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A Speed Factor in Mental Tests
CHAPTER I
THE PROBLEM

In the evaluation of a mental task, the most important consid-
eration is often difficulty or level. A task so complex that it can
be performed by but one intellect in a thousand tends to have a
high social value. As in the case of a scientific discovery, a
mechanical invention or a piece of literature, the worth of a mental
iask often depends upon the rarity of achievement, rather than on
the time taken in its formulation.

Sometimes, however, the social value of mental work is in terms
of extent or amount done, difficulty remaining approximately the
same throughout. Such is the case with the making of routine-
computations and records. An employer is interested in speed
when time is used as a basis for eompensation, but his primary con-
cern is that the work be done completely and accurately. Never-
theless, the speed at which a mental task is performed is of consid-
erable theoretical and practical significance. Of two intellects
which are able to solve problems of the same difficulty, or the same
number of problems at a given level of diffculty, the one which is
able to accomplish its tasks in less time is properly considered the
better (22).

In any mental act, level of performanee and speed of perform-
ance are indissolubly connected. Time is consumed in all perform-
ances and all performances have at least some complexity., Witk
motivation and all other factors held eonstant, it is possible, how-
ever, to minimize the influence of speed in producing differences in
mental product by allowing sufficient time for even the slowest of
the subjects to complete the task if it is possible for him to do so.

Similarly by presenting tasks of the same level of difficulty to
different individuals and securing from each the same quantity of
product, the differences among the individuals can be ascribed to
speed, varying inversely with the time comsumed in the per-
formance.

Differences in speed of mental performances may be measured
still better, perhaps, by presenting a series of tasks of the same
general level of difficulty and holding time constant. The number
of tasks completed within the time set will afford a basis for the
comparison of different individuals in regard to speed in that type
of performance. - 5
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. It has been shown by experiment that t ili
dlﬁicu.lt tasks possesses considerable unity in iirlzzh:idtlgziig
n.natemals, the manipulation of which comprises much of mental
life (20). Tests of verbal ability and numerical ability are no;
mere measures of general ability, however, as the group factors
which they represent have been shown to be independent of at least
one rI(\)}’:her mental trait, immediate memory (1). e
¢ question arises whether there is a unitary abilit 7.
fgx:}f ax:llefltal tasks qlfiekly. The problem is com);licateg lf:c:;se
mth _Inerease of .dlfﬁcl_zlty there is usnally a deerease of speed
: variables changing simultaneously. On the higher levels of’
difficulty there is a greater tendency to make errors, which
(lilix;ioubtably represent mental work of a sort, but of a qual’ity that

'fle‘rs irom mental work done correctly,
bes ‘?iore:;o?csige;te sieed a8 a unitary charaeteristic of mental
po s fnet od might be to find a speed factor on a num-

representative levels of difficulty, accuracy being held con-

:]'iant at each level. If these abilities at the va;ions levels could

: ertl l]): shown to be one and the same, a general speed factor conld

¢ taken as demonstrated. Such a procedure, however, would
regulrfa a very large expenditure of time and effort. ’

This expterlment seeks to discover a common factor of mental
speed on a single level—and that a low level—of difficulty., It is
.not only necessary to locate such a factor but alse to estab.lish its
mdepe.n-dence of other unit-abilities. The tests which best
the ability must also be determined. reswe

In planning the present experiment two distinet types of tests
were selecte<_i: ‘“‘Level” tests in which the difficulty in the latter
Ezrit::c(l)‘f the .tests Wwas 50 great and the time limits were so long that
o case in the ‘t‘lme allowed would not have added appreciably
o the sco?e, and “‘speed’’ tests composed of very simple mental
test material so arranged that the level of difficulty was approxi
lxin;i'fely the same throughout and in which alterations in tli)ep time;
o ;t:izvg)uld bave been reflected in score fluctuations of consider-

If it can be shown that there is a factor common to the “‘speed’’
tests w'hen diffieculty or leve! is uniform throughout and thaﬁ; this
factor is not large in the level or power tests, a speed factor in m
tal test material may be taken as demonstrated, -

THE LITERATURE

In the literature no experiment is reported that attempts to
investigate the existence of a factor of mental speed by using the
materials and plan of attack outlined above. Many investigations
of speed are reported, but as a rule these are concerned with speed
in sensori-motor skills such as tapping and reaction time or else
employ stock intelligence tests, in which level of difficulty, number
of items on any one level of difficulty and speed are factors that
vary in unknown proportions. Studies made on such tests can
hardly be expected to answer the questions proposed in this study.
Few of the studies employ adequate groups of subjects and many
of the investigators fail to determine the reliability of their tests.

A number of studies bearing on the réle of speed in mental abil-
ity are summarized by McFarland (16). Tinker also discusses the
significance of speed in test response (23).

On what seems to be inadequate evidence, Bernstein (2) con-
cludes that there is no general speed ability. He bases this state-
ment on the low correlations, varying from ~.228 to +.193 between
estimates of ‘‘slowness’’ made on two groups of subjects and their
“‘slowness’’ scores obtained by subtracting scores on haste tests
from scores on leisure tests of sentence completion, directions, con-
comitants, analogies and moral classifications. The two groups of
subjects consisted of 70 boys averaging 11 years 9 months in age
and of 60 boys averaging 13 years. All of Bernstein’s tests were
short, the leisure tests having fewer items than the haste tests. A
constant time allowance of 30 seconds & page was observed. In the
leisure tests this allowed ample time for all subjects to complete the
test, but this time allowance on the haste tests was too brief for all
but the fastest subjects to complete. The reliability of all the tests
averaged .70, the reliability of the estimates of slowness, .55.

Bernstein’s intercorrelations of leisure tests, of haste tests, and
the correlations of leisure with haste tests are all about the same,
averaging from .66 to .69 in one group, and from .69 to .73 in the

other. If leisure and haste tests measure different abilities, their
respective intereorrelations should be higher than the correlations
with each other. Since this is not true, the proecedure of subtract-
ing haste scores from leisure scores is of doubtful value. Further-
more, there is no evidence that the slower individuals excelled, rela-
tively, in the leisure tests; and the leisure tests entailed more

7



time, in order “‘to determine the impor

8
. 4 SPEED FACTOR IN MENTAL TESTS

diffieulty and a
greater ran, 1
to unknown extents, ge of diffieulty than the haste tests, but
McFarland (15) r .
eports evidence of
such test ; : of a speed facto
ites andst?lse Su:]flﬁ auditory reaction time, free associat?ox:hzoug()}f
group of fourpsulf U maze. He gave the tests individually ’topfne
racy constant o Jefzf.s and another of five subjects, holding ae
Xperimentally. The rank orders of the subjectsc;ln-

[

sistency. Ten of the tests were gi
teney. ' given to 34 subjects, an i
McFaﬂa(;x(lis,tz::gmg fx:om .00 to .87, fell into Ja hi’erar(‘lzlgrle :vlllfiez
man's g T Si;s e:lru‘lence of a speed factor involving’Speacr-
determed rela?nb'Il'ullportzamce of the factor, however, are not
Kennedy (19) ;fta i 1t1es.of the tests are given. ’
70 with o e 0: 321ned mtfarcorrelations ranging from .02 to
Wells subatorn o adults in such speed tests as Woodv;ortli
g, ot » Woodworth-Wells simple directions, color i
Pelerieiyg ;ﬁn tesIt{s and th’e Otis 8. A. and Terman ,Grou;) I::snt:
i, 27 ennefiy s tests had reliabilities between .74
el S ex; ercorrelations ranged from .02 to .70 and av;er
taligen ™ ; 11131; greatly affected when the variability due t ,
e inteujg:n constant. The relationship between speec(l)
factor 1 thn ge t:e was .14. There is little evidence of a speéd
Tn studyins thl; .l I.f pre‘sent, it must have been small
sicker (1) ngéd . relationship between rate and - ability, ‘H
our groups of subjeets, two groups of ’cou:;é

L E. R. ari ]

abilitien ;;;tf;uetm Problems, 20 elements in all, of which the reli

cheets of 1. ; various Ag.roups were .83, .86, .95 and .79 fire -

abilities W(;re. 91. c(;?pl;;lqnsé 2§0elements in dll, of wl;icl’l ztllllle rt;,vlvi0

cowes were .91, .76, . and .80. The . " "

1n arith . correlations

1, 46 %thn3n§ rate in sentence completion for the b;::;een ot

63, The corr 1"19’ and, corrected for attenuation, 81 57 67 o

99, 46, 49 aneda ;:)ns bet\fveen rate and level in’arit,h.me,ti.c ; .

