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Further Studies
On the Memory Factor

Chapter I
INTRODUCTION*

1. Setting of the Problem

The present series of studies center about the problem of
whether memory may be considered a unitary and differen-
tiable mental trait. The investigations reported in this mono-
graph were undertaken as a continuation and an elaboration
of a preliminary study on the memory factor published in
1930(2). The procedure and results of the present study
should be considered throughout in the light of the earlier
study. The reader is referred to the 1930 study for an analy-
sis and critique of the literature bearing on the general prob-
lem. It was pointed out in that study that it is very difficult
to draw any definite conclusions from the literature on the
memory factor because of various limitations in the techniques
employed by other investigators. The results obtained in the
1930 study yielded several lines of evidence suggesting the

presence of a single common factor through tests of immediate.

rote memory_ for. visually presented material, Furthermore,
this memory factor varied quite independently of performance
in three other tests used, which were taken as measures of
verbal,! numerical,®2 and spatial® ability, respectively. The
data in that study were secured exclusively on a group of male
college students, nearly all of whom were in the junior year.
These results were therefore limited, first, from the stand-
point of the tests used, and secondly, from the standpoint of
the type of subjects on whom they were established. Insofar

as the tests and the subjects constituted random samplings of

* The writer wishes to express her appreciation to Prof. H. E. Gar-
rett, of Columbia University for helpful suggestions and criticisms, as
well as for having allotted a portion of a grant from the Columbia Uni-
versity Council for Research in the Social Sciences to cover the larger
portion of the statistical and clerical expenses of this study.

* Vocabulary Test used by Schneck (26).
? Arithmetic Reasoning Test used by Schneck (26).
! The Minnesota Paper Form Board Test (3).
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6 FURTHER STUDIES ON THE MEMORY FACTOR

certain populations, in the statistical sense, we can generalize
our conclusions to cover the entire populations. Since our
tests represented a fairly wide and random selection of imme-
diate rote memory tests for visual material, we may conclude
that our results indicated the presence of a common factor
through such tests in general, but not necessarily through any
other varieties of memory tests not sampled in our study. Like-
wise, our subjects were fairly representative of male college
students of a certain specified social and racial status (cf. 2,
p. 26-27). We cannot assume, however, that the same trait
relationships would hold for a group differing in sex, age,
race, social or educational status from our experimental group.
It is quite justifiable—in fact, fundamental in most statistical
work—to generalize from the experimental sampling to the
population from which it is drawn, but that population should
itself be clearly defined and delimited, and the conclusions
should not be extended indiscriminately to other populations,
without experimental verification.

A further limitation inherent in any single statistical study
of trait organization is that the results throw little or no light
upon .the nature of the common factor discovered. This is
especially true when the range of functions tested is fairly
narrow and the tests used are similar in more than one respect.
Although the presence of a common factor may be established
mathematically, it is usually difficult to determine just what
it is that is common to all the tests concerned. For example,
the common factor might result from special skills and tech-
niques acquired during the course of general training and edu-
cation. All the tests in which one of these special techniques
or “tricks of the trade’” could be applied would show a common
factor. One such technique is the well-known device of fore-
ing meaningful associations in rote memory tests. Subjects
probably differ considerably in the readiness and appropriate-
ness of such associations, a fact which might account to a large
extent for the differences in performance on such tests. Com-
mon devices such as this could easily produce a common fae-
tor by themselves. A second explanation that suggests itself
is in terms of community of material, or content, of the tests
used. Some subjects may display greater proficiency than
others in dealing with a given type of material, irrespective of
what is to be done with that material. Thus, an individual
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especially adept in mechanics might excel in mechanical con-
struction, perceiving mechanical relations, and recalling me-
chanical facts and concepts. Such special proficiencies in deal-
ing with a certain type of material might in turn have resulted
from any number of factors, such as innate capacity, training,
interest. A third explanation which may be offered to ac-
count for a mathematically established common factor is that
the tests involved are all based on a common mental process,
a unitary trait, which is manifested to a greater or lesser
degree whatever the material may be. Other explanations
could no doubt be suggested. All too often the third explana-
tion is assumed to be the correct one, although there may be
no direct evidence for it in the data. By repeating an investiga-
tion on different types of subjects, and using different combi-
nations of tests covering a wide range of material, it should
be possible to arrive at a somewhat clearer understanding of
the nature of the common bond.

I1. Plan of the Present Study

The present study is divided into three parts, each part rep-
resenting a separate investigation. In Part I, the results of
the 1930 study were checked on a different population. The
subjects were college women, one year younger on the average
than the college men used in the earlier study, and the ma-
jority were sophomores rather than juniors. In addition, it
was possible in the present study to analyze more fully the
relation between memory and the verbal and numerical fac-
tors, since two verbal and two numerical tests were used,
rather than one of each as in the earlier study. Tetrads could
therefore be computed with two memory tests combined with
two tests of one of the other abilities, and the independence of
the group factors involved could be demonstrated. In the
1930 study, it was not possible to demonstrate the independ-
ence of the memory factor by means of the tetrad criterion, but
only by the size of the correlations themselves. Finally, the
data in Part I of our study offer a means of checking on a
different population some of the results on the verbal and
numerical factors, secured by Schneck (26), since some of the
original tests used by Schneck were repeated on our subjects.
Part I may, therefore, be characterized in general as a check-
ing over of results formerly obtained, by varying the type of
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subjects. No new tests were used, and the procedure was
purposely kept identical to that previously followed.

In Part II, the tests themselves were varied. Our main
‘purpose now was to find the extent of the memory factor and
to throw some light, if possible, on its nature. Can the mem-
ory factor previously found be regarded as sheer retentivity,
so that it will be manifested in any test involving retention, or
is some of the overlapping found due to similarity of material,
special techniques, etc.? The tests used in this part of the
study differed as much as possible from each other and from
the earlier tests, the only common feature through all of them
being the fact that the subjects were required to retain cer-
tain impressions, in each test.

Part III is a special analysis of logical recall and recogni-
tion. In any analysis of the memory factor, the relation of
these two processes should be considered.” They have fre-
quently been discussed as two separate processes, and state-
ments have been made as to their relationship, their relative
difficulty and the differences in their susceptibility to various
factors.t In this study, our aim was to make the tests of re-
call and recognition as comparable as possible, so as to elimi-
nate the effect of any extraneous factors.

The implications for the memory factor of all the three
studies are brought together and analyzed in Chapter VII.
Hypotheses regarding the extent and nature of the memory
factor are offered, in the light of the results secured through
the various attacks on the problem in Parts I, I, and I1,

‘Cf., fof example, Strong (30, 31) and Hollingworth (11).

PART I*
Chapter I1

PROCEDURE

I. The Subjects

The subjects in this study were 186 women students at
Brooklyn College, enrolled in five sections in introductory
psychology, the individual sections containing from 29 to 42
students. All subjects whose records on any one test had to
be omitted because of absence, misunderstanding directions, or
any other irregularity of procedure, were excluded entirely
from the final experimental group. This left a remainder of
140 subjects on whom are based all the data reported in this
study. The group was very homogeneous: nearly ail the sub-
jects were sophomores; the large majority were American-
born of Russian Jewish parentage, and came from middle
class homes. Age variability was very slight, but in order to
reduce further its effect on individual differences in test per-
formance, it was held constant in all the correlations by the use
of the partial correlation technique. Data on the homogeneity
of our group were secured by having each subJect fill out a
questionnaire, which is reproduced below.

DATA SHEET—A—

NAIME. . e cevrrnsesscncescessossssanasonnanse C}ass ................
Age: Years.......... Months.......... Place of Birth................
Mother’s Birthplace..........ccu00 Father’s Birthplace...............

Father’s Education:
Elementary School....cvouiiiiiiiieiniieciiiinninenenaanes
High School...cccueiiniineierieiienatnisssscatasnsaasonaes
COllEZE vvvvvvinneooanceerosoanarnsassnasasssosnsscasannans
Are you Jewish?. ... .o iiierieiiiaecaniioiiecasiaseiasosnnncseronnss
Do you have any part-time employment while at college?.....cvvvunnns
If s0, how many hours per week does it occupy?........c.oivieiianen

The results of this questionnaire are summarized in Table I.
All the figures in that table are expressed as percentages,

* The writer is indebted to Dr. S. E. Asch of Brooklyn College for h1s
cooperation in obtaining the subjects and for administering the tests
this part of the study.
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Mother's

Birthplace

Father's
Birthplace

Birthplacs

United States

Table I

ANALYSIS OF SUBJECTS

Age

Mean =18.61
G
Bk

S.D.
Ra
Sk/e
Ku

Class

Low Junior
Sophomore

33
39
20

- MNO

19

WO M N
-

0 OV vt
Qt\? QOOO

British Isles

Russia and Poland
Germany

y
Norway and Sweden

X

Austria

: 16.33 to 28.25

=—0.85

= 134
= 2108 =.0235

Upper Freshman

5
16
3
2

ol

Hours of Outside
Emp
1- 4
59
15-19
20 and Over

None
10-14

10
30
38
15

7

r

Father's Occupation
ified*

Merchants, Shopkeepers,

and Clothiers

Clerical and Selling
Professional and Semi-Professional

None 8

Skilled

20
4

51
25

Father's Education

Nonein U. S.

ege or Professional School

School

ﬁh

Col

Elementary School
Hi ary

60
40

Spoken at Home

Other Language
Yes

No

77
23

*Includes: deceased, retired, and unemployed.

Jewish

Yes
No
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except in the case of age, in which the mean, standard devia-
tion, and range of the entire distribution, as well as measures
of skewness and kurtosis, are reported. The measure of
skewness is that given by Kelly (18—p. 77) and reported,
with a correction in the formula for its standard error, by
Dunlap and Kurtz (6—p. 112). A positive skewness with this
formula denotes a piling up of measures at the upper end of
the distribution, a negative skewness, a piling at the lower end.
The measure of kurtosis is also taken from Kelly (13—p. 77).
A value of .26315 obtained by this formula represents the
kurtosis of the normal curve. It will be seen that the age
distribution of the subjects in this study conforms closely to
the normal curve.

1I. The Tests _

The tests used include four tests of memory, two tests of
verbal ability, and two of numerical ability. The four memory
tests were selected from the 1930 study as being the four sin-
gle tests! which most nearly satisfied the tetrad criterion when
taken together. They were the word-word paired associates,
the picture-number paired associates, the nonsense syllable
recognition, and the retained members for words tests (for
full description, see (2)). The verbal and numerical tests
were taken from Schneck’s study (26). They included a vo-
cabulary test and an analogies test (both given by the multiple
choice method), an arithmetic reasoning test, and a number
series completion test. These tests were selected because they
gave the highest correlations with the verbal and numerical
factors, respectively. Exactly the same procedure was fol-
lowed in giving the tests as in the earlier studies. Revisions
and modifications were purposely avoided so that the present
investigation might offer a direct check on the former results.

The tests were all given by one examiner, the regular in-
structor in the classes used. The procedure was kept stand-
ard by typewritten directions for the experimenter, standard
mimeographed blanks for the subjects in all the tests, and uni-
form timing, controlled by stop watch or metronome. The
testing extended over a period of four months during the
first semester of the academic year 1981-32; it required a total
of three hours and forty minutes, and was scattered over six

* Le., not pooled tests.
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TanLe IT
TESTING SCHEDULE

Approzismate Duration
of Entire Test, in

Period  Tests, in the Order Given Number of Items Minutes*
1. Vocabulary ° 130

II. Anaslogies 40 ;g
III. Number Series Completion 41 35
IV. Arithmetic Reasoning 40 50
V. Word-Word 40 15
Picture-Number 40 15

VI. Retained Members 40 10
8yllable Recognition 80 20

*This does not mean time limit given to the subject: i i
for the i d given jects, but total time required

class periods. The testing schedule, together with the num-
ber of items and duration of each test, are reproduced in
Table II. ‘

All the tests were scored in terms of total number of items
correct. No partial credits were used. The highest possible
score in each test is equal to the total number of items in that
test, as given in Table II. The score in the nonsense syllable
recognition test was taken as total number of items minus
twice the number of wrong items; no omissions were allowed
in this test.

