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In order to investigate certain hy tEot:hetsels concenung tha naturn
of number ability, and, secondarily, the nature of perceptna} apwied;

a battery of thirty-four tests w regwen to 228 Chieago hi 05. schm
seniors and the data were facto by the centroid me

primary factors were identifiable upon rotation. Seveu'al deducti
are made relative to the interpretation of the factors and relative
g mt:jomsmtency of the data with the hypotheses which were to

I. Introduction

Since the development of multiple factor methods by 1.
stone, at least nine multiple-factor studies of cognitive ablht::_
been carried out in his laboratory. The general results of these
ies have been in very high agreement. The same factors have |
repeatedly in different test batteries with subjects from: elghth
level to college freshmen, One of the clearest of the primaries
that has been repeatedly obtained is number ability, characte
defingd by tests of addition and multiplication. These tw '
referred to as “simple” tests in that they have a large ‘
only one or only a very few common factors.

It i not very satisfying to define an ablhty in term
tent of the tests which measure that ability. This pr_
be regarded as a makeshift until investigations may
which give insight into the psychological nature
process ‘characterizitig the ability. For example; we
 ability defined by addition and multiplication specific:
nipulations ox does it represent some more fun
transcends numencal operations? Is it mherent 1
a product of training? With the idea of gaining so
these questions we shall review some of the facts gaine

© %1 wish to expreus my great appreciation of the. aid of
stone whose generosity made this ‘study possible,. (}m
made of the aid of Mr. Ledyard Tucker in the vse ;
taining the intercotrelationg and the centroid £a
Mr. Harold Bechtoldt for aid in the testing of subje
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histories of arithmetical prodigies and from the functional .ma}}sis
of cases of acalculia or arithmetie disability. .

Prior to the isolation of number ability by multiple fagtorial
methods, there have been indications that this ability represwts a
functional unity in the mind. Seripture® in his article on arithziacticsl
prodigies gave a brief account of more than fifteen deIdualﬁ, dat-
ing from about 100 A.D., who gave evidence of phenomenal recknmng
powers. Mitchell{ also summanzed what was known about mathe-
matical prodigies and gives a brief account of his own case, (ther
psychologists have contributed to the knowledge of reckoning ability
by psychological studies of individual cases.} Intensive experimental
investigations of individual cases are lacking, most of the literature
being biographical in nature. However, certain things which are of
interest here seem to be clear. Mitchell states, “Skill in mental caleu-
lations is . . . . independent of general education; the mathematical
prodigy may be illiterate or even densely stupid, or he may be an all-
around prodigy and veritable genius.”§ With the possible exception of
memory for numbers, case histories of rapid mental calculators indi-
cate that these individuals do not necessarily show any unusual abil-
1ty in any other line of endeavor Their most common characteristic
is an unusual interest in and l]kmg for numbers for their own sake.
This interest is. accompamed by a great deal of practice in their ma-
nipulation.

These data on mathematlcal prOdlgleS seem to indicate that edu-
cational forces are of shght importance to this ability. A large pro-
portion of the cases cited had little or no formal education and gave
evidence of their unusual ability at a very early age. It might be
argued that their interest and liking for numbers and numerical ma-
nipulation caused them to practice a great deal, and that this is essen-
tially the counterpart of modern education. Thls may be true, but it
seems more reasonable that an inherently. supermr native ability gave
impetus to the interest, rather than vice versa.. It is very unlikely
that an average, or even below average, chlld eould, by reason of in-
terest, develop an ability to do nunierical .cal ulatmns ‘which would
transcend the ability of all his contemporanes

rsq” B W Seripture. Arithmetical prodigies. "Amﬁc&n J. Psychol.,, 1891, 4,

o1 41- Frank D. Mitchell. Mathematical prodigies, Amer. J’ Paychol., 1907, 18,
1 A. Binet. Psychologie des Grands Caloulateura et Joueurs d'échecs, Paris:

Hachette, 1894, pp. 364 fF.

ISOOE:I ]ég..mdley and A. L. Bryan. An anthmetical pm(!igy Paychol. Review,

§ F. D. Mitchell, op, eit., p. 131,
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Studies of individuals with marked arithmetical-
also very suggestive, Two cases have been roportc,d in-d
ner and Straus.* Case 1 revealéd a speclﬁc deﬁcmwy
schema and a general inability 'to grdsp relations in sp
revealed a specific disturbancee in the compr?hensmn
terns and in general 4 deficiency in grasping simultan
tiple aspects of a visual unity. All of these disturban
to differentiate a group of subjects selected for poor arithi
from a group of subjects selected for good arithmetic a;,i} ity
mann, summarizing the evidence for congenital arithnietic: disa
arising from structural or functional anomalies of the braiu, g
“There is little doubt that focal brain lesions may produm. a

l).‘.

The evidence from such cases of deficiency in number
tends to indicate that the deficiency iz more fundamental tha
lack of ability to manipulate numbers. This would be the case
psychological process which we call number ability were inhere
the organism. Numbers, as a cultural invention, would be & much
later development than a mental ability evolved by the slow processes%
of evolution.

It is reasonable, therefore, that tests like addition and multlph« i
cation really measure some more fundamental process than mere nims:
ber manipulations per se. Hence it should be possible to devise fests
of a non-numerical character which would measure this fundaments
process, To do this one must make an hypothesis as to the nature "f
this process charaeterizing number ablhty

know equally well that, say, eight and six are fourteen, and‘sxmﬂarly

for other possible number combinations, then the differen
their scores on a test of addition represents a difference in
- ity with which the individuals can recall and manipulate
"+ established associations. One might call this an agility i
ing a symbolie system according to a specified set of rul
restrictions, that the symbolic system be familiar: and. th th

- to as mental agility, though this term would have rriure ex
plications than are desired here. S

* Henry Werner and Alfred Straus. Problems and methods of fnnctmnal
+i analysis in mentally deficient children. J. Abn. & Sove. Psychol, 1939;'84; 87-62.

i E. Guitmann, Congenital arithmetic disability and acalcuin, Bnttsh‘ J. med,
. Psychol, 1937, 16, 18.
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If number ability were basically such a process as. th;s—-the :
‘ qulck reco]lectmn and mampu]atlon of well»estabhshed assocmtxons-wz i

-tztmal and envu'onmental forces such
role i the establishment of the ablhty.
that the learning curve has a horizontal asympte et
up tests of a non-numerical character iti which the assoclatmns to be
established are so simple that the asympto le is approached very early.
These new tests would then measure primarily the rapidity with which
these “well-established associations” could be manipulated.