A1 Thess resalt‘s i;l g?d t;n sintence completion .50, .19, .49 afg

cate a low . . N 3 «dd,

of perf: positive relatio

denl:;, ormance .and level of performance in mentalll tbetween Spee.d
' Fr:en the izl)stenee of a speed factor is presented ks, No evi-

- Teeman used the method of pivi ) :
tests twice, once with the regular time ﬁmi:sg ;Z:o: ﬂzntell.lgifnee_
’ unlimited
tance of speed in affecting

:
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seores on the tests. High correlations show that speed does not
appreciably affect the score, low correlations that speed is of con-
siderable importance. He found a correlation of .58 between the
two irials of the Otis Advanced Examination with a group of 51
school children, a correlation of .88 between two trials of the Dear-
born (N=100), a correlation of .83 between two trials of the
National Intelligence Test (N=56) and a correlation of .93 be-
tween two trials of the Terman Group Test (N=42). From these
results he concludes that speed of reaction is of some importance
in the Otis Advanced Examination, but not particularly important
in the Dearborn, N. I. T., or Terman Group Test.
~ Peak and Boring (18) using two men and three women sub-
jects timed each item separately on the Army Alpha, Forms 5 and
6, and the Otis S. A. Higher Examination, Forms A and B. Sim-
ple reaction times were also taken. High correlations, ranging
from .70 to .90, were found between scores on intelligence tests,
speed on intelligence tests and reaction time, but the small number
of subjects alone makes the conclusions of very slight importance.
Lemmon’s (14) more adequate study, with 100 subjects, resulted
in a correlation of but .13 between the Thorndike Intelligenee
examination and 200 discriminative reactions from each subjeet.
Farnsworth, Seashore and Tinker (7) also failed to confirm Peak
and Boring’s study. Using 34 subjects, correlations of —-.16 to
_ 94 were found between simple reaction time and intelligence, and
from .07 to .53 between serial reaction times and various intelli-
gence scores. These studies indicate liftle relation between speed
of reaction and intelligence test results.

Using a group of 180 ‘‘pupils,”’ Clark (4) gave two speed tests,
arithmetic and sentence completion, taking as the score the median
number of seconds to complete the items of the tests. Except in
nine cases, records were discarded unless aceuracy was 80% or bet-
ter. The reliability of the arithmetical speed test was .79, of the
sentence completion speed test, .88. The correlation between the
two speed tests was .42, corrected for attenuation, .50. The inter-

correlations were:
Binet M. A. Otis8. A. Terman Group

Arithmetic speed
Obtained coefficients
With variability due to

metic level and range held
constant by partial correla-

tion

.55 71 .67

.27 .23 25
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Binet M. A. Otis 8. A. Terman Group
Sentence completion speed )

Obtained coefficients ... 49 49 32
With variability due to sen-

tence completion level and

range held comstant by par-

tial correlation ... 31 .29 02

Tke correlation between general level and intelligence was esti-
mated at .97, between general range and intelligence at .91 and
between general speed and intelligence .62. From Clark’s data it
is not possible to draw any conclusions regarding the existenece of
a general speed factor, other than that speed does not enter into
intelligence test scores to the same degree as level or range.

In attempts tc isolate speed as a general factor in intelligence
tests, R. E. Clarke (5) used three forms of Seale B of the N. L. T.
on 166 undergraduates and Sanford (19) used levels F,Gand H
of Thorndike’s CAVD scale with 100 undergraduates, both groups
being homogeneous as to sex and race. In both cases the evidence
for the existence of such a factor was suggestive as all correlations
were positive, but not conelusive, as no factor was isolated. Clarke

found a considerable number of errors made by adult subjects even -

on tests designed for use in the grades, so that difficulty was not
constant. Tetrad analysis showed overlapping group factors
which obscured any general factor of speed. Sanford was not able
to get measures of reliability.

CHAPTER 1II

PROCEDURE

In the present experiment tests were given to 233 male subjects.
The records of only 139, however, were used in computing our
results, for reasons tc be given later (p. 20). Owur tests included
an arithmetic reasoning test of 44 items ranging from fairly easy
to decidedly difficult; a vocabulary test of 160 items, the difficulty
of which becomes progressively greater; two batteries of five tests
designed to reflect differences in speed; the Minnesota paper form
board tests, the two forms of which were administered in the speed
batteries; and Test 8 of the Haggerty reading examination, Sigma
3, Form A, given at the end of the second speed battery.

The arithmetic reasoning test is a revision of a similar test
found by Schneck (20) to be the best measure of ‘‘numerieal abil-
ity.”” The vocabulary level test is similarly a revision of Sehneek’s
best measure of ‘‘verbal ability.’’

Four speed tests, each having two forms, were constructed espe-
cially for this experiment. These tests were arithmetic ecomputa-
tion, analogies, directions and arithmetic problems. Al contain
material similar to that used in standard intelligence tests, but of
a low difficulty level. Preliminary forms were first constructed
and administered to groups of college students averaging 68 in
number. - The tests were given with an amount limit, each subject
being allowed to finish. In some cases the subjects read their own
scores from a stop clock in the front of the room; in other cases
approximate time scores were put on a blackboard by the adminis-
trator, using a stop wateh and changing the time readings each ten
seconds.

The general purpose of the preliminary tests was to discover
the relative difficulty of the various items, using the number of
errors made on each item as the criterion of difficulty. The most
difficult items were eliminated and the material on each of the tests
was rearranged so that the difficulty would be approximately the
same throughout. By using the new tests with the time Lmit in-
stead of an amount limit, the amount done would represent the
subjeet’s speed in the particular function at the low level at which
the tests were designed. No item was retained on which more than
nine errors had been made by the preliminary subjects.

1
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TABLE I

CONSTRUCTION OF REVISED FORMS oF ¥oUR SPEED TESTS

Computation Analogies Directions Prodlems
Form Form Form Form Form Form Form Form
A A B A B A B
Preliminary sub-
jeets 61 62 74 73 73 69 66 67
Fastest time in
minutes ... 4:33 4:31 7:10 5:20 5:40 7:07 7:20 7:15
Slowest time (13
incomplete) ... 12:30 12:12 14:33 15:00 12:00 14:00 22:00 14: 40
Fewest errors for
any subject .. 0 0 0 0 0 0 0 0
Most errors for
any subject ... 25 23 44 33 a7 16 18 27
Avérage errors
per subject ... 7.6 6.3 9.8 9.6 4.3 4.7 3.3 3.7
Fewest errors on
any item ... 0 0 Y 0 0 0 0 0
Most errors on
any item ... 12 12 36 28 28 38 17 18
Average errors .
per item ... 2.8 2.4 5.5 5.4 3.2 3.2 1.9 2.2
Total itéms, pre-
liminary forms 164 164 13¢ 130 100 100 112 112
Number of items,
revised forms,
with: | .
0 errors ... 27 33 19 14 23 32 30 29
1 error .. 25 25 25 27 20 19 31 32
2 orrors .. 28 29 12 13 37 9 24 23
8 errors ... 27 21 10 11 9 12 7 7
4 errors ... 16 23 12 12 8 6 9 10
‘5.errers .. 13 12 12 10 7 7 0 0
6.:orrors ... 9 5 2 6 3 2 2 2
7.6TTOT8 3 4 6 3 3 1 1 -1
8 errors .. 2 0 2 4 0 2 0 0
9 errors ... 2 0 - 0 (¢ 1] 1] 0 0
Total items, re-
vised “forms .. 152 152 100 100 a0 90 104 104
Total errors, re-
vised forms ... 400 354 257 273 187 167 155 158
Aversge errors
per item ... 2.6 23 2.6 2.7 2.1 1.9 15 1.5
Items in each
eyele 4 4 5 5 5 5 4 4
Average errors
per cycle ... 10.5 9.4 129 13.7 10.4 9.3 6.0 6.1
Time limit, re-
vised forms ... 4:00 4:00 3:30 3:30 4:30 4:30 6:30 6:30