Three scores were computed for each test, viz., the total
score, the score in the “odd” items, and the score in the “even”
items. Reliability coefficients were computed by correlating
odds and evens scores and applying the Spearman-Brown
formula to find the reliability of the entire test.

Chapter III
RESULTS

1. Evaluation of the Tests

All of the data reported in the present chapter are based
upon the 140 subjects whose records were complete. Before
considering the intercorrelations of the variables, the tests
themselves will be examined with regard to variability, re-
liability, and normality of distributions. In evaluating a test,
the variability of the distribution of test scores should be con-
gsidered. When the variability of the test is narrow, differen-
tiation is often poor, unless the test units are small. More-
over, poor differentiation lowers the reliability coefficient of
a test, as well as its correlation with other tests. Tests yield-
ing a high variability are, therefore, desirable in studies in
differential psychology. The normality of the distribution of
test scores may be taken as an index of how well the test is

" adapted to the particular group of subjects tested. If, for

example, a test is too easy for the subjects, there will be a
piling up of scores at the upper end, yielding a positively
skewed distribution; if the test is too difficult, the distribution
will be negatively skewed, with the majority scoring at the

‘lower end.

In Table III will be found the reliability coefficients, means,
and standard deviations, as well as measures of skewness and
kurtosis, for each variable. The tests have been numbered in
the order in which they were given, and will be referred to

“henceforth by these numbers. The reliabilities of the tests
- are fairly satisfactory. They range from .64 to .93, and agree

quite closely with those previously obtained with the same
tests. The one exception is the reliability coefficient of the
analogies test. This is .702 as compared with the reliability
of .879 reported by Schneck (26). But in view of the fact
that the variability of this test is very low—lower than that of

_any of the other tests, in fact—a very high reliability coeffi-

cient would be rather surprising. We should hardly expect,
for example, that it have as high a reliability as the arithmetic
reasoning test (.891), which is a longer test and has a much
higher variability.

13
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TasLe III
EVALUATION OF THE TESTS*

Reliability Stendard

Test Cocefficient Mean  Deviation Sk/osx Ku.

1. Vocabulary L9193 61.5643 16.6494 —0.68 .2310

2. Anslogies 7022 24 .8500 4.0034 —2.63 .2288
3. Number Series

Completion 9317 30.4786 7.1087 +42.85 .2670

4. Arithmetic Reasoning .8910  22.5071 7.2711¢ —2.01 2717

5. Word-Word .8634 17.3786 6.7182 —0.23 .2477

6. Picture-Number .8331 14.7071 6.1732 -—3.23 .2649

7. Retained Members .6608 19.6786 4.3543 —0.63 2777

8. Syllable Recognition .6369 46.7000 10.2342 —0.26 .2761

*The means, standard deviations, and correlations of halves were computed
by the Columbia Ubiversity Statistical Bureau.

In all the tests except number series completion, there is a
tendency towards negative skewness, suggesting that the
tests proved to be somewhat too difficult for our subjects. In
no case, however, is the skewness significant except in the
picture-number test, where Sk is 3.23 times as large as og.
Even in this case, the skewness probably has little effect on
the results. The data obtained with this test do not show any
appreciable difference from those obtained with the other
tests, but seem to behave in very much the same way. The
measure of kurtosis used, (Q/D), yields a value of .26315 for
a normal curve. The standard error of this measure with 140

27779

cases is -\/—I_TO , or .0235. It is clear from Table III that none

of our distributions shows a significant deviation from normal
kurtosis.

II. Intercorrelations of the Variables

In Table IV will be found all the intercorrelations among
the eight tests used. Raw coefficients are shown above the
diagonal extending from the upper left to the lower right hand
corners; corrected coefficients are below the diagonal. Table V
gives the partial correlation coefficients, with age variability
111€}d constant, corresponding to the intercorrelations in Table

The correlations of each test with age are as follows:

FURTHER STUDIES ON THE MEMORY FACTOR 15

1. Vocabulary ...............cout .1460
2. Analogies .....cc.iii it 1478
3. Number series completion........ - —.1442
4. Arithmetic reasoning ............ —.1606
b. Word-word ........ccvvvveueennn —-.0199
6. Picture-number ................ .0434
7. Retained members............... —.1193
8. Syllable recognition.............. —.1126
TasLe IV

INTERCORRELATIONS OF THE VARIABLES*

Variable 1 2 s 4 & 6 7 8

1, Voeabulary .6588 .0918 .2040 .0246 .0718 —.0338 .1301

. Analogies .8200 .2202 .2032 .1841 .0512 L0049 .2787

8. Number Series Completi .0092 .2723 .6902 .1021 .1589 .2255 .0835

-4, Arithmetic Reasoning .2254 .3707 .6480 L0920 1414 2549 .2446

5. Word-Word ,0276 .2364 .1139 .1059 .5075 .6058 .3273

28, Picture-Number L0818 .0669 .1782 .1641 .5084 .4576 .2337

7. Retained Members —.0434 0072 .2875 .3322 .8021 .6167 2714
8. Syllable Recognition L1700 .4168 .0825 .3247 .4414 .3208 .4183

*Raw correlation coefficients above the diagonal, cotrected below.
The raw carrelation coefficisnts were puted by the Columbia University Statistical Bureau.

TanLe V

PARTIAL CORRELATION COEFFICIENTS, WITH AGE
VARIABILITY HELD CONSTANT*

Variable 1 2 s 4 5 [ 7 8
1. Vocabulary .6513 .1153 .2320 .0278 .0661 —.0167 .1400
2. Analogies .8153 .2468 .3246 1801 .0453 .0229 .3005
. ‘3. Number Series Completion .1248 .3069 .5805 .1003 .1651 .2120 .0481
4. Arithmetio Reasoning .2580 .4131%1 .6390 .0809 .1506 .2405 .2310
-5, Word-Word .0313 .2441 .1120 .1038 .5000 .6078 .3273
=6, Picture-Number .0756 .0595 .1876 .1749 .6002 .4666 .2404
7. Retained Members —.0215 .0340 .2715 .3151 .8080 .6313 .2615

8. Syllable Reoognition .1955 .4528 .0627 .3079 .4425 .3308  .4058

*Raw correlation coefficients above the disgonal, corrected below.

Since the group is very homogeneous in respect of age, the
correlations with age are all low, and the effect of partialing
out age variability very slight. Nevertheless, all subsequent
computations are based upon the partial correlations in Table

“ V, in order that even the slight correction for age may be
1 utilized.
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All the correlation coefficients have been reported to four
decimal places. This must not, of course, be interpreted to
mean that they are definitely determined to the 4th decimal.
The accuracy! with which a correlation coefficient has been
determined can best be indicated by its probable error. The
P.E. of the largest raw r in Table V, r;,, is .0328, that of the
smallest, r;;, is .0570. The P.E.’s of the other correlations
will lie between these two extreme values. This shows that
the correlations are barely established to one decimal place,
and can deviate considerably from the ‘“true” value even in
the second decimal place. The main reason for reporting the
correlations to four places is that four place correlations must
be used in subsequent computations, such as tetrads which fre-
quently yield very small values. It has been considered pref-
erable to state the actual values which will be used in these
computations, rather than the nearest two-place values, in
order to furnish the necessary data for anyone wishing to
check the computations.

The correlations in Table V suggest very strongly the pres-
ence of three fairly independent group factors, running
through the tests. The correlations within the memory, or
verbal, or numerical groups, for instance, are substantially
higher than the correlations between any two groups, as an
examination of Table V will reveal. To bring this clustering
out more clearly, average correlations within each group have
been computed. This was done by first transmuting each cor-
relation coefficient into z-scale units (cf. 7, p. 163 to 171),
~ averaging these z’s, and then transmuting this average value
back into a corresponding correlation coefficient. This tech-
nique is preferable to the customary procedure of averaging
correlations directly, since successive z-units represent equal
steps, whereas successive r-units do not. Correlation units
at the upper end of the scale correspond to much larger dif-
ferences in degree of relationship than those at the lower end
of the scale, hence it is especially necessary to use the z func-
tion when the correlations are numerically high, as they are in

1'We here use the term ¢ ‘accuracy” to refer not to computation errors,
but to the closeness with which our data approximate the “true’” values
which would be obtained if the entire population were tested, rather than
a sampling of it, The argument offered above to justify our reporting
the data to four decimasl places is one commonly ngen in statistical work.,
The reader is referred, for example, to Pearson’s Justification of such a
procedure in connection with data reported by him in 1905: (21), p. 53-54.
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the present data. The average correlations, computed by this
‘ method are given in Table VL.

Tasre VI v
AVERAGE CORRELATIONS
Average of Correla-
Average of Raw  tions Corrected
Correlalions Averaged Correlations for Atltenuation
-6 mteroorre]ntlonshof 4 memggt tests b .4136 .5580
8 correlations: each memory paired wit!
8 r;.:cla!? verba.ltgst ost A with .0997 .1391
tions: each memory paired wi
* numerical test .1586 1974
:-v Smgle eorrelation between the two verbal
tests el .6513 .8153
rrelation bet the two numeri
Smgle co on between the ume! " 5805 6300
4 eorrehhons each verbal test paired wi
' each number test 1586 1974

With a sample of 140 cases a correlation coefficient must be
“at least .22 in order to be significant, i.e., over four times as
_large as its P.E. The average correlatlons in Table VI seem
~ to substantiate quite strongly the earlier results on the pres-
ence and mutual independence of the three factors of memory,
rbal ability, and numerical ability.

Some of the individual correlations are of interest. The
highest correlation, for instance, between a single memory test
and a single non-memory test is that between syllable recog-
tion and analogies (r = .3005). This might be expected,
ywever, since the analogies test was a multiple choice recog-
nition test. The vocabulary test also correlates higher with
wllable recognition than with any of the other memory tests
r = .1490). Among the memory tests themselves, the high-
t correlation is between word-word and retained members
(r = .6078). This correlation is much higher than that be-
tween word-word and picture-number (.5090), suggesting
that community of content is probably more potent than com-
munity of method in determining the correlation between two
tests. It can be shown, however, that the correlation between
-~ word-word and retained members is not attributable, even in
part, to “verbal ability” as measured by the two tests of it
which we used. The correlation between word-word and re-
tained members, with variability arising from vocabulary held
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constant by partial correlation, is .6086; partialing out vari-
ability due to both vocabulary and analogies simultaneously,
the correlation rises to .6150. This result does not, indeed,
negate entirely the interpretation of the obtained correlation
in terms of community of content, as the present “verbal”
tests hardly measure all aspects of verbal ability.

III. The Tetrad Analysis

In order to demonstrate more fully the presence and inde-
pendence of the memory factor, tetrad equations have been
computed for various combinations of our tests. These test
combinations include, first, the four memory tests; secondly,
every possible pair of memory tests combined with two verbal
tests; thirdly, every possible pair of memory tests combined
with two numerical tests; and finally, the two verbal and the
two numerical tests taken together. The values of the tetrad
differences obtained are given in Table VII.