From this hypothesis as to the nature. of number ability certain
deductions may be made which are susceptlble to experimental veri-
fication, Briefly these may be stated as follows:

1) Tests involving new rules for ‘manipulation of a symbolic
system are better tests of number ability after practice than they are
before, .

2) Of several tests involving manipulation of a symbolic system,
the one in which the symbolism is more famﬂlar provides the better
measure of number ability.

Another hypothesis as to the basic process involved in number
ability may also be tested. It has been suggested by H. D. Landahl
that the operation eharacterizing the tests defining the number factor
is in the nature of a serial response, in that each response to a pair of
numbers leads to the next response, This may be submitted to experi-
mental verification by varying the length of the addition or multipli-
cation problems. If the serial response hypOthems of number ability
is correct, the addition of two digits would not be a measure of num-
ber ability; but the addition of four digits would.

Inasmuch gs the tests of Identical Forms and Verbal Enumera-
tion have not been very satisfactory a3 nieasures of perceptual speed,
several cancellation tests were incorporated in the battery to see if
they might not give a better definition of this factor. This clarification
~was of particular interest because of faet that in a very simple
. number problem such as the addition. of tw digits, perception of the
numbers and knowledge of the answers Seem: ';IInost simultaneous.
With good tests of the perceptual speed factor it is possible to deter-
mine what relation, if any, exists between 1 C number ability.

Tests were designed to check the vahdity of the hypotheses as to
the nature of number ability and to determine hat relation number
ability besrs to perceptual speed. These: incorporated with.

& variety of other tests covering the doma known mental abilities,
and the entire battéry was analyzed by Thurstone’s ceritroid method.
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II. The Experiment
THE SUBJECTS:

- In the spring semeéster of 1989, the ChJcago hlgh sehools aﬁ‘&mﬁ
~ the members of their senior classes a course in self-appraigal. Of
. own volition the students in these classes took personality and apt

tude tests with the intention of gaining some evaluation of thely ca-
pabilities. Becausé the subjects for this experiment were taken from
gix such classes in six south-side high schools, it may be assumed that
their motivation was fairly good and fairly constant, The six sehools
and the number of complete records obtained from each are as follows.

Englewood High School « - ~ - - - - - - 8%
Fenger High School - - - - - - - - - - 34
Hirech High School - - - - - - « -~ - - 28
Hyde Park High School - - - - - - - - - 21
Morgan Park High School - - - - - - - - 238
Parker High School - - - - - - - - - - 80

Total - - - - - - - - - - 223

Each class was vigited for approximately an hour on each of five con-
secutive days, and from three to five tests were given to the subjects
at each session.

TABLE 1
Teats for the Primaries
Number Test Primary

19 Identieal Forms - - - - - - - - P
20 Verbal Enumeration - - - - - - - P
21 Addition - - - - - - - - . - N
22 Multiplieation - - - - - -~ - - - N
23 Completion - - - « « - - - . - v
24 Same-Opposite - - - - - - - - v
25 Cards - - - - - - = - = = - = 8
28 Pigures - - - - - - - - - - - 8
27 Initials - - - - - - - - - - - M
28 Word-Nomber - - - - - - - - - M
29 Letter Grouping - - - - - = - - I
30  Marks - - - - - - - A
3 Nuwmber Patterns - - - - - - - 1
82 Arithmetic - - - - - - - - - - D
33 Number Serfes - - - - - - - - D

D

24 Mechanical Movements - - - - - -
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THE TESTS

The tests used in this study may be diy uiéd into two groups: 1)
the tests for the primaries and 2) the experimental tests. :
The tests for the primavies, hated in Table. 1, consisted of the

sixteen tests in the American Councﬂ on }.uducatlon Tests for Pmmary_ L :
Mental Abilities, experimental edition, 1988. These tests were given |

by Miss Ruth Wright, of the Bureau of Child Study, Board of Bduca-
tion of Chicago, as part of the regular testing program of the high
schools. :

The expernmental section of the battery consisted of eighteen
tests selected and designed to answer speclﬁc problems. Each test is
described below together with a statement of the purpose for which
the teat was designed.

Two-Digit Addition (1) —This best and the following two were
designed to investigate the hypothems that the number process was es-
sentially in the nature of a ser lal response. If the hypothesis is cor-
rect, the saturations of tests (1) (2), abd (3) on the number factor
should progressively increase. The fore-exercise of this test, the
whole of which consisted of 2388 problems, was as follows:

Look at the following addition of problems
8 9 8 B 5 $ 7 14 18
6 7 6 6 2 2 2 4 1

i e e e T R e—

14 16 914 " 5 7 18 19
X4

Because they are wrong two of the answers are un-
derlined with an X,

In the following problems crass out every answer
that is wrong.

75391217;3:é'ri123
6 4 3 6 2 2 9 6

___—....-..-.-.--...-_....-.,,‘.__

13 8 11 16 14 1% 18 14 11 14 17

Three-Digit Addition (2).—This test consisted of 170 problems.
The fore-exercise follows.
Look at the following addition pmblems
8 6 4 9 7 6 4 8 59 4 g
Y 8 8 3 2 5 1 86 9 8 6 6
6 1 4 2 6 2 T 8 2 1 7 4

....—-;....—_—-——-___._—..—..—._

X X X X
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Because they are wrong four of the answers are u
derlined with an X. '
In the following problems cross out every answ
that is wrong. S

7T 8 4 8 9 B 8
6 8 7 2 5 8 3 2 8 6 9 4
8 7 8 9 4 2 4 :

16 18 17 14 18 15 14 12 i5 14 19 14

Four-Digit Addition (8).—This test consisted of 158 ‘probiems.
The fore-exercise follows.
Look at the following addition problems.

5 6 7 8 4 2 9 2 8 & 7 7%
6 3 1 56 1 8 8 9 6 6 3 8
6 8 7 8 1 8 2 6 b5 8 8 & *
4 7T 2 1 8 8 ¢ 2 8 &5 8 7

— v A e wwae et w— m— w— — w—

21 18 17 22 156 11 27 19 21 18 21 27
X X X X

Because they are wrong four of the answers are un-
derlined with an X.

In the following problems cross out every answer
that is wrong.

