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IN a recent survey 2 of the literature upon the subject of intro-
version-extroversion it was found that there is considerable
agreement among psychologists upon the existence of a dis-

tinction known as introversion-extroversion. Different authors in
denning this alleged dimension of personality disagreed somewhat
as to just where the emphasis should be placed. Some based the
distinction almost entirely upon the direction of interest of the
individual, whether predominantly outward upon the environment
or inward upon the self. Others made the distinction mainly upon
the way in which emotional reactions ran their usual course,
whether freely expressed in overt action, or whether inhibited and
shunted through implicit channels. Still others emphasized the
social aspects of introversion-extroversion. Tests and rating
scales have probably favored this aspect more than any other,
attempting to detect whether or not the individual responds quickly
and easily to social situations. The reader of the literature on
introversion-extroversion is left without being enlightened as to
whether these three aspects, intellectual, emotional, and social,
really belong to one main dimension of personality, or whether
introversion-extroversion is coincident with any one or two of
them. To quote a part of the conclusions of Guilford and Braly,8
"We need very much to know whether there are such constella-
tions of habits, tendencies or dispositions which can be called extro-
version and introversion. A measurement of the frequency of
coincidence of the various partials which have been suggested for
these two constellations, those items of the Freyd list, for example,
will help to determine whether we are talking about such entities
as extroversion and introversion, and to decide just what they do
include. The technique of Spearman for testing for general, group,
and specific factors may be applicable in this case, and may solve
the riddle of personality traits in general. Having established the
reality of such traits as extroversion and introversion, we are
ready to look for simple objective tests and for some physiologi-
cal basis for them."
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From a practical standpoint, also, it is absolutely imperative
that we understand the make-up of introversion-extroversion be-
fore we can secure a valid measure of it. In some brief studies in
which it was essential to obtain some kind of rating of a number
of subjects for introversion-extroversion, the present tests and
rating scales proved to be almost worthless.4 The three tests
that were used, the Laird, the Marston, and the Neymann-Kohl-
stedt, did not correlate very highly with one another.5 And when
the three were correlated with more objective measurements such
as rate of fluctuation of an outline cube and height of the patellar
reflex, some coefficients were negative and some were positive.
The two studies just referred to were inspired by a desire to test
experimentally McDougall's theory of introversion-extroversion.
The authors of the second study were forced to the conclusion
that,6 ' ' One thing is certain, a better agreement upon the descrip-
tion and the rating of introversion-extroversion will have to be
reached before any adequate proof or disproof of McDougall's
theory, or any physiological theory, can be made." Such a state
of affairs demands that the whole concept of the aspect of per-
sonality here under question should be carefully re-examined and
if possible empirically justified. That is what we hope to accom-
plish in this and in a following article.

In the first article, we shall take what we regard as a typical
test or rating scale of introversion-extroversion of 36 items, and
subject it to two different procedures of statistical analysis.
Spearman's technique,7 or rather Dodd's version of it,8 will be
applied first to see whether there is a general factor running
throughout the entire list of 36 items and whether there are any
'group' factors in addition which need to be assumed in order to
account for all the correlations between items. Since group factors
were actually indicated by this technique, we then applied
Thurstone's method of multiple factor analysis9 in order to
determine how extensive these factors are and how many there
must be to account for the correlations. In the second article,
we shall apply Thurstone 's method of similar reactions10 to the
same data. Since Spearman's technique did indicate a fairly
widespread 'g ' factor in the test, involving all but a very few
of the items, we assumed that the items could be allocated along
a continuum, which by the common assent of a number of authors
who have contributed the test items, may be called the continuum
of introversion-extroversion. The scale values of the items as
determined by the method of similar reactions, would serve as
weightings for any future reactions to the test items. It was
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thought that in this manner an empirically accurate measurement
of introversion-extroversion might be set up. It was possible, of
course, to find similar loadings for the test items by carrying out
Spearman's technique. This was done, and a comparison of the
two sets of weights, those from Spearman's method and those
from Thurstone's method, should be of interest from a statistical
point of view. The one set of weights also serves as a check upon
the validity of the other.