TasLe VII
TETRAD DIFFERENCES*

Variables t12a4 ti2as tisa
Memory Tests:
5678 —.0130 —.0196 ~.0066
=+ ,0316 =, 0257 = 0312
Verbal and Memory:
1256 .3302 .3290 —.0112
1257 .3953 .3991 .0038
1258 .2048 .1850 —.0198
1267 .3024 .3047 .0023
1268 .1367 .1499 L0132
1278 .1753 .1669 —.0084
Numerical and Memory:
3450 2804 .2805 .0001
3457 .3287 .3335 .0048
3458 .1668 .1856 .0188
3467 2312 .2390 .0078
3468 .1015 1324 .0309
3478 .1028 .1402 .0374
Verbal and Numerieal:
1234 .3407 .3208 —~.0201
= 0322 « 0333 = 0121
*Key to variables:
1—Vocabulary 5—Word-word
2—Analogies 6—Picture-number
3—Number series completion 7—Retained members
4—Arithmetic reasoning 8—Syllable recognition
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Each row in Table VII contains the three tetrads computed
from the four variables indicated in the first column. All of
the tetrad differences have been computed from the raw cor-
‘relation coefficients of Table VI, with age variability constant.
The P.E.’s have been computed? for each of the three tetrad
ifferences involving the four memory tests, and are given in
able VII. None of these tetrad differences is as large as its
E., the ratios T.D/PE, being .4, .8, and .2 respectively. The
yances in 100 that these values indicate “true’” differences
_greater than zero are very low, being 11, 19, and 5, respec-
tively. It seems clear, therefore, that these four variables
atisfy the tetrad criterion, indicating that a single common
actor is adequate to account for their intercorrelations. This
result corroborates our 1930 study.

Turning now to the tetrads in which pairs of tests of each
trait have been combined, we find equally striking evidence
for the independence of this memory factor from the other
‘traits measured. These tetrads all conform very closely to
the type described by Kelley (14, proposition No. 16, p. 69).
n: that proposition, Kelley demonstrates that, “If the inter-
‘¢orrelations between four variables are such that tjos =
"2,3 and ty3 = 0, they could conceivably have arisen from
our variables x;, x,, X;, and x, through which was a general
actor plus, in addition thereto, a second factor common to x,
nd x,, or a second factor common to x; and x,.” The same
type of tetrad differences results if there is a group factor
through x; and x,, and another group factor through x; and x,.
“When any two of our memory tests are combined with the two
verbal or the two numerical tests, the first two tetrad equa-
-tions in the set give very large and significant deviations from
‘zero, and are equal to each other within their P.E.’s; the third
tetrad difference is never a significant deviation from zero.
The results are so clear cut and consistent that it hardly seems
“necessary to report the P.E.’s of the tetrads in order to estab-

* The formula used is that reported by Kelley (14), p. 49:
tiagy == —\7—-[1" + "n + a9 -+ % + 2rpruraru 4+ 2rurululn —

 OruTuTs — 2Palils — 2Talulu — 2ralsfu + thm (Ps + s + Pu +

r', + Pu T — 4)]"‘
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lish this fact. With 140 cases, a tetrad difference of the order
of .2 or .3 is obviously a significant deviation from zero. How-
ever, for the sake of greater certainty, P.E.’s have been com-
puted for the largest and smallest tetrads in each set in order
to give some idea of the range between which the P.E.’s fall.

These P.E.’s have all been computed by the formula given

by Kelley (14) and are reported in Table VIIIL.

TasLe VIII
PROBABLE ERRORS OF SELECTED TETRADS
Numerical
Value of
Designation Tetrad

Variables . of Tetrad Difference P.E. t/P.E.
Verbal and Memory: ties .0023 .0035 .6571
t10a2 .0108 0171 1.1579
tims .3991 .0320 12.4719
Numerical and Memory: tases .0001 .0072 .0139
tars .0374 .0146 2.5616
taas .3335 .0314 10.6210

If we consider first the tetrads involving the verbal and
memory tests, the P.E.’s given in Table VIII are those of the
smallest and largest of the tetrad differences which should,
theoretically, equal zero, i.e., the third tetrad in each set of

three. The P.E.’s of these tetrads are .0035 and .0171, respec- -

tively. Both tetrad differences are much smaller than four

P.E. Of the tetrads which should theoretically be significantly f

greater than zero, tiz;s — .3991 is the largest. The P.E. of
this tetrad is .0320, making the tetrad over 12 times as large
as its P.E. and therefore significant. The tetrads and P.E.’s
given in Table VIII for the numerical and memory tests have
been selected in the same way, and they also support the theo-
retical expectations.

The tetrad equations with the verbal and numerical tests
combined (Table VII), again conform to Kelley’s 16th propo-
sition, indicating the possibility of a group factor through the
two verbal tests and another group factor through the two
numerical tests. The first tetrad difference is 10.568 times as
large as its P.E., the second 9.63 times as large, and the third
1.66. Again we find that t;;3; and ti..s are large and sig-
nificant deviations from zero and t;s. is not significantly
greater than zero. These results agree very closely with those
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;‘of Schneck (26) as regards the verbal and numerical factors.

This is shown by the following comparison:

Teirad Differences Tetrad Differences

Oblained in Schneck’s Obtatned in the Present
Study Study
tiase ’ .3120 .3407
tua .3132 3206
bases .0012 —.0201

IV. Correlations with Central Factor and Regression Equation
The correlations of each of the four memory tests with what

~is common to all four were computed by Spearman’s formula

(29 p. xXvI, Appendix) which may be expressed as follows,

‘when four tests are used:

Ty = 41'12 Tiz _ vrm e _ Jrls T4
T3

a4

Since the tetrad differences with the four memory tests were

‘not equal exactly to zero, the three determinations of r,, are

not identical. In such a case, the customary procedure is to
compute all of the three determinations and then to average
them in order to arrive at the best approximation. This pro-
cedure has been followed in the present study, except that the
correlations were first transmuted into z-scale units and then
averaged (cf. p. 16). The following are the average correla-
tions obtained by this method:

word-word : Ty, — 8426
picture-number: Tge = .6291
retained members: r;; = .7211

syllable recognition: rgs, = .3800

With these correlations, a regression equation was com-
puted, from which scores in the central memory factor could.

- be estimated. The equation is expressed in terms of reduced

scores, the S.D. of each distribution being taken equal to 1.00.
In the equation which follows, x, represents the central mem-
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ory factor and xs, Xs, X1, and X;, respectively the four memory
tests, following the numbering used throughout this study.?

X, = 5467 x; + .2042 x4 + .2729 X; 4 0806,

It will be seen that the word-word test has by far the largest
weight in determining the central factor, the retained mem-
bers test ranks second and the picture-number third, the syl-
lable recognition test having very little weight. Apparently
the central factor is largely verbal memory and is best meas-
ured by the word-word paired associates test. The multiple
correlations of sucecessive groupings of the four tests with the
central factor further support this conclusion. The correla-
tions which follow were computed by the usual multiple cor-
relation formula (8 p. 262, formula No. 58), making use of
the r,’s as well as the intercorrelations of the four memory
tests:

Tos = .8426
Ro<53) = .8740
Ro(ﬁsq) = .9001
Rosersy = .9032

The correlation of the entire battery with the central factor
is very high, .9032. This indicates that the battery measures
the common factor found, whatever it may be, very fully. Or,
stated conversely, it suggests that the common factor found is
defined quite completely by the nature of these particular tests,
and contains little else besides what is found in these tests.
We shall have occasion to refer to this point later.

! The formula used was:

V1= VI—Ta: VI—ax
\/1——1"““ V1—rha, \/1—1‘2;3.:4
V1i—r% V1—Ts: V1I—Tun
~+ Poa.sm X2
VI VI—75, VIi—1tu
V1i—ri V1—re: V11— Pax x.
V191—riy V1I—ra. VI—ria
VIi—ru VI—=7%. VI—ran
Vi—ry V1—r'wa Vi—run

This formula is so expressed that the third order partials in numerator
and denominator cancel throughout, thus saving considerable labor in
computation. .

Xo == Torzm 1

+ Toa.1u

- Tow.in
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Y. Analysis of Variance

From the correlation of each test with the central factor, it
s possible to find the degree to which individual differences in
performance on each test are determined by differences in the
“common factor, i.e., the percentage of the variance of each test
“gttributable to the variance of the common factor. It can be
“readily demonstrated that this is simply the square of the r,,
" of each test (cf. 2, p. 53-54). The remainder of the variance
 is attributable to factors specific to each test, plus errors of
measurement. The variance attributable to all true ability
factors (both general and specific) is equal to the reliability
coefficient of the test,* the difference between this value and
the value for the general factor alone giving the contribution
of the specifics alone, freed from errors of measurement. The
percentage of the variance of each of the memory tests attrib-
° utable to each of the three classes of factors is given in Table
IX.

TasLe IX

PERCENTAGE OF VARIANCE ATTRIBUTABLE TO COMMON AND
SPECIFIC FACTORS, AND TO ERRORS OF MEASUREMENT

9% of Variance Attributable to

Errors of
Test Common Factor Specifics Measurement
5. Word-Word 71 15 14
6. Picture-Number 40 43 17
7. Retained Members 52 14 34
8. Syllable Recognition 14 50 36

" This analysis of variance suggests some interesting possi-

- bilities regarding the relation of the different tests to the cen-
tral factor. The word-word test is based very largely on the
central factor, with a very small contribution from specific
factors and errors of measurement.. Over one half of the
variance of the retained members test is determined by the cen-
tral factor, even though as much as 84 % is attributable to errors
of measurement. Contrast this with the picture-number test, in
which, with only 17% of the variance atfributable to chance

“The index of reliability of a test, \/ Ty, gives the correlation of the

test with a perfect measure of the abilities involved. Hence (\/E) s
or I'u, gives the 7% of the variance of the test attributable to the variance
in the true abilities involved, freed from errors of measurement.
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errors, the percentage due to the common factor is only 40. In
other words, in the retained members test, it is chiefly chance
errors which keep the correlation with the central factor from
being higher, whereas in the picture-number test the correla-
tion is no higher because of the large contribution of specifics
in that test. Syllable recognition also has prominent specific
factors, in addition to large errors of measurement. We again
suggest, therefore, that the common factor is to be defined
largely in terms of such tests as the word-word and retained
members, i.e.,, memory for a certain type of material, rather
than memory tested by some one method.

VI. Conclusions

1. The first conclusion to be drawn from the results of this
study is that they fully corroborate the former results on the
memory, verbal and numerical factors, and their mutual in-
dependence. The very close agreement between the earlier
results and those secured at present lends a certain stability
and positiveness to the data. Ordinarily, if certain data have
low probable errors, statistically estimated, they are regarded
as reliable. The present study may be considered, from one
angle, as an experimental verification of such reliability. The
obtained data have proved to be in nearly every case even
more “reliable,” in this sense, than the probable errors would
have led us to expect.

2. In the second place, our population has been extended,
and may now be defined as including college students of either
sex, very probably from any of the four years of college and
anywhere within the age range of college students, but of a
specified racial and cultural background. (Cf. description of
subjects in Ch. II, p. 9 to 10.) The latter limitation should still
be included, because of the very likely influence of general
training as well as formal education on mental organization.

3. Finally, the data have offered some—very tentative—
suggestions regarding the possible nature of the common fac-
tor found through the memory tests. The fact that the com-
mon factor is measured so completely by the particular bat-
tery of four tests used suggests either of two possibilities. One
is, that our tests measure “memory” in general very exten-
sively and thoroughly—this is ratheér difficult to expect, since
the tests measure a very simple and narrow form of memory.
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"Another possibility is that the common factor found is itself
‘very limited in scope, and that its nature is defined quite com-
‘pletely by the type of activity involved in these tests only. The
argument followed in this discussion is that if our battery had
‘measured the central factor less completely than it does, if,
‘in other words, the multiple correlation between the four tests
‘and the common factor had been lower, we should more readily
‘expect the common factor to extend beyond these tests to other
types of memory. A further suggestion regarding the nature
nf the common factor is that community of content® seems to
be more potent than community of method in determining
‘inter-test correlations. We shall return to these suggestions
in the course of Parts II and III of this monograph, where
‘their implications will be followed through more thoroughly.