5 6 7T 8 8 8 9 8 2 3 1 38
7T 3 8 6 9 1 3 6 2 8 4 8
3 6 8 8 6 9 3 2 7 9 1 8
4 2 6 8 8 6 4 9 8 2 6 9

19 17 19 20 25 19 19 24 14 22 12 18

AB (4).—The AB and the ABC tests were designed to contrast
with the Forms test to check the hypothesis that of several tests in-
volving manipulation of a symbolic system, the one in which the sym-
bolism is most familiar provides the best measure of number ability.
The familiar alphabetical character of the elements in the two former
tests contrasts markedly with the unfamiliar character of the elements
used in the Forms test. Also the greater simplicity of the AB test com-
pared to the ABC test would throw some light on the extent to which
the speed element characterizes number ability. The fore-exercise of
the AB test follows:

Only three letters, 4, B, and C, are used in this test.
They are combined in various ways, but there are
only two rulés. The rules are: .

(1) A combination of any two different letters is
equal to the third letter.
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(2) If a letter is combmed wj ‘ alf,
bination is equal to that let er. -

Examples: AA: = A, BB B CC=C.
Beélow are somie prob}ema for ym; to practme on. It

the answer to a problem is 4, put a.check (V) in the
first column, if B put a check (v) in the second
column, if C put & check (V) in the third column.
The first three problems have been worked for you.
Work them yourself to see that they are right

and then go on with the others.

ABC ABC ABC
AB——2Y A4—— ¢B———
CA—Y— BA——— AB——
BB—Y— CA——— AC———
AC=—— BC——— BA———

ABC ( 5) .—This test consisted of 60 problems, The fore-exercise
follows.
Only three letters, A B, and C, are used in this test.
They are combined . in various ways, but there are
“only two rules. The rules are:

(1) A combination of any two different letters is
equal to the thlrd letter,

EmmmsAB«c AC=B, BC=A,
BA=C, CA‘:;‘“B, CB=A.
(2) Ifa letter is followed by : 1tself the combma-

tion is equal to that letter, =
Examples: Ad=4; BB=B,

The example below has been i_ ad

to these rules,

ABA=B

Here is the way you solve the prok ombme the
first two letters. The combination A .
combine this C with the next: letter, ich iz 4, The
combination C A = B. '
Work the following examples and vmte'fthe answers
in the blanks.

CBR=—_ CAC=
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You should have writter € in the first btank and5 A

in the second blank.
Hire iz a longer example wineh has: been wozr
ou

CABCG== A

The first two letters, C 4, equal B. This letter ¢
bined with the next gives B B, which is equal t
This letter, combined with the next, gives B C :
Find the answer to the following example and write.
it in the blank. L

BCAC=——
You should have written B.

Here are some more problems for you to practice
on. Write the answers in the blanks. ‘

BCCAC=— BABBA=— ACBCA=—

Forms (6).—This test was of exactly the same nature as the ABC
test except that three non-meaningful geometrical designs replaced
the letters A, B, and C.

Alphabet I (?).—This and the following two tests were designed
to check the hypothesis that practice with a set of rules would im-
prove a test as a measure of number ability. If the hypothesis is cor-
rect, the three tests, Alphabet I, Alphabet II, and Alphabet III should
show progressively increasing validity as measures of number ability.
The fore-exercise of Alphabet I follows.

In this test the letters of the aiphabet are combmed_
in various ways according to three rules.

(1) In a combination of two letters like MP, the
lettera are in the same order as they occur in the
alphabet and there are several letters between them,.
N and O. Two letters like BT are also in alphabeti-
cal order and have one letter betweeri them, S. Simi-
la:rly one could write other combinations of two let-
ters in alphabetical order in which there are three
or more letters between them,

A combination of two letters in aIphabetlcal order
which has letters between them is equal to the letter
in the glphabet which follows the second letter in
the combination. For example, the two letters in the
combination MP have letters bétween them, so the
combination is equal to Q because Q follows Pin the
alphabet. Similarly, RT = U because the Ietters RT
have a lefter between them and U follows T in the
alphabet.

Other examples: CE = HEK=L, DV=W.

(2) In a combination of two Ietters like PM the
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letters are in backward order and have several Jet-
ters between them, for example, (O Two let~
ters like TR are also in backw: der and have
one letter between them, §. § arly, one could
write other combinations of two letters in backward
order with three or more Jetters between them. A
combination of two letters in backward order which
has letters between them is equal to the letter in the
alphabet which precedes the second letter of the
combination. For eéxainple, the two letters PM have
letters between them, and so the combination is
equal to L because L precedes M in the alphabet.
Similarly, TR = @ because the letters TR have a
Eetg:er between them and Q precedes R in the alpha-

Other examples:
HC=B, VN=M, JH=G.

(3) A combination of two letters which have no
letters between them is equal to the second letter of
the pair,

Examples: OP=P, GH=H, RS=S,
PO=0, HG=G, SR=R.
Here are some problems for you to practice on, The
first few have been answered for you. Check them

to see that they are right and then go on with the
others. Write the answer in the blank space.

DF=G JL=M RS= FH= FEC=
GI=K TS8=8 LM= BI= YF—
RERI=H WYy= UT= HJi= O0OL=

This test consisted of 192 problems. .

Alphabet IT (8).—Consisting of a second page of problems, this
test was similar to Alphabet I. The subjects upon finishing Alphabet
1 had a rest period of several minutes snd then took Alphabet I1. The
test consisted of 192 problems. :

Alphabet I1I (9).—This test consisted of 192 problems similar to
those in Alphabet I and Alphabet I1. There was a brief period of rest
between the tests Alphabet II and Alphabet III.

Digit Cancellation (10).—In conjunction with the next two tests,
digit cancellation was designed to clarify the definition of a percep-
tual speed factor and thereby indicate what relation this factor would
have to the number factor. The fore-exercise of this test was as fol-
lows:



CLYDE H. COOMBS 3:_._' 171

Look at the rows of numbers below. A parenthems
has been put around each number 5.

$ 7 2 () 9 ©

7T (b) 2 B8 6 3

1 0 8 6 2 7

4 6 9 (5) (6) O

Put a parenthesis around each number 5 in the fol~ :
lowing rows.

o o 00 W
(- -
LRI -]
00 i - T
Gr =3 o b2
B b B W

You are given several longer rows of numbers be-
low. Put a parenthesis around each number 5.

8 76 03565 210056847893

Scattered X’s (rowed) {11).—This test consists of ten pages of
Ietters in rows through which x’s were scattered. The fore-exercise
is below.

Look at the rows of letters below. A parenthesis has
been put around each letter “x.”

z b 8 h 8 g
(x) t ] r (x) ¥y
1 m v (x) {(x) o
e (x) d k a

Put a parenthesis around each letter “z" in the fol-
lowing rows.

