors are given. I t  is expected that  this exten- 
sion of factor theory will prove useful for the isolation of more fun- 
damental psychological parameters,  although at present it  is difficult 
to evaluate precisely the theoretical and practical implications of 
this aspect of factor analysis. 

Introduction 
The present paper deals with the factorial study of a battery of 

individual tests, among which were included several of the perform- 
ance type, Raven's Progressive Matrices and some others. None 
of the tests, as far  as inspection can determine, has any verbal com- 
ponent, and it is expected that  such a battery will give information 
about the space and perceptual factors. Raven's Progressive Mat- 
rices, insofar as previous experience w~ith the test seems to indi- 
cate, appears saturated in these same factors, and consequently its 
inclusion in the present battery may give clues about its factorial 
complexity. 

Since the basic works of Thurstone (21, 18), the space factor 
has been found in different batteries of the usual paper-and-pencil 
type. The suggestion has been advanced that  there are several kinds 
of space factors or space-perception factors (5). The Minnesota 
form boards have been reported as saturated only in space (4). More- 
over, the space factor has become of considerable interest, not only 
f rom the theoretical point of view but also as a component of the 
so-called mechanical ab~ility, in the sense that  it has been found re- 
peatedly in studies of this kind (4, 5, 24, 23). 

Perceptual factors have been discovered in most of the studies 

* This study was carried on under a State Department Grant  and a Frank 's  
Fund Fellowship at the Universi ty of Chicago. The author wishes to express his 
most sincere thanks to Prof. L. L. Thurstone for his advice and invaluable assist- 
ance and to V. S. Tracht  for  his help in preparing the manuscript. 
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mentioned above, and their nature seems to be rather complex and 
their relation with the space factor somewhat complicated. The de- 
velopment of tests of spatial and perceptual abilities has been strong- 
ly recommended for the purposes of occupational analysis (17). 

Performance tests have not been employed for factorial studies 
as frequently as the usual verbal paper-and-pencil type. F. Gaw (2) 
says that  "Performance ,tests as above mentioned should be consid- 
ered as essentially measurements of intelligence," where the manual 
response "is but a means to an end." Since the materials commonly 
employed for testing intelligence are usually strongly- dependent on 
scholastic achievement, information, the use of words, and so on, it 
would be interesting to know whether the same fundamental activ- 
ities which play a part  in the performance of paper-and-pencil tests 
are found in a battelw of this kind, where ~these influences are appar- 
ently absent. 

Moreover, group testing techniques have led psychologists to 
stress the importance of the end results of the activity called forth 
in testing. Few of the common paper-and-pencil tests give much in- 
formation about the way in which psychological activity develops 
during the actual performance of the problems. Therefore the con- 
clusions are based more in terms of the final results than in terms 
of the evolution of the process. 

I t  is known that the same end results can be obtained by differ- 
ent means. Each individual has ~ personal way of apprehending the 
problems presented to him and solves them accordingly. How are 
these different ways of approach effective for  the solution of the 
problem ? What ,is the rigidity or plasticity that  a person possesses 
enabling him to use different patterns of action ? To what  extent can 
the knowledge of ~hese facts be employed for the improvement of the 
individual ? These and similar questions are of theoretical and prac- 
tical importance, and it is expected that  careful observation of each 
subject during the performance of the tests will contribute to their 
understanding. 

Raven's Progressive Matrices have been cons,idered by Raven and 
Spearman as loaded in "g" (16). The analysis of the items and the 
reports of the subjects seem to indicate tha~t the test  was devised ac- 
cording to noegenetic principles. But the question is: Can its vari- 
ance be attributable to "g" only? Prewious experience with over 
2000 cases (12, 13) seemingly reveals that  different mental functions 
are active in the solution of the items. Moreover, the results obtained 
by means of the Raven tests are indicative of the fact  that  these have 
good discriminative power, can be used in a wide age range, and ful- 
fill most of the requirements needed for  testing normal and handi- 
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capped subjects (3, U ,  12, 13). Therefore the knowledge of its fac- 
torial composition is of theoretical and practical value. 

Furthermore, the study of the second-order domain (12, 20) may 
contribute Co the understanding of many of the problems here under- 
lined, since it appears to refer  to more fundamental components. 

Description of Tests, Population, and Method 
The Seguin-Goddard form board (No. 1) ;* the Healy Construc- 

tion Test A (No. 2) ; the Diagonal test (No. 12) ; and the Triangle 
~test (No. 13) are all scored in time, following the indications given 
by F. Gaw (2). In test 1 the score is the time taken in the shortest 
of three trials. Tests 2, 12, and 13 consist of rectangular wooden 
frames and a certain number of wooden blocks to fit in them. Test 
2 has six rectangular blocks; Test 12 has five wooden blocks, three 
triangular, one rectangular, and one trapezoidal; and test 13 has a 
square and a rectan.gular frame, both cut in the same wooden board 
where four identical triangles have to be fitted exactly. Each test has 
a time limit and the score is the number of seconds that  the subjects 
employ for the solution of the test. 