*In the sense of actual test material, not mental content.



PART II*
Chapter 1V

PROCEDURE

1. The Subjects

The subjects in this study consisted of women students at
Brooklyn College enrolled during the Spring semester in the
same courses from which the subjects in Part I had been
drawn during the Fall semester.! The number of subjects
originally tested was 217. Of these, 47 were eliminated be-
cause of absence or other irregularities in the records, leaving
a total of 170 used in the final results. Each subject filled out
a questionnaire, just as in Part I. The results of this ques-
tionnaire, given in Table X, show that this sampling was very
similar to that used in Part I, in every respect. The data
in Table X are expressed in the same terms as in Part I, all
the figures except those in the “age” columns being percent-
ages.

I1. The Tests

A total of ten tests were given to all the subjects in this
study. Of these ten, two were selected from the memory tests
used in the earlier study, one was a revision of a “verbal” test
used by Schneck (26), two were standardized tests in general
use, and the remaining five were especially constructed for
this study. It was essential to include a non-memory test in
our set-up, for otherwise, if a common factor should be found
through all the memory tests, we could not tell whether it
was a memory factor, or a general ability factor operative in
all mental tests of this sort. If a memory factor is present
in our tests, its independence can be tested out by correlating
the memory tests with the non-memory test. For this purpose,
the analogies test used in Part I was chosen, firstly because it

* The writer is indebted to Mr. G. W. Lawler of Brooklyn College for
hig cooperation in obtaining the subjects and for administering the tests
in this part of the study.

* Since it was shown in Part I that the results obtained on this popu-
lation coincided very closely with the results of the 1930 study, we may
assume conversely that the findings in Part II will apply also to the popu-
lation of the earlier study.
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Table X
ANALYSIS OF SUBJECTS

Father's
Birthplace

Mother's
Birthplace

Birthplace

United States

Age

Mean =18.42
ange

Class

Low Junior

Sophomore

W 0w

OO - |

0 b e

gdcoacdc

Russia and Poland
Austria

and Sweden
British Isles
Roumania

German;
Italy
Norway

= 3020 =.0705

= (.93
¢ 16.58 to 21.42

=—{0.83

Upper Freshman

Employment

Hours of Outside
per Week

Father's Occupation
cified*

Ya

Father's Education

None in U. 8.
41.5 Elementary School

Other Language
Spoken at Home

Jewish

1- 4

59 -
15-19
20 and Over

None
10-14

10
20
39
19.5

bor

and Clothiers

Clerical and Selling .
Professional and Semi-Profesgional 11.5

None S
Skilled
Merchants, Shopkeepers,

24
33.5
28
14.5

School
ge and Professional
School

High
C(l)ﬁe

58.56

Yes
No

*Ineludes: deceased, retired, and unemployed.
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is one of the best single measures of Schneck’s verbal factor,?
and secondly because tests of analogies such as this have been
repeatedly held up by the Spearman School as being among
the best single measures of g. In this study, a revision of
Schneck’s original test, which had proved to be somewhat bet-
ter suited to college students, was adopted. This revision con-
tains 78 items, instead of the original 40, and is given with a
time limit of 80 minutes.

Two of the original tests of immediate memory for visually
presented rote material were included as reference values, so
that if a common factor should be found through the new
memory tests, we could determine whether it is the same as
the memory factor previously found. For this purpose, the
word-word and syllable recognition tests were chosen because
they differ in method and content and yet both had been shown

to measure the common factor found in the earlier study. The

syllable recognition test was used exactly as it had been in
the previous study. The word-word test differed from the
original only in having a fore-exercise, in which the subjects
were shown five pairs of words not used in the test proper and
were tested on these pairs in the same manner as in the main
test. This modification was introduced in order to facilitate
the understanding of directions, so that no papers would

have to be discarded on this account. Moreover it was hoped .

that we might reduce to a minimum the influence upon test
scores of individual differences in the understanding of direc-
tions. Insofar as possible, the fore-exercise was used in all
the new memory tests, for the same reasons.

Our new tests of memory differ as much as possible from
each other. Since the chief purpose of this study was to dis-
cover if the common factor previously found through a se-
lected group of memory tests was general retentivity, the
attempt was made to employ tests which differ in every pos-
sible respect except that of retentivity. That is, our tests all
involve the retention of impressions over varying time-inter-
vals, but the specific materials as well as the methods of pres-
entation and of testing differ. The interval of delay varied
from practically zero to two days. In some tests, retention
was tested immediately after the presentation of each item;
in others, retention was tested at the end of the entire series

*Its correlation with the central verbal factor was .82 (26).
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of items; and in one test of “delayed” memory in the commo
sense of the term, the interval between presentation and test
ing was two days. The specific tests used are: logical recal
logical recoghition, delayed memory for words, incidental re
ognition of forms, memory for sequences of movement, an
the Seashore test of memory for tonal sequences. Since th
last test has frequently? been found to correlate very highl
with ability to diseriminate the pitch of the sounds heard, th
Seashore pitch discrimination test was also given, in order t
find the relative contribution of retentivity and pitch diserim
nation to performance in the tonal memory test. The new tesf
will be described more fully in the following section.

III. Construction of New Tests and Preliminary Experimes
tation

In constructing the two logical memory tests, the attemy
was made to reduce individual differences in language con
prehension to a minimum. Sentences were short and simpl
constructed, and the passages were written so as to be we
within the comprehension of college students in general. Th
passages were descriptive and narrative, rather than expos
tory. They were rich in concrete detail and did not requi:
the subjects to grasp general principles or abstract ideas. 1
order to reduce individual differences arising from past trais
ing or special interest in a particular field, the use of tecl

‘nical terms was avoided; the material used in recall and i

recognition was drawn from different fields; and finally, tl
passages were chosen so as to be about equally unfamiliar
all the subjects, )

The material finally chosen as best suited to the purpo:
consisted of two prose passages, one describing the archite
ture and building customs of a fictitious primitive race, ax
the other dealing with some of the less familiar aspects of pr
tective coloration in animals. Both passages were read alot
by the experimenter to the subjects. Auditory presentati
was decided upon because all of the memory tests used in t!
former study had been visual, and it was deemed expedie
to study memory through another sense modality. Moreove
from the experimental point of view, the presentation of
prose passage is better controlled and better standardized

* Cf. () and (16).
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the experimenter reads it. If the subjects read it, the quicker
readers will probably finish the passage and reread it, when a
constant reading time is allowed; and if they are directed to
read it through only once, even assuming complete coopera-
tion, some subjects will spend less time on the passage than
others. In either case, uncontrolled factors would be intro-
duced, which can be eliminated by a properly standardized
auditory presentation. Since these tests were to measure logi-
cal memory, the passages were read at a uniform rate but with
natural voice modulations, arranged so as to bring out the
meaning. This was considered preferable to a perfectly mo-
notonous presentation. The rest pauses, as well as the words
or phrases to be emphasized, were indicated by appropriate
symbols on the copy. The reading of each passage required
approximately 12 minutes.

The attempt was made to have the recall and recognition
tests as comparable as possible, as the results were to be used
also in a study of recall and recognition reported in Part III.
Accordingly, the two passages were of the same length, the
directions very similar, and the number of items in the two
tests identical. Recognition was tested by a five-alternative
multiple choice test, recall by a series of very specific short-
answer questions, in which the answer was to be 2 word or
phrase. The items appeared in the test series in the same
sequence as in the passages. In the original form of the tests,
there were 100 items in each. After the test had been given to
a group of 20 male college students in a preliminary tryout,
several of the items were revised and the tests shortened to
80 items. This reduction was made necessary because it was
found difficult for all of the subjects to finish the test within
the 50-minute period that would be available in the experi-
ment proper. Furthermore, the original tests proved some-
what too difficult, yielding skewed distributions.

In constructing the incidental memory test, our main con-
cern was to get a test situation in which the materials would
be carefully attended to and observed, but with no attempt on
the subjects’ part to memorize them. The test finally chosen
was a form recognition test consisting of two parts. Part I
was a test in the estimation of areas. A series of 30 two-
dimensional geometrical figures drawn in India ink on white
cards, were presented one at a time. A series of 10 squares,
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similarly drawn, was visible continuously to the subjects. Each
of the 30 figures shown had been drawn so as to be exactly
equal in area to one of the 10 squares. The subjects were in-
structed to estimate the area of each figure by indicating the
proper square in each case. During this part of the test, the
subjects were given no indication of the fact that they were
to remember anything that was being shown. Immediately
after the completion of the estimation of areas test, a recog-
nition test was given in which the original 80 figures were
mixed in a random but predeftermined order with 30 new
figures. This test was tried out on 18 women students in ex-
perimental psychology at Barnard College, with the special
purpose of determining number of items to be included and
questions of timing. It was not found necessary to introduce
any modification in the test. The timing finaily decided upon
was b” exposure with 3” interval for each card in Part I, and
3" exposure with 2”7 interval for Part II.

The delayed memory test was a retained members test for
words, the words having been selected from the original re-
tained members test which had been used as a test of imme-
diate memory. A list of 30 out of the original 40 words was
tried out on 20 male college students. Since the test proved to be
too difficult, the median score being only 5.5 words correct, the
test was further cut down to only 20 items. The delay chosen
was exactly two days, the two parts of the test being given on
two successive meetings of the class, at the same hour of the
day. Presentation of the words was visual, as in the original
test.

The “memory for movement” test was based in principle on
the “Imitation of Movement’” test in the Pintner non-language
scale (23). The test is administered very similarly to a mem-
ory span. test, since testing is immediate, after each series of
movements, and the response must be completely correct in
order to count at all. The movements were made with a pointer
to and from each of four dots. The dots were painted in black
India ink on a sheet of white cardboard which was tacked on
the wall in front of the subjects. This was considered prefer-
able to using chalk dots on the blackboard, since when using
chalk, the pointer leaves streaks between the dots which may
either aid or confuse the subjects in recalling the movements
made. The experimenter moved the pointer from dot to dot
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according to certain specified sequences, and at the end of each
series of movements, the subjects reproduced them in pencil
on specially prepared mimeographed sheets. The length of
each series varied from four to seven movements. Movements
were made both from left to right and from right to left, the
former always being above the dots, the latter below. Any one
‘dot could be touched repeatedly by the pointer during a single
series, and not all the four dots were used in each series. The
movements were made at the rate of one per second. A two-
minute rest period was given after the twelfth and thirty-first
series, which corresponded to the end of the first and second
pages of the subjects’ data sheets. This was considered neces-
sary since the test otherwise causes considerable strain and
tension. The test was tried out on 30 women students in in-
troductory psychology at Barnard College. The number of

series finally decided upon for the test was 50. These series '

were arranged in an approximate order of difficulty from
easiest to hardest, on the basis of the preliminary results on
the Barnard group. It was decided to suggest to the subjects,
in the directions, the common device of mentally numbering
the dots and counting while the movements are being made,
so as to keep track of the sequence. Several subjects usually
hit upon this device in the course of the test anyway, which
would introduce a spurious condition from our standpoint,
since we want to measure individual differences in retention,
not in the ingenuity with which the subjects attack the fest.
By telling all the subjects about this device beforehand, the
test is made more standard for everyone.

IV. Testing Procedure

All of the tests were given during lecture periods, to sec-
tions of from 15 to 40 students. The tests were given by two
examiners, the regular instructors in the classes used. Those
tests which required more elaborate control of timing, or
demonstrations by the examiner, were all given by one of the
two examiners, in order further to standardize the procedure.
Very detailed typewritten directions were given to each ex-
aminer, describing the exact procedure to be followed and also
giving certain oral directions and explanations to be read by
the examiner to the subjects. The examiner did not say any-
thing during the tests except what was on the typewritten
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sheets. In addition, each subject had further written direc-
tions on the individual data .sheets. Special mimeographed
data sheets were used for each test except the two Seashore
tests for which the standard printed blanks furnished by

~ Stoelting & Co. were used. The specific directions read to the

subjects in each test follow. These directions are reproduced
in full since the directions used so frequently establish a men-
tal set and affect materially the nature of the test itself.