L3

-t p
L
Lot I
O A .
g N
e n

x e xx k

You are given several longer rows of letters be-

low. Put a parenthesis around each letter “z.”
vatocmzefxmlzaqgk

Seattered X’s (pied) (12).—This test consists of seven pages of
pied letters with seven z’s on each page. The subjects were instructed
to find as many z’s on a page as they were able and then to turn to
the next page.

Identical Numbers (18).—This test, in conjunction with Highest
Numbers and Digit Cancellation, was selected for the purposé of de-
termining whether tests involving numbers and numerical concepts
necessarily had a projection on number if they did not involve ma-
nipulation of the numbers. The test, the fore-exercise of which fol-
lows, consists of 45 columns with 29 three-digit numbers in each.
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The number at the top of the first column of figures
iz 634. A mark has been made under each 634 in
the column. In the second eolumn, a mark has been -
made under the 876, because 876 is the number at
the top of that column In the third column, the two
795’s have been marked, because 795 is the number
at the top of the third column.

The number at the top of each of the other columns
is repeated one or more times in that column. Find
those numbers as quickly as possible and put a
mark under each of them. Go right ahead.

634 878 796 423 279 374

693 643 533 837 368 289
860 328 795 115 643 663
634 932 189 423 279 539
513 879 342 528 375 314
898 375 795 969 470 375
696 470 896 274 887 576
634 697 247 423 699 874
574 876 319 627 201 850
628 294 468 423 983 677
63¢ 982 548 962 585 846

Highest Number (14).—This test consists of 80 columns with 40
three-digit numbers in each. The fore-exercise is as follows:

You are given five columns of numbers below. Find
the highest number in each column and put a paren-
thegis around it. The first two columns have been
done correctly. You mark the other three. Go right
ahead. Do not wait for any signal.

1 2 3 N 5
298 189 229 189 149
142 237 340 376 580
389 (746) 187 234 689
527 842 246 427 827
462 248 546 167 486
127 543 827 349 682
482 829 628 256 595

(636) 735 821 453 887
227 670 342 113 428
162 167 119 297 321

Size Comparison (15).—It was thought desirable to set up a test
of a “quantitative” nature but not involving numerical concepts to
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- see if number ability had a characteristic of quantltatw tismkmg
" The test consists of 69 items. The following is the fore»&x ige,

Look at the following pairs of words,

sardine —(8)hark
(G)ermany —Cuba
(P)lanet —palace

A parenthesis has been put around the first Tetter
the word in each pair which means the larger
the two things. A shark is larger than a sardi G
Germany is larger than Cuba; a planet is larger;- g
than a palace. v
In the following pairs of words put a parenthesis
around the first letter of that word in each pair -
which means the larger of the two things.

Texas —Maine clock —watch grape —lemon .
thumb —foot tree —forest wrench —nut
inch —mile rock —pebble eup —~barrel

Substitution I (16).—This test, in conjunction with Substitution

. IT and Substitution II1, was designed to see if an increasing familiar-

ity with the translation of an arbitrary symbolism would have any

TABLE 2
Time Limit and Scoring Formulae nsed on the Experimental Tests
" Number Test Time Limit in Minutes Scoring Formula
Fore-exercise* Test

1 Two Digit Addition - - 1 4 RW
2 Three Digit Addition - 2 4 R-Ww
3 Four Digit Addition - - 2 4 Rw
4 AB - - - - - - . 3 3 2R-W
5 ABC - - - - - - - 8 b 2R-W
6 Formg - - - - - - 13 5 . 2R-W
7 Alphabet I - - - - . 10 10 R
8 Alphabet II - - - - - 5 SR
9 Alphabet III - - - - b R
10 Digit Cancellation - - 2 4 i
11 - Scattered X's (rowed) - 1 4 i
12 Scatiered X’s (pied) - 2 4 R
13 Identical Numbers - - 2 3 R
14 Highest Number - - - 2 3 R
15 Size Comparison - - - 2 1.7 R-W
16 Substitution I - - - - 10 10 R
17 Substitution II - - - 5 R
18 Substitution III - - - 13 -R

* The time llmit for the fore-exervise was not ngidly adherad to uee»t in ﬂw ease of the wh-
atftytion teats.
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significance in relation to number ability. This test and the two fol-
lowing tests each consist of 90 words in code which are to be traig-
lated. The same code is used throughout and is given at the tnp of
each test sheet.

Substitution I1 (17) —This test congists of a second page of tTDdL
words similar to Substitution I and of the same length. The codo 1
repeated on this test blank.

Substztutwon III (18).—This test is a third page of code words
which are similar to those of the two preceding tests. The same eode
is also repeated on this test blank.

The time limit and scoring formula used for each of the elghteen
tests compriging the experimental section of the battery are given in
the following table,

00~

eritical value

480
400
30
300
280
200
160

100

ntd factor residual table
Fi6. 1.—Number of negative pigns in n** factor residual table after sign change.

THE FACTOR ANALYSIS

In order to obtain the product moment correlation coefficients
between tests by means of the punched card technigue and I. B. M.
machines, it was necessary that all test scores be expressed in no
more than two digits. For this reason the scores of certain of the



TABLE 3
Correlations between the Tests

T 2 38 4 & WIS 16 16 17 18 v 20 21 2 28 24 @96 &8 27 28 28 80 81 8% (1)
1
2 849
3 788 886
4 488 502 G516
5 407 456 w10 567
€ 301 385 806 516 B6D
7
&
9
10
n
12
18
14
15
16
17 881
18 835 918
19 304 260 248
20 192 185 179 800
21 306 213 252 187 843
22 285 167 251 221 §28 G556
23 098 082 006 162 366 121 146
24 140 080 ©0B4 161 468 192 206 709
5 259 148 163 476 220 210 187 236 222
26 248 156 147 E18 288 184 176 811 249 784
27 200 097 147 119 128 160 208 163 190 240 145 i
28 204 207 286 084 082 166 130. 008 053 043 02 350
29 267 171 166 809 216 296 230 218 295 264 283
30 S81 260 246 268 28T 241 138 268 356 405 8§ -
81 188 121 134 347 128 854 272 029 0BE. 286 355
32 109 086 "OE5 093 149 237 104 333 354 3923 @
83 174 070 068 167 208 3 4 ADY D48 13g
34 218" 220 187 1382

290

222

8
g
=
g
g

ar
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tests were linearly translated to two digits, a process which doss not
affect the correlation coefficient. The correlation matrix is pressnted
in Table 3. =

. The correlations were factored on the I.B.M. machines by ‘Il
tone’s centroid method. Application of a eriterion developed :foi: - the
purpose of detecting sigmificant common factor variance in & ma-
trix of intercorrelations indicated that ten factors were siginificant
and the eleventh was not.* This criterion is based on the npumber