In the Cube Imitation test, No. 11 (2), the experimenter places 
in a row in front  of the subject four black cubes, all of the same size ; 
then with a fifth cube he taps them according to a special pattern of 
varying difficulty, which the subject must then repeat. There are 
twelve different patterns, and the score is the number correctly re- 
produced. If the subject fails in three successive trials, the test is 
terminated. 

The Porteus Maze test (No. 8) has been scored and adminis- 
tered according to the ~nstructions given by F. Gaw (2). 

The Object Assembly test was scored as three separate tests: the 
Mannequin (No. 3), the Face (No. 4), and the Hand (No. 5). The 
number of pieces placed correctly within a certain time limit gives 
the score. For more details, the reader is referred to D. Wechsler 
(22). 

Cancellation of letters, test 9, is similar to the current tests of 
the same name. 

In Cancellation of Figures, test 10, the subject has to cancel all 
the squares which have an extra line placed inside and in the same 
position as the one in the square drawn at  the ~op of the page. 

Digits forward, test 6, and Digits backward, test 7, axe similar 
to the current  tests of the same name. 

Drawing of a man, test 19, was scored according to the instruc- 

* The numbers following the names of the tests refer  to the code number 
employed in the present article. 
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tions given by C. Burr (1). Three different judges scored each sub- 
ject. Tests 8 and 9 are both scored in terms of mental age, showing 
a very close agreement in the results. The means and standard devia- 
tions for  test 19 and test 8 are, respectively: means 9.406 and 9.554, 
with standard deviations of 1.564 and 1.68L These values are not 
statistically different. 

Raven's Progressive Matrices--Sets A, B, C, D, and E--were 
scored as separate tests: Nos. 14, 15, 16, 17, and 18, respectively. The 
whole series consists of 60 patterns in which a part  is missing, and 
at the bottom of each pattern there are six or eight different parts 
that  fit in the missing part, only one of which the subject has to se- 
lect to complete it. There is no time limit and the score is the num- 
ber of items answered correctly. In the present population the mean 
and standard deviation are 27.48 and 9.29. 

In the present study all the tests were given individually in dif- 
ferent  sessions, none of them lasting for more than an hour. The 
whole period of testing was completed in no more than three ses- 
sions, each session in different days. 

The age of the 138 subjects of both sexes ranges between eight 
and fifteen years, with a mean age of 11 years 4 months, and a stand- 
ard deviation of 1.860. The subjects were randomly selected from 
different schools. 

The correlations between the variables are given in Table 1. The 
centroid matrix in Table 2 was obtained af ter  three successive fac- 
torizations, that  is, to the point where the communalities were stable. 
The residuals were negligible af ter  seven factors were removed. Their 
root mean square deviation has a value of .023. 

The centroid matrix was rotated by different methods according 
to the development of the problem. In all, 23 radial rotations were 
made, plus several triaJs with the single plane method and other de- 
vices. The final matrix of transformation is given in Table 3. Table 
4 is the rotated factorial matrix, and Table 5 gives the cosines of the 
angles between the reference vectors. 

As was expected from the inspection of the correlations (see be- 
low), the tests cluster along the reference axes af ter  a few rotations, 
although a satisfactory positive manifold was secured only af ter  sev- 
eral rotations. 

The factorization of the correlations between the primaries, 
Table 6, led to the expression of the primary factors in terms of three 
centroids. This factorization was repeated several times in order to 
fix the communalities. The results are shown in Table 7. From here 
it is easy to express the loadings of the tests in the centroids of the 
second-order domain. These values are given in Table 8. 
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Tables 9 and 10 express the matr ix of transformation (obtained 
by plotting directly on the sphere the normalized values of the fac- 
tors and the tests in the second-order centroids) and the cosines be- 
tween second-order reference vectors. Tables 11 and 12 give the satu- 
rations of the primary factors and of the tests in the new reference 
vectors of the second-order domain. 

Discussion ~nd Re~ndts 
The inspection of the table of correlations shows several inter- 

esting facts. There is qttite a wide range in the magnitudes of the 
coefficients and a number of them are negative, mainly, those corre- 
spending to variables 1, 12, 13, and 2, although these four variables 
are  positively correlated among themselves.* 

All these four tests were scored in time, and consequently better 
performance means less time. Reversing their  signs, only fifteen neg- 
ative correlations remain for the whole table of 171 coefficients. Only 
one of these negative correlations may be considered as significant at a 
5 per cent level of confidence. The other ones have no statistical signifi- 
cance. In batteries of this kind, negative correlations have been report- 
ed by different authors. From this analysis one may conclude that  
probably one of the parameters will refer  to speed and will involve the 
four tests mentioned above. 