Analogies

The directions for this test were mimeographed on the data sheets.
The examiner reads the directions aloud while the subjects follow them
on their sheets. The directions were identical to those used by Schneck
in the earlier form of this test (cf. 26, p. 16).

Memory for Movement

“This is a test of your memory for a series of movements. I will make
the movements with a pointer on these four dots (point). As soon as I
finish each series of movements, you are to reproduce the movements in
pencil, using the rows of four stars on your sheets as I do these dots.
The movements must all be in the correct order and correct direction.”
(Examiner gives the three sample series. Subjects reproduce each series,
and examiner indicates the correct responses on the blackboard after-
wards. Examiner counts aloud while drawing in the movements.) “It
will help you to count to yourself while the movement is being demon-
strated on the chart, so that you can keep track of the sequence of the
dots. Do not make any marks until I am through with each series of
movements. Be sure to make your drawings on the proper row of stars
each time. I shall give you the number of the series in each case, so you
can keep track of them. There will be 50 series altogether. Ready. . . .”

Word-Word Test (Exposure 8”—interval 2” for each item)

“This is a test of memory by the method of paired associates, that is,
you will be shown a series of cards each containing a pair of four-letter
words. When all the cards have been shown, they will be shuffied and
you will be shown only the first of each pair of words; you are to write
down the second word that went with it in each case. We will go through
a sample set of b cards first, for practice. Observe the cards carefully, but
write nothing while they are being shown.” (Examiner presents the b
demonstration cards, then rearranges them for the test series.) “Now
turn over the data sheets. As each word is shown, write the other word
that went with it. Write your answers in the column headed ‘sample.’ ”
{Examiner reads off the correct responses after completion of the sam-
ple series.) “Now I will show you 20 cards, similar to those in the sample
set. Observe them in the same way and write nothing until told.”
(Present cards.) Now turn to the data sheets again. s each word
is shown, write the word that belongs with it, in the proper place under
Part I. If you cannot remember a word, draw a line in its place, but do
not write the next word in its space. Each word must be next to the
right number on the sheet in order to be scored correctly. I will read
you the number of each card as I hold it up, so that you can keep track
of them. Ready. (Procedure in Part II, with the second set of 20 cards is
identical to Part L.)

Nonsense Syllable Recognition (Exposure 3”"—interval 2” for each item)

“I am going to show you a series of 20 nonsense syllables, that is
combinations of letters having no meaning in the English language. i
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will then show you a series of 40 syllables, 20 of which are the same as
those in the first list, and the other 20 are new, and you are to try to
recognize the old syllables. Observe carefully, but write nothing while
the first series is shown. Ready. . . .” (Examiner presents cards.) “Now
I will show the second series. As each syllable is shown, you are to
write a plus sign if you have seen it before, and 2 minus sign if it is a
new syllable. Do not skip any spaces or make any omisgions. If you
cannot remember whether or not you have seen a syllable before, guess.
I will read the number of each syllable as I hold up the card so that you
can keep track of them. Ready. .. .” (The procedure in Part II, with
the second set of 40 syllables is identical to Part 1.)

Logical Recognition and Logical Recall

General directions read to the subjects before presenting each passage:

“This is a test of memory for a connected passage. Listen carefully
while I read the passage and try to memorize all the details. As soon
as I finish reading the passage you will be tested for recognition (recall)
of every specific item of information in the passage.” After reading the
passage, data sheets are passed out, on which further directions are
mimeographed. Examiner reads these directions aloud while subjects
follow them on their sheets. The specific directions for recognition and
for recall are as follows:

Logical Recognition

The following is a series of statements referring to the passage that
has just been read. Each statement is followed by five alternatives. You
are to write (in the space provided to the right of each statement) the
number of the correct alternative in each case. Base your decision only
on the passage just read, disregarding any other information you may
have from other sources. If some of the statements refer to facts not
directly discussed in the passage, or if none of the given alternatives is
correct, then write the number “5” which means “omitted” and indicates
that the question cannot be answered correctly from the information
given in the passage.

The following are examples:

(a) The chief subject discussed in this passage is: (1) plant
metabolism; (2) animal coloration; (8) heredity; (4) American
bird life; (5) omitted. 2000
The correct answer here is “animal coloration,” hence we write the num-
ber 2 in the answer space.

(b) The spotted coloration of the giraffe is classed as: (1) dis-
ruptive; (2) mimicry; (3) protective; (4) warning; (5) omitted....5...
Here “5” is the correct answer, since the giraffe was not discussed in the
passage read. Even though you may know from other sources, or infer
from the passage just read, that the correct answer is one of the other
alternatives, “5” should be the answer given.

Proceed in exactly the same way with each of the statements below,
taking them in order. Write only one number in each space.

Logical Recall

The following is a series of questions referring to the passage that has
just been read. Write the answer to each question on the dotted line
beneath it. Base your answer only on the passage read, disregarding
any other information that you may have from other sources. This is
a test of memory, not knowledge!

Your answers should consist, in most cases, of one or two words or a
phrase. Do not explain the point, but try to remember what was said
about it in the passage, and write that down.

The following are examples:
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(a) What period in the history of the Dekka tribes is referred to in
the passage read? .
et seesrensenasancanaana period of conguest...... Ceitreneenaaa e

(b) In the case of a people inclined to building, what' exerts a pro-
found influence on the results achieved?

Cecetiacecenas nature of building materials available...... Creetneaan

In the second question, several other factors would be correct, on the
basis of general information. But the answer given—based solely on
the passage read—is the only correct answer from the point of view of
this memory test.

Proceed with the questions below, taking each in order. Try to put
down an answer to each question, even if you are not sure.

Delayed Memory for Words (Exposure 8”—interval 2” for each item)

“This is a test of delayed memory. You will be shown 20 four-letter
words, one at a time. At the next meeting, you will be asked to write
down as many of these words as you can remember, in any order. Try
to memorize the words while they are being shown, but do not rehearse
any of the words afterwards, nor talk about them. Try to forget all
about the test, until next time. Ready. .. .”

Directions for second period, after a 48-hour interval:

“Write down as many of the 20 words shown last time as you can
remember. Write the words in the order in which you remember them,
putting each down as you think of it.” (Allow 10 minutes for recall.)

Incidental Memory Test
Part I: Estimation of Areas (Exposure 5”—interval 3” for each item)

“This is a test of your ability to estimate the areas of various figures.
You will be shown a series of 30 figures, one at a time. Each figure is
exactly equal in area to one of the 10 squares on the board, although the
figures have different shapes, some are squares, others triangles, circles,
etc. As each figure is shown, you are to write down the letter corre-
sponding to the square which you think has the same area. You must
write a letter for each figure shown; if you are not sure, guess.

In judging the areas, consider the entire area enclosed within the
outer edges of the figure, not just the white space. For instance, this
triangle (hold up Demonstration Card No. 1) has the same area as this
one (hold up No. 2), in spite of the wide border. This figure (hold up
No. 3), on the other hand, has a smaller area, since it is not a complete
triangle. Consider only the area within the edges of the figure, without
filling in. Some of the figures will have designs on them, like this (hold
up No. 4). The design does not alter the area of the figure. In this
case, you should judge the area covered by the entire square. What
letter would you write in giving the area of this figure? (Get oral an-
swers from subjects.) “C” is the right answer. You are to do the
same for each figure shown. I will read the number of each card, from
1 to 30, as it is shown, so that you can put the answers next to the right
numbers on the sheet. Make no omissions. Be sure to write one of the
10 letters in each case. Ready. . ..”

Part I1: Recognition Test (Exposure 3”"—interval 2” for each item)

“Although you were not told to try to remember the figures shown, we
want to see how well you can remember them. You will be shown the
original 30 figures mixed with 30 new ones. See if you can recognize the
old ones. As each card is shown, write a plus sign if you have seen it
before, and 2 minus sign if it is 8 new figure. Consider every detail
in the figure in deciding; if you are not sure, guess. Ready. .. .”

Seashere Tests

The Tonal Memory and the Pitch Discrimination tests were given with
the standard directions reported by Seashore in his “Manual of Instruc-
tions and Interpretations for Measures of Musical Talent.” (25)
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The testing extended over a period of four months, occu-
pied a total of approximately five hours and ten minutes, and
was scattered over nine class periods. The sequence in which
the tests were given, together with the number of items and
the approximate duration of each test are given in Table XI.

Tasre XI
TESTING SCHEDULE
Approzimale
Duration of
: Number of Entire Test
Period Tests, in the Order Given Items in Minules
I Analogies : 78 35
11 Memory for Movement 50 20
1 Word-Word 40 15
Syllable Recognition 80 20
v Logical Recognition 80 50
v Logical Reca 80 50
VI and VII Deilx ed Memory 20 510
VIII Incid’;ntal Memory 60 20
IX Tonal Memor 50 25
100 25

Pitch Discrimination

It should be added that the incidental memory test was given
at the time when the students were on the topic of “percep-
tion” in class. It seemed quite natural to the students, at such
a time, to be given a test on the estimation of area, in which
certain illusions of size were to be demonstrated. None sus-
pected that it was to be a memory test, since the discussion of
memory in class had been completed several weeks before.

V. Scoring

The score in each test is in terms of total number of items
correct; no partial credits were given in any test. The maxi-
mum score possible in each case is therefore equal to the total
number of items in the test. A word of explanation should be
added regarding the scoring of the recognition tests. The score
in the nonsense syllable recognition test was taken as the total
number of items minus twice the number of wrong items, thus
allowing for guessing. This scoring method was used, since
it had been the method followed with this test in the two
previous studies and it was desired to express the data in com-
parable terms. In the incidental recognition test, however, the
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score is simply the total number of items correct. This simpler
scoring method could have been used in both tests, for the pur-
poses of the present study, since it can be readily shown (12)
that when no omissions are made, as was the case in these two

. recognition tests, a perfect correlation exists between the “num-

ber right” score, and the “total minus twice the number
wrong” score. No correction for guessing was used in the
logical recognition test, since there are five alternative answers
in each item. The chances of guessing correctly in this test
are no greater than in tests such as Analogies and Vocabulary,
in which no correction for guessing is ordinarily made. Guess-
ing was further reduced in the logical recognition test by al-
lowing the subjects to omit items rather than requiring them
to write an answer for each item as in the other two recogni-
tion tests. The use of raw scores is especially permissible in
the present study, since our interest here was not in the actual
amount correct, but in inter-test correlation.

On the two Seashore tests, tonal memory and pitch discrimi-
nation, raw scores were used rather than the percentage scores
used by Seashore in his tables of norms. Here again, either
method of scoring can be used interchangeably for correlation
purposes.



Chapter V

RESULTS

I. Evaluation of the Tests

~ In Table XII are presented the data on reliability, variabil-

ity, and normality of distribution of each of our ten tests. Six
of these tests have reliability coefficients that are well over
.80. The Analogies test has a reliability of .70 which corrobo-
rates very closely the reliability coefficient found with a sim-
ilar form of the test in Part I (cf. p. 13). Delayed memory
has a reliability of only .64, but considering the shortness of
the test, this reliability is probably satisfactory. The reliabil-
ity coefficient of syllable recognition is rather surprising, being
5256 (= .0374), as compared to .6369 (= .0307) obtained in
Part I with the same test. This difference may conceivably
have arisen from differences of sampling, since it falls within
four times the P.E. of the original coefficient. Comparing the
data further, we find that the syllable recognition test proved
somewhat more difficult for the present group than for the
group used in Part I. The mean and the S.D. of this test are
both slightly lower in the present group, and there is a more
pronounced piling up of scores at the lower end of the distribu-
tion. This condition might account in part for the difference
in the reliability coefficients found in the two studies.