In our choice of a 'typical test' of introversion-extroversion,
we did not use any one of the several now in general use. "We
chose rather to devise one of the usual Yes-No type that should
be based upon the universally accepted descriptions of intro-
version-extroversion now available. First, we combed the writ-
ings of Jung n in order to find his own descriptive phrases. We
used the Freyd list,12 itself a kind of symposium of descriptive
material. Of the tests now in use, we considered the Laird,13

the Marston,14 the Neymann-Kohlstedt,15 and the Northwestern.16

There are other tests, but they are almost always variants of
the Freyd list or of the Laird test. Altogether we found 75 un-
repeated items of description, each one supposed to be diagnostic
by at least one of the above writers. Fifty-six of them were con-
sidered diagnostic by two or more authors. Only two of the
items were given by all six authors, five of them were given by
five, thirteen were given by four, sixteen were given by three, and
twenty were given by two different authors. This gives some
idea of the agreement and lack of agreement, although it may be
supposed that some of these writers would accept descriptive
items not included in their tests, and it is true that some of the
items so included are mentioned in varied form a number of times.
From this list of 75 items, we selected 35 as representative. We
attempted to select those items upon which there was most agree-
ment, and those which appeared to duplicate each other a minimum
amount. As it happened, all of the items so selected were
mentioned by at least three of the six authors.

The question might be raised as to how we know that any ' g '
factor found in these 35 items would be the introversion-extro-
version that we are talking about. The only criterion we have
is the common judgment of those who have tried to define and to
describe this very thing. So far as we know there is no better
court of appeal at the present time. There are, however, two
other possible criteria, both more objectively defined than the one
we have used. One is the McDougall test, the rate of fluctuation
of an ambiguous figure, and the other is the use of pathological
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subjects. We rejected the former because, although we may be
inclined to give some credanee to McDougall's physiological
theory, it has been shown in several previous experiments that a
pool of test items similar to the ones given in the above test may
correlate very poorly with the McDougall test. Until McDougall's
notion of the nature of introversion-extroversion agrees better
with that of a half dozen other writers, we are hardly safe in
using his test as a criterion.

There has been some tendency recently" to assume that
dementia prsecox patients are extreme introverts and that manic
depressives are extreme extroverts, and to use the reactions of
these two psychotic groups as criteria of this dimension of per-
sonality. We believe that without further examination of the
matter this assumption is not warranted. The depressed type of
insanity surely shows more of the so-called introverted traits than
extroverted. At least, if one does not wish to prejudice the ques-
tion as to which of the diagnostic traits are introverted and which
extroverted at the start, one can find numerous examples of opposi-
tion between the manic and the depressed upon the items of the
usual test. One can find, also, cases of paranoid dementia and
even catatonic that exhibit glaringly opposite characteristics to
the simple or hebephrenic dementia praecox. We also know, from
personal experience in giving such tests orally to a large number of
psychopathic patients, how little dependence can be put upon their
answers, even in the most seemingly normal cases. For one thing,
as anyone who has administered association tests to such patients
will testify, a verbal stimulus does not have the same meaning to
the average psychopathic patient that it has to the average indi-
vidual who is mentally healthy. If these were the only sources of
error, perhaps the testing of psychopaths with introvert-extrovert
items would not be entirely worthless. But what is an even more
serious matter, the cultural level of the average patient in a public
hospital is so remote from that of the college student, for whom
the typical test is devised, that he cannot interpret all questions in
the same way. His answers "Yes" and "No" may be promptly
given, but additional spontaneous remarks or responses to further
questions of the examiner reveal that the subject may have entirely
missed the point.