TABLE 4
Centroid Factorial Matrix

I I III IV V VI VIIVII IX X k2

64 -89 24 388 18 06 08 21 12 -12 84
72 -27 24 33 28 10 16 11 07 09 90
71 -27 20 82 25 08 17 10 11 -04 84
72 08 06 18 -07 -11 06 06 -07 12 60
17 06 08 —04 14 -18 16 58

62 03 -28 07 08 09 -12 10 -24 14 58

T 87 -24 12 -05 -14 25 10 13 -05 92

77 86 -24 17 06 -14 24 11 12 -12 98

T8 84 -24 18 07 ~15 23 14 10 -08 98
10 54 82 13 o056 238 -21 09 -04 04 12 54
11 42 -85 16 -26 -29 -82 04 -13 -11 03 @1
12 29 -17 14 -24 23 -20 23 -18 -04 -10 88
18 57 -86 02 19 -20 07T 02 —04 06 18 57
14 58 -19 03 03 08 —09 -08 14 068 17 44
15 61 16 15 12 26 23 -23 06 04 08 62
16 659 -23 -52 28 —03 26 08 —06b 18 09 B84
17 49 -81 58 -28 -14 32 -15 10 09 06 92
18 51 -88 67 -24 -10 30 -15 08 12 04 92
19 B0 -10 18 -82 -13 25 21 12 —07 -09 &3
20 63 -08 20 14 -26 08 -16 -12 -16 11 49
21 68 -80 14 12 28 08 08 -1 -1 0% 61
22 57 88 17 26 26 04 07 08 —03 -14 63
28 46 47 22 16 -26 25 -10 -10 -06 -22 T1
24 54 48 183 29 -26 26 18 .08 -12 -10 78
25 55 31 17 -43 20 -18 -19 16 14 07 M
26 54 20 28 46 12 -13 -25- 21 07 -18 79
27 82 06 09 06 17 -16 ~i6 <36 19 -19 39
28 23 06 -26 08 17 -06 -21 "_37 17 -06 37
29 50 05 -02 -08 -04 -19 15 -08 -19 -10 87
80 863 25 08 -20 06 06 12 07 -22 14 48
81 41 -08 18 -27 19 -12 16 07 -17 06 87
32 44 36 12 -10 28 22 11 -20 19 14 B8
33 52 84 20 -11 18 16 24 -6 12 11 60
84 44 11 12 -26 -10 09 07 06 11 03 83

0o -3 O Ok 0D
o
-
[y
L4
1
ek
L0

* A paper presenting the logic upon which the criterion ia based and the eriti-
eal values for a given number of tests in the battery is in preparation,



CLYDE H. COOMBS . . f;‘i@f.’l'l

of negative entries in the residual matrices after sign ch

‘attained no more significant common factor variance rems
‘number of negative signs in the tenth factor residua] tablp

4' Thls table was glven toa disinterested person, who rearranged thé
table by rows and gave the variables a new set of numbers, The code
remained in the possession of this person throughout the ‘time the

TABLE b
Rotated Facterial Matrix*

N v 8§ M P D I A B C

74 02 06 -03 -01 -09 06 02 03 06
72 04 03 02 02 06 03 04 -02 02
66 01 -04 03 00 07T 00 05 -01 07
10 09 09 06 09 06 14 24 04 30
04 01 -14 04 23 27 01 25
02 03 W 09 -05 07T 37 28 04 25

02 08 01 03 01 06 03 64 02 03

02 o0 00 064 00 -01 -04 66 02 -01

03 -01 00 01 00 -02 02 66 01 04

10 18 -01 04 01 46 -0b 05 04 02 24
11 08 01 19 01 65 -03 06 03 00 09
12 01 03 03 03 55 07 -02 08 03 -13
13 22 04 06 02 31 09 -04 00 06 85
4 17 -04 16 -06 16 00 -01 04 06 29
15 02 49 11 01 03 06 08 04 10 31
i6 -01 00 02 15 02 04 00 03 69 -03
17 08 00 03 00 -04 03 O1L -05 78 13
18 01 03 02 04 03 -05 01 -06 76 13
19 03 06 B0 03 28 06 06 01 06 04

000 =1 O OV GO PO ke
[~}
&
b
-

31 17 -14 20 09 20 25 26 04 =02 -06
82 -03 11 02 17 -11 57 -02 02 -01 03
33 02 13 01 04 04 656 00 08 04 2
34 -06 15 15 -05 19 30 -09 00 15 00

* All entries have been multiplied by 100 to eliminate the decimal,
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rotations were being made. The centroid matrix was rotated’ by
means of extended vectors and the oblique rotational method. Inire-
tating “blindly” in this manner the only eriterion determining rotas

a highly satisfactory simple structure in which'no more rotations were
evident. On June first the code was obtained and opened for the firsit
time. No further rotations weré made. The stracture obtaiiied by ro-
tating “blindly”’ yielded the same psychologically meaningful factors
as those obtained in numerous other studies in which the rotations
were made with a knowledge of the names of the test vectors.

The factorial matrix obtained after rotation is presented in Table

TABLE &

Direction Cosines of the Reference Vectors*

N Vv § M P D I A B C

I 21 16 17 09 16 12 11 20 13 16
II -52 28 11 01 -83 25 00 44 -30 —06
III 3 33 28 -23 24 28 -156 -40 —46 -01
IV 3 15 —48 16 -29 -47 -04 24 —40 29
V 43 45 11 86 —49 35 365 -15 -20 -20
Vi 12 57 -84 -26 -41 32 -06 -89 62 09
VIl 16 -28 58 -88 33 34 —03 46 00 -39
VIII 29 -26 389 -72 —44 -25 —08 24 14 02
IX 01 -25 14 22 -11 17 -9 -15 18 09
X -3¢ -26 -11 -10 06 46 13 -26 -20 82

* All entries have been mmitiplied by 100 to sliminate the decimal.

TABLE 7
Cosines of the Angles Between the Reference Vectors*

N |4 S M P D I A B C

89

~08 101

—03 -11 100

12 -08 -0z 101

17 01 -10 00 100 _

-16 07 -04 -04 0T 102

02 -01 -10 04 02 01 100

12 -20 -19 16 00 -31 11 9%

02 15 -08 -22 -1z 08 -21 -17 99
27 04 04 08 -0 02 -02 -265 -24 99

Qmr~Uugh<Z

* All entries have been multiplied by 100 to eliminats the decimal.
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‘B, and the transformation matri® (4) leading from the ceni 'nd ma-

_;'_"_-tnx (F.) to the final rotated matnx (V) by the equatmn
y=F.a

- ig given in Table 6.