The reliability coefficient of the incidental memory test
makes this test definitely unsatisfactory as a measure of in-
dividual differences. The distribution of scores is symmetrical
enough as shown by the measures of skewness and kurtosis,
but variability is extremely low. It is interesting to speculate
on the possible causes of the unreliability of this test. In the
literature on incidental memory (cf., for example (19), (27)),
reliability coefficients are not reported. We cannot, there-
fore, compare the reliability coefficient of the present test
with that of other incidental memory tests. Many of these
tests, however, were shorter than our test, which, it will be
remembered, contained 60 items. From the standpoint of ac-
curacy of construction, preliminary experimentation, pro-

cedure, etc., our test compares favorably with tests already -

described. Hence, if reliability coefficients were available for
38
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TasLe XII
EVALUATION OF THE TESTS*
Reliability Standard

Test Coefficient Mean  Deviation Sk/ese Ku.

1. Analogies .6983 60.3824 5.4066 +1.95 .2723
2. Memory for Movement .8465 36.7294 6.4277 +3.43 .2603
3. Word-Word 8543 20.0647 7.1753 —0.79 .2708
4. Syliable Recognition 5256 45.8353 9.8037 —1.70 .3192
5. Logical Recogmtion .8681 45.6765 10.0167 +1.03 .2809
6. ﬂcal ecall .8750 42.8471 10.7346 40.05 2042
7. D cfred Memory .8377 7.7118 3.2834 —1.26 .2567
8. Incidental Memory 3708 48.5353 3.2937 +0.76 .2757
9. Tonal Memory .8768 38 .2824 6.4343 +43.40 .2817
10. Pitch Discrimmation 8804 75.5706 10.3774 -+5.12 .2418

*The means, standard deviations, and correlations of halves were computed
by the Columbia University Statistical Bureau.

these other incidental memory tests, it is probable that they
would be no higher than the reliability of our test. To be sure,
an incidental memory test may have a low reliability coefficient
simply because it Zs a measure of incidental memory. The fact
that the subject’s attention is directed away from the task of
memorizing the items presented may increase the operation
of chance factors upon the scores. Whatever the cause of the
low reliability might be, the fact itself was deemed to be suffi-
cient reason for our discarding as unsatisfactory the correla-
tions obtained with this test.

The measurement of kurtosis shows that all of our distribu-
tions tend to be mesokurtie, as none of them deviates signifi-
cantly from the kurtosis of the normal curve, i.e., .26315. With
N = 170, the S.E. of our measure of kurtosis is .0213. Only
three of the tests exhibit a significant degree of skewness,
viz., memory for movement, in which the skewness is 3.43
times as large as its S.E., tonal memory in which it is 8.40, and
pitch discrimination, in which it is 5.12. In all of these dis-
tributions, the piling up of scores at the upper end suggests
that the tests are somewhat too easy for the present group.
The probable effect of skewness upon our correlation coeffi-
cients is discussed further on p. 40 to 42.

11. Intercorrelations of the Variables

The correlations of the nine variables left after dropping the
incidental memory lest, with each other and with age, are
reported in Table XIII. All except three of the correlations
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with age are negative, but in all cases they are too low to have
much effect upon the intercorrelations of the test variables.
This indicates, of course, that our group was already very
homogeneous in respect of age. The two highest correlations
with age are those of logical recognition and of analogies,
being —.1692 and —.1852, respectively. If we partial out age
variability, the correlation between these two tests is reduced
by .0130, viz., from .4822 to .4192. The effect of age is so
slight, therefore, that as the intercorrelations were not to be
employed further in the computation of tetrads, it was con-
sidered unnecessary to eliminate age variability. All coeffi-
cients have, however, been corrected for attenuation, and these
corrected coefficients are given in Table XIV. The original
numbering of the variables has been retained in this table,

as well as in Table XIII, although number 8, incidental mem-

ory, is omitted.

One other factor already mentioned (p. 39) should now be
considered for its possible effect upon the intercorrelations,
namely, the significant skewness of three of the distributions.
If the relation between our particular tests were all we wished
to ascertain, then the correlation coefficients as computed
would furrish an adequate measure of relationship. The cor-
relation between two variables is correctly expressed by the
product-moment correlation coefficient whether the distribu-
tions are skewed or normal (cf., for example (34), p. 481).
But the correlations between the traits measured by our tests
might have been higher if we had substituted more differen-
tiating tests for those yielding skewed distributions. Hence,

Tasre XIII
INTERCORRELATIONS OF THE VARIABLES*

Variable 1 2 s 4 5 6 7 4 10 11

1. Analogies .0512 .0700 .1141 .4322 .3282 .0501 .0306 .1937 —.1352
2. Memory for Movement L0295 .0611 .1100 .0875 —.0079 .2081 .2401 .0146
3. Word-Word .2120 .1712 .1125 .0079 —.0298 .0118 .0172
4, Syllable Recognition .1542 .0042 .0997 —.0053 .0678 —.0576
5. Logical Recognition L6471 .0561 .0354 .2304 —.1692
8. Logioal Recall .0953 —.0091 .0771 —.1051
7. Delayed Memory —.0280 —.0092 —.0428
9. Tonal Memory 5115  .0540
10, Pitch Discrimination —.0018
11, Age

*These correlation coefficients were computed by the Columbis University Statisticel Bureau.
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TaeLE XIV
INTERCORRELATIONS CORRECTED FOR ATTENUATION

Variable 1 2 3 4 5 6 7 9 10

1. Analogies .0668 .0000 .1883 .5551 .4198  .0751 .0381 2458
2. Memory for Movement .0347 .0016 .1283 .0784 —.0108 .3460  .2787
3. Word-Word L3177 .1988 .1301 .0107 .0344 .0135
4. Syliable Recognition .2283 .1389 .1722 —.0078 .0092
5. Logical Recognition 7424 .0754 .0406 .0874
6. Lowical Recall L1276 —.0104 .0874
7. Delayed Memory —.0374 —.0122
9. Tonal Memory .5822
10,

. Pitch Discrimination

|
|

in order to get a notion of the relationships between the traits
themselves, rather than between the specific tests, we must
consider the effect of skewness upon our correlations. It
gshould be noted that none of our distributions exhibits any
“jamming” of scores at either end. All of the distributions
tail off gradually at both extremes, although the portions above
and below the median are not symmetrical. Ordinarily, skew-
ness lowers a correlation coefficient through curtailment of the
range, i.e., through lowering the variability of the distribu-
tion. However, in our three distributions which have been
curtailed through the use of too easy material, the S.D. is
probably not reduced by more than 20% from what it would
have been had the tests yielded normal distributions. This
estimate, which is based upon data from our most highly
skewed distribution (that of pitch discrimination in which
sk = 5.12 ¢..), was arrived at by the following simple method.
First, the actual range of scores above and below the median
was expressed in terms of the P.E. of the skewed distribution.
The scores in pitch diserimination, for examplie, extend from
approximately —5 P.E. to exactly 42 P.E. Provided the half
of the curve below the median has not been affected by the use
of a too easy test, we may consider this half of the curve iden-
tical with that which would be obtained if the distribution
were normal. This is a fair assumption if the addition of more
difficult items at the upper end of the scale does not alter ap-
preciably the scores made by individuals below the median. It
follows, therefore, that 5 P.E. of our skewed distribution is
approximately equal to 4 P.E. of the corresponding normal
curve, since in a normal curve the range covered by all the
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measures when N is 170 lies approximately between +4-4 P.E.
and —4 P.E. (13, p. 104). The ratio between the estimated
P.E. of the normal curve and the obtained P.E. of the skewed
distribution is approximately 5/4. This, of course, is also the
ratio of the S.D.’s of the two distributions.! Applying Pear-

son’s formula? for estimating a correlation coefficient from the

correlation obtained on a restricted range, we find that an ob-
tained r of .10 would be raised to .12. The correction is even
smaller in the case of lower r’s. We can therefore conclude
that in our correlation table, reductions in r resulting from
skewness of the variables are not very large. We can cer-
tainly conclude that the large number of nearly zero correla-
tions obtained cannot be attributed to skewness, since the re-
duction in the case of such low correlations must have been
negligible.

The most outstanding feature about the correlations re- .

ported in Table XIV is the fact that the majority of them
are 8o low. There are a few isolated high correlations, but
the table as a whole does not indicate the presence of common
factors. With 170 cases, a correlation coefficient must be ap-
proximately .20 in order to be over four times as large as its
P.E. The P.E.3 of the largest correlation in Table XIV, r;e,
is .0310, that of the smallest positive correlation, rs;, is .0552.
Hence it will be seen that very few of the correlations in the
table can be regarded as significant deviations from zero. Five
of the correlations are negative, four of these being correla-
tions between memory tests. Furthermore, it is impossible to

* This rough method of estimating the ratio s,/o: was considered pref-
erable in our case to the more elaborate procedure followed by Yerkes
(83, p. 629-631) in which, after eliminating the “jammed” scores, the
S.D. and r were computed on the remaining truncated distributions, and
corresponding values were estimated therefrom for the total normal
distributions. Since none of our distributions exhibits any jamming at
either extreme, it would have been impossible to decide which class-
intervals to cut off. If the entire upper half of the curve be cut off, the
number of cases left is so small, and the error of sampling so large, that
any results estimated from such computations are extremely dubious.

* Cf. Pearson (20),p. 23 and (22): ra = 2 I'n -
: o V1—(1— 5*,)1-’.,
-4}
! Since these r’s have been corrected for attenuation, their P.E.’s were
computed by the following formula (13, p. 208-212):

=.6745rm°§r, 1 (L_rﬁ
\/i‘? ®0 +l"n+ i, r

+ ry— 1) +(4_:;’_l_t__li;_x_x_+ Yoz — 1)}
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find any set of four tests in the table such that all the inter-
correlations between them are significantly greater than zero,
even after correcting for attenuation. For this reason, the
tetrad criterion has not been applied to these data. The satis-
faction of the tetrad criterion with data of this sort would
tell us nothing regarding the organization of the traits in-
volved and any conclusions drawn from such a procedure
would be highly misleading. This point has been fully dis-
cussed elsewhere ((9) p. 257-260).

We shall now examine more fully some of the individual cor-
relation coefficients, for any light that they may throw on the
organization of our variables. The correlation between word-
word and syllable recognition is .32 as compared with .33 in
the 1930 study and .44 in Part I of the present monograph.
This correlation, then seems to corroborate the earlier results
obtained with these two tests. The delayed memory test yields
the most consistently low correlations of any of the tests. Its
correlations are remarkably low, even after correcting for
attenuation.* This test, it will be remembered, is very similar
in material and in method of administration to the earlier re-
tained members test. The only differences between the two
tests are that, in the delayed memory test, the length of the
test has been cut in half, and recall is tested after a 48-hour
interval instead of immediately. In view of the similarity
between these two tests, a comparison of the correlations ob-
tained with them may be of interest. In the 1930 study,
retained members correlated .6066 with word-word; in Part I
of the present study, the correlation was .6078; the delayed
memory test, on the other hand, correlates only .0107 with
word-word ! This seems to suggest that if we alter a test even
slightly, we may be changing its nature radically, so that it
measures an entirely different ability. We shall return to this
point in the conclusions at the end of this chapter.