The five sets of the Raven test are highly correlated among them- 
selves, and in general, have higher correlations than the other tests 
with the rest of the variables. In consequence, it is expected that  
their  variance will be split into several different factors, one of them 
common to all and the others common with several other tests of 
the battery. As stated in the introduction, this was strongly suspect- 
ed from a simple analysis of the tests and a ra ther  extensive experi- 
ence with it. 

The three variables of the Object Assembly test are no t  highly 
correlated among themselves. Only test 4 shows somewhat larger cor- 
relations with the rest of the variables, mainly with the sets of the 
Raven test. 

Tests 9, 10, and 7 have very low correlation with the rest of the 
variables; and the fact that tests 9 and 10 have a very low correla- 
tion between themselves is contrary to expectations, a point that may 
be fur ther  clarified in terms of the factorial composition of the tests. 

Comparison of the loadings of the tests in "g,'" using Spearman 
formula ~21 (16), and their  saturation .in the first centroid shows a 
very close agreement. Nevertheless the residuals af ter  this factor 
has been taken out are still quite large. 

* I t  will be noted in Table 1 that  the signs of variables 1, 12, 13, and 2 have 
been changed. 
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FACTOR B 

14.  R a v e n  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

4 .  F a c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 5  

2 .  H e a l y  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~1  

13 .  T r i a n g l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  

8.  P o r t e u s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 3  

15 .  R a v e n  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  

19 .  D r a w i n g  o f  a M a n  . . . . . . . . . . . . . . . . . .  3 0  

1 7 .  R a v e n  D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8  

12 .  D i a g o n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  

16 .  R a v e n  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  

(Here as in the other factors we shall list all loadings above .20) 
The fact that  Raven A and tests 2, 4, and 13 have high loadings 

in this factor seems ¢o indicate that  it deals with the perception of 
spatial relations. The impossibility of perceiving the relations be- 
tween the different blocks is a cause of frequent failure in tests 2, 
12, and 13. The subjects usually report that  they do not know how 
.the different blocks go together, although they perceive their shape's 
correctly. ~ The subjects usually inspect the blocks carefully, handling 
them in different ways, following their contours with their fingers and 
trying to work partial solutions outside the corresponding frames. In 
spite of this exploration, they fail to bring them together in their  
correct relations. 

Many subjects change from a systematically planned way of at- 
tacking the problem to a random activity; others seem to go through 
the problems by means of a methodical exploration of the parts;  and 
still others, who begin to explore the parts in a random way, reach 
a certain moment in which the problem clarifies itself (insight?), 
and from there on go smoothly to the solution. The experience of see- 
ing into the problem is accompanied by an ev,ident relaxation of the 
subject. Some individuals who verbalize their  actions seem to indi- 
cate by their expression that  they are seeking essentially for the re- 
lationships between the parts in order to obtain the required results. 

In test  4, the perception that  the blocks should make a profile 
seems to help the subjects, but the position o f  some of the pieces does 
not become in any way obvious, for instance those of the ear. In test 
8, it is also clear that  the subjects have to perceive the relations be- 
tween the different walls of the maze to find their way through. 

In the drawing of a man, success depends not only upon the 
number of the parts drawn correctly but also upon the relations o f  
these parts. The older children draw the parts better and relate them 
more loTically. The whole problem, at least in so-called normal chil- 
dren, is pervaded by the influence of better articulation of the parts 
toward obtaining a better "gestalt." 
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The different sets of the Progressive Matrices, with the excep- 
tion of E, have saturations in this factor. Set A reqmres a percep- 
tion of the spatial relations of the different parts. The subject sees 
a whole which has some part  missing. The analysis of the most fre- 
quent mistakes seems to indicate that  the "figure-ground" relation- 
ship in many cases may be characterized as "inverted." 

In Set B, most of the figures imply the play of strong gestalt 
forces. The wrong answers suggest that  the subjects do not see the 
interrelationship of the parts in terms of the total, but merely give 
as a solution one of the figures adjacent to the missing part  in the 
main pattern. In Sets C and D, there are other forces involved and 
the ones mentioned above are less obvious, although present. 

Summarizing, we could say that factor B seems to ,imply the per- 
ception of relations in space necessary for the construction of a whole. 
Since the tests loaded in factor B are different, this factor probably 
portrays some fundamental central component of psychological ac- 
tivity. 