:
5
b
i
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Both preliminary and final forms of the four specially con-
structed tests had cover pages with eight samples of the material.
Time was allowed to do the samples so that the subjects would have
a clear idea of what was expected of them. The same cover was
used on the two different forms of each test, although the covers
differed from preliminary to final forms, as the instructions were
different, because of different methods of administration. In gen-
eral, the sample items were more difficult than those which made
up the test proper, that the subjects might be prepared for more
rather than less difficulty than was later encountered.

The subjects used in the preliminary trials varied from test to
test. All, however, were students in courses in elementary psychol-

ogy. There were two mixed groups in University Classes, Colum-

bia University, two mixed but predominately male groups in the
college department of the John Marshall College of Law, Jersey
City, and two classes of women students in Adelphi College, Gar-
den City. Groups used in setting the time limits of the final forms
included a class in psyehological testing in the graduate sehool of
Columbia University, a class in elementary psychology in Reshiva
College, New York, and a group of eight adults of superior back-
ground, most of them holding advaneed degrees.

The amount of writing involved in indicating the answers in the
tests was very small and fairly constant. In the arithmetic com-
putation and arithmetic problems tests, the answers were indicated
by writing a number, always of one or two digits. In the analogies
and I. E. R. Easy Vocabulary test answers were indicated by draw-
ing a line under the appropriate word. In the directions test,
various responses were called for, but all involved & minimum of
writing, the most being the writing of three letters.

Four tests were mimeographed, arithmetic computation, analo-
gies, directions and arithmetic problems, three were printed, the

. L. B. R. Easy Vocabulary test, the Minnesota paper form board

test and the Haggerty reading test, and two were multigraphed,
the vocabulary level test and the arithmetic reasoning test. When
there were two forms of the same test, the texture of the paper was
always the same for the two forms. In the final tests the use of
pencil was required for all subjects for the tests of the speed
battery. ‘



DESCRIPTION OF THE SPEED TESTS

1. Tare CoMPUTATION TEST

Each of the two preliminary forms of the computation test con-
sisted of 164 simple computation examples such as the following:

(€8] 6 times 14 is
(2) 15 minus 4 is
(3) 11 plus 4 is
(4) 48 divided by 8 is

In each form there was an equal number of examples involving
the four fundamental operations, addition, subtraction, multiplica-
tion, and division.

In each of the addition examples there were two numbers to be
added, one of which was not greater than 19 nor less than 7, and
the other of which was not greater than 9 nor less than 3. The 41
examples for each form were selected from a table in such a way
that, using the size of the numbers as a criterion, the two sets of
numbers were approximately equal in difficulty. After the pairs
of numbers were selected, they were arranged so that sometimes
the greater number would be in first place and sometimes in second
place.

The subtraction examples were, in general, the sums obtained in

the addition examples less the smaller number. The larger num-

ber varied from 12 to 28 and the smaller from 3 to 9, both inclu-
sive. The combinations that appeared on a given form as addition
examples appeared again on the same form as subtraction examples,
the sum of the numbers appearing as the number from which the
subtrahend was to be taken. .

The multiplication examples were taken from a multiplication
table in which one number varied from 2 to 8 inclusive and the
other from 3 to 19 inclusive. Combinations involving the higher
numbers of both series did not appear. Sometimes the larger num-
ber was given as the multiplicand and sometimes as the multiplier.
The gelection of numbers from the tables was such that, using size
as a criterion, the two sets to be used on the two forms would have
approximately the same difficulty.

The division examples on each form were the multiplication ex-
amples in division form, the product appearing as the dividend and
with the multiplicand or the multiplier, selected through chance,
appearing as the divisor.

14
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The preliminary forms of the computation test had 41 eycles of
examples, each eycle consisting of an example of each of the four

. fundamental operations, the order of the operations varying from

cyele to eycle.

Table 1 gives the data of the preliminary trials and the number
of errors made on each item that was retained. The items were
rearranged in cyecles, similar o those of the preliminary forms.
The order of operations within the cycle was repeated only in dif-
ferent halves of the test and the same operation never occurred in
succession. The same number or numbers rarely occurred in sue-
cessive examples. The items were so arranged that the number
of errors made by the preliminary subjects was approximately the
same from cycle to cyele.

2. Toe ANALOGIES TEST

The analogies test was made up of material such as the follow-
ing:

BLACK : WHITE :: UP : (high, down, hill, lift)
COLOR : RED :: ANIMAL : (dog, wild, big, eircus)
STATE : NEBRASKA :: CITY : (subway, 1.0 Angeles, roral, metro-

olitan)

P
GENERAL : ARMY : ADMIRAL : (sailor, sea, navy, car)

About half of the 260 analogies used in the preliminary forms
were devised by the author. Others were taken from the easier
parts of the several forms of the Army Alpha and from other
standard intelligence tests. Only those analogies were included
that were judged to be guite simple. The material from different
sources was arranged in two forms in random order.

About half of the preliminary subjects took the two forms of
the test on the same day and the others took the two forms a week
apart.

Table I gives information on the results of the preliminary trials
and the construction of the new forms. The number of errors in
each eyele in the new test was approximately the same throughout.
A few of the items were made casier by changing the word in the
fourth part of the analogy on which the greatest number of mis-
takes had been made.

3. THE DirrcTiONS TEST

The original forms of the directions test consisted of 100 items
such as the following:
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Put a square around the number that is less
than five 3 5

Draw a line through the letter in the margin

that is also in the word CASIL d k ¢ e

Underscore the number eight twice y 8

Make a word meaning not polite by putting a
vowel in the blank:

L A 2 »

Material for the directions test was taken from various sources,
including the Woodworth-Wells Simple Directions Test, and various
intelligence and research tests. A number of original items were
added. Some of the material involved the use of numbers, but
verbal material predominated.

Results of the preliminary trials, which were from three days
to a week apart for the two forms, are tabulated in Table I, together
with the number of errors made on items used in the revision. As
with the other tests, the cyeles or groups of five items had approxi-
mately the same difficulty value, using the number of errors made
by the preliminary subjects as the criterion.

4. ArirameTic ProBLEMS TEST

The test of simple arithmetic problems was constructed sys-
tematically. Combinations of the eight digits from 2 to 9 were
arranged in a table. Twenty-eight multiplication examples were
arranged for each form, the only difference being that the order of
presentation of the two numbers always varied between the two
forms. Sometimes the smaller number appeared first and some-
times the larger number.

The division examples consisted of the multiplication examples
arranged backwards. The produet became the dividend, and the
two numbers from the table became the divisors for either form.

The addition examples consisted of the original 28 combinations
of numbers plus 28 new combinations involving numbers as high as
16, but with the other number 9 or less.