We also question the main assumption that the two large groups
of the insane exhibit extremes of introversion-extroversion. Hunt
and Guilford administered the fluctuating cube test to a number of
both groups.18 According to McDougall's theory and the above
assumption, the dementia prsecox patients should exhibit a rate of



Factors in a Typical Test of Introversion-Extroversion 381

fluctuation more rapid on the average than that for normal indi-
viduals and the manic-depressive group should show a markedly
slower rate than normal. The latter was found to be true, with
little doubt. But the average for the dementia prgecox group was
almost identical with that for non-pathological subjects. The para-
noid dement group exhibited extreme variability, from one indi-
vidual to another and in the same individual at different times.
If there is any connection between the rate of fluctuation of an
autlline vube and introversion-extroversion, then it is going
too far to assume at the present time that the dementia praseox
and manic depressive groups give us two clear cut extremes of
the scale. Any test that is validated on this assumption might
be regarded as a differential diagnostic test for these two patho-
logical groups, but it may be nothing more than that. On is not
justified, without further proof to support the assumption, in
calling such a scale of items a test of introversion-extroversion.

The 35 items that we chose for our test are given below. The
numbers in parentheses at the right represent the number of
authors, among the six from whom the items were selected, who
mentioned the items as diagnostic. The wording of the items was
given much consideration, guided by a few general principles. We
attempted to let an affirmative answer indicate introversion as often
as it did extroversion. Whenever possible, the questions were
framed so that either an affirmative or a negative answer would be
equally desirable ethically and personally. It was attempted to
frame as many as possible in the form of "Do you like ?",
assuming that it is easier for an individual to judge what he likes
or dislikes than to judge what his behavior has been, and also
easier for him to be more honest about it. Other statements, where
possible, began, "Are you inclined to ?", so that no one would
be forced apparently into making a more extreme judgment than
he cared to. It is assumed in this study that with few possible ex-
ceptions the questions are not completely disjunctive; that probably
a large group of individuals would distribute normally over the
entire Yes-No range for any one question. The milder judgment,
"Are you inclined to ?", permits an either-or response from
those who are nearer the ends. The instructions that were given to
the subjects are also reproduced here.

INSTRUCTIONS

Below you mil find 36 questions which are to be answered either " y e s " or " n o " .
Bead each question in turn. Think what you behavior has usually been and underline-
either " y e s " or " n o " , whichever answer describes your behavior better. If yott



382 J. P. Gwlford and Ruth B. GuUford

cannot decide, then guess. Be sure to answer every question. There is no implication
of right or wrong in any of these items.

Do you express yourself better in speech than in writing? (3)
Are you inclined to limit your acquaintances to a select fewf (3)
Do you generally prefer to take the lead in group activities! (4)
Do you prefer to read about a thing rather than experience it? (4)
Do you like work which requires considerable attention to details ? (5)
Are you generally very particular about your personal property,
i.e., do you take very good care of your things? (3)
Are you inclined to be considerate of other people's feelings? (4)
Are you inclined to act on the spur of the moment without think-
ing things over? (4)
Have you ever kept a personal diary of your own accord? (3)
Do you work much better when you are praised? (4)
Do you like to change from one type of work to another frequently? (6)
Are you inclined to study the motives of others? (4)
Do you day-dream frequently? (4)
Do you prefer to work with others rather than alone? (5)
Are you inclined to worry over possible misfortunes? (4)
Are you frequently somewhat absent-minded? (4)
Do you like to persuade others to your point of view? (3)
Are you inclined to keep in the background on social occasions? (4)
Are you more interested in athletics than in intellectual things? (3)
Do you usually dislike to change opinions you have already
formed? (5)
Do you like to speak in public? (5)
Do you prefer to work things out for yourself rather than accept
suggestions from others? (4)
Do you have frequent ups and downs in mood, either with or
without apparent cause? (3)
Are you inclined to be slow and deliberate in movement? (4)
Are your feelings rather easily hurt? (4)
Do you enjoy getting acquainted with most people? (3)
Are you inclined to keep quiet when out in company? (6)
Do you adapt yourself easily to new conditions, i.e., to new
environments, situations, places, etc.? (3)
Do you like to confide m others? (3)
Do you express such emotions as delight, sorrow, anger, etc.,
readily? (4)
Are you inclined to think about yourself much of the time? (3)
Do you like to have people watch you when you are working? (3)
Do you frequently rewrite social letters before mailing them? (3)
Do you like to sell things? (3)
Do you get rattled easily in exciting situations? (3)
Are you a male?