The correlation of .35 between memory for movement and
tonal memory is of considerable interest. These two tests are
presented in different sense modalities and seem at first to be
quite different, but upon further analysis of the procedure we
find that very much the same techniques could be used by the
subject in both tests. They both involve memory of a very

‘It should be noted, however, that the correction for attenuation has
less effect, the lower the r.
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immediate sort, like the memory span, and retention is tested
after each item in both tests; both involve remembering the
sequence of very simple impressions; meaningful associations
are very difficult to introduce in either test, and if used would
probably be of relatively little assistance; finally both tests in-
volve very accurate memory for details—the individual who
retains the general idea of a situation and then fills in details
would be at a disadvantage in both tests. It will be noticed
that all of these common features in the two tests are specific
devices of such a nature that if either test were altered, even
slightly, they might no longer be of help. We may conclude
that insofar as the tonal memory test is a test of memory at
all, it measures the type of memory involved also in the mem-
ory for movement test. Its correlation with this test may be

taken as an index of the contribution of memory to perform- -

ance in a test of tonal memory. The correlation of .58 be-
tween tonal memory and pitch discrimination shows that the
ability to deal with a certain type of material, the ability to
discriminate between the various notes whose sequence is to
be recalled, is even more important than memory in determin-
ing performance on the tonal memory test.® In order to show
the relative contribution of memory and of pitch discrimina-
tion in the tonal memory test, the following regression equa-
tion was computed, in which x,, tonal memory, is the depend-
ent variable, and x, and X;0, memory for movement and pitch
discrimination, are the independent variables.

X9 — .1861}(2 + .4699)(10

In computing this regression equation, as well as the other
regression equations reported further, raw correlation coeffi-
cients have been used, without correcting for attenuation.
Kelley (138) p. 208, has pointed out that the use of corrected
coefficients in a regression equation “would lead to a less close
fit of the regression line and to a larger standard error of
estimate of the criterion, knowing the independent variable,
than occurs when the ‘raw’ correlation coefficient is used.”®

% This correlation agrees quite closely with the correlations between the
same two tests given in the literature. McCarthy (16) reports raw cor-
relations of .56 and .41 in two different groups of students; Brown (5)
reports a correlation of .62.

* The regression equation with corrected r's is repof’ted herewith for

comparative purposes:
X = .2003x, -+ .5268%:
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The logical memory tests correlate very highly with each
other, to the extent of .74. - Turning to their correlations with
other tests, we find that they correlate much higher with
Analogies (.56 and .42 in the case of logical recognition and
recall respectively) than with other memory tests. The cor-
relation of logical recognition with word-word is only .20, and
with syllable recognition .23 ; in the case of logical recall, the
corresponding correlations are .13 and .14. Here we see the
effect of test material to a most remarkable degree. We find
two recognition tests, using different materials, correlating
only .23, while a recognition and & recall test, using similar
material, correlate .74. Facility in handling verbal material
causes a correlation of .56, whereas the common feature of

“retentiveness” in two tests produces a correlation as low as
130

II1. Conclusions

Qur first conclusion is that the common factor previously
found through a certain type of memory test, cannot be re-
garded as a general memory factor extending through all
forms of memory. The large number of nearly zero and nega-
tive correlations obtained makes this conclusion inevitable.
The low correlations obtained could not have arisen from any
fault or limitation of technique, since, firstly, all the correla-
tions were corrected for attenuation, secondly, the tests seem to
discriminate very well between degrees of ability in the group
of subjects used, as is shown by the measures of variability,
and finally, all the distributions of memory test scores were
normal, except in the case of tonal memory and memory for
movement which showed a significant skewness—even in
these two tests, the effect of the skewness on the correlation
coefficients was shown to be negligible (cf. p. 42). Our results
derive further validity from the fact that a few very high cor-
relations were obtained, and that in two cases in which the
correlations could be checked against the results of former
studies they showed very close agreement.

A second conclusion is that here again, as in Part I, test
material seems to have greater influence than test method in
producing correlations. In addition, some evidence was pre-

For a fuller analysis of the logical memory tests, the reader is re
ferred to Part 111, where certain additional control data will be discussed
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sented from several of our tests suggesting that the inter-test
correlations might be due largely to the common applicability
in more than one test situation of certain specific devices which
play a large part in determining the subject’s relative success
or failure in a test.

"PART III

Chapter VI

AN ANALYSIS OF LOGICAL RECALL AND
RECOGNITION

1. Construction of the Tests

The main purpose of this section is to compare recall ar
recognition from various aspects. What is the relation b
tween the two processes? Is recall intrinsically more difficu
than recognition, when the two processes are measured 1}
comparable tests? Let us examine briefly a few represent
tive statements in the literature on recall and recognition, :
well as the data upon which they are based. The distinctic
between the two processes was first emphasized by Wolfe (32
Following that, nearly all writers on the subject have referre
to recall and recognition as more sharply differentiated—eve
contrasted—than other methods of testing memory such s
for instance, paired associates and retained members. TI
tendency has been to lump together a whole group of methos
under the general term “recsll” and to contrast these with o1
other method, “recognition.” Hollirgworth (11) in an ear
article refers to recall and recognition as involving the san
neural patterns, but in opposite “directions.” In recall, a
cording to this explanation, the general setting is given ar
the “focal element” must be remembered; in recognition, t
focal element is given and the general setting is to be remer
bered. Achilles (1) states in her conclusion (p. 73) that “T!
present study has been interested in the two methods of tes
ing memory, recall and recognition. To reproduce or rec:
what one has seen or heard is different from recognizing it
something previously seen or heard when it is presented agai
To the writer both experiences deserve the term memory, b
the terms recall or reproduction and recognition should
used to distinguish them.” What is the evidence upon whi
this distinction is based? If we refer to the inter-test corr
lations given by Achilles, we find that the average correlati
between tests of recall and recognition for the same materi
is .21. The average correlation between all the recogniti
tests for different materials is .28 in one group and .37 in a

47
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other when a parallel set of tests is employed.! The correla-
tions between recall tests for different materials are referred
to by Achilles as averaging “about zero.” Actually, these
averages tell us very little, since the individual correlations
vary widely, several being negative. What little they do show,
however, does not support the view that recall and recognition
tésts are any more unrelated than, say, recall tests for differ-
ent kinds of materials.

Lee (15) in a later study, also contrasts recail and recogni-
tion, and concludes in addition that differences in test content
or material are less significant than differences in test “form.”
The only test “forms” compared are recall and recognition.
The materials included words, nonsense, syllables, pictures of
objects, and geometrical forms. Considering only the tests
of immediate memory in Lee’s study,? we find an average cor-
relation of .18 between recall and recognition tests for similar
material, .21 between recall tests for different materials, and
.27 between recognition tests for different materials. The
difference between any two average correlations is not large.
Furthermore, in neither Lee’s nor Achilles’ study were reli-
ability coefficients reported for any of the tests, so that we do
not know to what extent the differences between correlations
resulted from varying amounts of attenuation from errors of
measurement.

Turning to a more recent study of memory, that of Bolton
(4), in which reliability coefficients were considered, we find

similar conclusions in the discussion and similar inconclusive-

ness in the data. The correlation between a word recognition
test and a syllable recognition test reported by Bolton for
200 subjects was .457, the correlation between word recogni-
tion and a word recall test only .227. However, the reliability
coefficients of these particular tests are .472 for word recall,
.478 for word recognition, and .5569 for syllable recognition.
With errors of measurement looming so large in the results,
it is difficult to draw valid conclusions. '
There are, of course, investigators who dissent from the

1 The difference of .07 points, between the r of .21 and that of .28 can
hardly mean very much when a difference of .09 points (between .28 and
.37) is produced by simply using parallel tests on a different sampling.

? Lee’s delayed memory tests cannot be included in these averages since
the identical materials were used as in the immediate memory tests, pro-
ducing spuriously high correlations.
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view that recall and recognition are distinet and independent
processes. Stevenson Smiith (28) opens a brief theoretical
article on recognition and recall with the following words:
“There is no definite difference between recall and recognition.
This is the thesis that I shall try to defend” (p. 28). The
article continues with suggestions on the qualitative similari-
ties between the two processes. No data are reported save a
few illustrations, but the viewpoint expressed is interesting in
view of our quantitative findings on recall and recognition.

Our results suggest that the large differences often found
between recall and recognition are owing largely to the specific
testing procedure used. To take an extreme example, sup-
pose we test recall by presenting a difficult prose passage and
then requiring the subjects to write all they can remember
of it, with no further nor more specific directions; and then
suppose we test recognition by presenting the subjeets with 2
number of statements on a similar passage read, with the in-
structions that they indicate which of these statements were
contained in the passage read. In these two cases, we are
measuring recall by one of the most difficult types of recall test
available, and recognition, by the easiest kind of recognition
test. Surely we cannot attribute the difference in scores forth-
with to an intrinsic difference in the nature of the two proc-
esses.

In order to reduce as much as possible this error in the com-
parison of recall and recognition tasks, we have used more
comparable methods of testing the two processes. Four tests
were employed, two of which were the logical recall and recog-
nition tests described in Part II, and the other two were paral.
lel forms of these tests. Achilles (1) p. 67, suggests that the
difference in central tendency between reeall and recognitior
is greater for material relatively rich in associations. The evi-
dence for this statement is that the difference in mean recal
and recognition scores was greatest for proverbs, less for
words, and still less for nonsense syllables. According to thi:
principle, we should expect the greatest difference betweer
recall and recognition to be found in such tests as our tests of
logical memory, as they involve material rich in associations
This, in fact, was one of the chief factors determining ouz
choice of material. We have some reason to expect, therefore,
that any difference found between recall and recegnition scores
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with our tests, will be larger rather than smaller than that
which would be obtained with other materials.

It will be remembered that the recall and recognition pas-
sages used in Part II were of the same length, and that each

of the two test series consisted of 80 items. Recognition was -

tested by a five-alternative multiple choice test; 80 mimeo-
graphed statements, each followed by five alternatives, were
presented to the subjects, who were to indicate the one correct
alternative in each case. The fifth alternative in each item
was “omitted,” which meant either that the question had not
been discussed in the passage read, or that none of the four
alternatives given was the correct answer. The advantages of
this method over the ordinary “plus-minus” method of testing
recognition are, firstly, that it reduces greatly the chances of
guessing correctly, and hence requires a smaller correction
for guessing in the score. It is obviously preferable to reduce
an error by the use of better controlled experimental tech-
nique; than to allow for it afterwards through large statistical
“ecorrections.” Secondly, the necessity of choosing from among
five alternatives in each question makes the test a more diffi-
cult one, aside from the question of guessing, so that the
procedure is somewhat more comparable to that in a recall
test. The alternatives were selected so as to be equally plausi-
ble, and frequently the correct choice depended upon some
very specific item in the passage read. Recall was tested by a
series of very specific questions based upon the passage, the
answer to each of which was to be a word or phrase. In the
original forms of the test (form A), passage I, entitled “Ca-
mouflage in Nature,” was given for récognition, and passage
II, “The Architecture of the Ancient Dekka” for recall. Two
parallel forms (form B) were constructed, in which passage
I was used for recall, and passage II for recognition. The
presentation of the passages was identical in both forms. The
recall and recognition questions on each passage dealt with the
same details in both tests, i.e., for almost every recognition
question in form A, there was a corresponding recall question
on the same passage in form B, and vice versa.

II. Testing Procedure

The results reported upon form A of both passages were
secured in the study based upon 170 college women, reported in
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Part II. Form B was given to a “control” group of 63 st
dents in introductory psychology in Columbia University E»
tension Classes. It was not thought necessary to have a cor
trol group that was strictly comparable to the main group ¢
170, since comparisons were only made within each group. Th
mean recall and recognition scores were compared within eac
of the two groups. It was considered necessary to employ tw
groups, each of which took a different form of the tests, sinc
the passages were not known to be equal in difficulty. To b
sure, the two passages were constructed so as to be as simila
as possible, but we did not consider it justifiable to assum.
without any experimental verification, that equality had bee
achieved. If the recall scores were much lower than the recog
nition scores, it might indicate simply that the passage used i
the recall test was more difficult in itself. If this were th
case, the difference between the recall and recognition score
would be reduced or reversed in the other group of subject
taking form B, in which the recall and recognition passage
were reversed. A further possible irregularity in the resu
arises from practice effect. The test which is given secon
may have an advantage because of the practice that the sut
jects have had in taking the first test. If helpful devices hav
been discovered in the first test, these would prove useful i
the second, because of the similarity of the two tests. To allo
for practice effect, the order of giving the recall and recog
nition tests was reversed in the two groups. A schedule ¢
the testing in both groups is given in Table XV in order 1
clarify the control features used.