The subtraction examples consisted of the sums of the original
28 combinations with one of the original numbers as the subtrahend
on one form and the other number as the subtrahend on the other
form.

The arithmetic examples were used as the basis of the 112 simple
arithmetic problems on each form. These problems varied in
length from two to four lines, but most of them were of three lines.
They were arranged in cyeles of four, each cyele involving the four
fundamental operations. Here is one eycle as a sample:

A SPEED FACTOR IN MENTAL TESTS 17

1. In a gymnastic competition, 5 teams, cach composed of the same num-
ber of boys, took part. There were 40 boys in all taking part. How
many boys were there on each team? {Ang. boys)

9. A real estate operator sold 9 houses in a development project of the
11 criginally built. How many houses remained to be sold?

Ans. houses)

3. A certain rectangular table is 4 feet wide and 6 feet long. What is its
area in square feet? (Ana, 8q. £t)

4. A child who had 7 cents was given 5 cents more. How muck money
did he have then® (Ans. cents)

‘The preliminary forms were given several days apart. After
the elimination of the two most difficult items on each form involv-
ing each of the four fundamental operations, the material was rear-
ranged in cycles of four, using the same principles that had been
employed in the construction of the computation test. The results
of the preliminary trials and the difficulty of the retained items are
given in Table 1.

5. 1. E. R. Easy VocaBULARY TEST

The 1. E. R. Vocabulary Test (Easy Words) is a test devised
by the Institute for Educational Research of Teachers’ College for
use with children in the lower grades. It consists of 100 items,
such as the following:

1. large L5 J— WELORE ccormrs WP s B 1% S— black

2. big red poor up. not any. large

3. smsll little....cu. down........N0t NOW............ right......... more
4, bad above......... far...... not good........ long..... big

In each line the subjects are instructed to look at the first word
and then find the word of the other five that means the same or
nearly the same and draw a line under it.

The test was administered to 68 preliminary subjects, allowing
all to finish and taking the times necessary for completion. Time
scores varied from 3 minutes 25 seconds to 10 minutes. Errors
made by each subjeet varied from O to 8, the mean number being
1.3. The number of errors on each items varied from 0 to 8, the
average being .87. The errors for each group of ten items were
as follows: 6, 6, 1, 3, 1, 11, 12, 11, 9, 27. Applying the criterion
of number of crrors reveals that the second half of the test is some-
what more difficult than the first half. As the test was found to
have fewer errors than the specially constructed tests, it was re-
tained in its original form. As there is only one form of the test, it
was administered three times to each subject, the results from the
first trial being disregarded in the final computations.
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ADMINISTRATION OF THE FINAL TESTS

The final tests were given in four classroom periods of fifty
minutes each in the following order:

First period: 1. I E. BR. Easy vocabulary

(2 minutes 30 seconds)
2. Arithmetic reasoning test

(Approximately 45 minutes)
Second period: Voeabulary test (Approximately 50 minutes)

Third peried: Speed Battery A
1. Arithmetie computation.

Form A ( 4 minutes)
2. 1. E. R. Easy vocabulary ( 2 minutes 30 seconds)
3. Minnesota paper form

board. Form A (10 minutes)
4. Directions. Form A ( 4 minuntes 30 seconds)
5. Arithmetic problems.
: Form A ( 6 minutes 30 seconds)
6. Analogies. Form A ( 3 minutes 30 seconds)

Fourth period: Speed Battery B
1. Analogies. ¥orm B
2. Arithmetic problems,
Form B ( 6 minutes 30 seconds)
3. Directions. Form B ( 4 minutes 30 seconds)
4. Minnesota paper form )
board. Form B (10 minutes)

5. L E. R. Easy vocabulary ( 2 minutes 30 seconds)
6. Arithmetic computation.

( 8 minutes 30 seconds)

Form B ( 4 minutes)
7. Test 3 of Haggerty read-

ing examination, S8igma

3. Form A

( 6 minutes)

It will be noted that the six repeated tests appear in Battery A
in one order and in Battery B in the reverse order. This was done
on the assumption that if there were & tendency for fatigue to
affeet the results, this tendency might be partly counteracted.

Al tests were given by the group method, the size of the sec-
tions varying from 12 to 35. In each section all tests were given
within four weeks. Intervals between first, second and third test-
ing periods varied somewhat, but all final subjects took Battery B
exactly one week after Battery A. At Seth Low Junior College
the speed batteries were administered by the author with the as-
sistance of Mr. Solomon E. Asch. At Brooklyn City College and
at the College of the City of New York, Mr. Aseh was the adminis-
trator of the speed tests, assisted. by the instructors of the sections.
At Seth Low the vocabulary and arithmetic reasoning tests were
administered by the suthor, and at the other institutions by the
instruetors.
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TABLE II
ANALYSIS OF SUBJECTS
Ages Birthplace Moiher’s Birthplace
i i 65
! 233.1439 months New York City ... 108 RuBSIA oo "
8.D. .. 10.9140 months U. 8. A. (Ex.N.Y.C.) 13 New York City
Range.... 195 to 203 months Russia ... ~ 7 Austria ..
BE  oomeereerersmrrmeee —4.4683 Poland .. 3 Poland ...
P T .. 21745 Austria 3 U.8 A, (Ex.
8k /0 -2.0549 Palestine .. ? goung:;{a
ik . England . um .
(piting at lower end.) N o% given ... 1 Palestine
Europe {country net
specified) ..o 2
Latvia ... 1
France ... .1
Lithuania . -1
Scotland ... 1
Foreign Languages in .
Father’s Birthplace Home (Plural in Father’s Education
Some Cases)

i Yid@ish .o -91 Colloge wvnmsinn 14
iitlx:stlr:i‘amn Not specified .10 High school or equiva-
Poland ... Russian ... .6 lent e 48
New York City .o Hebrew ... 5 Elementary school only 41
Roumania ... 6 German .. 4 None or not stated ... 35

5 Hungarian . 2
.. & Polish ... 2
. 2 French ... .1
2 Lithuanian ... 1
Burope (country not
specified) ..cooeoenn 2
Latvia ... 1
Palestine . 1
Scotland 1
Father’s Occupation L
5 11
Merchants and shopkeepers .. 35 Manufacturers
" Tailors, furriers, clothiers . 28 Salesmen and real (25
Laborers, mostly skilled 24 Clerical

Professional 12 Not given, retired or not living 20

The speed batteries were distributed clipped together, the sub-
jects being instructed to remove the clip before beginning the first
test. Timing was by stop-watches and time scores were %‘ecorded
for subjects who finished any of the speed tests before time was
called. : .

Instructions for the various tests were uniform throughout, with
time allowed on the practice pages of the four specially constructed
tests of the speed batteries. For the Minnesota paper form board
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test, oral directions were given and illustrative samples were drawn
on the blackboard, in accordance with the procedure suggested by
the authors of the test (17).

THE SUBJECTS.

The final tests were given to 233 male white college students at
Seth Low Junior College, Brooklyn; Brooklyn City College; and
the College of the City of New York. The records of 54 subjects
were incomplete, either through absenee at one or more of the test-
ing periods or through misunderstanding of directions on some test.
With 19 subjects the interval between the administration of Bat-
tery A and Battery B was greater than one week. The averages of
these subjects on several tests were compared with the averages of
the main group of 139 subjects. The differences in averages di-
vided by the sigmas of the differences showed the probability that
the results were affected by the variation in interval. Similarly, in
certain of the tests the scores attained by the 22 non-Hebrews were
found to average considerably lower than the scores of the Hebrew
subjects. The records of all 233 subjects were used in determining
the errors on the various items of the speed tests, but the records
of only 139 were used in computing the intercorrelations of the
tests and their reliabilities. These 139 subjeets took all the tests,
with the regular interval of one week between Battery A and Bat-
tery B. All were Hebrews.