The subjects were practically all undergraduates, distributed
among the four classes. There were 930 altogether, including 430
men and 500 women. The test was given a second time, one month
later, to 277 of the same subjects, 163 men and 114 women. This
was for the sake of determining something about the reliability of
each item and of the test as a whole when the items were later
properly weighted. Realizing that there might be sex differences
in the proportion of subjects responding "Yes" or "No" to each
question, and that the correlation between each item and every
other one might be influenced by such sex differences, we had to
take account of sex in some manner. To carry through all the

1. Yes
2. Yes
3 YBB
4 Yes
5. Yes
€. Yes

7. Yes
8. Yes

9. Yes
10. Yes
11. Yes
12. Yes
13. Yes
14 Yes
15. Yes
16. Yes
17. Yes
18. Yes
19. Yes
SO. Yes

21 Yes
22. Yes

23. Yes

24. Yes
25. Yes
26. Yes
27. Yes
28. Yes

29. Yes
30. Yes

31. Yes
32. Yes
33. Yes
34. Yes
35. Yes
36. Yes

No
No
No
No
No
No

No
No

No
No
No
No
No
No
No
No
No
No
No
No

No
No

No

No
No
No
No
N o

No
No

No
No
No
No
N o
No
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computations for the two sexes separately made an enormous task
doubly enormous. We let sex be merely an additional item in the
test and correlated sex with everything else. This is item number
36. Other writers have found that men are inclined a little toward
extroversion and women toward introversion. We can therefore
treat sex as one more diagnostic item along with the rest. For any
given correlation between two items, then, if there is a significant
sex difference involved one can simply partial out the factor of
.sex.

It is too sanguine for anyone to hope that a "Yes" or " N o "
response given by an individual to any one of these questions really
measures that individual's position on the scale of that question.
This would assume that each subject was a good judge of his own
behavior, that he was not self deceived due to any motive of self
defense or of wish fulfillment, and further that if these two things
were true he would tell the truth about himself. We can only hope
that in the long run his reactions do come in the neighborhood of
the truth about himself. With no pretense of any knowledge as
to how truly each reaction measures an individual, we may merely
assume that we are applying 36 verbal stimuli to 930 subjects and
that to each stimulus one of two reactions will occur. In correlating
any item, then, with any other one, we are merely finding the likeli-
hood of a similar response to those two items. But we can take at
least one more logical step. Having found that two items bring a
similar reaction in a large proportion of the cases, we may assume
that the responses to those two items arise from similar properties
or an identical property of the individual, and hence they may be
said to measure the same variable in the same direction. Con-
versely, if two items bring forth opposite reactions in a large pro-
portion of the cases, if they are negatively correlated, in other
words, then it may be said that they measure the same property
but in opposite directions. In either case, nothing may be con-
cluded as to the property being measured; merely that two stimuli
have indicated a single property of the individual. In the final
analysis, this is probably the only way in which a test item of any
sort may be said to measure. If, therefore, we speak of any item in
the test as measuring introversion-extroversion, it is for the sake
•of labeling a property of personality in order to facilitate
•discussion.

The first step in the direction of finding the intercorrelations be-
tween the 36 items was to tabulate every pair of items in a four-
fold table. For example, if we want to find rJ2, the correlation be-
tween items 1 and 2, we make the four following tabulations:



384 J. P. Gudford and Ruth B. Gvdford

Let a12 = the number of cases responding " Y e s " to both items
b12 = the number of cases responding "Yes" to item 1

and " N o " to item 2
Cj2 = the number of cases responding " N o " to item 1 and

"Yes" to item 2
d 1 2 = the number of cases responding " N o " to both items

P12 = a i2 + bi2 QJ.2 = C12 + d12

p'12 = a i2 + ci2 q'12 == hi2 + d12

From such a four-fold table one might either compute a tetrachoric
coefficient or a coefficient of contingency. The latter, with two cor-
rections to be mentioned later, is said to yield a value that is
equivalent to the Pearson r.19 This seemed the more expedient
thing to do. According to Kelley, the coefficient of contingency can
be obtained directly from <£, the product moment correlation be-
tween two point distributions, when there is a four-fold table. $ is
found from the four-fold table by means of the formula,20

ad — be

/ p q p q

in which the notations are the same as those given above. But this
formula assumes that the measurements are in the form of non-
continuous or point varieties, as, for example, classes of eye color.
We have assumed some kind of a continuous distribution for the
responses to the items in the test. The responses are merely forced
into two categories by the conditions of the test. Kelley gives two
corrections by which the proper value of C, the coefficient of con-
tingency may be obtained from <£. The first is the correction in <j>
itself for the number of cells used. With a few transformations,
which we will not take the space to present here, the corrected 4>
for the four-fold table reduces to,

C can then be found by means of the formula,21

- + <?
This coefficient needs the further correction for class index. The
general formula is,22

r r
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Assuming that our distributions are normal, as most human
traits are, the value of r and of r for four-fold table both

equal .798,23 and the product of these is .637. It was a simple
matter, therefore, to divide each obtained C by this common factor.
There are two items in the list, however, in which a distribution of
any kind is very doubtful. Item 36, for males or females, is
obviously more like a point designation, although there are some
who claim that the two sexes are not at all pure types and that
they overlap in their make-up considerably. Item 9 (keeping a
diary) is doubtful. It would seem at first thought that a sharp
line of demarcation could be drawn between those who have and
those who have not kept diaries. The qualification was added to
the question, "of your own accord", however, and this might
have opened up the possibility of expressing different degrees of
willingness to keep a diary. Being in doubt, we retained the
assumption of a point distribution for item 9. As it turned out,
almost all correlations with 9 were zero so that no amount of cor-
rection would have made any difference for this item in most of
its correlations. All the other items, aside from 9 and 36, were
given the correction mentioned above.

The 630 coefficients, which are equivalent to Pearson r 's are not
presented, since the cost of their publication would not be war-
ranted. The reader who is interested in the individual coefficients
may secure them from the writers by request. None of the co-
efficients are very large, the range being limited, with two excep-
tions, between —.50 and +.50. The majority of them look to be
insignificantly small. Tet, due to the large number of subjects
(930), the coefficients are probably very reliably determined. If
they were ordinary Pearson coefficients, the probable errors would
range between .016 and .022. The limits of the correlations ob-
tained under the conditions of our test are therefore rather
narrowly defined, and we have taken any coefficient greater than.
±.10 as being rather indicative of the true amount of relationship
between that pair of items.

In order to see whether the correlations can be accounted for
by assuming only a ' g ' factor and ' s ' factors, we did not attempt
to use Spearman's tetrad differences. With 630 coefficients, the
number of tetrad differences would be enormous and the task
prohibitive. We have preferred to depend upon Dodd's coefficient
of equiproportion to make the same test of the table of correla-
tions. The latter process involves first the determination of the
correlation of each item with an assumed ' g ' factor, (rag), Spear-
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man has given us the formula for this.24 The rag coefficients for
our test items will be found in the second row of Table I. These
coefficients are strictly correct only when there are no group factors
in the table of items. But they are approximately correct when
the influence of group factors is relatively small. We are safe in
assuming that this is true in these data, since all the raw co-
efficients are low.

TABLE I

Item Number
Coefficient of Keliability
Correlation

factor
Weight of

with the g-

the g-factor
Sum of Corrected Corre-

lations

9
1.00

00
00

2.40

10
.80

+ .07
+ .07
4.10

10
.80

—.07
— .07

3 27

20
.51

—.13
—.13
4.11

29
.75

+ .12
+ .12
4.42

4*

+
+5

6.

11
77
00
00
07

21
93
36
41
06

30
71
00
00
05

1
82

+ 26
+ 27

4 26

2
.73

— 50
— .67

6.25

3
.92

+ .44
+ .54

5.35

—

4 .