FACTOR C 
11. Cube  I m i t a t i o n  . . . . . . . . . . . . . . . . . . . . .  45 
10. Cance l l a t ion  of  F i g u r e s  . . . . . . . .  44 

7. Dig~ts B a c k w a r d s  . . . . . . . . . . . . . . . . .  41 
15. R a v e n  B ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Test 11 requires the subjects to reproduce a certain temporal and 
spatial pattern. The subject has in front of h.im a series of cubes 
ordered in a row. He has to keep in mind the pattern (factor E) and 
reproduce it against the strong configuration given by the linear ar- 
rangement of the cubes. I t  is interesting to observe that  some per- 
sons do not even attempt to solve the problem in the way they are 
asked but tap the cubes in succession. That this ~s not a simple mis- 
understanding of the order is evidenced by the fact that  some of them,  
af ter  having completed some patterns satisfactorily, fail in the more 
complex ones--either by reproducing some previous pattern (some of 
them are strongly preferred by the subjects) or, strangely enough, 
by tapping the cubes in succession. It  seems that  the subjects have 
to res.ist strong forces which t ry  to destroy the requested "gestalt." 

In Cancellation of Figures the subject has a given percept which 
must be individualized among other somewhat similar percepts. Can- 
cellation of letters represents a different problem, since the materials 
employed are heavily loaded with other components, although the 
task is based on an apparently similar performance. 

In Digits Backwards the subject has to repeat the numbers in 
inverse order, therefore making a configuration while keeping in mind 
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the one previously given. The task is carried on with strong field and 
figures forces working against its completion. 

Apart  from Raven B, where a similar sort of activity is required, 
the remaining tests, other than those listed, are not loaded in factor C. 

I t  is obvious that  other tests such as 1, 19, and 6 do not require 
the sort of activity implied by factor C. In tests 2, 12, and 13, al- 
though there is a conflicting force it works in a different way, since 
the situation deals with the spatial relations needed to build a cer- 
tain pattern without conflicting with any outside ~onfiguration. Fac- 
tor C, on the other hand, refers to the conflict between two or more 
configurations, the elements inside them being given. The more plas- 
tic the subject, the more he is likely to be "gestalt free" and the bet- 
ter  will be the solution. 

This factor is probably in close connection with Thurstone's E 
(19) and Meili's "plasticitY" (6), while factor B seems to be related 
to Thurstone's A (19). New experiments might be devised to fur ther  
clarify this point, probably throwing light upon the dynamics of per- 
ception and the nature of certain "gestalt" forces. Since all the tests 
in Factor C are ra ther  dissimilar, this factor probably transcends the 
content of ~mmediate perception or performance. 

FACTOR D 
3 M a n n e q u i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51  

11 C u b e  I m i t a t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  46  

6 D i g i t s  F o r w a r d s  . . . . . . . . . . . . . . . . . . .  34  

5 H a n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

8 P o r t e u s  M a z e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

18 R a v e n  E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

The interpretation of this factor will require fur ther  confirma- 
tion, since it seems to refer  to a ra ther  fundamental variable which 
has not been isolated factorially up to the present. 

The problem presented by test 3 was usually solved rather  easily. 
The most frequent mistakes are concerned with the wrong location 
of the limbs, ~n the sense that  the r ight  and left sides are frequently 
interchanged. The subject explores both lower and upper limbs, han- 
dling them for a certain while until they perceive the side to which 
they belong. Some others believe that  they have solved the problem 
satisfactorily, but af ter  a while change the position of the limbs to 
their  correct sides. Those who do not solve the problem usually have 
no difficulty with the head piece, but locate the legs or arms in the 
non-correspondent side of the body, this being by fa r  the most fre- 
quent mistake. Therefore it seems that for the solution of this test 
the distinction of left and right side is necessary. 
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In Cube Imitation the subject has to remember a pattern and 
fight against distracting forces, but he also has to recognize that the 
different cubes are placed in certain relations of left and right among 
themselves and with reference to the subject's own body. 

In test 6 the same activity may be needed inasmuch as most of 
the subjects represent the numbers spatially. In test 5 (the Hand) 
the most frequent mistakes consist of transposing the order of the 
fingers, especially those which require a finer discrimination of left 
and right--2nd, 3rd, and 4th fingers. 

The same sort of relationship seems to be clear in test 8 where 
the subject is instructed like this: "Suppose this is the plan of the 
paths in a garden. These lines are the wails which you can not get 
over . . . .  " It  is evident that in such a situation the subject tends to 
think in terms of right and left turns. 

In Raven E a study of the most frequent mistakes indicates that  
many subjects work the problems going in a left-right direction. I t  
is interesting in this respect that Raven and Miller (7) have reached 
a similar conclusion. 