A questionnaire answered by all but one of the 139 final subjects

showed something of their cultural background. The replies are -

tabulated in Table II.
Tar Scormvag

All the scoring was done by the author. Each test was scored
twice to insure accuracy, an interval of several weeks usually elaps-
ing between the scorings. It was found, however, that few changes
were necessary during the re-scoring, as the original scoring had
been quite accurate. Scoring was facilitated by the use of keys
and stencils.

As in the preliminary tests, omissions were counted as errors.
The number of omissions was, however, very small. In all tests
except Minnesota paper form board the scoring was objective, each
item being either right or wrong. The score entered for each sub-
Jeet on each test was the total number of items performed correctly.
For the five speed tests, records were made of the number and type
of errors on each item.
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Considerable difficulty was encountered in seoring the Minne-
sota paper form board. The system finally adopted consisted in

. rating each diagram on a basis of five, allowing proportional credit

for diagrams partly completed and taking off varying credit for
various types of errors. It was impossible to eliminate subjective
judgment in scoring the test, even when careful measurements were
made of the deviations of the lines from their correct positions.

In order to compute reliabilities, scores for the arithmetic rea-
soning test, the vocabulary level test and the reading test were ob-
tained on alternate items. The correlation between the two sets of
seores was computed and this was raised by the Spearman-Brown

* prophecy formula to get the reliability of the whole test. With
. computation, analogies, directions, problems and Minnesota paper

form board, reliabilities were computed by correlating the score on
Form A with the score on Form B, and applying the prophecy
formula. Similarly, the reliability of the I. E. R. Easy vocabulary
test was obtained by correlating the score obtained the second time
it was given, in Battery A, with the score obtained the third time,
in Battery B. The score obtained the first time it was given, dur-
ing the first period of testing was disregarded, as it did not seem
that conditions were sufficiently controlled to warrant including the
results with the other tests. The use of this test during the first
testing period served as an introductory test to the various tests
of the speed batteries.

There were 12 subjects on the arithmetie computation test, two
on the directions test, one or Minnesota and 12 on arithmetic prob-
lems who completed one form (Form B in all cases except one) in
less than the time allowed. Their scores were increased propor-
tionally to the score that they would probably attain had the test
been longer and had they worked at a muniform rate throughout.
Through an error on the part of the administrator, the time limit
of Form A of the Minnesota test was 10 minutes 30 seconds instead
of 10 minutes, for one section of 14 subjects. These scores were
proportionally reduced.

Scores used for the intercorrelations were the total scores made
on the vocabulary level and aritlimetic reasoning tests, and the sums
of the scores made on the two forms for all the other tests except
I. E. R. Easy vocabulary, the score for which was the sum of the
scores made when it was administered as a part of Battery A and .
when as a part of Battery B.
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THE RESULTS
1. LeveL oF DIFFICULTY

As it has been described previously, the items of the final forms
of the four speed tests that were construeted for this experi-
ment were arranged in cycles, in each of which items were included
on which the preliminary subjects had made approximately the
same number of errors. In the computation and problems tests,
each cycle consisted of four items, involving the four fundamental
arithmetical operations. The cyecles of the analogies and direc-
tions tests were simply groups of five items equated for difficulty.
The 1. E. R. Easy vocabulary test was arranged in groups of five.

If tests are truly tests of speed, difficulty must be approximately
the same throughout. From Table III it is possible to get some
idea of the degree to which difficulty was uniform in speed tests.
Since practically no subjects completed any of the tests and since
the number of subjects who completed any one item varied enor-
mously, the tenth percentile was taken as an arbitrary point up
to which the number of errors in each cyele was computed. If a
further study had been made, it would have been necessary to
have computed the number of subjects who worked the items of any

one cycle and the percentage of error. For the purposes of this -

experiment, the itéms up to the tenth percentile seem to be suffi-

cient, as they include about half of all the items printed on the

tests and perhaps three-quarters of all the items actually attempted
by the various subjects.

In making records of dlfﬁculty, the results of all subjects were
nsed, ineluding the 94 whose records were not used for the inter-
correlations because they were incomplete, or because conditions
were not sufficiently uniform, or because of race. The number of
subjects for the I. E. R. test is 632 because the same test was given
three times. ,

Table III shows that the number of errors is very low, being
lowest on the I. E. R., and fairly consistent on the other four speed
tests. In none of the tests is the amount of error greater than
four per cent of the items attempted. The test in whieh difficulty
is most consistent is Form B of the problems test, in which the
average number of errors in each eycle is 11 with a P. E. of 3.3

22

4 SPEED FACTOR IN MENTAL TESTS 23

TABLE III
ERrroBs MADE ON Finan ForMs or SPEED TESTS
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Computation—
Form A .. 219 30 788 4 876 851.5 97.2 245+ 6.7
Form B... 211 42 848 4 844 813.0 96.3 31.0=* 8¢
Analogies—
Form A ... 220 1.0 421 5 1100 1080.8 983 192+ 55
Form B.... 211 13 450 5 1055 1029.9 976 251 83
Directions—
Form A...220 16 367 5 1100 1065.0 96.8 35.0 + 18.0
Form B ... 216 21 495 5 1050 1011.8 96.4 382+ 175
Problems—
Form A.... 219 13 488 4 876 858.0 979 180+ 7.1
Form B..... 209 }.1 573 4 836 825.0 98.7 110=x 33
L E R. ... 632 24 494 5 3160 3151.3 99.7 87+ 69

Sinee the four tests were constructed with the same principles
throughout, and since difficulty has beer shown to be fairly uni-
form in the first half of the tests, it is highly probable that diffienlty
is fairly uniform throughout.

In this experiment the reading test and the Miunesota paper
form board test conform neither to the standards of a power test
nor of a speed test. The short time limits used with both tests, so
short that praectically no subject had time to eomplete all the items,
make it highly probably that had longer time limits been used the
subjeets would have changed their relative positions. Therefore
they cannot be thought of as tests of difficulty. They do not con-
form to our standards for speed tests, as the percentage of errors
is too high, being 20 per cent in the reading test, 18.2 per cent in
Form A of the Minnesota and 24.1 per cent in Form B of Min-
nesota.
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2. EVALUATION OF THE TESTS

Means, standard deviations, reliabilities and thé degree of

skewness of all tests are shown in Table IV. The reliabilities of
the arithmetic reasoning, vocabulary level and Haggerty reading

tests were computed by correlating the scores on the odd-numbered

items against the scores on the even-numbered items, as the per-
centage of error on these tests was high. For the other tests,
scores attained om different forms of the same test, or with the
I. E. R, two different trials with the same test, were correlated.

TABLE IV
MEANS, STANDARD DEVIATIONS, RELIABILITY AND SKEWNESS or ALL TEsTS.
(N=139)
Relia- Skewness
Mean S8.D. bility Skewness Gsx —
A . 3331439 199149 1.0000  -4.4683  2.1745 -2.0549
Arithmetic Reason-
b 17— 30.1870 7.5777 .9079 1.9908 1.0060 1.9789

Vocabulary Level ... 107.0000 16.5551 9165 3.3463  1.8977 1.7633
Minnesota Paper -
Form Board ...... 285.1223 72.3313 9180 1.9166 8.6015 2228

Haggerty Reading
Test 3 e 15,0719 2,7135 6988 -.1854 .2187 —B8477

Speed Battery:
Arithmetic Compu-

tation ... 220.8849 43.4060 . 9180 -2.2793 5.1351 -.4439
Analogies .. 117.5396 21.7602 .9294 ~-4687 1.4472 -.3239
Directions .......... 112.3022 19,3822 8985 -1.7338 2.3354 -.7424
Arithmetic Prob-

16MS e 152.2518 29.2285 9236 -.2641 3.6542 -.0723
I. B. R. Easy Vo-

cabulary ... 1499712 18.1120 9073 5769  2.0597 .2801

Since results were combined for the intercorrelations, the reliability
of the whole was obtained by the Spearman-Brown prophecy for-
mula (10). It will be noted that with the exception of the read-
ing test, all reliabilities are .90 or more.