TABLE I—Continued
12
.81

+ .09
+ .09
2.88

13
.76

— .20
no

4 11

14
.88

+ .27
+ .29
4.16

—
—

5

TABLE I—Continued
22
.65

— 03
— 03
4.13

23
.80

— 20
— 21
5 24

24
.94

— 27
—.31
5.12

—
—

5

TABLE I—Concluded
31
.61

— .19
— 20

4.98

32
.71

+ .26
+ .28
4.07

33
.90

—.08
— .08

2.41.

+
-j-

4

4
72

33
37

51

16
.76
35

.39

.56

25
.84
32

.35
48

34
.91
.34
.38
.21

5
.84

.00

.00

2.51

16
.78

—.35
— 39
4.94

26
.89

+ .43
+ 53
5.44

35
.80

— .41
— .49

6.07

e
.85

.00

.00

3.41

17
.90

+ 22
+ .23
4 44

27
.•87

— .47
— .60
5.91

36
1.00

+ .21
+ .22
4.14

7
.87

.00

.00

3.64

18
75

— .69
€.34

28
81

+ 39
+ .46
5.40

6
.80

+ .11
+ 11

4 99

Knowing all the correlations with the ' g ' factor, it is possible
to partial out the effect of this factor in the correlation between
every pair of items. This yields the residual or 'specific correla-
tion' over and above that caused by 'g ' . Like the values for rag,
they, also, are approximations, but they are probably nearer the
truth than the rag values. The mean of these specific correlations,
disregarding signs, is .137. The probable error of these coefficients
has a maximum value of .022, obtained from the formula,
.6745/VN.25 This is the probable error when r12 g has a value of
zero. The mean is 6.2 times the probable error of these coefficients,
which indicates that the specific correlations are real, and that
the table of items contains group factors.
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Before we attempt to see what these group factors are and
through which items they extend, let us try to guess something
more definite and perhaps more useful about the assumed *g'
factor. Two of the correlations with 'g ' are as high as .50, and
many are above .30. Six of them are zero and therefore the items
involved cannot possess the ' g ' factor. The average specific cor-
relation is very small, indeed not so far from zero, (.137), so that
the error in the approximation of rag should be practically negli-
gible. We can learn at least which ones are negative and which
ones are positive, and therefore to which end of the introversion-
extroversion scale each affirmative answer belongs. We should be
able, then, to see whether the a priori judgments of the writers on
the subject have been correct. We should be able, furthermore,
to compute an approximate weight for each item and to see which
items are most diagnostic. Most tests heretofore have merely
checked a subject's reaction to an item as indicating introversion
or extroversion. All items have been weighted equally. An im-
portant refinement in scoring such tests would consist of a dif-
ferential weighting of the "Yes" and " N o " answers according
as they reveal a certain amount of the ' g ' factor in the test.

We have therefore computed the weights of the items accord-
ing to another of Spearman's formulae.26 These weights are given
with their proper signs, in the third row of Table 1, Fig. 1 illus-
trates in graphic form the allocation of each item along the intro-
version-extroversion continuum. These weights are assigned to
the "Yes" answers to the 36 items only. To the " N o " answers
we may simply reverse the signs of the weights. And herein lie
two new assumptions. One is that the distributions of individuals
upon the different items are equal in range. The other is that the
distributions are not skewed. No one knows whether or not these
assumptions are correct. But we insist that it is better to make
guesses based upon recognized assumptions than to proceed as
has often been done in the past by making guesses based upon
ignorance alone.