The correlations between the reference vectors, obtanmd by the
matrix multiplication (A’ o), are Presented in Table 7.

TABLE 8

Direction Cosines of the Primary Vectors®

N v 8 M P D I A B C

I 70 47 52 46 99 62 17 78 56 63 .
II 30 37 16 ¢f —46 87 -12 40 83 -12
IIT 28 36 20 g0 20 22 -22 -25 -h8 -12
IV 34 21 -46 12 —28 -26 -19 16 -81 32
'V 20 83 o0 g2 —44 85 20 0T -11 -1T
VI 07 41 .30 14 38 26 02 -16 34 o1
VII 15 92 -46 -7 26 86 -13 26 -06 -20
VIII 15 —22 32 g1 88 -16 -03 18 07 14
IX 10 17 og 97 —09 20 87 08 10 10
X -13 .95 17 —g1 9 29 13 -1 05 6

* Alt entries have been multiplied by 100 ¥ eliminate the decimal.

The correlations between the Primary vectors, obtained by the
equation

Rﬂ:HH’,
are shown in Table 9.
TABLE 9

Correlations Betwetl the Primary Vectors*
N v s m P D I 4 B C

100
24 100
21 21 100

28 19 17 100
24 o5 16 310 100
3 24 20 gz 03 100

00 -p2 10 op 06 -08 100
44 385 34 gg 14 46 -04 100

27 o3 22 32 21 15 21 87 100
4 18 17 18 15 23 05 46 39 100

Qr~gRER

* All entrles have heen multiplied by 100 ' eliminate the decimal.
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The matrix H' is given by the equation
= (487D, :
where D is a diagonal matrix the entries in which are the normali‘z_ix}t_gf
constants of the corresponding columns of A. The columns of this
matrix {(H') contain the direction cosines of the primary vectors

(see Table 8).

TABLE 10
Correlations of the Tests with the Primaries®

N Vv § M P D 1 A B C

91 23 28 22 22 21 -04 88 27 4b
94 80 20 30 20 40 02 48 26 46
81 26 18 30 21 40 00 48 28 48
49 38 34 30 25 27 16 62 34 62
35 23 62 34 b6
34 16 382 290 11 20 41 53 42 88

42 31 383 87 14 49 -06 9 38 46

44 84 32 38 183 44 -07 96 37T M

46 83 83 36 14 453 D4 96 3B 48

10 47 14 21 16 B9 13 01 33 26 47

11 26 07 32 09 74 03 14 16 24 23

12 16 09 16 07 59 12 01 18 14 01

13 52 17 12 20 46 11 01 35 36 60

14 47 18 382 15 32 21 05 3% 36 66

15 33 64 3@ 22 15 30 03 43 28 53

16 28 08 260 46 22 22 17 41 9t 34

17 18 01 21 26 16 08 21 29 96 44

18 24 01 20 3t 17 08 19 30 96 46

19 25 17 63 13 42 10 16 28 238 23

20 3 62 22 1 82 16 13 30 18 47

) 21 66 19 12 29 28 34 34 27 27 38
22 78 20 18 27 20 21 12 33 24 33

28 19 80 24 17 00 290 09 47 04 17

24 2 8 19 21 -02 28 00 54 11 35

25 21 17 77 22 09 53 06 43 19 23

26 22 29 B84 17 11 42 07 40 20 12

27 2 15 19 66 11 15 08 26 14 08

28 12 04 05 59 04 06 02 15 24 16

29 28 21 27 22 36 23 22 46 21 17

30 19 23 31 10 11 47 38 50 31 29

31 32 01 8 05 29 35 29 25 18 13

32 25 31 18 34 07 72 -06 39 12 20

83 33 36 21 24 08 74 -03 483 13 21

34 20 28 81 183 26 42 04 33 26 19

O 00 «1 OF O b 0O D
.
[y
<o
-
[
-]
o
=

* All entries have been multiplied by 100 to eliminate the decimal.
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: Applying the transformation (H') to the centroid matxm in the
manner :
o Rj’::F H' _
. i the correlations of the tests with the primary vectors are obtained

| '§_(see Table 10). These correlations are the validity coeﬂicmn of the
étests a8 measures of the primaries. L

III. Interpretation and Discuasion
The most interesting part of a factor analysis is the psychologi-
TABLE 11
Simplified Rotated Factorial Matrix*

N ¥ § M P D I A B C b
1 T4
2 72
3 66 .

23 66

15 49 30

19 b0 28

1 (19} 65

10 46 24
a2 57

34 (19) 30
6 87 26 25
30 29 30 24

8 66
9 66

2

27 26
17 78

16 69

4 24 30

* All entries have been multiplied by 100 to eliminate the decimal,
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cal interpretation of the factors obtained. To facilitate the mterpre-
tation we have reproduced the rotated matrix (Table 11), exeluding
all projections under .20 and rearranging thé rows to make the sst- e~
ture more apparent. .

Three-D1g1t Addltlon next, followed by Four—Dlglt Addltzon.: Fh e :
der of these three tests in their projection on number indicates ﬁaat
the simpler tests are better tests of this factor. This is borne out by

(1) Two-Digit Addition - - - - .74 {22) Multiplieation - - - - - - - 64
(2) Three-Digit Addition - - - .72 (21) Addition - - - - - - - - - A4b
(3) Pour-Digit Addition - - - - .66 (i3) Identical Numbers - - - - .22

the relation of Multiplication and Addition, the former being higher
than the latter. The multiplication problems are the product of two
digits by one digit, whereas the addition problems are the sum of six
two-digit numbers. These results are strong evidence against the hy-
pothesis that number ability is in the nature of a serial response pro-
cess. The only other test having a projection greater than .20 is Iden-
tical Numbers, with a projection of .22. These results on the number
factor indicate that it has a speed characteristic.

The rotated factorial matrix does not yield any information on
the various hypotheses that the battery was designed to investigate
because the primaries are oblique. However, information on these
points may be obtained from the correlation matrix (Table 4) and
from the validity coefficients of the tests (Table 10) as measures of
the primary. These data are assembled in the following four tables.