Skewness was obtained by the formula:

Skewness = Median —§ (P;,+ Py,), and the sigma of the skew-
ness from the formula o.x = .5185%, D being the difference be-
tween the ninetieth and tenth percentiles (12). When the skew-
ness divided by the sigma of the skewness is greater than three, it
is usnally {aken that the distributions are significantly skewed.
From the table it will be seen that the greatest skewness is with
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age, arithmetic reasoning and vocabulary level, but that in no case
is it significant. With the two level tests, the piling is towards the
top of the distribution; with age, it is towards the bottom.

3. INTERCORRELATIONS OF THE V ARIABLES

Product-moment coefficients of correlation for nine variables,
including age, are given in Table V, the raw coefficients being
above the diagonal and the coefficients corrected for attenuation
below. The corrections for attenuation range from .0003 to .0720,
averaging .0260. For the ten intercorrelations of the ‘‘speed’”
tests, the average correction for attenuation is .0527.

Probable errors for the intercorrelations range from .0310 for
the correlation of .6872 between analogies and 1. E. R. to .0572 for
the correlation of .0031 between age and arithmetic reasoning. All
of the correlations with age are well within 4 P. E. and may be
regarded as insignificant.

4. EVIDENCE FOR THE EXISTENCE OF A SPEED FACTOR

{a) Awerage Intercorrelations.

The first evidence for the existence of a factor running through
the speed tests but not entering the power tests to any great extent
is shown in Table VI. - Here the varioiis intercorrelations of the
speed tests among themselves and with arithmetic reasoning and
vocabulary level are averaged by Fisher’s z-scale method. The
average of ten intercorrelations among the speed tests is .58, while
the average of the correlations of arithmetic reasoning with four
speed tests (the fifth correlation is negative) is .18, and the aver-
age of the correlations of voeabulary with five speed tests is .27.
This fact may be taken as an indication thet there is something
common to the five speed tests which does not enter into the level
tests to the same degree. It will be noted, however, that the speed
tests are not entirely independent of the abilities which enter into
the level tests. The average correlation between arithmetic reason-
ing and the two speed tests using numbers, ecomputation and prob-
lems, is .10 higher than the correlations between arithmetic reason-
ing and two tests using mostly verbal material, analogies and diree-
tions. On the other hand the correlations between vocabulary
level and three verbal speed tests, analogies, directions and I. E. R.,
are .12 higher than the correlations with the two speed tests using
numbers. The intercorrelations of the three speed tests of verbal
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material and the correlation of the two speed tests employing num-
bers are about .15 higher than the intercorrelations of the three
verbal speed tests with computation and problems speed. These
facts suggest that it may be well to determine the intercorrelations
of the various speed tests, with the variability due to factors enter-
ing arithmetic reasoning and vocabulary level held constant,
Should these factors be of great importance, the intercorrelations
among the speed tests ought to drop considerably when the partlal
correlation technique is employed.

TABLE VI

AVERAGE INTERCORRELATIONS oF SPEED TESTS WITH ARITHMETIC REASONING
AND VOCABULARY. (FISHER'S z-sCALE MrTHOD.) (8B)

Number of
Correlations
Averaged’
Speed tests: Average of 10 intercerrelations .. 5764 10
Computation and problems ... . 66585 1
Analogies, directions and I. E. R. .. 6594 3
Analogies, directions and I. E. BR. with
computation and problems ... 5140 8
Arithmetie rensoning with 4 speed tests ........comme. 1817 4
with L. E, B. -.0647 1
with computation and problems ... .2313 2
with analogies and directions ... .1311 2
Vocabulary level with 5 speed tests 2721 5
with computation and problems ... .1982 2
with analogies, directionsand L E. R. .. .3188 3

(b) Partial Correlation.

Table VII shows the raw intercorrelations of the various speed
tests when the variability due to several factors is held constant
by means of partial correlation. In each group of six coefficients,
the first one is the obtained coefficient; the one below is the coefli-
cient with age variability held constant; the next, with arithmetic
reasoning held constant;! the fourth with voeabulary level held
constant, the fifth with arithmetic reasoning and vocabulary level
held constant simultaneously and the last, the coefficient with age,
arithmetie reasonmg and vocabulary level held constant at the
same time.

1 It is' understood that holding a test ¢‘constant’? means holding its varia-
bility conatant.
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In no case is the correlation between any two speed tests
changed materially when partial eorrelation is applied, the greatest
change being a lowering of the correlation betwesn analogies and
probiems from .5612 to .5063, or about .06, when vocabulary level
is held constant. In fact vocabulary level may be said to be the
only variable that affects the intercorrelations to any degree at all,

"and that very little. In two cases, both involving arithmetic com-
putation, the correlation is raised very slightly with vocabulary
level held constant, while in eight cases it is lowered an average
of .03. With arithmetie reasoning held constant, the correlation

TABLE VII

INTERCORRELATIONS or SPrEp TESTS WITH VAr1ABILITY DUE TO AGE AND Fac-
TORS IN ARITHMETIC REASONING AND VOCABULARY LEVEL HELD CONSTANT
BY PARTIAL CORRELATION. RAW COEFFICIENTS ABOVE THE D1sgonaL,
CoErrFIcIENTS CORRECTED FOR ATTENUATION BELOW

Compu- Analo-  Direc- Prob-

tation  gies  tions  lems I-E-B.
Computation 3242 4777 6561 4256
Age constant ... reesmersssesenees 3444 4816 6619 .4380

Arithmetic constant .
Vocabulary constant ...

.3190 4511 8375 4578
3196 4834 6688 4219

Arith. and voeab. constant ... .3303 4674 6578 4684
Age, arith. and vocab. constant .3528 4716 6640 4821 .
Analogies . 3510 6187 5612 .6872
Age comstant ... . 3734 6236 .5638 6836
Arithmetic constant . 3460 C 6194 5614 6942
Vocabulary ccnstant ... - 3478 5653 5063 .6599
Arith. and voeab. constant ... .3639 5715 51385 6643
Age, arith. and voeab. constant .3025 5764 5157 6584
Directions 5260 6768 .6692 6695
Age constant SR : 14] .6829 6690 8707
Arithmetic constant .. 4965 .6795 6550 6973
Vocabulary constant ... . 0378  ..6212 6287 6405
Arith. and voeab. comstant ... 5217 6303 .6202 .6600
Age, arith. and vocab. constant .5285 .6382 ' 6199 8703
Problems : 7125 8057 7346 5741
Age constant ... 7190 6092 7344 5717
Arithmetic constant .6940 6073 7207 6022
Vocabulary eonatant .. . 7317 5464 . 76951 5377
Arith, and vocab. constant ... 7225 5585 .6869 5682
Age, arith, and voeab. constant 7307 5618 6884 5680

L ER . .4663 7484 7415 6272
Age constant e 4803 7456 .7433 8275
Arithmetic constant 5072 7572 q777 6627
Vocabula.:ly constant ... . .4838 7229 7151 .5888
Arith. and vocab. constant ... 5245 7285 7523 6276
Age, arith. and vocab. constant .5433 7249 7542 6286
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between the two tests involving numbers, computation and prob-
lems, is lowered .02, while the correlations between computation
and L. E. R. and directions and I. E. R. are raised .03.

The lower part of the table presents the same general data using
coefficients corrected for attenuvation. The same general set-up
obtains and it may be coneluded that the variability due to factors
that enter into the two power tests cannot explain the intercorre-
lations of the five speed tests. The explanation would seem to be
in some factor or factors running through the speed tests largely
independent of factors in the level tests.