One can see in Fig. 1 that items 18 (inclined to keep in the
background on social occasions), 2 (inclined to limit acquaintances
to a select few), 27 (inclined to keep quiet when out in company)
and 35 (gets rattled easily in exciting situations) indicate most
strongly introverted tendencies. The social aspect, which we have
said before tends to dominate all the tests, comes out with strongest
diagnostic value. It may be that the frequency with which this
aspect obviously appears among the different items actually favors
this result. As a group these social items would tend to fortify
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one another, constituting the most general group factor in the
test. This would seem to be borne out at the other end of the
scale where we have indicators of social aggressiveness. Here we
find items 26 (enjoys getting acquainted with most people), 3 (pre-
fers to lead in group activities), 28 (adapts readily to new con-
ditions), 21 (likes to speak in public), and 34 (likes to sell things)
leading the list. But on the other hand, items 28 and 35, which
appear among the leaders at both ends, have no necessary social
implications. And following closely behind at either end of the
scale are items also without any apparent social factor. If these

30
11
9
7
6
5

20
3 1

24

2

IE

£7

25

4

J
16

2?

10
1 1

12

6

S9

7 54

)

f
14

28 1
3

-0 .50 0 +0.50

FIG. 1. Showing to what extent each item is weighted with the g-factor

latter items did not partake of the same 'g ' factor that is found in
the more extreme social items, their weights would approach zero.

The few items which do receive weights of zero are worthy of
note. They are 5 (liking work involving attention to details),
6 (being particular about one's personal property), 7 (being con-
siderate of other people's feelings), 9 (keeping a diary), 11 (liking
to change type of work frequently), and 30 (expressing emotions
readily). And yet these have been rather favorite items in the
usual test. It may be, of course, that the Yes-No type of test does
not yield valid results on such questions as these. But from a
practical standpoint of measurement of personality, such items
yield nothing, apparently, in the way of diagnosing introversion-
extroversion.

Are there any items that yield an opposite diagnostic reaction
to that generally accepted! The results are gratifying to the arm-
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chair psychologist in this respect. With the exception of those
items mentioned above that are seemingly not diagnostic at all,
and possibly one more item which may be reversed to the expecta-
tion of some writers, there is remarkable agreement between theory
and fact. The doubtful exception is item 23 (having frequent
ups and downs in mood). Those who hold that manic depressives
are extreme extroverts might expect an affirmative answer to item
23 to indicate extroversion. It is on the introvert side in Fig. 1.
It may be that the qualification 'frequent' is the key to the situa-
tion. The introverted individual, suppressing overt emotional re-
actions, is more easily thrown into a continued emotional state or
mood than is an extroverted individual. But this would necessi-
tate a distinction in our description of all alternations of mood;
between those of short duration, the transitory, and those of
longer duration, the more permanent.

The loadings of the different items as represented in Fig 1
might very well be used in scoring the test as a whole for the ' g '
factor in it. The validity of test scores so obtained can be esti-
mated by finding the correlation between the best weighted pool
of items and the ' g ' factor. When this is computed according to
Spearman's formula, we get an rpg equal to .871. This is far below
the standard set by Holzinger 27 for the correlation between a ' g '
factor and the best weighted pool of tests, but as compared with the
usual multiple coefficients of correlation, or with coefficients of
validity found in practice, the value is not so low. It is un-
doubtedly higher than the similar measure of validity that would
be found for tests of introversion-extroversion in which the test
items are unweighted in making up the pool.

In order to see how the weighting of test items would work
out in practice, we selected some test papers at random from those
subjects who had taken the test twice. Among these subjects there
were 60 men and 60 women. The loadings as given in Fig. 1 apply
only to the " Y e s " answers. For the " N o " answers we simply
reversed the signs. Then, in order to eliminate negative scores,
we added a constant number to all the loadings. The loadings then
ranged from 0 to 1.4, or by elimination of decimals, from 0 to 14.
The total scores for the 60 men ranged from 157 to 285, with a
mean of 213. The total scores for the 60 women ranged from 133
to 265, with a mean of 211. The coefficients of reliability, test-re-
test, were .767 for the men and .869 for the women. When both
men and women were combined, the coefficient of reliability was
.810. Tryon has shown 2S that the coefficient of reliability measures
directly the percentage of the test measurement that is produced
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by the true thing we are attempting to measure. The actual cor-
relation between the thing we are trying to measure, in this case
the posited 'g ' factor, and the test scores is equal to the square
root of the coefficient of reliability.29 For the two sexes combined,
this correlation would be exactly .90. This should be equivalent
to the coefficient rpg which was obtained in another manner above.
As a matter of fact, the two are very close together. We would
have predicted a value lower than the obtained .87 because the cor-
relations with 'g ' were probably spuriously higher than the truth.
From the self correlation of the test we find that rpg is slightly
higher than .871. This might be taken as reassuring the validity
of the computation of rPE with Spearman's method. On the other
hand, the coefficient of reliability was found by correlating test
scores with retest scores. Although a month elapsed between the
two trials, memory and mental set for self consistency on the
part of the subjects might have played some part in raising the
coefficient of rek'ability. This factor which works toward an ap-
parently increased reliability is offset by another which tends to
lower it. After a month's time the same Ss are often tested in a
quite different mood and certain more permanent changes in per-
sonality may also have occurred.