The three alphabet tests were designed to check the hypothesis

TARELE 12
Correlations of Alphabet Tests with Number Tests

Two-Digit Three Digit Four-Digit Multipli- Addition
Addition Addition Addition cation

(7) AlphabetI - - - .263 .449 476 345 266
(8) Alphabet I - - .383 472 489 355 283
(9) Alphabet III - - 399 493 507 837 301

that practice with a set of rules improves a test as a measure of num-
ber ability. If this is correct, the correlations of tests Alphabet I,
Alphabet II, and Alphabet 11T with the number tests should progres-
sively increase. This block of correlation coefficients is presented
above in Table 12.
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TABLE 138
Validity Coefficients of Alphabet ’I‘esta wﬂh the Numbe
(T) Alphobet ¥ - - - « = ~ = - = i
(8) AlphabetIl - - << - - - -« .44
(9 Alphabet I = - === - - - A6

their familiarity with the number system.
The AB ABC, and Forms tests were designed to throw llght on

is correct, the correlations of the AB and ABC tests with thosé for
number ability should be distinctly higher than the correlation: of the
Forms test with the number tests. Table 14 shows that the predlc‘

TABLE 14

: Correlations of AB, ABC, and Forms Tests with Addition and Multiplication Tesfs

Two-Digit Three-Digit Four-Digit Multipli- Addmon
Addition Addition Addition cation

i (4) AB- - - - --- 488 502 515 408 396
.. (8) ABC - ----- 407 455 470 358 3717
(6) Forms - - - - - 801 385 396 284 855

L tions of the hypothesis are borne out without exception. 'I‘he vahdlty :
.- coefficients of these three tests as measures of number. abihty alsn
: support this conclusion. . :

TABLE 15
Validity Coefficients of AB, ABC, ind Forms Tests with the Nus
(4) AB - = --c v v 49
(5 ABC - ----------- Al o
(6) Formg - - --------- o T SRR

: The consistent difference between the AB and the ABC test in
.- the foregoing data aiso substantiate the conc}uslon that the sunpler
.. or less involved the manipulations called for in the test the better is

‘ éi the test as a measure of number ability.

It is almost impossible to prove conclusively the ong'mal hypo-
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thesis that number ability represents the rapidity with which wedl-
established associations may be recalled and manipulated. The only
conclusion which may safely be drawn is that the hypothesis is net
disproved. All the data bearing on deductions from the hypothmm :
are in agreement with it.
The verbal factor—The second factor, V, has the following fonr;
tests high on it: P

(23) Caimmpletion - -~ - - - - -~ .68
(24) Same-Opposite - = - - =~ = = .84
(16) Size Comparison - - - - - - 49
{20) Verbal Enumeration - - - - .41

There are no other tests with projections higher than .20. This factor
is obviously the verbal factor. Completion and Same-Opposite are the
two tests designed to isolate the verbal factor. Verbal Enumeration
has been found previously to have a projection on the verbal factor.
The fact that the new test, Size Comparison, has a projection on this
factor is in agreement with the interpretation of the factor as verbal
ability.

The space factor.—The third factor, S, is defined by the follow-
ing tests:

(26) Figures - - - ------- .1
(25) Cards - ---------- .65
(19) Identical Forms - - - - - - 50
(31) Number Patterns - - - - - 20

This factor is readily seen to be the space factor, inasmuch as Figures
and Cards are the two tests for this primary. Identical Forms has
also been found previously to have a projection on the space factor. It
is interesting to observe that none of the three tests are pure, the first
two having projections on deduction and the third having a projection
ont perceptual speed. This indicates that we do not yet have clear in-
sight into th_e psychological nature of this factor, or perhaps that the
freedom gwen the subjects in adopting a work method results in some
subjects using deductive ability to do the tasks in the Flgures ‘and
Cards tests,

Memory.—The fourth factor, M, is obvicusly the Memory factor
with no other tests high than the two included for the purpose of iso-
lating this ability. Although this factor is called memory ability, it

(28) Word-Number - - - - + - - .55
(27) Initials - - -« - - n - .53

should be more strictly defined as rote learning, as both Word-Number
and Initials are tests of rote learning with immediate recall. The '
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score is more representative of a point on the ascendii&g immmg
curve than of a point on the descending forgetting curve. S
Perceptml Speed.—The fifth factor, P, we have 1dentxﬁs‘d AR p-er-

ceptual speed. e
(11) Scattered z’s (rowed) - - .65  (19) Identical Forms: '+ s < » - .28

(12) Scattered z's (pied) - - - .55 (29) Letter Grouping - v ~.- .28
(10) Digit Cancellation - - - - 46 (20) Verbal Enumeration - < - 122
(13) Identical Numbers - - - - .31 (31) Number Patterns ~ ~ - ~ - 20

Certain suggestions are contained in these results which wolild
be worth further investigation. There were considerably more cain-
cellations per unit time in the Digit Cancellation test than in the Scat-
tered X’s (rowed) test, so the indications are that the more scanning
and the less cancelling called for by a test the better it isas a test of
perceptual speed. The Scattered X’s (pied) test would probably bea
better test of perceptual speed if administered in another manner. The
subjects were instructed that there were only seven 2’s on a page and
that they might go on to the next page whenever they wanted to.: It
would probably improve the test if they were required to get all the
x’s on each page before going on to the next, or perhaps, even bettér,
if they were given a time limit of about twenty seconds on each page.
An inspection of the fifth column of Table 11 indicates that all the
tests with projections of .20 or greater involve the rapid scannmg
of the test content.

The Deductive Factor.—The gixth factor, D, may be identified as
the deductive factor. The three tests included in the battery for the
identification of this factor (Arithmetic, Number Series, Mechamcal
Movements) have their highest projections on it.

(82) Arithmetic - = - = ~ = = - 57 (30) Marks - - - -+ v v ‘;..259."

(33) Number Series « - = - - = 56  (31) Number Patterns -~ - - 25

(25) Cards - -----=---- 36  (26) Figures - - ---ow-o 28
{34) Mechanical Movements - .30 2 ;1:"

for a possﬂ)le reason already indicated. Two other tests Marks and
Number Patterns, have projections of .29 and .26 respectlvely on this
factor. This is in agreement with the mterpretatmn of thig factor as
deduction. It is interesting to note that with the definition of number
ability by new tests with a greater speed characteristic than those in
former studies, Arlthmetlc and Number Series have fower projections
on the number primary.*

* Dr, H. 0. Gulliksén has pointed out that these deduetive ténts seem to have
a serial response character.
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The inductive factor.—Those tests which: have their hlgtht ;m»__
jection on the seventh factor, I, are: Mei ek

{6) Formg - == - ===~ 87 (31) Numbes Patterns - - - - o
(80) Marks - - ---«-=-= 80 (B) ABC '~ - -------aitm
(21) Addition - - - -+« <--- .32 (29) Letter Grouping - - - - - 'j.;?‘;‘.,’:i S

Addition, which is primarily a number test, has a prOJectumf of
.32 on this factor. Letter grouping and ABRC also have projections
greater than .20. Because of the small amount of variance aceounted
for by this factor, it is both dlfﬁcult and risky to interpret. Inasmuch
as Marks, Number Patterns, and Letter Grouping were included in
the battery to identify the inductive plane, this factor might very
tentatively be called induction.