(¢) Tetrad Analysis. ,

The high average intercorrelations among the speed tests and
the fact that these intercorrelations are not greatly changed by
partialling out level tests give evidence pointing towards the ex-
istence of a speed factor. The next steps are to apply the tetrad
difference eriterion, and to measure the size and importance of the
factor. The intercorrelations of four or more tests may be ex-
plained in terms of a general factor running through them all and
factors specific to each test when the tetrads arising from them
equal zero within their probable errors. It is necessary to find
the correlation between each test and the central factor, however,
in order to determine the importance of the central factor (1).

TABLE VIII -

TETRAD DIFFERENCES OF FIvE S8PEEp TESTS. RAW COEFFICIENTS ABOVE AND
"~ : CorrEcTED CORFFICIENTS BELOW

1.- Computation ..4. Problems
_ 2. Analogies 5. I.E. R
£y s -t 3. Directions
. babl
Variables tabea t.bde‘; : g t’ted-b Pro ;‘bwcﬂﬁzoup
1234~ -.0511 ~.1890 ~.1378 14 0r 23
-.0604 - .2244 ~.1639
1235 -.1112 ~ 0463 " 0850 "130r 25
- 1334 . ~.0553 ..0781
1245 —.2648 ~.0527 2120 140125
' -.3131 -.0623 2498 ‘
1345 -.1650° ~:0106 ' 545 - 14 0r 35
~.1984 ~.0126 . .1858
2345 - .0205 ~.1047 - —.0842- 25 or 34
: ~.0246 ~.1253 ~.1006
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Table VIII shows the fifteen tetrads arising from the five speed
tests, uging both raw and corrected coefficients. With only one
group of tests, the group without the computation test, is the
tetrad eriterion even approximately satisfied. If a common factor
exists, it is obscured by the presence of group factors. This may
account for those tetrads which in the case of the raw coefficients
run as high as .26, elearly beyond the limits of 4 P. E.,. The prob-
able group factors are indicated at the right of the table. The
_ eombination of computation and problems oceurs three times and
the combination of analogies and I. E. R. occurs three times. Over-
lapping factors common to these test combinations may explain the
failure of the tetrads to satisfy the eriterion.

In order to eliminate, if possible, overlapping group factors, the
computation and problem tests were ecombined with equal weight
by the formula

Tac.Tro
Tasmc= \/M

and the tetrads again computed. The combination of eomputation
and problems was selected in preference to the combination of
analogies and 1. E. R. because the tetrad differences in which they
are involved are the greater.

Table IX shows the intercorrelations of the speed fests, and the
tetrad differences with arithmetic computation and arithmetie
problems ecombined with equal weights. Raw and corrected coef-
ficients are given, both the obtained coefficients and those with
variability due to age, arithmetic reasoning and voecabulary level
held constant by partial correlation.

With the raw coefficients, the tetrads fall within 4 P. E.,, the
largest tetrad being .1074 or 3.22 times its P. E. with obtained co-
efficients and .0748 or 2.34 times its P. E. when variability due to
age, arithmetic reasoning and vocabulary level is held constant.
Hence no one of the three tetrads is statistically significant, The
fact that the tetrad criterion is satisfied, at least aceording to con-
ventional standards, may be taken as evidence that there is some
factor common to the speed tests. However, the fact that two of
the three tetrads remain fairly large and approximately equal sug-
gests strongly that there are small group factors in analogies and
I. E. R. which we have not been able to eliminate.*

# Kelley (12), Proposition 186, p. 69.
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INTERCORRELATIONS OF SPEED TESTS WITH ARITHNEY
ArrtoMETIc PROBLEMS COMBINED WITH EQUAL W
FICIENTS ABOVE THE DIAqowAL, CorRREGTED COE

Computation Andlo- - Direo- :
ond Problems gies tions LEE.

Computation and problems—obtained r’s.. 4865  .6302 .5293
Age, Atith, & Vocab. variability constant 4761 5983 . 57566
" Analogies—obtained r’s .5169 6187 . .BBT2
Age, Arith. & Vocab. variability comstant  .5129 5764 6584
Directions—obtained r’s .6811 6768 : 6695
Age, Arith, & Vocab. variability constant .6541 .6382 8708
I. E. R—obtained r’s .5909 7484 . 7415
Age, Arith. & Vocab. variability constant .6299 7249 (7542
Tetrads
t PE. t/P.E.
Raw Obtained Coeflicients
toase ~-1074 .0333 8.22
toa -,0141 0103 1.37
tises 0932 0345 2.70
Raw Coefficients. Age, Arith, &
Voeab. variability constant
| ~.0748 .0319 2.34
tioe -0127 0184 .69
tiser .0621 0323 192
Correc;ted Obtained Coefficients
tion -.1265
tooes —.0166
tae .1098

Corrected Coeffizients. Age, Arith,
& Vocab. variability constant
trou

-.0873
-.0152
:’,,’: 0722

(d) Triad Analysts.

In order to eliminate, if possible, the factors common to analo-
gies and I. E. R, which seem to be responsible for the large tetrads
in Table IX, analogies and I. E. R. were combined with equal
weight. The resulting correlations for raw and corrected coef-
ficients, obtained and with variability due to age, arithmetic reason-
ing and vocabulary level held constant, are shown in Table XL
All three resulting coefficients are greater than .50 and therefore,
according to Brown and Thompson (3), must contain a general
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TABLE X

CORRELATIONS 0¥ SPEFD TESTS WITH CENTRAL FAcron. VARIANCE IN TESTS
Dvuk T0 TEE FACTOR

Raw Coeffi- Corrected Co-
Raw cients; Age, Corrected  efficients; Age,
Obtained Arith. § Vocab. Obtained Arith. § Vooab.
Cocfficients  Variability Cosfficients Variability
Constant Constant

Computation and

Problems ........ 6822 6883 .6989 7106
(46.5%) (47.4%) (48.8%) (50.5%)

Analogies .......... .7426 7226 7841 .7530
(55.1%) (52.2%) (61.5%) (56.7%)

Directions ... .8493 8173 8943 8674
(72.19%) (66.8%) (80.0%) (75.2%)

LER .. 8357 8567 8775 9071
(69.8%) (73.4%) (77.0%) (82.3%)

TABLE XI

INTERCORRELATIONS OF SPEED TESTS: COMPUTATION AND PROBLEMS COMBINED,
AND ANALoGIEs AND I. E. R. CoMBINED, Bora wiTH EQUAL WERIGHTS.
BrowN AND THOMPSON'’S TEST. CORRELATIONS WITH CENTRAL
FacTor. VARIANCE IN TEsTs Dur 10 CENTRAL FACTOR

Raw Coefficients Corrected Coefficients
Age, Arith & Age, Arith. &
Obtained Vocab. Veria- Obtained Vocab. Varia-
r’s bility Held r’s bility Held
Constant Constant
Directions with Compu-
tation and Prob-
1em8 i 6302 5983 6811 6541
Directions with analo-
giesand I. E. R. ... .7013 6845 7584 .7497
Computation and Prob- :
lems with analogies -
and L. E. R. e 5640 5774 5924 6153

Brown and ’:['hompson’s
Test ..o 17058 1.8328 2.0020 1.9878

Correlations with Cen-
tral Facfor:
Directions ... 8852 8422 9338 8927
(78.4%) {70.99%) (87.2%) (79.7%)

Computation and
Problems ..o 7119 7104 7204 7327
(50.7%) (50.5%) (53.29%) (53.7%)

Analogies and
) U N T— 7922 .8128 8122 .8398
(62.8%) (66.1%) (66.0%) (70.5%)
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factor. Furthermore, when for three variables r%,+r%.+Tr%.+
2r,uTacThe s significantly greater than unity, there must bé a com-
mon factor running through the tests. Table XTI shows that this
criterion is satisfied. When the proper values are substituted in
the formula given above, the result is 1.7 with raw obtained coef-
fieients and 1.6 with three values held constant, both numbers being
considerably greater than one.