If the weighted test scores do actually measure from 75 to 85
per cent introversion-extroversion, as obtained from the coefficient
of reliability, and the remaining percentage something else, the test
would undoubtedly be more valid than the majority of personality
tests, and even better than many tests of intelligence. But there
is a feasible method of improving upon this. The lack of perfect
reliability of the test as a whole is caused by the unreliability of
the separate items themselves. It is possible for the same subject
to change his answer a second time, even to those questions that
are most heavily weighted. Such an event makes a sizable dif-
ference in a final test score. It will pay us, therefore, to study the
reliabilities of the separate test items.

Taking the responses of the 277 subjects who had been given the
test twice, and tabulating the four-fold tables just as we did for
the intercorrelation of test items pair by pair, we then found the
coefficients of contingency with the same necessary corrections.
These coefficients will be found in row one of Table I. They range
from .514 to 1.00. Only three, however, are below .70, and. seven
more are below .80. The reliability of the total test, apparently,
is no higher than that for the average test item. There is only
one practical way out of this difficulty, and that is to increase the
number of items in the test, preferably by repeating the better,
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most highly weighted items, a number of times in slightly varied
form. In a psychophysical experiment, in which two alternative
responses are permitted to a given stimulus, one would never think
of stopping after only one application of the stimulus. There are
good reasons, of course, why a repetition of the same stimulus
here would not have the beneficial effect that it has in the psycho-
physical experiment. But a lengthening of the test, such as
has been done in the Northwestern University test, by giving
the same item over again as many as five times, should raise the
reliability considerably. And if the items, in their various forms,
are all properly weighted, this should have the effect of raising
the values of rpg to a really acceptable degree.

Let us now turn to the question of group factors. The large
number of specific correlations indicate that there are some. But
one can hardly guess merely from an examination of these specific
coefficients just how many there are nor just how extensive each
one is. Since the so-called 'g ' factor was found to have no weight
in six of the items, it might be more appropriate to call it a broad
group factor rather than a ' g ' factor in the sense of a universal.
It is, however, the strongest of the factors present, whether re-
garded as a universal or merely as a group factor. The other
factors that exist in the table must be less important. Spearman's
methods do not enable us readily to go on and to analyze the table
of correlations further. Certain methods might be devised for
doing this. We might repeat with the specific correlations the
process which was applied to the raw coefficients, that is, assume
a new ' g ' factor and find correlations of items with it. The next
most extensive factor would thus be revealed. New specific cor-
relations could be determined with both the first two group factors
held constant, and so on, repeating the process until all significant
group factors had been found. The process would be a kind of
'fractional distillation'. "We have not attempted to carry this
out because the procedure lacks mathematical proof and because
when there are specific correlations involved, the correlations with
the general factors are only approximated, and so, also, are the
specific correlations. If this error could be avoided, the method
would seem worth trying.

Thurstone 's method of factor analysis as first introduced *
enables us to survey systematically a table of raw coefficients in
order to detect all the group factors present, no matter how

* Since this paper was written Thurstone has made considerable progress in develop-
ing his method and in simplifying his procedures. The fundamental theory, however,
remains essentially the same.