Other factors—The eighth factor, 4, is primarily identified by
the triplet of alphabet tests, a fiuniber of other tests having projec-
tions between .20 and .80. A factor defined by a triplet of tests so
similar in nature as the three alphabet tests cannot be interpreted
with any certainty. For that reason no attempt wiil be made here to
indicate the psychological significance of this factor. Similarly, the
ninth factor, B, i$ identified by the three substitution tests, with no
other test having a projection on it as high as .20. This factor is an-
other defined primarily by a triplet, and no attempt will be made to
identify it.

The last factor, C; has very low variance and may be considered
to be a residual factor.

Discussion

The reasons why such tests as AB ABC, Forms, and the three
alphabet tests have no projection on the. number factor is that most
of their variance is explained by other common factors, in this case
primarily factors A and C, which have no “pure” tests to 1dent1fy
them. The result is that by rotating strxc‘uy to configuration, the num-
ber plane is passed through these tests, causing the configuration to
be oblique. ¥ence, as may be seen from 'Table 9, the number prlmary
correlated .44 with each of these two primariés, A and C. It is these
correlations which have absorbed the pote _ntlal projections of these
tests on the number factor. It is assumed: in this argument that the
tests for the number factor do rot ¢all upon any non-number factor
present in the alphabet tests. An aIternatlve assumption is possible.
I may be assumed that the alphabet tests are “pure” tests involving
no number ability, but that the number tests are complex in that they
involve not only the number factor but also the common factor de-
fined by the alphabet tests. However, it seems more reasonable that
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- the simple number tests involve only one of the two fad
 ‘more complex alphabet tests involve both of them, .-
- .- Indications that word tests have significance to th
- are apparent in several studies already made, 'O
.deacl ibed by Thurstone in his monogr'lph Primary. M
* is Free Writing, the score on which is the total word co
s the subject is asked to write. This test had a pro;ee‘tlon
n ‘mber factor. In Thurstone’s recent monograph, Factor
Intelligence,i the four highest tests on the word factor
rst Letters, First and Last Letters, and Suffixes. i E
o In the test Prefixes, the subjects were instructed to wrlte all the
words they could that began with “con.” In First Letters the sub;;ects
- were instructed to write all the words they could that began with the
Jetter “s.” In First and Last Letters the subjects were 1nstrucbed to
ite all the words they could that began with “t” and ended w;th
” In Suffixes they were instruction to write all the words they
uld that ended with “tion.”

None of these tests had a projection on the number factor be-
sein rotating strictly to configuration the number plane wag passed
ough these tests. But, as in the case of the present study, the re-
It was oblique primaries and the correlation between the axes ab-
bed the potential projections of these tests on number. The eorre-
stion between the number and word primaries in this battery was .33.
In another study, as yet unpublished, the three tests for the word
ctor were First Letters, Four-letter Words, and Suffixes. The nuin-
factor and word factor were correlated .47 in this study. _

. By refinement of these word tests it should be possible to devige
rd tests which do not involve number ability and, as. opposed: $o
s8¢, others in which the content is verbal but which do not 1
word factor. It is not certain whether the manipulatory
the associative character of these word tests is the basis o-
tion to number. A type of word test for the investiga
blem may be suggested here. The subject could be give:
'ds which were the first members of pairs of words ¢o I
ated, such as cup-saucer, man-woman, knife-fork. He ¢
nired merely to write the first letter of the associated word. S
st would involve a minimum of manipulatory proeessés.: :On the
ther hand, 2 test like Free Writing, described above; probably |

e of a manipulatory than an associative character.. = ..

: * L. L. Thurstone. Primary mental ablhtles, Psychmma Moﬁoyraplm, 1958,

-1, Chlcago Univ. Chicago Press, p

o Thurstone, Factorial Stugles of Intelligence, Psycfwnutnc Mono-
-waphs 1941 No. 2. Chicago: Univ. Chicago Press, pp. 94,

-_a-‘
[
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With regard to the interpretation of the factors in general, it
should be pointed out that the identification of one of thé factors.as
perceptual speed does not imply that it is the speed ability. Certain
aspects of the classical problem of speed versus power may be reinier-
préted in the light of the results of muitiple factor analysis. Theve
does not appear to be a single speed ability, but a number of thery 1f
a fest is composed of items of equal difficulty and, though not nesos-
sarily, of items of a low level of difficuity, then the scores on that fast
represent the amount done in a given time and measure a speed ability.
In this sense at least three of the factors obtained in this study, num-
ber, space, anid perceptual speed, are speed abilities.

V1

Summary and Conclusions

A battery of thirty-four tests was given to 223 high school sen-
iors in the city of Chicago. The battery included sixteen tests for the
identification of seven of the primary mental abilities and eighteen
experimental tests for the investigation of particular hypotheses. The
study was undertaken primarily to investigate the hypothesis that
number ability represents the agility with which an individual can
manipulate a symbolic system according to a specified set of rules,
with two restrictions: that the symbolic system be familiar, and that
the set of rules be highly practiced. Certain deductions were made
from this hypothesis and non-numerical tests were designed to check
these deductions. A secondary problem was to obtain a clearer iden-
tification of the perceptudl speed factor in order that its relation to
number ability might be determined.

The ten factors of the centroid matrix were rotated to simple -
structure without knowledge of the identity of the tests. Sevén of
the ten factors were given a psychological interpretation, two were
triplets and non-interpretable, and one was a residual factor. The
seven primaries that were given psychological interpretation were
number, verbal, space, memory, perceptual speed, deduction, and in-
duction. '

Conelusions.—1) The number factor is most clearly identified by
very simple number tests.

2} The perceptual speed factor is most clearly identified by can-
cellation tests, and the more scanning that is involved and the less can-
celling the Better the test is as a measure of perceptual speed.

3) A test involving manipulation of a symbolic system is a bet-
ter measure of number ability the more familiar the symbolism,
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- 4) A test involving operations according to a set Gf ru}as be-
. comes a better measure of number ability with practice. ©
£+ B) The data are in disagreement with the hypothesis hat num-
. i ber ability is in the nature of a serial respounse. Co
2 6) 'The results are in agreement with the hypothesis that
bér ability is characterized by a facility in manipulating & wmbohc
aysbem according to a specified set of rules. =