TasLe XV
TESTING SCHEDULE FOR RECALL AND RECOGNITION

. Testing
Subjects Period Test Passage Used
Group I:170collegestudents, I  Recogrition, “Camouflage in Natur
female f%nrm A :
II Recall “Architecture of the A

form A cient Dekka”
Group II: 63 college students, I  Reeall, “Camoufiage in Nature
both sexes form B
II Recognition, “Architecture of the A
form B cient Dekka'’
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III. Results and Conclusions

The recall and recognition data on both groups are reported
in Table XVI. Results are all expressed in terms of raw scores,
i.e., total number of items correct with no correction for guess-
ing. It is likely that many subjects did guess when not sure,
and as a result, several items in the recognition test may be
correct by chance only, a factor which could hardly operate in
the recall test. In spite of this, the differences between recall
and recognition scores are lower than might have been ex-
pected from the conclusions of previous studies on recall and
recognition.

Tapx XVI
COMPARISON OF RECALL AND RECOGNITION
Recall Recognition
Group I1: Mean 42 .85 45.68
= S.D. 10.73 10.02
18 170 oM 0.82 0.77
omi—uy=.67%
H Mean 34 .67 44 .59
Grou§ II63 8.D. 12 .52 12.88
oM 1.58 1.62

dx;——nu'-=1.31’

Comparing the data secured on both groups, we find evi-
dence that the two passages probably do not differ much in
difficulty. The mean recognition scores in the two groups
using different passages differ by only about one point. In the
recall tests, the mean of Group I is approximately eight points
higher than that of Group II. This latter difference might in-
dicate a difference in the capacity of the subjects in the two
groups, or a difference in the difficulty of the two passages.
Both of these factors, however, operated also in the recog-
nition test, in which the difference between the results on the
two groups was practically negligible. A more plausible ex-
planation of the difference is in terms of practice effect, since
in Group II, the recall test was taken first, and was therefore
at a disadvantage. .

If we apply a correction for guessing to the mean scores in
recognition, even the relatively slight differences found in

* The formula used in computing ow;—us wWas:
11— M2 =\/°"m + Puz— 2T 120u;s Tus
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favor of recognition disappear. The following formula, 1
ported by Miller (18), has been used in correcting for gues
ing: '

S=(8—U) — -

in which,

S =corrected score

S: = number of items in the test

U = number of items omitted. This was taken as equal to 1.00, sir
that is the average number of omissions made by the subjects
each group

‘W = number of wrong items

N = number of alternatives used, which in our tests was 5.

Applying this correction to our recognition averages, we hav

Corrected Recall Average

Recognition Average (from Table XV
Group I: 317.75 42.85
Group II: 35.99 34.67

The difference between recall and recognition is now prs
tically negligible in Group II, and actually reversed in Gro
I, recall in that group having a slightly higher average th:
recognition. When all of the evidence is considered, it ce
tainly seems that the alleged superiority of performance
recognition tests disappears as long as comparable measur
are employed.

The fact that recall and recognition tests give approximate
equal mean scores does not necessarily imply that they do r
represent two relatively independent types of memory. T
central tendencies may be equal, and still performance in t
two tests may vary independently from one subject to anoth
We shall now examine this aspect of the comparison mc
fully. In Part II it was found that logical recall and recc
nition correlate with each other to the extent of .74. This
itself shows a very close relation between the two process
The relationship can be further demonstrated by analyzing t
factors which determine performance in the two tests, in oth
words, by comparing the correlations of recall and recog
tion with other tests. An examination of Table XIV (Psz
IL, p. 41) reveals the fact that such correlations are very si
ilar for recall and recognition. Regression equations showi
the relative contribution of certain selected variables to pe
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formance in logical recall and in logical recognition, furnish
further evidence of the close similarity of the two processes.
The following variables have been used in computing these
regression equations:

x; = logical recognition x; — analogies
xs = logical recall x; = word-word .
x; = syllable recognition

The equation for logical recognition is:
X; = .4146x; 4 .1251x; 4 .0802x,

The equation for logical recall is:
Xg = .3179x%; 4 .0816x; 4 .0406x,

Uncorrected correlation coefficients have been used through-
out in the computation of the regression equations.* It appears
from these equations that the ability to handle verbal material,
as measured by the analogies test, is much more important in
determining achievement on the logical memory tests, than is
the simple type of rote memory measured by the word-word
and nonsense syllable recognition tests. The most striking
fact about the two equations, however, is their similarity. The
weights of the three independent variables in the two equa-
tions correspond closely. This offers further evidence of the
close relationship between recall and recognition.

In conclusion, our results have shown first, that the alleged
superiority of recognition over recall scores does not hold for
logical memory, a type of memory in which one is led to expect
the greatest difference between the two processes, according
to previous writers. Secondly, the two processes are closely
related, almost to the point of identity, when similar material
is employed. This fact, together with the relatively large
weight of analogies in the regression equations of both recall
and recognition, again suggests the conclusion that material
is more potent than method in determining inter-test correla-
tions.

¢ For discussion of this procedure, cf. p. 44, Part II. The correspond-
ing values in each equation, with r’s corrected for attenuation, are given
for comparative purposes:
x; = .5318x, - .1224x, -} .0902x,
xs = .4075x, - .0818x, - .0365x,

Chapter VII
SUMMARY AND EVALUATION

In Part I of the present investigation, 140 college wom
were tested with four memory tests, two verbal tests, and t
numerical tests. All of the tests had been used before, in t
same form. The four memory tests dealt with a particul
type of memory which may be described as immediate rc
memory for visually presented material. In Part II, 170 su
jects drawn from the same population as those in Part
were given ten tests, most of which were new. Eight of t
tests were memory tests, varying widely in all aspects save t
common feature of retentivity. In Part III, an analysis
logical recall and recognition was undertaken, based up
some of the data from Study II, in conjunction with certa
specially obtained control data. For the specific findings
each part, the reader is referred to the conclusions at the e
of each section. In the present chapter, we shall bring |
gether the various suggestions gleaned from each section, a
endeavor to work out certain general implications of the 1
sults.

The chief conclusion that can be drawn from the prese
study is, clearly, that we cannot speak of a single common fs
tor running through all forms of memory. The evidence frc
Part II is especially conclusive on this point. The very f:
that in Part I, as well as in the 1930 study, the multiple cc
relation between our battery of memory tests and the fact
common to those tests was so high, may be regarded as a p
cursor of our later findings. It seems to us that a factor whi
is measured so completely by a group of simple tests of a re
tively narrow phase of memory, is not very likely to exte
through a wide range of performance, not as likely at lea
as if the multiple correlation had been lower, indicating th
certain aspects of the common factor had not been touch
upon by the tests used. The common factor previously fou:
may have consisted almost entirely of certain special deviee
which could be applied generally to rote memory for vert

*We are using the terms “special device” and “technique” in a ve
similar sense to that in which Gates (10) uses these terms in his dise:
sion of the nature of improvement due to training.

656
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material. A concrete example may make this point clearer.
When confronted with a series of disconnected words, many
individuals, some more readily than others, will tend to group
the words into a sentence or other more or less meaningful
unit. This device is an undoubted advantage in any test in-
volving memory of disconnected words. Differences in the
speed, frequency, and skill with which different individuals
group the words may produce variability in test scores through
this factor alone. When changes in material, or in any other
aspect of the tests, are introduced, as in Part II of our study,
the same devices can no longer be of assistance in the tests,
and the common factor disappears. Of course, all that our
data can show directly is the extent of the common factor.
Any statements regarding its nature are offered only as very
tentative hypotheses. Reference has been made throughout
this study to two probable interpretations of common factors:
i.e., community of material and special techniques. These two
interpretations are not mutually exelusive, but, on the con-
trary, the one may be explained in terms of the other. The
evidence for either interpretation is admittedly meagre, as it
was not our main purpose in this study to analyze the nature
of the memory factor. It may be of some value nevertheless,
to summarize at this point the facts that suggested each hy-

- pothesis.

First, let us consider the interpretation in terms of com-
munity of test material. The data of Achilles (1), Lee (15),
and Bolton (4) on this question have been cited as inconclu-
sive. The data in our 1930 study suggest that community of
material is more significant in producing correlation than com-
munity of method, since the two pairs of tests which had to
be pooled on account of exceptionally high correlations were
both characterized by community of material. One of these
test pools consisted of the word-word test and the retained
members words tests; the other contained the picture-number
and form-number tests. In Part I of the present study, like-
wise, the correlation between word-word and retained mem-
bers was much higher than that between word-word and
picture-number; in the former combination, material is sim-
ilar and method differs, in the latter, method is identical but
material differs. The very high correlation found in Part I
between logical recall and recognition furnishes further evi-
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dence of the effect of material. Using the two methods of te
ing memory which have usually been regarded as the m¢
diverse, but applying them to materials which had been close
equated, we obtained with these two tests the highest corre
tion of any in the table. Finally, we may find some rath
indirect evidence for our hypothesis in a comparison
Schneck’s results on the verbal and numerical factors, bo
of which are content factors, with our results on the mema
factor, a factor of process, or method. The tetrad equatio
in Schneck’s study gave very clear-cut evidence of the preser
of a single common factor through each of the two types
material, with no disturbing group factors through overle
ping of method. In our 1930 study on the memory factor,
the other hand, we found many disturbing group factors fre
similarity of material, necessitating the pooling of tests a
leaving a suggestion of minor group factors even in the fir
tetrad with the pooled tests. Throughout this discussion, -
have purposely used the terms method and material, ratl
than form and content, because we wish to make the disti
tion in terms of the actual test situation, not in terms of 1
mental activity of the subject in dealing with that situati
The latter obviously cannot be discussed in a statistical stu
The second interpretation of group factors is based upon t
common applicability to several test situations of certain s
cial techniques which facilitate the subject’s performance.
such devices account in large measure for inter-test corre
tions, we should expect large changes in such correlatic
when the procedure of the test is changed even slightly, as
introducing a delay. This is exactly what we do find, when
compare the correlations of the retained members test with f
corresponding correlations of the delayed memory test, 1
correlations differing very markedly in the two cases. It v
be remembered that these two tests were very similar exce
for the factor of delay. Certain devices which might fac
tate the recall of a series of words immediately after th
presentation might be of little or no value when recall is test
after 48 hours. For example, a preliminary survey of |
subjects’ responses in these two tests shows that in immedi:
recall, a large number of-subjects tend to reproduce the wor
in the reverse order from the order of presentation, where
in the delayed reproductions the original presentation order
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found more commonly. This fact suggests a possible differ-
ence in the nature of the two tests brought about by the delay
alone. The effect of specific aids and devices is again sug-
gested by the relatively high correlation found between tonal
memory and memory for movement. Both tests involve a
very immediate sort of memory for short series of discrete
impressions, making possible the use of various common de-
vices. Finally, all the evidence cited above as indicative of
the greater potency of material than method, or process, in
determining inter-test correlations, might be explained in terms
of the use of common facilitating devices. It would seem that
such devices could be applied more effectively and more widely

within a given type of material, than within a given process.

If the explanation of common factors in terms of such more
or less widely applicable devices be correct, it suggests inter-
esting possibilities regarding environmental influences and
training in relation to problems of mental organization. Espe-
cially fruitful in this connection would be the experimental
study of the effect of special training on inter-test correlations,
as well as the comparison of correlation results in groups of
widely diverse training and background.
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