It is probable that. this factor is connected with other space fac- 
tors, but  its significance seems to be different in the sense that the dis- 
tinction of right and left refers to a fundamental bodily dimension. 
The factor is probably connected with the body scheme (Schilder). 
Nielsen (8) says: "I t  is on the basis of handedness and language 
that the major and minor sides are differentiated and the disturb- 
ances of the body scheme are readily separable into those of the ma- 
jor  and those of the minor sides." There are cases of amnesia for the 
limbs of only one side, and Gerstman's syndrome includes, among other 
symptoms, confusion of right and left side, not only in the patient's 
own body but also in that  of others. Sometimes the agnosia extends 
to all animate and inanimate objects. 

The existence and significance of this factor needs better testing 
by means of carefully planned experiments in connection with the 
integration and disintegration of the body scheme. Probably it would 
be more easily isolated in younger ages among normals. 

FACTOR E 
6. D,igits F o r w a r d s  . . . . . . . . . . . . . . . . . . .  55 
7. D i g i t s  B a c k w a r d s  . . . . . . . . . . . . . . . . .  35 

18. R a v e n  E ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
11. Cube  I m i t a t i o n  . . . . . . . . . . . . . . . . . . . . .  23 

This seems to be a memory factor. Digits Backwards and Digits 
Forwards have ewidently a memory component. Cube Imitation re- 
quires memory inasmuch as the retention of the pattern given is nee- 
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essary for the fulfillment of the t a sk  It  is difficult to explain why 
Set E is loaded in this factor. Nevertheless, this set is much more 
complex than the others, and it is not unlikely that  immediate reten- 
tion would play an important part. Other tests of this battery do not 
seem to require memory, in the sense here understood. 

FACTOR F 
1 S e g u i n - G o d d a r d  . . . . . . . . . . . . . . . . . . . . .  51 

12 D i a g o n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49  

19 D r a w i n g  o f  a M a n  . . . . . . . . . . . . . . . . .  34  

13 T r i a n g l e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

10 C a n c e l l a t i o n  o f  F i g u r e s  . . . . . . .  31 

18 R a v e n  E .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

17 R a v e n  D .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

5 H a n d  .......................................... 26 

2 H e a l y  C o n s t r u c t i o n  A . . . . . . . . . . .  23 

Tests 1, 2, 12, and 13, are scored as a function of time. Better 
solution means shorter time. In Cancellation of Figures the subjects 
have to perceive a certain given figure while working at the highest 
possible speed. In Sets E and D of the Progressive Matrices, the 
speed with which certain details are perceived seems to be important 
for  the solution. In many cases the subjects fail to perceive certain 
characteristics of the items and the solution is wrong. The problems 
in these sets seem to be different from the problems in the other sets, 
although some items of Set C seem to require the same sort of ac- 
tivity. It is our experience that  many subjects can not solve these 
problems, although they devote a long time to them. A quick per- 
ception of details is apparently missing, as can be corroborated by 
going over the test following its completion. Once the perceptual de- 
tail has been pointed out to the subject, the solution comes easily. 

I t  is interesting to observe that tests 2, 12, and 13 appear in fac- 
tor B as well, but with this characteristic: the more they are satu- 
rated in B the less saturated in F and, vice versa. In test 2 the per- 
ception of relations has a large share in the variance of the test. In 
test 12 it is usually observed that  the more rapid the perception of 
the trapezoidal piece the easier the solution. In test 13 the problem 
is facilitated once the identity of the p~ieces is apprehended. The 
average times for the solution of these three tests are the following: 
No. 2, 92"; No. 13, 83"; No. 12, 33"--thus adding fur ther  weight to 
the interpretation that  this factor probably deals with speed of per- 
ception. 

Thurstone (19) has described a factor similar to the one here 
mentioned. He says that  in this factor "the subject has no real per- 
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ceptual problem," adding later on "but  we have no evidence that  the 
factor is quite so simple." This factor seems to agree with what  we 
have expected from the analysis of our correlation ~ble .  

FACTOR G 
1 S e g u i n - G o d d a r d  . . . . . . . . . . . . . . . . . . . . .  35 
8 P o r t e u s  Mazes  . . . . . . . . . . . . . . . . . . . . . . .  31 
9 Cance l l a t i on  o f  L e t t e r s  . . . . . . . . .  30 

I t  is not advisable to a t tempt  an interpretat ion of this  factor, 
since i t  appears in only three tests and has small loadings in all of 
~hem. 

FACTOR A 
17 R a v e n  D .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
16 R a v e n  C .................................... 55 
15 R a v e n  B .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
18 R a v e n  E .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
14 R a v e n  A .................................... 34 

All the other variables apar t  f rom the five sets of the Raven test  
have practically zero loadings in this factor, which therefore appears 
as common to all the sets of this test  and corroborates the analysis of 
the correlations. 