Correlations between each test and the central factor running
through all four, computation and problems being combined, are
shown in Table X. In Table XI are given the correlations of three
variables, computation combined with problems, directions and
analogies combined with I. E. R., with their central factor. The
lowest correlation in Table X is .68 between eomputation and prob-
lems combined with the central factor and the highest .85 between
directions and the central factor. These correlations indicate that
our speed tests are ‘‘saturated’ to a varying but in general high
degree by their central factor.

5. FUurTHER EVIDENCE FOR THE EXISTENCE OF A SPEED FACTOR

As a check upon the influence of arithmetic reasoning and
vocabulary level in causing intercorrelations among the speed tests,
the two level tests were each combined with the three speed tests
correlating highest with them, and the resulting four tests subjected
to tetrad analysis. As shown in Table XII, the tetrad criterion is
satisfied in both cases. When the correlations with the central
factor are computed, however, it is found that the correlation of
arithmetic reasoning with the central factor is .29. Hence the
central factor aceounts for only 8% of the variance of the level
test but for 49 to 72% of the variance of the speed tests. With
the vocabulary level test, the separation is not so clear cut, but is
decidedly signifieant. Here tetrads were computed involving the
tests having the highest correlations with vocabulary, namely,
analogies, directions and problems. The correlations between vo-
cabulary level and the central factor is .43, while the correlations
between the speed tests and the central factor ranges from .75 to
.83. The central factor accounts for 18% of the variance in the
vocabulary test, and from 57 to 59% of the variance of the speed
tests. It can be taken as demonstrated that the ability measured
by the speed tests varies considerably from the abilities measured
by the arithmetic reasoning and vocabulary level tests: It is clear

‘that speed accounts for but little of the variability in the level tests.
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TABLE XII

A—INTERCOERRELATIONS OF ARITHMETIC REASONING AND SPEED TESTS HAVING
HIGEEST RELATIONSHIP—RAW OBTAINED COEFFICIENTS

Computation  Directions Problems
Arithmetic Reasoning ... 2532 1968 2094
Computation ... A777 6561
Directions 6692
tine = .0403 =+ 0395 t/P.E..,=1.02
tia = 0694 =+ 0202 t/P.E.. =238
e =.0291 = 0257 t/P.E..=1.13
Correlation with Ceniral Factor % Variance
Arithmetic Reasoning.... 2852 81%
Computation ... - .7864 61.8%
Directions .. 8464 71.6%
Problems ... .7001 49.0%

B—INTERCORRELATIONS OF VOCABULARY LEVEL AND SreEp Tests HaviNe
HIGEEST RELATIONSHIP—RAW OBTAINED COEFFICIENTS

Analogies Directions Prodlems

Vocabulary Level ... - .3539 3474 3164
Analogies ... .6187 5612
Directions ....cmmomeccmnn 6692
e =.0419 *+ 0326 t/P.E..=1.29
B2 = 0411 0337 t/P.E.. =122
e =.0244 + 0244 t/P.E..= .04
Correlation with Central Factor % Varitance
Voesbulary Level .4326 18.7%
Analogies ... .7688 50.1%
Direetions .8318 69.2%
Problems . 7560 57.2%

Another check upon the existence of a factor central to the speed
tests is the correlation between directions and the central factor in
each of the four set-ups that have been described. The directions

test is the only one that is not combined with another test, when the -

variables are reduced to three. Using the raw obtained coefficients,
the correlation between directions and the factor central to four
speed variables is .85, with the factor central to the three variables
(Table XT) is .89; with the factor central to arithmetic reasoning
and three speed tests (Table XII), .85; and with the factor central
to vocabulary level and three speed tests, .83. This result indicates
a high degree of stability in the central factor and strengthens our
belief in its reality.
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These various lines of evidence point with considerable certainty
to the existence of a speed factor running through the speed tests,
all of which were composed of the type of material commonly found
in mental tests, but of a low order of difficulty for the subjects for
which they were used.

6. MurtiPLE CORRELATION BETWEEN CENTRAL FACTOR AND
Vartous CoMBINATIONS OF SpEED TESTS

Correlations between the speed tests and the factor central to
them when the tests are combined into three variables are shown in
Table XI. Using the raw obtained coefficients, multiple correla-
tions have been worked between combinations of tests and the cen-
tral factor as follows:

1—Directions

2—Computation and Problems
3—Analogies and 1. E. R.
o0—Centra] Factor

R.(12) =.9081
Ro(13) =.9173
Ro(23) =.8546

R, (123) =.9300

From Tables X and XI it may be learned that the directions
test is probably the best measure of the central factor, the correla-
tion being in the neighborhood of .85. This correlation is quite
consistent, even in different arrangements of tests. When compu-
tation and problems, and analogies and I. E. R. are combined with
equal weights and then the two pairs combined with the best
weights, the resulting correlation with the central factor is also
.85. The eorrelation of the whole battery tests with the ecentral
factor is .93, which shows that the present set of tests measures
the function to a fairly high degree.

This conclusion is supported by the partial coefficients of corre-
lation among the three variables, with the variability due to the
influence of the central factor held constant. There were found

“to be as follows:

| Tya.0=.0001
Ty3.0= 0157
Fpgo=.0147

These coefficients seem to be insignificant and may be taken to
show that group factors have been largely eliminated from the final
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combinations of tests and that the resulting intercorrelations are
due chiefly to the presence of a factor central to them.

As a final step a regression equation in terms of reduced scores
was computed, using the three final combinations of tests, in order
to find the relative weights with which each independent variable
enters into the dependent variable (x,). The equation follows:

X, = 5578 x, +.1968 x, +.2900 x, + K,

in which 1 is directions, 2 computation and problems, and 8 is
analogies and I. E. R. This equation shows that directions con-
tains our speed factor to a somewhat greater extent than analogies
and I. E. R, and considerably greater than computation and
probiems.

SuMMARY

1. A group of 139 adult subjects, homogeneous as to sex, race
and educational status were given five speed tests, two level tests
and two tests in which speed and level were not clearly separated.

2. Four of the speed tests were constructed so that difficulty
was very slight and approximately constant throughout. The fifth
was a test designed for children which on experiment proved to be
a speed test for adults. '

3. The level tests eontained items of much difficulty and were
50 arranged that longer time limits would not have added appre-
ciably to the score.

4. Evidence for the existence of a factor common to the speed
tests but not affecting the level tests to any great extent was found in

(1) the high average intercorrelations of the speed tests com-
pared with the low average correlations between speed tests
and level tests. .

(2) the fact that the intercorrelations of the speed tests remain
practically unchanged when the variability due to age and
factors in the two level tests is held constant by partisl
correlation. .

(3) the satisfaction of the tetrad eriterion when group factors
are largely eliminated by combining two of the speed tests.

(4) the satisfaction of criteria for the presence of a factor cen-
tral to three variables, after two pairs of the original five
speed tests are combined with equal weights.

(5) the high correlations, .68 or better, between the speed tests
and the factor central to them, after one and after two
pairs of tests are combined.
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(6) the stability of the correlation of the directions speed test,
the one test which is not put into combinations, with the
factor central to four set-ups.

5. The independence of the central factor is shown by the low

correlations between it and the level tests.

6. The battery of five speed tests correlates .93 with the factor
central to them,

7. The intercorrelations of two combinations of speed tests and
the remaining speed test drop to approximately zero when the
variability due to the effect of the central factor is held constant
by partial correlation. -

8. A regression equation indicating the relative weights with
which each of the three variables enters into the central factor is
given,
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