This series of matrices has been considered by its author and by 
Spearman as highly saturated in "g." 

The careful analysis of the  60 items will convince the reader that  
the noegenetic principles have been taken into consideration in its 
construction. According to Spearman (15), "g" is a combination of 
both noegenesis and abstraction;  and, referr ing to the test under con- 
sideration, he says that  it can be solved in two ways, viz, analytically 
and synthetically, and that  the former  procedure, not  the latter, tends 
to load noegenetic processes with "g." 

The contribution of other factors to the variance of the Raven 
test  has already being studied. Some of them may refer  to what  Spear- 
man calls synthetic activity. 

One possible way of interpret ing factor A would be to regard i t  
as similar to Thurstone's  I, since the subjects'  reports  indicate tha t  
they t ry  to find a "rule or  principle for  each item of the test." In this 
sense the  test  will probably require the analytical activity mentioned 
by Spearman. Owing to the design of the present  battery, %hese points 
can not  be tested in this study and moreover would lead to the analy- 
sis of the complex relations between "g," I, R, and D, which have 
been dealt with elsewhere (14). Accordingly, i t  is preferable at  this 
t ime to refrain f rom giving any interpretat ion of Factor  A. 
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Study of the Second Order 
Some of the correlations between the primaries are negative--a 

fact which may depend upon the selection of the subjects (20). Never- 
theless, it is difficult to explain how factors can be negatively corre- 
lated in the field of intelligence. By studying Table 6 one realizes that  
most of the negative values correspond to factor F, which according 
to the previous interpretation seems to be connected with speed of 
perception. Since this is the only factor apparently related to speed, 
it would not be too difficult to explain the values of the correlations 
between this primary and the rest of them. 

There are few studies with reports about the second order. In 
a study not yet published (14), the wri ter  employed the technique of 
expressing the original variables in terms of the second-order factors. 
The experience seems to indicate some interesting findings, although 
one must be cautious about giving premature judgment in the matter.  

The basic logic underlying this extension of factor theory resides 
in the fact that if the primaries are correlated, their variance should, 
theoretically at least, be explainable in terms of common variance, plus 
specific and error variance. The factors thus obtained probably refer  
to more fundamental psychological variables, since they are the ex- 
pression of the correlations between the primaries. Expressing the 
tests in these new factors, one may get an idea of how their perform- 
ance clusters around these second-order factors. This technique raises 
many questions not yet thoroughly answered in factorial theory. 

Since part  of the variance of the primaries (uniqueness) has 
been lost in the process of factorization, it is not to be expected that  
the original correlations will be exactly reproduced by means of the 
loadings in the second-order centroids. In the process of rotation it 
is advisable to look for the best fit for  bottl factors and tests, without 
expecting a perfect agreement, for the reasons mentioned above. 

F A C T O R  7 

F a c t o r  A ......................................... 30  

F a c t o r  B .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 

F a c t o r  D ......................................... 62 

F a c t o r  G .......................................... 22 

Factor B was interpreted as perceiving relations in space neces- 
sary for the construction of a whole, which suggests that  this factor 
is of a rather complex nature. 

As can be seen by studying Table 12, all the tests saturated in B 
have loadings in the second order factors y and a. 

Although Factor A was not interpreted, i t  seems to be related 
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to some sort of analytical activity, and all tests loaded in i t  have satu- 
ra t ion in 7. 

Factor  D may well require a discriminative analysis, judging 
f rom the subjects'  reports. Factor  G was not  interpreted. 

Very likely factor  7 represents a sort of analytical activity. Ac- 
cording to the figures in Table 12, i t  is r a ther  general in scope and, 
by the  par t  it  plays in both factors and ~ests, seems to be present  in 
different kinds of psychological performances. Probably it  is related 
to what  has been called abstraction and indicates a ra ther  funda- 
mental dimension of psychological dynamics, such as capacity to ab- 
stract  f rom complex presentations. 

I f  this interpretat ion is correct, i t  is uhderstandable why factors 
F, E, and C are not loaded in 7. 

F A C T O R  a 

F a c t o r  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 

F a c t o r  F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

F a c t o r  G .................................... - - . 2 2  

It  is not possible to interpret  this factor with  certainty. Accord- 
ing to the previous description, Factor  B seems to be related to Thur-  
stone's A (19) and probably to the factors described by Mieli (6) as 
"'complexitg" and "globaliz~tion," which the author  defines as: "'c~ 
pacit~ de rdaliser cledrement et avec precision des structures com~ 
p~exes" and " . . .  / a /ac i l i t$  avec laque~le des donndes relativement 
separges s'unissent ~our former un tout." These two factors, accord- 
ing to MieIi, may go together  but  may also be opposed to his factor  
"plasticitg," which is similar to our Factor  C. 

F has a small loading in a, and probably for  the perfect  opera- 
t ion of this  factor  a certain amount  of syntheses of the  givea per- 
cept may  be needed. 

Therefore, and only as a tentative explanation, this factor  could 
be considered as expressing a certain synthetic (syncretic) activity. 

F A C T O R  fl 

F a c t o r  D .................................... - - . 7 3  

F a c t o r  E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

F a c t o r  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 

This is a bipolar factor, one of whose extremes is represented by 
the memory factor. At  the  present  moment  it is not  possible to inter- 
pre t  it. 
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Summary 
From 19 variables we have extracted seven factors and inter- 

preted only five of them. 
Factor D, which seems to be concerned with the relation of right 

and left, needs fur ther  investigation. 
Factor A can not be easily identified in terms of the present bat- 

tery. 
Factor B seems to imply the perception of relations in space nec- 

essary for the construction of a whole and is probably related to 
Thurstone's A and to MieIi's "complexitY'" and "globalization.'" I t  is 
a ra ther  complex component and its significance seems to transcend 
the actual ~ s t  context. 

Factor C is probably related to the difficulties encountered in the 
construction of a gestalt, when there are  disturbing forces. I t  ,is 
clearly differentiated from factor B and seems to be related to Thur- 
stone's E and to Mieli's "plasticitd." 

Factor F has been interpreted as speed of perception and is 
probably similar to Thurstone's factor of the same name. Since the 
last three mentioned factors, or their  counterparts, have appeared in 
different studies employing different tests and populations, it would 
seem that  they represent certain basic psychological concepts. 

Factor E has been considered as an inmediate memory factor. 
Factor G has not been interpreted. 

Of the second-order domain factors, none has been definitely 
identified. It  would seem that  factor a represents some sort of syn- 
thetic activitY, while factor ~ represents the capacity to abstract f rom 
complex presentations. Probably these two processes play a par t  in 
all intellectual activities, although their  relative weight may vary ac- 
cording to the circumstances. 

Factor fl has not been interpreted. 
It  is evident that the factorial composition of this battery reveals 

the  existence of space and perceptual factors plus one of speed. The 
interrelations between space and perceptual factors is complex and 
probably the stress should be laid more on the understanding of their  
interplay. 

Some of the names usually given to factors are related more to 
the special make-up of the tests than ~o the psychological activity 
going ondn the subjects. Very probably factors wilt have to be classi- 
fied in terms of their  psychological nature. There is a SUSlaicion that  
some of them, such as the verbal and numerical ones, would repre- 
sent the ability to deal with symbols. This ability would possibly be 
different from the one represented by the other factors and would be 
quite general in scope. 
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T A B L E  2 
The  Cen t ro id  F a c t o r i a l  Ma t r i x*  

T e s t  
No. I II III IV V VI VII h2 

1 370 349 2@4 -122  - 0 2 ~  -187  -150  373 
2 404 240 128 067 114 161 093 289 
3 268 -297  295 -349  -032  118 160 409 
4 559 034 -4)65 115 14~ 288 -093  444 
5 390 099 231 -064  -105  091 -053  241 
6 391 -083  202 170 -351  313 -155  444 
7 320 194 -411  110 -279  032 -081  406 
8 578 - 1 1 4  057 -196 202i 179 -146  483 
9 161 055 -299  -110  077 --073 - 2 4 9  153 

10 135 264 -229  -173 -14~2 -2f f l  217 278 
11 410 -157  -237  -424  -263  159 058 526 
12 270 334 194 300 -071  -054  110 332 
13 411 205 058 -038  165 -028  170 273 
14 653 - 2 2 0  -192  189 170 135 169 623 
15 650 -332  -211  074 192 -160  132 663 
16 671 - 3 1 7  -166  216 094 -153  -114  670 
17 751 -313  148 151 179 ~ 2 2  034 843 
18 512 - 1 5 7  199 166 -197  -243  - 1 2 9  468 
19 461 214 093 -088  117 -026  038 290 

* The d e e i m ~  p o i n t  h ~  b ~ n  omi t t ed  fo r  HI the  e n t ~ .  

T A B L E  3 
T he  F i n a l  T r a n s f o r m a t i o n  M a t r i x  

A B C D E F G 

I .32 .41 .20 .25 .23 .36 .18 
II - .56  .19 .12 - .26  - .01 .60 .31 

III - .02  .01 - .64  .43 .05 .37 .00 
IV .35 .28 - .25  - .56  .27 - .08  - .39  

V .00 .65 - .45  - .56  - .88  - .16 .32 
VI -.66 .44 -.09 .26 .24 -.55 -.09 

VII .14 .32 .59 .02 - .18  .19 - .77  
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TABLE 4 
The Rotated Factorial  Matrix* 

Test  
No. A B C D E F G 

1 -01 04 -03 11 0~6 51 35 
2 -08 41 --01 03 04 23 07 
3 ',)6 05 00 51 01 03 -05 
4 03 45 -01 05 11 -04 14 
5 -02 12 03 28 20 26 12 
6 00 65 01 34 55 -02 -04 
7 01 00 41 -01 35 08 04 
8 03 33 -07 24 -02 02 31 
9 00 -01 04 .-06 -04 00 30 

10 00 -05 44 -01 00 31 -02 
11 -02 -06 45 46 2:3 --04 04 
12 
13 
14 
15 
16 
17 
18 
19 

04 23 -4)1 -07 18 40 -07 
04 34 09 00 -09 32 07 
34 50 17 -03 04 -05 -11 
54 31 20 -4)3 -07 03 -03 
55 23 07 -04 11 01 06 
68 28 -06 06 -02 28 04 
45 -05 --(}~ 21 32 29 03 
04 30 03 07 -03 34 19 

* The decimal point  has  been omitted for  all entries.  

T A B L E  5 
Cosines of Angles Between Reference Vectors 

A B C D E F G 

A .99 
B -.12 1.00 
C .05 -.14 .99 
D -.15 -.34 .12 1.01 
E -.01 -.36 .23 .48 .99 
F .13 -.04 .14 .09 .05 1.00 
G -.30 -.06 -.35 -.04 -.23 .13 .99 

TABLE 6 
Correlations Between the Pr imary Vectors 

A B C D E F G 

A 1.~)10 
B .24 1.00 
C .11 .14 1.00 
D .21 .24 .02 1.00 
:E .07 .27 -.06 -.37 1.00 
F -.24 -.09 -.20 -.10 -.06 1.00 
G • 38 .27 .37 .04 .24 -.27 1.00 
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TABLE 7 
Loadings of the Primaries in the 

Centroids of the Second Order 

I' II' III' 

A .49 -.12 -.10 
B .66 .24 .52 
C .29 .02 -.14 
D .31 -.70 .36 
E .1'~ .44 -.04 
F -.38 .08 .25 
G .75 .22 -.37 

T A B L E  8 
Loadings of the Tests in the Centroids 

of the Second Order 

I '  I I '  I I I '  

1 .19 .09 .05 
2 .26 .16 .29 
3 .21~ -.43 .27 
4 .53 .17 .21 
5 .23 -.03 .19 
6 .23 .02 .16 
7 .20 .22 -.09 
8 .61 -.04 .17 
9 .25 .11 -.17 

10 -.04 .02 -.01 
11 .35 -.26 .05 
12 -.03 .22 .23 
13 .23 .09 .25 
14 .53 .11 .25 
15 .53 .00 .11 
16 .55 .10 .03 
17 .51 -.04 .18 
18 .24 -.05 .06 
19 .31 .08 .20 

TABLE 9 
Final  Matrix of Transformation for 

the Second Order 

I '  .00 .15 .70 
I I '  .48 .85 -.23 

I I I '  .88 -.50 .68 

T A B L E  10 
Cosines of Angles Between Preference 

Vectors in the Second Order 

a ~ 7 

a 1.00 
fl -.03 .99 
7 . 4 9 - . 4 2  1.00 

T A B L E  11 
Rotated Factorial  Matrix for the Pri- 

maries in the Second Order 

A -.15 .02 .30 
B .57 .04 .76 
C -.11 .13 .10 
D -.02 -.73 .62 
E .18 .42 -.03 
F .26 -.11 -.11 
G -.22 .48 .22 

TABLE 12 
Rotated Factorial  Matrix for  the 

Tests in the Second Order 

1 .08 .08 .15 
2 .33 .~3 .34 
3 .03 -.47 .43 

.2~ .12 .47 
5 .15 -.09' .30 
6 .15 -.03 .26 
7 .0~ .2~ .03 
8 .13 -.03 .55 
9 -.10 .22 .03 

10 .00 .02 -.04 
11 -.08 -.19 .34 
12 .31 .07 .08 
13 .26 -.01 .31 
14 .2V .05 .52 
15 .10 .02 .45 
16 .07 .15 .38 
17 .14 -.05 .49 
18 .03 -.04 .22 
19 .21 .01 .33 
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TABLE 13 
Loadings of the Tests as  Determined 

by Using Spearman 's  Formula  

1 .351 
2 .402 
3 .224 
4 .559 
5 .386 
6 .371 
7 .285 
8 .576 
9 .144 

1'0 .097 
11 .382 
12 .241 
13 .408 
14 .643 
15 .633 
16 .656 
17 .736 
18 .495 
19 .460 
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